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Summary

Advances in breeding and management resulted in a considerable increase of 
production traits in Austrian dairy cattle. Besides, low input systems were also 
established. Possible genotype by environment interactions (G x E) and genetic 
antagonisms dependent on production level might indicate the need for separate 
breeding programmes for dairy farms dif ering in management intensity. h us, 
G x E and genetic correlations (ra) between milk yield and selected i tness traits were 
estimated for Upper Austrian Fleckvieh cattle under high and low production levels. 
Data of the current herdbook cow population and their dams were extracted. Two 
data sets were selected based on the herd average of milk; extensive (≤6,000 kg herd 
average) and intensive (≥9,000 kg herd average) farms. Yield deviations were used 
for the analysis of yield traits, functional longevity, reproduction traits and milking 
speed; raw data were used for somatic cell count (SCC). For yield deviations, a model 
including the ef ects year of birth (i xed) and animal (genetic, random) was applied, 
while a model close to the routine evaluation was run for SCC. h e lowest ra between 
extensive and intensive farms was found for protein yield (ra = 0.89) while ra values 
close to unity were found for all functional traits. Genetic antagonisms between milk 
yield and functional traits were stronger in intensive systems, however, standard 
errors were large. Currently, separate breeding programmes for dif erent management 
intensities do not seem to be necessary.
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Aim

Both, advances in breeding and management resulted in a 
considerable increase of production traits in Austrian dairy cattle. 
Besides a marked intensii cation in dairy farming, low input 
systems were also established at the same time. For example, 
95,000 dairy cows were kept under organic farming regulations 
in Austria in 2011 (BMLFUW, 2012), which at least partly im-
plies restrictions with regard to feeding of concentrates. Besides, 
other low-input strategies like pasture-based systems also gain 
importance (e.g., Steinwidder et al. 2010). In this context it is 
questioned whether selected dairy breeding animals are actu-
ally the best for all kinds of environments. Possible genotype by 
environment interactions might indicate the need for dif erent 
breeding goals and breeding programmes for dairy farms dif-
fering in management intensity. Besides, genetic antagonisms 
between traits may be af ected by dif erent environments or 
selection. h us, the aims of the study were to estimate (1) gen-
otype by environment interaction (G x E) for dif erent produc-
tion levels and (2) genetic correlations between milk yield and 
selected i tness traits (functional longevity, days from calving to 
i rst insemination, days between i rst to last insemination, so-
matic cell count) under dif erent production levels in Austrian 
Fleckvieh (dual purpose Simmental) cattle. Based on the results, 
a suggestion whether dif erent breeding programmes are cur-
rently needed for intensive and extensive systems should be given.

Material and methods

Data of Fleckvieh herdbook farms in the Austrian federal 
country Upper Austria were extracted from the data base. Data 
were restricted to the current cow population and their dams. 
To account for dif erent management intensity, two separate 
data sets were selected based on the average milk yield; extensive 
(≤6,000 kg herd average) and intensive (≥9,000 kg herd average) 
farms. For the estimation of genetic parameters, yield devia-
tions (i.e., performance deviations corrected for environmen-
tal ef ects) were used for all traits except for somatic cell count. 
In total, 3,515 and 3,933 (functional longevity) to 24,376 and 
35,947 (somatic cell count) records were available for extensive 
and intensive farms, respectively (Table 1). In order to receive 
yield deviations, the same environmental ef ects as in the routine 
Austrian/German genetic evaluation were considered. Interbull 
(2013) provides a description of these routine joint genetic eval-
uations. Further details may be found in Fürst et al. (2013). As 
environmental ef ects are already accounted for in yield devia-
tions, only the ef ect of year of birth and the random genetic 
ef ect of the animal were i tted in the model for the estimation 
of genetic parameters. However, no yield deviations were avail-
able for somatic cell count (SCC). h us, SCC values of the i rst 
three lactations were transformed to somatic cell score (SCS = 
log2(SCC/100,000)+3)) and a model including the i xed ef ects 
parity*age and year*month, the covariate days in milk and the 
random ef ects herd*year and permanent environment as well as 
the random genetic ef ect of the animal was applied. By means of 
REML and the sot ware package VCE6 (Groeneveld et al., 2010), 
bivariate models, treating the respective traits as separate traits 
in both environments, were used to estimate heritabilities and 
genetic correlations. For all analyses based on yield deviations, 
heritabilities were calculated as
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In such analyses, when observations of an animal may only 
be found in either of the two environments, the residual covari-
ance is omitted by VCE6 (Groeneveld et al., 2010). 

Results and discussion

h e term G x E describes possible interactions between geno-
types and environments. For a breeding population that means 
in the worst case – i.e. strong G x E - that re-rankings of breeding 
animals in dif erent environments could happen. Best animals 
under intensive conditions do not necessarily need to be the best 
for extensive conditions and vice versa. Reasons for G x E may 
be that the same genes act dif erently under dif erent environ-
mental conditions or that dif erent genes may act under dif er-
ent environmental conditions (Falconer and Mackay, 1996). One 
possibility to assess G x E is to estimate genetic correlations (ra) 
for the trait as expressed in dif erent environments. Robertson 
(1959) suggested a limit of ra = 0.8; in case of lower correlations 
G x E may be pronounced. In the Austrian Fleckvieh population, 
milk and protein yield produced rather high and similar herit-
abilities (h2 = 0.45 to 0.55) considering dif erent management 
intensities (Table 1). As expected, heritabilities for functional 
traits and milking speed were low and moderate, respectively. 
Among all traits, the lowest genetic correlation between exten-
sive and intensive farms was found for protein yield (ra = 0.893). 
However, it can be assumed that protein yield is more or less the 
same under both environmental conditions and that mostly the 
same genes are af ecting its expression. Even greater genetic cor-
relations were estimated for the group of functional traits, rang-
ing from 0.999 to 1.000 (Table 1). Results thus indicate that the 
bulls’ rankings are the same for those functional traits under 
extensive and intensive conditions. Similar results were also 
found when dei ning the environment by organic or non-organic 
farming rather than extensive or intensive management. Genetic 
correlations ranged from 0.899 (protein yield) to 1.000 (all re-
production traits and somatic cell count). Analysing potential G 
x E in the Bavarian Fleckvieh for dif erent management inten-
sities and organic farming, all genetic correlations found were 
higher than 0.90, and thus in accordance to the results for the 
Austrian population (Gerber et al., 2006). In a review, König et 
al. (2005) reported genetic correlations between countries to be 
mostly larger than 0.8. Only in cases of large dif erences between 
climate and production systems lower correlations may be found. 
An indication of G x E gives the low across country correlation 
of 0.75 between the German-Austrian and New Zealand Brown 
Swiss population, the latter predominantly kept in pasture based 
systems (Interbull, 2012). However, dif erent trait dei nitions and 
methods in the genetic evaluation also need to be taken into ac-
count when discussing across country correlations.
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Genetic correlations between milk yield and functional lon-
gevity, days from calving to i rst service, days from i rst to last 
service and somatic cell count, respectively, were also estimated 
to assess possible dif erent genetic correlations under dif erent 
management intensities (Table 2). Due to the restricted data set, 
standard errors of the genetic correlations were rather high. h us, 
results need to be interpreted with caution. However, in tenden-
cy antagonistic relationships were found to be stronger under 
intensive rather than extensive management systems. Linkage 
(genes that have a tendency of being inherited together as located 
on the same chromosome) and pleiotropy (genes af ecting more 
than one trait) were reported to be the reasons for antagonistic 
relationships (Falconer and Mackay, 1996). Genetic parameters 

number of +/- combinations the longer selection takes place (e.g. 
Fürst and Sölkner, 2002). Aside from linkage and pleiotropy, the 
so-called “Resource Allocation h eory” (Beilharz et al., 1993) 
and the “Energy metabolism hierarchy” (Wade and Jones, 2004) 
may also reveal approaches to explain dif erently strong antago-
nistic relationships under extensive and intensive environments. 
In case of limited energy resources, ways need to be found how 
to distribute them. Wade and Jones (2004) stated that energy is 
i rst used for essential functions including heart and circulation 
but also milk production, followed by reducible functions like 
thermo-regulation or motion and i nally for expandable func-
tions including reproduction. If resources become limited, the 
competition for resources increases and thus the antagonism 
increases as well (Sölkner and James, 1994). However, it could 
also be argued that the increasing genetic antagonism between 
milk yield and fertility under high intensities it is only partly 
caused by genetics. According to Wade and Jones (2004) infer-
tility due to negative energy balance is reversible as soon as the 
energy balance becomes positive again. 

Conclusions

Only a slight genotype by environment interaction could be 
detected for yield traits in Austrian dairy cattle. For function-
al traits, no G x E was found. A tendency for stronger genetic 
antagonistic relationships between milk yield and functional 
traits under intensive management could however be observed. 
Nevertheless, standard errors of the estimated genetic correla-
tions were rather high and thus results should be interpreted 
with caution. From the results of this study it may be followed 
that dif erent breeding programmes for dif erent management 
intensities are currently not necessary. Re-ranking of bulls de-
pending on environment will be marginal. Besides, individual 
breeding goals of breeders are very similar (Steininger et al., 
2013, unpublished results). Apart from that, the splitting of a 
population means that each becomes smaller resulting in lower 
selection possibility. At the same time, costs will increase when 
bulls are tested within dif erent breeding programs. As bulls are 
generally tested under dif erent production levels and a large 
number of breeding values is available for dairy and functional 
traits, the current Fleckvieh breeding program of ers appropri-
ate bulls for a wide range of management systems.

Table 1. Number of observations (N) and genetic parameters (h2 = heritability, ra = genetic correlation) and their standard errors 
in brackets for selected traits within extensive (≤6,000 kg herd average) and intensive (≥9,000 kg herd average) Fleckvieh herdbook 
farms in Upper Austria

 
Trait1 Extensive Intensive ra

N h2 N h2 

Milk yield  5,400 0.55 (0.03) 5,770 0.54 (0.03) 0.953 (0.037)
Protein yield  5,393 0.45 (0.04) 5,762 0.50 (0.04) 0.893 (0.053)
Functional longevity 3,515 0.15 (0.03) 3,933 0.11 (0.02) 1.000 (0.001)
Non Return Rate 56 4,198 <0.01 (<0.01) 4,808 0.01 (0.01) 0.999 (0.010)
CFI2 4,213 0.07 (0.02) 4,833 0.08 (0.02) 1.000 (<0.001)
FLI3 4,140 0.06 (0.02) 4,796 0.03 (0.02) 0.999 (0.004)
Somatic Cell Count 24,376 0.12 (0.04) 35,947 0.17 (0.04) 0.999 (0.008)
Milking speed 4,901 0.26 (0.03) 5,395 0.32 (0.04) 1.000 (0.001)

1 For all traits except somatic cell count yield deviations (performance deviations corrected for environmental effects) were used, 2CFI = days from calving 
to first insemination, 3FLI = days between first to last insemination. For all reproduction traits, only cows were considered. 

Table 2. Genetic correlations (ra) and their standard errors 
in brackets between milk yield and selected traits within 
extensive (≤6,000 kg herd average) and intensive (≥9,000 kg 
herd average) Fleckvieh herdbook farms in Upper Austria

 
Traits1 Extensive Intensive

ra ra

Milk yield - Functional longevity -0.159 (0.051) -0.192 (0.115)
Milk yield - CFI2 0.115 (0.154) 0.314 (0.132)
Milk yield – FLI3 0.214 (0.181) 0.442 (0.225)
Milk yield – Somatic cell count 0.106 (0.274) 0.564 (0.153)

1 For all traits but somatic cell count yield deviations (performance 
deviations corrected for environmental effects) were used, 2CFI = days 
from calving to first insemination, 3FLI = days between first to last 
insemination 

are measures that may vary e.g. depending on population, data 
quality or methodology applied in the estimation procedure. 
Selection may also af ect genetic parameters. While unwanted 
genes are partly eliminated, desirable genes are i xed. h us, ge-
netic variance is reduced. In case of two traits, genes also only 
contribute to genetic correlation as long as they are not i xed or 
eliminated. When selecting on two traits, -/- combinations are 
however eliminated, +/+ are i xed resulting in an increasing 
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Einleitung 
Die routinemäßige Erfassung von Gesundheitsdaten für Rinder 
basierend auf tierärztlichen Diagnosen geht in Österreich auf das Projekt 
Gesundheitsmonitoring Rind zurück, das im Jahr 2006 gestartet wurde 
(Egger-Danner et al., 2012). Ähnliche Projekte folgten für Bayern und 
Baden-Württemberg. Seit 2010 (Fleckvieh; Fuerst et al., 2011) bzw. 
2013 (Braunvieh, Fuerst und Egger-Danner, 2014) werden Zuchtwerte 
für Mastitis, Frühe Fruchtbarkeitsstörungen, Zysten und Milchfieber im 
Rahmen der gemeinsamen Zuchtwertschätzung Deutschland/Österreich 
veröffentlicht.  
In einem auf die Verbesserung der Wirtschaftlichkeit ausgerichteten 
Zuchtziel sollten alle wirtschaftlich wichtigen Merkmale berücksichtigt 
werden. Der Gesamtzuchtwert (GZW) stellt dabei die mathematische 
Definition des Zuchtzieles dar und basiert auf der Selektionsindextheorie 
(Hazel und Lush, 1943). Für seine Berechnung müssen die 
Einzelzuchtwerte, deren Sicherheiten, die wirtschaftlichen Gewichte der 
Zuchtzielmerkmale und die entsprechenden genetischen Korrelationen 
zwischen den Merkmalen bekannt sein. Mit der Einführung der 
Gesundheits-Zuchtwertschätzung für das Braunvieh erfolgte auch eine 
Berücksichtigung von Gesundheitsmerkmalen im GZW. Dies betrifft die 
Merkmale Mastitis, Frühe Fruchtbarkeitsstörungen und Zysten, die über 
die Indices Fruchtbarkeitswert (FRW) und Eutergesundheitswert (EGW) 
einbezogen werden (Fuerst und Egger-Danner, 2014). Die für diese 
Berechnungen nötigen wirtschaftlichen Gewichte gehen auf die Arbeit 
von Miesenberger (1997) zurück; im Jahr 2007 wurden wirtschaftliche 
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Gewichte auf Basis desselben Modells neuerlich geschätzt (Lind, 2007) 
wobei Zellzahl und Mastitis als ein gemeinsames Merkmal berücksichtigt 
wurde. Mit Ende des Projektes Gesundheitsmonitoring Rind und dessen 
Überführung in die Routine folgte schließlich die Ableitung der 
wirtschaftlichen Gewichte für Frühe Fruchtbarkeitsstörungen, Zysten und 
Milchfieber (Fuerst-Waltl et al., 2010).  
Um die langfristigen züchterischen Entwicklungen der österreichischen 
Rinderrassen unter besonderer Berücksichtigung der Gesundheit und 
der genomischen Selektion zu optimieren, wurde im Dezember 2011 das 
Projekt OptiGene gestartet. Ziele dieses Projektes sind u.a. die 
Optimierung der Zuchtziele und Zuchtprogramme sowie die 
Verbesserung der Berechnung des Gesamtzuchtwertes mit möglicher 
Berücksichtigung neuer Merkmale. Einer der Schwerpunkte betrifft den 
Vergleich realisierbarer Zuchterfolge basierend auf Selektion nach 
ökonomischem GZW und verschiedenen alternativen Szenarien. Zu 
diesem Zweck wurden für die Rassen Fleckvieh und Braunvieh mit 
aktuellen Kosten und Preisen neuerlich wirtschaftliche Gewichte 
abgeleitet. Hinsichtlich der Gesundheitsmerkmale wurden die Zellzahl 
und die Mastitis getrennt behandelt sowie die Ketose zusätzlich 
berücksichtigt.  
 
Verwendetes Modell 
Die Ableitung der wirtschaftlichen Gewichte erfolgte mit einem 
Herdenmodell. Das dazu verwendete Computerprogramm wurde 
ursprünglich von Amer et al. (1996) für die Optimierung von 
Managemententscheidungen in Rinder haltenden Betrieben geschrieben 
und von Miesenberger (1997) für die Schätzung wirtschaftlicher 
Gewichte österreichischer Rinderrassen adaptiert. Lind (2007) und 
Fuerst-Waltl et al. (2010) führten zusätzliche Erweiterungen hinsichtlich 
der Berücksichtigung neuer Merkmale durch.  
Im Rahmen des Herdenmodells wird eine Rinderherde mit den 
Bereichen Milchproduktion, Aufzucht und Mast in einem statischen 
Zustand über einen unendlichen Planungshorizont dargestellt. Aus den 
Ergebnissen der einzelnen Bereiche wurden die Ergebnisse je 
Herdendurchschnittskuh und Jahr ermittelt. Für die Ableitung der 
wirtschaftlichen Gewichte müssen die den jeweiligen Merkmalen 
entsprechenden Parameter variiert werden. Aus der dadurch 
hervorgerufenen Änderung des Durchschnittsgewinnes je 
Herdendurchschnittskuh und Jahr werden die wirtschaftlichen Gewichte 
mittels Differenzenrechnung ermittelt. Um Doppelberücksichtigungen zu 
vermeiden (Dempfle, 1992) erfolgt die Ableitung für jedes Merkmal unter 
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Konstanthaltung aller übrigen Merkmale. Die Ergebnisse werden als 
Grenznutzen in € pro Merkmalseinheit und als wirtschaftliches Gewicht 
in € pro genetischer Standardabweichung ausgedrückt. Eine detaillierte 
Beschreibung des verwendeten Modells geben Miesenberger (1997) und 
Lind (2007).  
 
Ausgewählte Annahmen 
 
Tab. 1 Anteile (in %) in verschiedenen Laktationen und Kuhklassen für 
das Fleckvieh (UFR = Unfreiwillige Merzung, FRU = Merzung wegen 
Fruchtbarkeit, FREI = freiwillige Merzung, ÜBL = Überlebende) zur 
Darstellung der Altersstruktur 
          
 1 2 3 4 5 6 7 8 9 
UFR 3.76 3.31 2.87 2.38 3.19 2.22 1.27 0.64 0.74 
FRU 1.04 0.79 0.61 0.55 0.51 0.30 0.16 0.08 0.00 
FREI 2.02 1.10 0.84 0.50 0.00 0.00 0.00 0.00 0.00 
ÜBL 22.08 16.87 12.55 9.11 5.41 2.89 1.46 0.74 0.00 
          
Total 28.90 22.08 16.87 12.55 9.11 5.41 2.89 1.46 0.74 
 
 
Tab. 2 Ausgewählte Inputparameter für Fleckvieh und Braunvieh 
Inputparameter Einheit Fleckvieh Braunvieh 
Erstkalbealter d 890 930 
Lebendmasse Kuh kg 750 750 
Standardlaktion (1. L.) kg 7000 7150 
Fettprozent (1. L.) % 4,12 4,16 
Eiweißprozent (1. L.) % 3,45 3,47 
SCS (Ø) Klasse 3,3 3,6 
Totgeburtenrate  % 3,8 4,5 
Alter Kalbin bei Verkauf d 830 850 
Mastendgewicht Stiere kg 720 690 
Ausschlachtung Stiere % 57,3 55,5 
Anteil Handelskl. E+U % 64,5 17,1 
Anteil Schwergeburten % 3,4 2,9 
 
 
Ausgehend von den Annahmen von Lind (2007) und aktuellen 
Auswertungen wurden die Anteile der Kühe in verschiedenen 
Herdenklassen in den Laktationen 1 bis 9 (Überlebende, freiwillige und 
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unfreiwillige Merzung, Merzung auf Grund von Unfruchtbarkeit) adaptiert. 
Beispielhaft wird die Altersstruktur für das Fleckvieh in Tabelle 1 
dargestellt.  
 
Tab. 3 Ausgewählte Kosten und Preise 
Merkmal  €/Einheit 
Arbeitskosten pro h 15 
Besamungskosten 30,50 
Schwergeburt/Kaiserschnitt1 92,50/322,50 
Mastitis 340,55 
Stallplatz Kalbin/Kuh und Jahr 200/400 
Frühe Reproduktionsstörungen 283,00 
Zysten 67,02 
Milchfieber 204,50 
Ketose 242,60 
Schlachtkalbin/kg (FV/BV)  3,50/3,10 
Zuchtkalbin (FV/BV) 1500/1300 
Milchträger 0,11 
Fett-kg 3,06 
Eiweiß-kg 3,82 
Maststier/kg (EUROP) 3,70/3,65/3,61/3,19/2,70 
1 inkl. Arbeitszeit Landwirt 
 
 
Tab. 4 Überblick über zur Verfügung stehende Futtermittel 
Futtermittel €/kg TM Protein  

(g XP) 
NEL  
(MJ) 

Rohfaser-
Anteil 

Heu, 2. Schnitt 0.20 133 5,28 0,284 
Grassilage 0,18 150 6,10 0,213 
Maissilage 0,16 131 6,48 0,210 
Gerste 0,17 124 8,28 0,057 
Soja 0,50 398 9,90 0,062 
 
 
Kosten und Preise (z.B. Futtermittel, Milch, Schlachtkörper, 
Besamungen, Arbeitskosten) wurden mit Hilfe von diversen 
Marktberichten, Datensammlungen für die Landwirtschaftsberatung 
sowie Kalkulationshilfen (e.g. Over et al., 2013; Hamm et al., 2013; 
www.ama.at) ermittelt. Populationsparameter wurden mit Hilfe von 
Auswertungen der ZuchtData (ZuchtData, 2013) sowie aus den aktuellen 
Zuchtwertschätzungen übernommen. Durchschnittliche Tierarzt- und 
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Medikamentenkosten für berücksichtigte Krankheiten stammen aus einer 
Gemeinschaftstierarztpraxis in Österreich. Tabellen 2-4 geben einen 
Überblick über ausgewählte Inputparameter, Kosten und Preise und die 
zur Verfügung stehenden Futtermittel. Laktationsleistungen in den 
höheren Laktationen wurden mit Hilfe von Alterungsfaktoren berechnet, 
die höchste Laktationsleistung wurde bei beiden Rassen in der 4. 
Laktation erzielt. Funktionen von Wood (1967) and Gompertz (Fitzhugh, 
1976) wurden zur Berechnung der täglichen Milchleistung bzw. zur 
Berechnung der täglichen Zunahme verwendet. Der Algorithmus nach 
Press et al. (1986) wurde verwendet um die kostengünstigste Ration zu 
ermitteln, die den Nährstoffbedarf deckt, wobei Trächtigkeit und 
Mobilisation entsprechend berücksichtigt wurden (Miesenberger, 1997). 
Die Kosten für Krankheiten (Tab. 3) ergaben sich aus Kosten für den 
Tierarzt, Medikamente, Arbeitszeit des Landwirtes und Verlust an nicht 
lieferbarer Milch durch Wartezeiten. Durchschnittliche anteilige 
Nachbehandlungskosten wurden ebenso berücksichtigt.  
 
 
Ergebnisse der Schätzung wirtschaftlicher Gewichte 
 
Tabellen 5 und 6 geben eine Übersicht über den Grenznutzen, die 
genetische Standardabweichung und das wirtschaftliche Gewicht pro 
genetischer Standardabweichung für alle bisher im Gesamtzuchtwert 
berücksichtigten Merkmale sowie für die Merkmale Ketose, Milchfieber, 
Mastitis und Zellzahl (getrennt) sowie Aufzuchtverluste bei den Rassen 
Fleckvieh und Braunvieh.  
 
Leistungsmerkmale. Bei beiden Rassen ist das Fett-Eiweiß-Verhältnis 
deutlich enger als im derzeitigen Zuchtziel (Tabelle 7, Fuerst und Egger-
Danner, 2014); die Gewichtung im Zuchtziel entsprach allerdings bei 
seiner Festsetzung nicht den mit aktuellen Milchpreisen abgeleiteten 
wirtschaftlichen Gewichten. Eine Ableitung der Eiweißprozente ist im 
verwendeten Modell nicht zusätzlich zur Eiweißmenge möglich, da die 
Eiweißmenge über die Erhöhung der Inhaltsstoffe bei gleichbleibender 
Milchmenge modelliert wird. Hinsichtlich der Fleischleistungsmerkmale 
ist auffällig, dass das relative wirtschaftliche Gewicht für das Fleckvieh 
sogar niedriger liegt als das für das Braunvieh. Gründe dafür liegen im 
höheren Fleischleistungsniveau beim Fleckvieh; eine weitere 
Verbesserung führt v.a. bei der Handelsklasse durch die geringe 
Preisdifferenzierung zwischen den Handelsklassen E - R kaum zu 
zusätzlichem Profit.  
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Tab. 5 Grenznutzen, genetische Standardabweichung (sa) und 
wirtschaftliches Gewicht pro sa (wG/sa) für das Fleckvieh 
Merkmal (Einheit) GN (�/Einheit) sa wG/sa 
Fettmenge (kg) 1,97 21,9 43,10 
Eiweißmenge (kg) 2,75 16,4 45,10 
Nettozunahme (g) 0,662 30,5 20,19 
Ausschlachtung (%) 5,63 1,1 6,19 
Handelsklasse (Kl.) 13,0 0,25 3,25 
Nutzungsdauer (d) 0,1304 180 23,47 
Fruchtbarkeit (%) 1,73 4,5 7,79 
Kalbeverlauf (Kl.) 21,88 0,22 4,81 
Totgeburtenrate (%) 2,8 4,0 11,20 
Aufzuchtverluste (%) 3,58 2,87 10,27 
Zellzahl (Klasse) 5,68 0,5 2,84 
Mastitis (%) 3,65 4,34 15,84 
Fr. Fruchtbarkeitsst. (%) 3,03 3,89 11,79 
Zysten (%) 0,72 6,71 4,83 
Milchfieber (%) 2,19 3,51 7,69 
Ketose (%) 2,60 0,70 1,82 
Persistenz (σ Einzelk.) 9,23 1s 9,23 
Melkbarkeit (√Kg/min) 79,53 0,084 6,68 
 
 
 
Fitnessmerkmale. Im Fitnessblock soll im Folgenden insbesondere auf 
die Gesundheitsmerkmale eingegangen werden. Seit 2013 werden, wie 
schon oben erwähnt, Gesundheitsmerkmale über die Teilindices 
Eutergesundheitswert und Fruchtbarkeitswert berücksichtigt. Diese 
ersetzen den Teilindex Fruchtbarkeit maternal und den Zuchtwert für 
Zellzahl ohne die ursprünglichen Gewichte zu verändern (Fuerst und 
Egger-Danner, 2014). Auf Basis der rein ökonomisch abgeleiteten 
Gewichte wäre die relative Gewichtung dieser Merkmalsblöcke etwas 
niedriger als derzeit (Tabelle 7). Würden die weiteren Fitnessmerkmale 
(Ketose, Milchfieber, Aufzuchtverluste) ebenfalls im Gesamtzuchtwert 
berücksichtigt, wären die Gewichtungen von Milch : Fleisch : Fitness bei 
Fleckvieh etwa 37 : 13 : 50 und bei Braunvieh 39 : 14 : 48.  
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Tab. 6 Grenznutzen, genetische Standardabweichung (sa) und 
wirtschaftliches Gewicht pro sa (wG/sa) für das Braunvieh 
Merkmal (Einheit) GN (�/Einheit) sa wG/sa 
Fettmenge (kg) 1,88 21,2 39,86 
Eiweißmenge (kg) 3,13 17,0 53,21 
Nettozunahme (g) 0,495 30,5 15,10 
Ausschlachtung (%) 5,76 1,1 6,34 
Handelsklasse (Kl.) 45,51 0,25 11,38 
Nutzungsdauer (d) 0,1702 180 30,63 
Fruchtbarkeit (%) 1,56 4,5 7,02 
Kalbeverlauf (Kl.) 19,49 0,22 4,29 
Totgeburtenrate (%) 2,20 4,0 8,80 
Aufzuchtverluste (%) 2,96 3,45 10,21 
Zellzahl (Klasse) 6,41 0,5 3,21 
Mastitis (%) 3,63 4,34 18,48 
Fr. Fruchtbarkeitsst. (%) 3,02 3,89 11,05 
Zysten (%) 0,71 6,71 1,31 
Milchfieber (%) 2,18 3,51 4,34 
Ketose (%) 2,59 0,70 1,81 
Persistenz (σ Einzelk.) 2,67 1s 2,67 
Melkbarkeit (√Kg/min) 79,53 0,084 6,96 
 
 
 
Ausblick 
Im Rahmen des Projektes OptiGene wird derzeit u.a. an der Optimierung 
des Gesamtzuchtwertes gearbeitet. Dies betrifft einerseits Änderungen 
in der Methodik (e.g. Fuerst et al., 2014) andererseits die Gewichtungen 
der Einzelmerkmale bzw. Merkmalsblöcke im Gesamtzuchtwert. 
Hinsichtlich der Methodik soll eine Alternative zur aktuellen 
Indexmethode gefunden werden, die v.a. im niedrigen Sicherheitsbereich 
zu hohe Streuungen bewirkt. Mit Hilfe von Modellrechnungen soll gezeigt 
werden, inwieweit sich die adaptierte Methodik in Kombination mit 
unterschiedlichen Gewichtungen auf den Zuchtfortschritt auswirkt. 
Bedingt durch die genomische Selektion kann ein hoher Zuchtfortschritt 
in der Milch erhalten werden und gleichzeitig mehr Gewicht auf den 
Fitnessblock gelegt werden. Dies entspricht nicht nur den 
Züchterwünschen, die im Rahmen einer Umfrage erhoben wurden, 
(Steininger et al., 2012), sondern auch den gesellschaftlichen 
Rahmenbedingungen. Insbesondere der Fruchtbarkeitskomplex ist in 
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diesem Zusammenhang von Bedeutung, da in den vergangenen Jahren 
trotz Berücksichtigung im Gesamtzuchtwert ein negativer genetischer 
Trend und kontinuierlicher Rückgang bei den Besamungserfolgen zu 
verzeichnen war. In Übereinstimmung mit früheren Modellrechnungen 
(Egger-Danner et al., 2012) konnte in ersten Analysen gezeigt werden, 
dass bei entsprechender Gewichtung im GZW auch für den 
Fruchtbarkeitskomplex ein leichter Zuchtfortschritt zu erzielen ist.  
 
 
Tab. 7 Relative wirtschaftliche Gewichte für Zuchtzielmerkmale 
Merkmalsblöcke (aktuell und neu abgeleitet) für das Fleckvieh und das 
Braunvieh 
 Fleckvieh  Braunvieh  
 aktuell neu aktuell  neu 
MILCH 38 41 48 42 
Fettmenge 4,4 19,9 4,8 18,1 
Eiweißmenge 33,4 20,8 38,4 24,2 
Eiweißprozent   4,7  
FLEISCH 16 14 5 15 
Nettozunahme 7,3 9,3 2,2 6,9 
Ausschlachtung 4,6 2,9 1,4 2,9 
Handelsklasse 4,6 1,5 1,4 5,2 
FITNESS 46 45 47 43 
Nutzungsdauer 13,4 10,9 16,1 13,9 
Persistenz 2,0 4,3 2,7 1,2 
Fruchtbarkeitswert 6,8 11,3 8,6 8,8 
Kalbeverlauf pat. 1,8 1,1 0,9 1,0 
Kalbeverlauf mat. 1,8 1,1 0,9 1,0 
Totgeburtenr. pat. 4,0 2,6 3,0 2,0 
Totgeburtenr. mat 4,0 2,6 3,0 2,0 
Eutergesundheitswert 9,7 8,7 10,0 9,9 
Melkbarkeit 2,0 3,1 2,0 3,2 
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Abstract 
 
In 2010, a routine genetic evaluation for the direct health traits mastitis, early fertility 
disorders, ovarian cysts and milk fever was introduced for Fleckvieh as part of the joint 
Austrian-German genetic evaluation. In order to include direct health traits in the total merit 
index, a female fertility index and an udder health index were additionally implemented in 
2013. For metabolic disorders, no such index has been developed yet. Thus, genetic 
relationships between metabolic disorders and possible auxiliary traits needed to be 
investigated. In total, 12,512 diagnoses for metabolic disorders and more than two million 
test-day records were available for validated farms. After all restrictions, 118,237 lactation 
records based on electronically transmitted veterinarian diagnoses collected between 2006 and 
January 2013 could be used. Metabolic disorders for rumen acidosis (ACI), displaced 
abomasum (ABO), milk fever (FEV), ketosis (KET) and culling due to a metabolic disease 
(CUL) were defined as binary traits (0/1 or healthy/diseased) in specific time periods. The 
frequencies of the metabolic disorders were 0.08%, 0.02%, 2.75%, 0.56% and 0.51 % for 
ACI, ABO, FEV, KET and CUL, respectively. As metabolic disorders mainly occur at the 
start of lactation, first test-day performance traits were considered as auxiliary traits: fat, 
protein, lactose and urea content (UREA) of the milk, and the calculated ratios of fat-protein 
(F:P1), fat-lactose (F:L1) and protein-lactose (P:L1). For the second test-day only ratios were 
considered. Genetic correlations and heritabilities were estimated with a linear repeatability 
animal model. For the low frequency traits ACI and ABO, genetic variances were close to 
zero with high standard errors. Heritabilities for FEV, KET and CUL were 0.034, 0.008 and 
0.006, respectively. Heritabilities and genetic correlations indicated that the F:P1 ratio is a 
possible indicator trait for FEV, KET and CUL. Additionally, F:L1 and UREA could be 
considered.  
 
Keywords: dairy cattle, metabolic disorders, genetic parameters, test-day records, auxiliary 

traits 

 

Introduction 

 

Improved animal health is getting increasingly important worldwide. Indirect measures of 
health or disease have been included into routine performance tests by many countries. 
However, directly observed measures of health or disease increase the efficiency of genetic 
improvement of health or health-related traits. In Austria, a health monitoring system for 
cattle was started in 2006 and has become part of the routine performance recording in the 
meantime (Egger-Danner et al., 2012b). In 2010 and 2013, a routine genetic evaluation for the 



direct health traits mastitis, early fertility disorders, ovarian cysts and milk fever was 
introduced for Fleckvieh (dual purpose Simmental; Fuerst et al., 2011) and Brown Swiss 
(Egger-Danner et al., 2012a,b; Fuerst & Egger-Danner, 2014), respectively, as part of the 
joint Austrian-German genetic evaluation. So far the focus is on veterinarian diagnoses, but 
diagnostic observations of farmers are also recorded and will be included in the routine 
evaluation in the near future. For both breeds, two new indices were introduced to include 
direct health traits in the total merit indices (TMI). These indices are a female fertility index 
consisting of non-return-rate, time from first to last insemination, early fertility disorders and 
ovarian cysts and an udder health index calculated from somatic cell score and mastitis 
(Fuerst & Egger-Danner, 2014).  

For metabolic disorders, no such index has been developed yet. Apart from milk fever, 
for which a genetic evaluation already exists, the most important metabolic disorders (e.g. 
Koeck et al., 2013; Krause & Oetzel, 2006) which are routinely recorded are ketosis, rumen 
acidosis, and displaced abomasum.  

In order to evaluate the possibility of a development of a metabolic index in Fleckvieh 
cattle, the aims of this study were (1) to define trait specific observation periods, (2) to 
analyze frequencies of diagnoses, (3) to estimate variance components, and (4) to investigate 
potential indicator traits from routine milk performance testing. 
 

Data and analyses 

 
In Austria, diagnosis data are either transmitted electronically by the veterinarians or are 
recorded by the performance recording organizations during routine milk recording. In total, 
12,512 diagnoses for metabolic disorders and more than two million test-day records were 
available for validated farms. Data validation is described by Egger-Danner et al. (2012b) and 
Egger-Danner et al. (2013). However, to ensure best possible data quality, only herds with 
electronically transmitted veterinarian diagnoses collected between 2006 and January 2013 
were used for this analysis. After all further restrictions (usual plausibility checks, minimum 
number of cows per herd-year = 10, minimum number of cows per sire = 20, first and second 
test-day available), 118,237 lactation records were available for 44,184 animals.  
 
Definition of traits  

 
Results from diagnoses for rumen acidosis (ACI), displaced abomasum (ABO), milk fever 
(FEV), ketosis (KET) were defined as binary traits (0/1 or healthy/diseased) in specific time 
periods within lactation. According to the routine genetic evaluation for health traits (Fuerst et 
al., 2011), only first diagnoses were taken into account. Following descriptive data analyses, 
the following observation periods were defined. 
Rumen acidosis: the observation period for rumen acidosis was defined as the full standard 
lactation (305 days). 
Displaced abomasum: left- and right-sided displaced abomasum occurring until 42 days in 
milk were subsumed as one trait.  
Milk fever: FEV diagnoses were considered for the period of 10 d before and 10 d after 
calving. 
Ketosis: the observation period for ketosis was defined from calving to 70 days in milk. 

As culling reasons are also routinely recorded, culling due to a metabolic disorder (CUL) 
within standard lactation (305 days in milk), was also defined as a binary trait (0/1 or not 
culled/culled due to metabolic disorder). If culled for any other reason, cows were only 
included as healthy, if they had the chance to be under recording until day 200, 30, 10 and 50 



for ACI, ABO, FEV and KET, respectively. Otherwise they were considered as missing for 
the respective trait.  

From the traits routinely recorded in milk performance testing, fat, protein and lactose 
content (in %), and urea (mg/100ml milk) of the first test-day (8-49 days in milk) were used. 
Additionally, the fat-protein-ratio (F:P1; F:P2), the fat-lactose-ratio (F:L1, F:L2) and the 
protein-lactose-ratio (P:L1, P:L2) were calculated for the first and second (40-90 days in 
milk) test-day. 
 
Model 
 
Heritabilities were calculated by means of the software package VCE6 (Groeneveld et al., 
2008), based on univariate linear animal models. Genetic correlations were estimated by 
bivariate models. The following model was used for health traits: 

yijklmnop = lacti*agej + yk*ml + hm*yk + pen + ao + eijklmnop 

where yijklmnop is the observation for FEV, ABO, ACI, KET and CUL (0 = healthy, 1 = 
diseased and 0 = not culled, 1 = culled for metabolic disorder); lacti*agej is the fixed effect of 
parity (1, 2,…,5+) by calving age (6 classes for 1st and 2nd parity); yk*ml is the fixed effect of 
calving year and month; hm*yk is the random herd-year effect; pen is the random permanent 
environmental effect; ao is the random genetic effect of the animal and eijklmnop is the random 
residual effect. 

In contrast to the routine genetic evaluation of health traits, the fixed effect of type of 
recording (electronic by veterinarian/milk recording) by year was not taken into account as 
only electronically transmitted data were used in this analysis. For production traits, the same 
model additionally including the covariate days in milk (linear, quadratic) was applied. 
 

Results and Discussion 

 

Table 1: Data characteristics. 

Health traits Trait N Frequency (%) 
 Milk fever 117,757 2.8 
 Ketosis 112,874 0.6 
 Acidosis 96,843 0.1 
 Displaced abomasum 115,435 0.02 
 Culled for metabolic disorders 105,344 0.6 
Production traits Trait N Mean 
 Fat content (%) 97,981 4.15 
 Protein content (%) 97,981 3.22 
 Lactose content (%) 97,146 4.84 
 Urea content (mg/100ml) 97,075 18.1 
 Fat:protein ratio (1st test-day) 97,981 1.30 
 Fat:protein ratio (2nd test-day) 93,316 1.25 
 Fat:lactose ratio (1st test-day) 97,146 0.86 
 Fat:lactose ratio (2nd test-day) 92,567 0.82 
 Protein:lactose ratio (1st test-day) 97,146 0.67 
 Protein:lactose ratio (2nd test-day) 92,567 0.67 
 



In Table 1, frequencies of disorders and arithmetic means of production traits are provided. 
For FEV (2.8%), the frequency calculated in an earlier data set for the same breed but without 
restriction on electronically transmitted data, was 2.3% and thus rather similar (Fuerst et al., 
2011). This trait, for which a routine genetic evaluation already exists, has the highest 
frequency of all metabolic disorders followed by KET (0.6%). The frequencies of both traits, 
ACI and ABO (0.1% and 0.02%) were very low. Thus, these disorders seem to be of 
negligible importance in Fleckvieh cattle. Especially for Holstein, markedly higher 
frequencies were reported for KET and ABO, e.g. in Canadian Holstein with 4.1% and 2.7%, 
respectively (Koeck et al., 2013). Average milk contents and calculated ratios were within the 
expected range. 

Heritabilities and genetic correlations for metabolic disorders and culling due to metabolic 
disorders are provided in Table 2. Genetic variances for ACI und ABO were close to zero, 
and as a result heritabilities were markedly below 0.01. Higher heritabilities for ABO were 
estimated in Holstein populations (e.g. h2 = 0.04 in Canadian Holstein; Koeck et al., 2013). 
Due to the genetic variances close to zero, genetic correlations to other traits should also be 
treated with caution. Partly we found genetic correlations close to unity, partly high or even 
implausible standard errors (between ACI and FEV, Table 2). Given that the frequencies of 
those two disorders are very low in Fleckvieh as well, both traits will most likely not be 
considered for a routine genetic evaluation. In the following, genetic correlations to milk 
production traits will thus not be presented for ACI and ABO. The heritability for FEV is 
more or less the same as presented by Fuerst et al. (2011), genetic correlations to KET and 
CUL are rather high with 0.45 and 0.67, respectively. For KET and CUL, heritabilities were 
lower than for FEV, but significantly different from zero for both traits. In Canadian Holstein 
(Koeck et al., 2013), a higher heritability of 0.02 was reported for KET.  
 
Table 2: Heritabilitites (on the diagonal), genetic correlations (above diagonal) and their 
standard errors (in brackets) for acidosis (ACI), displaced abomasum (ABO), milk fever 
(FEV), ketosis (KET) and culled due to metabolic disorder (CUL). 
 ACI ABO FEV KET CUL 
ACI 0.001 (0.001) 0.999 (0.109) -0.805 (53.006) -0.999 (0.004) 0.999 (0.002) 
ABO  0.001 (0.001) 0.567 (0.220) -0.038 (0.366) 0.429 (0.218) 
FEV   0.034 (0.004) 0.450 (0.092) 0.667 (0.075) 
KET    0.008 (0.002) 0.617 (0.137) 
CUL     0.006 (0.001) 
 

Especially in high-yielding dairy cows, a pronounced negative energy balance at the 
beginning of the lactation may lead to health problems including metabolic disorders (Bertoni 
et al., 2009). Traits from routine performance testing may serve as indicators for energy 
balance, with fat:protein ratio being among the most appropriate ones (Buttchereit et al., 
2011). As a consequence, such traits may also be eligible indicator traits for metabolic 
disorders, if they are reasonably heritable and have rather high genetic correlations. 
Heritabilities for milk contents range from 0.095 (urea content) to 0.337 (protein-%), those for 
the ratios range from 0.155 (F:P1) to 0.384 (P:L2; Table 3). For fat- and protein-% and F:P1 
ratio, similar heritabilities (0.19, 0.27, and 0.15, respectively) were estimated in Canadian 
Holstein 
  



Table 3: Heritabilities (h2) and standard errors (SE) for milk production traits from the first 
test day (fat content (Fat-%), protein content (Prot-%), lactose content (LACT-%) and urea 
content (UREA)) and ratios calculated for the first and second test-day (fat:protein ratio 
(F:P1, F:P2), fat:lactose ratio (F:L1, F:L2), protein:lactose ratio (P:L1, P:L2)). 
 h2 SE 
Fat-% 0.203 0.009 
Prot-% 0.337 0.011 
Lact% 0.322 0.010 
UREA 0.095 0.006 
F:P1 0.155 0.008 
F:L1 0.193 0.009 
E:L1 0.287 0.010 
F:P2 0.139 0.007 
F:L2 0.225 0.009 
P:L2 0.384 0.010 
 

Genetic correlations between content traits and the metabolic disorders FEV, KET and 
CUL are shown in Table 4. The highest genetic correlations were found between Protein-% 
and Fat-% and KET (-0.28 and -0.21, respectively) and UREA and FEV (-0.21). Calculated 
ratios for the first test-day however revealed higher genetic correlations between F:P1 and 
KET and CUL, respectively (0.38, Table 5). In general, the genetic correlations between FEV, 
KET and CUL and second test-day ratios were lower than those of the first test-day. An 
explanation could be that most of the diagnoses of these traits occur right at the start of the 
lactation. Based on phenotypic data only, Manzenreiter et al. (2013) questioned the sole use 
of the fat:protein ratio with a threshold of 1.5 in Fleckvieh as an indicator for ketosis. Only 
58% of the cows with a ketosis diagnosis had a fat-protein-ratio smaller than or equal to 1.5. 
For management purposes using phenotypic data, the authors suggested to adapt the 
thresholds depending on breed and also to further evaluate the fat:lactose ratio as an 
additional information.  

 
Table 4: Genetic correlations and their standard errors (in brackets) between metabolic 
disorders (milk fever (FEV), ketosis (KET) and culled for metabolic disorder (CUL)) and 
milk contents at the first test-day (fat content (Fat-%), protein content (Prot-%), lactose 
content (LACT-%) and urea content (UREA)). 
 Fat-% Prot-% Lact-% UREA 
FEV 0.08 (0.05) -0.12 (0.05) 0.05 (0.05) -0.21 (0.06) 
KET 0.21 (0.09) -0.28 (0.08) -0.15 (0.09) -0.11 (0.11) 
CUL 0.26 (0.10) -0.16 (0.07) 0.01 (0.07) -0.13 (0.09) 
 
Table 5: Genetic correlations and their standard errors (in brackets) between metabolic 
disorders (milk fever (FEV), ketosis (KET) and culled for metabolic disorder (CUL)) and 
ratios calculated for the first and second test-day (fat:protein ratio (F:P1, F:P2), fat:lactose 
ratio (F:L1, F:L2), protein:lactose ratio (P:L1, P:L2)). 
 F:P1 F:L1 E:L1 F:P2 F:L2 E:L2 
FEV 0.18 (0.05) -0.07 (0.05) -0.13 (0.05) 0.01 (0.06) -0.11 (0.05) -0.12 (0.05) 
KET 0.38 (0.10) -0.25 (0.10) -0.21 (0.09) 0.25 (0.09) 0.15 (0.10) -0.12 (0.09) 
CUL 0.38 (0.09) -0.26 (0.09) -0.18 (0.10) 0.16 (0.08) 0.04 (0.05) -0.09 (0.08) 
 



Results suggest that in case of an introduction of a metabolic index in Fleckvieh, milk 
fever, ketosis and culling due to a metabolic disorder should be considered. For both acidosis 
and displaced abomasum, very low frequencies and heritabilities were found, thus those traits 
should not be included in a future index. Possible indicator traits are the fat:protein ratio and 
fat:lactose ratio of the first, possibly also of the second test-day. As the feet and legs complex 
may also be affected in course of negative energy balance, ratios might also serve as 
indicators for leg and claw traits. Another possibility would thus be the combination of both, 
metabolic and feet and legs disorders into one index. 
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ABSTRACT

Due to the possibilities of genomic selection and changing circumstances of production an evaluation of all steps 
in the breeding process is important. Optimisation involves the aspects of breeding goals, performance recording, ge-
netic evaluation and breeding programmes. To achieve desired genetic gains whilst taking genomic selection into ac-
count, the inclusion of all relevant traits and their appropriate weighing within the total merit index is essential. To 
enquire the needs of the farmers a survey is carried out. he survey is designed as a pure online survey. From about 8.000 
farmers across breeds, of whom the email address was available, 16% participated in the survey so far. Two peaks were 
observed close to the dates, when the internet link for the survey was distributed per email. Preliminary results show 
that the individual breeding goals of Fleckvieh and Brown Swiss breeders have shited from dairy towards itness and 
conformation traits during the last decade. High interest in novel traits like claw health, metabolism or inter- and cross-
sucking is observed as well. Selection response and monetary aspects from selection based on economic approaches will 
be compared with “desired gain” models based on the results of this survey. he survey is part of the Austrian project 
“OptiGene” with the main aim to optimise the diferent steps in the breeding process in order to achieve the long-term 
genetic gain desired by the farmers. 

Key words: dairy cattle / breeding goals / genetic trends / survey / Austria

1 InTRoduCTIon

During the last decades, milk yield increased tre-
mendously in most dairy cattle populations worldwide. 
In Austria, on average a genetic trend of +99 kg milk per 
year could be observed in the largest cattle breed, Fleck-
vieh, (dual purpose Simmental; ZuchtData, 2011) during 
the last 10 years. However, at the same time an improve-
ment of functional traits could hardly be noticed; in some 
traits even negative genetic trends were found (ZuchtDa-
ta, 2011). Low heritabilities of functional traits, their 
mostly unfavourable genetic correlations to production 
traits, as well as insuicient or complete lack of recording 
complicate breeding (e.g. Fürst and Fürst-Waltl, 2006; 
Goddard, 2009; Kanitz et al., 2003; Philipsson and Lind-
he, 2003; Windig et al., 2005). Nowadays genomic selec-

tion ofers an approach for estimating breeding values for 
both, production and functional traits. However, a dete-
rioration in functional traits may still be expected (e.g. 
Neuner and Götz, 2011; Karras et al. 2011; Egger-Danner 
et al., 2012a). In model calculations Egger-Danner et al. 
(2012a) showed that the genetic gain of traits may be in-
creased by genomic selection programmes as long as a 
clear natural genetic gain is observed. In case of nega-
tive genetic trends, genomically enhanced breeding pro-
grammes can however not turn those around. Genomic 
selection is thus likely to speed up the genetic progress, 
but its direction is determined by the composition of the 
total merit index (Egger-Danner et al., 2012a). New traits 
regarding health or welfare and food safety aspects are 
gaining interest in many cattle populations worldwide. 
Apart from that, changing economic conditions, e.g. fur-
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ther liberalisation of agricultural markets ater 2014 or 
increase of energy costs will afect dairy cattle breeding. 
New traits like energy eiciency or production eiciency 
are hence expected to gain importance.

Recently, a new project (OptiGene, “Optimization 
of long-term genetic progress of Austrian cattle breeds 
with emphasis on health and genomic selection”) started 
in Austria. Among the main aims of this project is the re-
vision of breeding goals for the breeds Fleckvieh, Brown 
Swiss, Pinzgauer and Grauvieh (Tyrolean Grey). Cur-
rently, the economic weights in the total merit index for 
Fleckvieh are 38%, 16% and 46% for dairy, beef and it-
ness traits respectively. For Brown Swiss the correspond-
ing weights are 48%, 5% and 47% (Fürst, 2012). When 
revising Austrian dairy cattle breeding goals, two main 
options exist. First, the current economic total merit in-
dex in the joint Austrian-German genetic evaluation of 
cattle (Fürst, 2012) may be extended by including new 
traits with their derived economic weights. Second, the 
desired genetic gain of diferent traits may be considered 
as suggested by Egger-Danner et al. (2012a). In Nor-
way the economic weight on mastitis in the index was 
increased from 3 to 21% to ensure the desired positive 
trend (Heringstad, 2009; Geno, 2012). In order to be able 
to compare the desired gain index (Yamada et al., 1975) 
with the selection by means of an economic total merit 
index (Hazel and Lush, 1943), the needs and desires of 
breeders and breeders’ organizations need to be known. 
In the year 2000, a irst survey among Austrian Simmen-
tal and Brown Swiss breeders was carried out (Sölkner 
et al., 2000). At that time the distribution of their per-
sonal breeding goal for Fleckvieh (Simmental) was 44% 
dairy traits, 22% for beef traits, 19% for itness and 15% 
for conformation traits. For Brown Swiss it was 48% for 
dairy traits, 18% Fitness, 17% conformation and 16% 
beef traits. 

In order to consider the breeders´ desires within the 
new frameworks afecting dairy cattle breeding, another 
survey is necessary. Hence, the design of such a new sur-
vey as well as irst results are presented in the following. 

2 MATERIAL And METHodS

To observe the needs and desires of Austrian cat-
tle breeders, a questionnaire with about 30 questions was 
designed. In a irst step, a list with questions of interest 
was compiled in February 2012. Ater consulting the 
Austrian breeding organizations inal questionnaires for 
each of the four analysed breeds (Fleckvieh, Brown Swiss, 
Pinzgauer and Grauvieh) were prepared. he Austrian 
breeding organizations decided for a pure online survey. 
Printed questionnaires should only get used if necessary 

– for example to interview breeders in underrepresented 
regions. For building the online survey the service of 
SurveyMonkey (2012) was used. he inal versions of the 
survey were released on March 15, 2012.

he questionnaire for this survey covered eight 
main topics. Most of the questions had a couple of sub 
items. he main topics were:

1. statistics of the farm (7 questions)
2. statistics of the respondent (3 questions)
3. individual breeding goal of the respondent (4 

questions). About 20 traits, for which a genetic 
evaluation already exists as well as 8 novel traits 
were listed. he respondents also could suggest 
further traits of interest

4. advantages and disadvantages of the current 
main breed of the farm (4 questions)

5. trust in the estimated breeding values (1 ques-
tion)

6. usage of young bulls, which only have a genomi-
cally enhanced breeding value (2 questions)

7. usage of services ofered by breeding organiza-
tions (2 questions)

8. agriculture and socio-political topics (2 ques-
tions).

To keep the survey as anonymous as possible, the 
question for postal code (for the ability to refer to re-
gions) was optional. All other questions were obligatory. 
Most of the questions were asked in form of closed ques-
tions, but within 6 questions farmers were enabled to 
comment freely. Fairly similar questionnaires are going 
to be used for a survey in German cattle breeders as well, 
as the current total merit index is the same in the joint 
Austrian-German genetic evaluation. 

In Austria, all Fleckvieh, Brown Swiss, Pinzgauer 
and Grauvieh breeders may participate in our survey. All 
farmers who regularly receive the results of the milk per-
formance testing by email (about 7,700 of 21,135 farm-
ers) got an email with explanations, link and password 
for participation. All other farmers were informed by 
various media of the responsible breeding organization. 

3 RESuLTS And dISCuSSIon

So far, 1340 questionnaires were completed in the 
period March 16, 2012 to May 10, 2012 (Fig. 1). he 
second peek in calendar weeks 16 and 17 was due to a 
follow-up letter per email. Apart from email invitations, 
attention to the questionnaire was called by articles in 
diferent subject-speciic magazines, newsletters, presen-
tations at meetings and on the homepage of the Federa-
tion of Austrian Cattle Breeders, ZAR. A third and last 
follow-up email is planned for end of May 2012. In total, 
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approximately two thirds of all breeders completing the 

questionnaire were Fleckvieh breeders (Table 1). Fleck-

vieh is Austria’s largest breed with a share of approxi-

mately 70% of all dairy herd book cattle (ZAR, 2012). 

h e highest proportion of questionnaires completed by 

breeders who were invited per email was observed in 

Grauvieh (38.2%), the lowest (16.1%) in Brown Swiss. 

More than 50% of all breeders completing the question-

naire were in the production classes 6000–6999 and 

7000–7999 kg average annual milk yield; more than 75% 

of all breeders owned 29 or less cows rel ecting the aver-

age herd size of 16.9 herd book cows in Austria (ZAR, 

2012). Despite the optionality for postal code, about 98 

percent answered this question. 

Preliminary results (Table 2) showed that the in-

dividual breeding goal of Fleckvieh and Brown Swiss 

breeders shit ed from dairy and beef towards i tness and 

conformation traits (Sölkner et al., 2000) during the last 

decade. However, apart from dif erences between breeds, 

rather large dif erences may also be observed for breed-

ers with dif erent herd sizes and milk yields. With a 

share of 42 and 34%, respectively, breeders owning larger 

herds (>50 cows) have a stronger focus on dairy traits 

compared to those having smaller herd sizes (<15 cows). 

In contrast, the individual relative weight on the i tness 

complex is 25% in breeders of large herds but 30% in 

those of small herds. A similar tendency may be observed 

with regard to production level – the higher the least 

weight is put on i tness traits. h e importance of dairy 

traits increases with average annual milk production 

(31%–38%). However, breeders in the highest produc-

tion class (more than 9000 kg average milk yield per cow 

and year) have a lower individual weight on dairy traits 

than those in the class 8000–8999 kg milk (35 vs. 38%).

Being asked for the relevance of new traits in a future 

breeding goal on a scale from 1 (not important) to 6 (very 

important; Table 3), the breeders attached rather high 

importance to most suggested traits. Across all breeds, 

claw health, metabolism and inter-sucking ranked i rst 

with an average score of 4.5. h e least important trait for 

Figure 1: Returned questionnaires in calendar weeks 11–19 (March 16 – May 10) 2012 – all breeds (N = 1340)

Breed 1

Total number 
of breeders

Breeders invited to
complete questionnaire 
per email

Breeders completing questionnaire

N
in % of all 
breeders

in % of breeders 
invited per email

BS 4,180 1607 258 6.17 16.05

FV 14,576 5668 931 6.39 16.43

GR 801 233 89 11.11 38.20

PI 578 198 62 10.73 31.31

Total 20,135 7706 1340 6.66 17.39

Table 1: Return rates per breed and in relation to number of breeders being invited to complete the questionnaire (cut-off  date May 10, 
2012)

1 BS = Brown Swiss, FV = Fleckvieh, GR = Grauvieh, PI = Pinzgauer
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breeders was suitability for automatic milking systems 

with an across breed average of 1.9. Diferences between 

breeds were rather small and partly unexpected, e.g. in-

ter- and cross sucking or the insuicient sucking relex. 

Generally, the results indicate that new ways of perform-

ance testing but also genetic evaluation for novel traits 

have to be considered. It should be noted that health 

traits are routinely recorded in Austria (Egger-Danner et 

al., 2012b), thus they are not included in the novel traits’ 

list.

4 ConCLuSIon

he results indicate that a survey is a valuable tool to 

assess the needs and expectations of cattle breeders. he 

comparison of the preliminary results to a similar survey 

conducted one decade ago shows major changes in the 

weighing of the trait complexes with a clear shit towards 

itness and conformation. Additionally, the interest in in-

clusion of novel traits is high. his is comprehensible as 

genetic gain was mainly achieved for dairy traits, while 

itness traits remained stable or deteriorated within the 

last decade. Genomic selection is a tool which can en-

force genetic trends, but the direction to go is essential. 

herefore the composition of the breeding goal is cru-

cial. In order to meet the demand and desire of breeders, 

a participatory elaboration of the breeding goal is very 

valuable. Additionally, the economic circumstances need 

to be included in the deviation of the economic weights 

within the total merit index. he re-elaboration of the 

breeding goal is part of the Austrian project “OptiGene”. 

Besides, the genetic evaluation as well as the breeding 

programmes will be further developed and updated to 

achieve the desired long-term genetic gain.
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Zusammenfassung
Durch die Mobilisation von Körperfett und Körperei-
weiß bei Energiemangel zu Laktationsbeginn entstehen 
Abbauprodukte, welche im Stoffwechsel unter Ener-
gieverbrauch abgebaut werden müssen. Kann dieser 
Stoffwechselweg nicht vollständig durchgeführt werden, 
kommt es zur Ketose.

Ziel der Untersuchung war es, den Zusammenhang 
zwischen dem Gehalt an Milchinhaltsstoffen, welche 
im Zuge der Milchleistungskontrolle durch die österrei-
chischen Leistungskontrollverbände erfasst werden, und 
der Stoffwechselkrankheit Ketose zu ermitteln. Dafür 
wurden Daten aus dem Projekt “Gesundheitsmonitoring 
Rind“ ausgewertet. 

Die Ketose tritt zu 80 % in den ersten 50 Laktationsta-
gen auf, wobei ca. 35 % der Ketosen in den ersten 10 
Laktationstagen auftreten. 

Sowohl zwischen dem Gehalt an Milchinhaltsstoffen, 
als auch dem daraus abgeleiteten Fett-Eiweiß-Quotient 
(FEQ) und Fett-Laktose-Quotient  (FLQ) besteht ein 
signifi kanter Zusammenhang mit einer für die jeweiligen 
Kühen erstellten Ketosediagnose. Es ist aber mit keinem 
dieser Parameter möglich, Tiere, bei denen eine Ketose 
diagnostiziert wurde, von jenen ohne Ketosediagnose 
verlässlich zu unterscheiden. 

Der FEQ-Grenzwert von über 1,5, der derzeit als Hin-
weis auf erhöhte Ketosegefahr empfohlen wird, muss 
einerseits wegen deutlicher Rasse-Unterschiede und 
andererseits aufgrund der Tatsache, dass 58 % der mit 
Ketose diagnostizierten Fleckviehkühe einen FEQ von 
höchstens 1,5 zeigten, kritisch hinterfragt werden. 

Die Erfolgsaussichten im praktischen Einsatz werden 
noch dadurch vermindert, dass für 49 % der an Ketose 
erkrankten Milchkühe im vorliegenden Datenmaterial 
keine Milchleistungskontrollergebnisse aus einem aus-
sagekräftigen Zeitraum vor Auftreten der Erkrankung 
zur Verfügung standen.

Für die Weiterentwicklung der Ketoseerkennung mittels 
Milchinhaltsstoffen sind vor allem eine differenzierte 
Betrachtung der Rassen, die kritische Prüfung der Aus-
sagekraft des FLQ im Vergleich zum FEQ und die nötige 
Anpassung des Grenzwertes zu beachten. 

Schlagwörter: Ketose, Azetonämie, Früherkennung, 
Milchinhaltsstoffe, Fett-Eiweiß-Quotient, Fett-Lactose-
Quotient

Summary
The mobilization of fat and protein reserves in phases 
of energy defi ciency during early lactation leads to the 
formation of metabolites which are subject to further me-
tabolisation. If this is not possible, mainly due to a lack 
of suffi cient amounts of glucose, this leads to ketosis.

The aim of this study was to analyse the relationship 
between the milk constituents which are recorded du-
ring routine milk performance testing, and a diagnosis 
for ketosis. For this purpose, data were used which had 
been collected in the course of the project “Gesundheits-
monitoring Rind”. 

Ketosis mainly (80 %) occurs during the fi rst 50 days of 
lactation, and about 35 % of the positive diagnoses were 
made during the fi rst 10 days of lactation. 

A signifi cant difference was found between dairy cows 
with and without a ketosis diagnosis in terms of the con-
tent of milk constituents. However, it is not possible to 
suffi ciently differentiate dairy cows with and without ke-
tosis based on a defi ned threshold value for any of these 
traits. The commonly used fat-protein-quotient threshold 
of 1.5 has to be questioned, because of signifi cant diffe-
rences between breeds and also because of the fact that 
58 % of Simmental cows with a ketosis diagnosis had a 
fat-protein-quotient smaller than or equal to 1.5.

The practical utilization of information from milk per-
formance testing is further hampered by the fact that 
for 49 % of the positively diagnosed dairy cows no 
performance testing was conducted within a relevant 
time period before ketosis was diagnosed. 

To support the further development of early lactation 
ketosis indicators on the basis of traits recorded during 
milk performance testing, a differentiation according to 
breeds, the critical assessment of the suitability of the 
fat-lactose-quotient in comparison to the fat-protein-
quotient and the adaptation of the threshold values need 
to be considered in order to detect a greater proportion 
of cows with ketosis.

 

Keywords: ketosis, diagnosis, milk constituents, fat, 
protein, lactose
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1. Einleitung und Problemstellung
Im Zuge des Projektes “Gesundheitsmonitoring Rind“ 
werden seit 2006 Gesundheitsdaten von Milchrindern zu-
sammen mit Milchleistungsdaten erhoben und zu Zucht- und 
Managementzwecken gemeinsam ausgewertet (EGGER-
DANNER et al. 2012). Seit 1. Jänner 2008 wird aus den 
Daten der Milchleistungskontrolle ein neuer Tagesbericht 
mit Merkmalen, die für das Gesundheitsmonitoring relevant 
sind, erstellt. Seitdem wird auch der Fett-Eiweiß-Quotient 
im Tagesbericht in einer eigenen Grafi k dargestellt. Dieser 
soll für die ersten 120 Tage der Laktation eine Auskunft 
über die Ketosegefahr von Milchkühen geben. Als kritischer 
Wert gilt ein Fett-Eiweiß-Quotient ab 1,5 (DE KURIF et al. 
2007, SEMLITSCH 2008, ZOTTL 2008).

Gemeinsam mit der Pansenazidose und der Gebärpare-
se stellt die Ketose (Azetonämie) eine der wichtigsten 
Stoffwechselerkrankungen in der Milchviehhaltung dar 
(GASTEINER 2000). In der Literatur geht man von einer 
Erkrankungshäufi gkeit bei subklinischer Ketose von bis 
zu 14,1 % der Milchkühe in den ersten 65 Laktationstagen 
aus (DUFFIELD et al. 1997). In diesem Zusammenhang 
stellt sich die Frage, ob die Milchleistungskontrolle, bei 
der die Milchinhaltsstoffe routinemäßig erhoben werden, 
ein einfaches, schnelles und kostengünstiges Werkzeug zur 
Erkennung des Ketoserisikos in österreichischen Milchvieh-
herden anbieten kann. 

Aufgrund der seit 2006 zur Verfügung stehenden Daten aus 
dem „Gesundheitsmonitoring Rind“ besteht erstmals die 
Möglichkeit, den Zusammenhang zwischen Ketosediag-
nosen und den Milchinhaltsstoffen der Milchkühe vor der 
Diagnose anhand von österreichischen Felddaten zu analy-
sieren. Dabei gilt es vor allem den Fett-Eiweiß-Quotienten 
als derzeit angewendeten Hilfsparameter zur Abschätzung 
des Ketoserisikos sowie die weiteren Milchinhaltsstoffe aus 
der Leistungskontrolle auf ihre Eignung zu überprüfen. Für 
das praktische Herdenmanagement stellt sich vor allem die 
Frage, ob Milchkühe, die an einer Ketose leiden, anhand von 
veränderten Michinhaltsstoffen in der vorangehenden Milch-
leistungskontrolle erkannt werden können. Weiters wurde der 
typische Zeitpunkt des Auftretens der Ketose in der Laktation 
sowie der Einfl uss der Laktationszahl analysiert. 

2. Ketose (Azetonämie): Ursachen, Symp- 
 tome, Diagnose

Die Ketose stellt eine der wichtigsten Stoffwechseler-
krankungen in der Milchviehhaltung dar. Ausgelöst wird 
sie meist durch eine negative Energiebilanz des Tieres 
und die darauf folgende Störung des Kohlenhydrat- und 
Fettstoffwechsels (GASTEINER 2000). Durch den hohen 
Energiebedarf, der am Beginn der Laktation (bzw. bei Schaf 
und Ziege auch schon am Ende der Trächtigkeit) auftritt, 
müssen bei zu geringer Futteraufnahme Körperreserven mo-
bilisiert werden. Dieser Vorgang stellt vor allem am Beginn 
der Laktation grundsätzlich einen physiologisch normalen 
Kompensationsmechanismus zur Energiebereitstellung 
dar. Die beim Abbau von Körperfett und Körpereiweiß 
entstehenden Abbauprodukte müssen unter Verwendung 
von Glucose zu Acetyl-CoA umgebaut und in den Zitro-
nensäurezyklus eingeschleust werden. Bei einem Mangel 
an Glucose kann dieser Stoffwechselweg nicht vollständig 

durchgeführt werden und es kommt zur Anhäufung der 
krankmachenden Ketonkörper wie Azeton, Azetessigsäure 
und β-Hydroxybuttersäure. Folgende Ursachen können eine 
Ketose zur Folge haben (GASTEINER 2000, ULBRICH 
et al. 2004): 

� Verfütterung einer ketogenen Ration

� Nicht bedarfsdeckende Ration

� Infolge einer Grundkrankheit unzureichenden Aufnahme 
einer adäquat zusammengesetzten Ration

� Spontane Ketose

Durch die Erfassung der Ketonkörper (krankmachende 
Stoffwechselmetaboliten), die sich im Blut, im Harn, in 
der Atemluft und in der Milch befi nden, kann die Ketose 
diagnostiziert werden. Der Serum-Glucosespiegel stellt 
einen weiteren aussagekräftigen Parameter dar. Bei dieser 
Krankheit ist die Leber das zentral betroffene Organ. Die 
deutlichsten Krankheitssymptome sind Appetitlosigkeit 
(speziell das Kraftfutter betreffend), Verringerung der 
Milchleistung, Fruchtbarkeitsstörungen, ein starker Verlust 
an Körperkondition sowie eine starke Belastung der Leber 
bis zur Leberdegeneration, wobei die Körpertemperatur 
normal bleibt (BAIRD 1980, GOFF und HORST 1997, 
GASTEINER 2000). 

Bei starker Anhäufung von Ketonkörpern im Blut besteht 
die Gefahr einer metabolischen Azidose, welche sich an 
nervösen Störungen wie Übererregbarkeit, Muskelzittern, 
Speicheln, Taumeln oder Schläfrigkeit erkennen lässt 
(ULBRICH et al. 2004). Bei einem klassischen Krankheits-
verlauf verweigern die Tiere als erstes das Kraftfutter und 
im Weiteren auch das Grundfutter. Erkrankte Tiere zeigen 
eine erhöhte Atemfrequenz und die Atemluft riecht durch 
die Anreicherung von Ketonkörpern in den Schleimhäuten 
nach Azeton. Der Anstieg der Ketonkörper deutet auf eine 
Störung des Fettstoffwechsels mit gesteigerter Lipolyse 
hin. Bei gleichzeitiger Abnahme der Cholesterol- und 
Lipoproteinkonzentration kommt es zur Anreicherung von 
Triglyzeriden in der Leber, einer so genannten fettigen In-
fi ltration, welche in Abhängigkeit der Krankheitsintensität 
und -dauer bis zu einem gewissen Ausmaß umkehrbar 
ist. Ist die Leber jedoch so stark geschädigt, dass sie ihrer 
Funktion als Entgiftungsorgan nicht mehr ausreichend nach-
kommen kann, kommt es zur Anreicherung von toxischen 
Verbindungen wie Ammoniak und dadurch ausgelöster 
Schädigung des zentralen Nervensystems. Dies kann vom 
Festliegen der Kuh bis zum totalen Bewusstseinsverlust 
durch ein Leberkoma führen. In weiterer Folge kann eine 
klinische oder auch subklinische Ketose begünstigend für 
Organkrankheiten wie eine Labmagenverlagerung wirken, 
welche ihrerseits durch darauf folgende Appetitlosigkeit zur 
Verstärkung der Ketose führt. Sehr stark verfettete Kühe 
haben eine höhere Wahrscheinlichkeit, eine Schwergeburt 
und somit verstärkten Geburtsstress zu erleiden. Tritt durch 
diese Faktoren eine Verminderung der Futteraufnahme und 
damit einhergehend eine negative Energiebilanz ein, kommt 
es zur verstärkten Lipomobilisation und darauf folgend zur 
Ketose („Fat Cow Syndrome“; GASTEINER 2000). 

Sowohl klinische als auch subklinische Ketose tritt nor-
malerweise bei hochlaktierenden Milchkühen zwischen 
der ersten und achten Laktationswoche auf (BAIRD 1980, 
GASTEINER 2000, KLUG et al. 2004), wobei die größte 



11Zur Eignung des Gehalts an Milchinhaltsstoffen als KetoseindikatorZur Eignung des Gehalts an Milchinhaltsstoffen als Ketoseindikator

Gefahr von subklinischer Ketose laut DUFFIELD et al. 
(1997) in der zweiten Laktationswoche, und von klinischer 
Ketose 10 Tage bis drei Wochen nach der Abkalbung zu 
verzeichnen ist (GOFF und HORST 1997, GASTEINER 
2000, GEISHAUSER et al. 2000) Mit steigender Laktati-
onszahl ist von einem Anstieg der Ketosegefahr auszugehen 
(DUFFIELD et al. 1997). Hinweis auf eine Ketose ist der 
positive Nachweis von Ketonkörpern in Harn und Milch, 
wobei ein negatives Testergebnis eine mögliche Erkrankung 
nur bedingt ausschließt (GASTEINER 2000). 

2.1 Milchinhaltsstoffgehalte als Ergebnisse  

 der Leistungskontrolle
Die Milchleistungskontrolle bietet dem Landwirt im Ab-
stand von 33 bis 44 Tagen (LKV 2011) tierindividuelle 
Informationen über Tagesmilchmenge, Fett-, Eiweiß- und 
Laktosegehalt, sowie über Zellzahl und Harnstoffgehalt 
der Milch. Der Zusammenhang zwischen der Veränderung 
der Milchinhaltsstoffe und dem Ketoserisiko wurde in der 
Vergangenheit häufi g analysiert. Das Ketoserisiko steigt 
mit einer Erhöhung des Michfettgehaltes an und sinkt 
mit steigendem Milcheiweißgehalt ab (DUFFIELD et al. 
1997). Durch die zu geringe Sensibilität und Spezifi tät der 
Einzelwerte sind weder der Fett- noch der Eiweißgehalt 
geeignete Parameter, um eine subklinische Ketose zu er-
kennen. Es ist zu beachten, dass der Milchfettgehalt von 
verschiedenen Stoffwechselfaktoren beeinfl usst werden 
kann, was eine Aussage zur Stoffwechsellage erschwert. 
Kommt es beispielsweise in der Hochlaktation zu einer 
durch Rohfasermangel bedingten Milchfettdepression und 
gleichzeitig zum Anstieg des Milchfettes über die Lipomobi-
lisation, können sich diese gegenläufi gen Veränderungen des 
Milchfettgehaltes aufheben. Somit kann die ausschließliche 
Betrachtung des Milchfettgehaltes nur ein mangelhaftes 
Kriterium zur Einschätzung der Stoffwechsellage sein 
(SPOHR und WIESNER 1991).

2.1.1 Fett-Eiweiß-Quotient (FEQ)

Der Fett-Eiweiß-Quotient (Verhältnis zwischen Milchfett- 
und Milcheiweißgehalt) als Indikator zur Erkennung von 
Ketose kann folgendermaßen theoretisch begründet werden: 
Eine Energieunterversorgung am Laktationshöhepunkt 
führt zur erhöhten Körperfettmobilisation, dabei kommt 
es zur Zunahme von unveresterten freien Fettsäuren und 
Acetyl-CoA im Blut, welche einen Anstieg der Fettsyn-
these im Euter zur Folge hat. Zugleich wird bei einer zu 
geringen Energieaufnahme die mikrobielle Proteinsynthese 
im Pansen verringert, die Proteinversorgung der Milchkuh 
begrenzt und somit der Eiweißgehalt in der Milch reduziert 
(DIRKSEN 1994). 

Der Optimalbereich des Fett-Eiweiß-Quotienten liegt zwi-
schen 1 und 1,25, wobei der Bereich von 1 bis 1,5 als normal 
zu beurteilen ist (SPOHR und WIESNER 1991). Werte über 
1,5 würden demnach ein erhöhtes Ketoserisiko anzeigen.

2.1.2 Fett-Laktose-Quotient (FLQ)

Der theoretische Erklärungsansatz beim Fett-Laktose-Quo-
tienten (Verhältnis zwischen Milchfett- und Laktosegehalt) 
ist bezüglich des Fettgehaltes gleich wie für den FEQ. Im 
Unterschied zum FEQ wird beim FLQ der Laktosegehalt 
der Milch als zweiter Parameter herangezogen. STEEN 

et al. (1996) ermittelten mit steigendem Acetongehalt der 
Milch einen sinkenden Laktosegehalt der Milch gegenüber 
einem unveränderten Eiweißgehalt. Somit können laut 
STEEN et al. (1996) Tiere mit erhöhtem Acetongehalt 
(über 0,7 mmol/l) besser mit dem FLQ als mit dem FEQ 
identifi ziert werden.

3. Eigene Untersuchungen: Material und   
 Methoden

3.1 Datengrundlage
Im Rahmen einer Masterarbeit (MANZENREITER 2012) 
wurden Diagnosedaten aus dem Projekt “Gesundheitsmo-
nitoring Rind (GMON)“ sowie Leistungs- und Stammdaten 
aus dem Rinderdatenverbund ausgewertet. Es wurden Da-
tensätze von Betrieben mit überwiegend elektronischer Da-
tenübermittlung anonymisierter Tierarztpraxen verwendet. 
Um eine repräsentative Aussage treffen zu können, wurden 
alle Betriebe mit allen Milchkühen, die im Betreuungsver-
hältnis mit den ausgewählten Tierarztpraxen standen, für die 
Auswertung herangezogen. Die Ausgangsdaten umfassen 
732.296 Probemelkergebnisse von 48.837 Milchkühen ver-
teilt auf 1.446 Betriebe. Der Beobachtungszeitraum erstreckt 
sich von 1. Juli 2006 bis 31. August 2010, in dem von 53 
Tierarztpraxen 1.133 Diagnosen auf Ketose/Azetonämie 
gestellt wurden.

Wie in der Milchleistungskontrolle wurde eine Standardlak-
tation von 305 Tagen angenommen (LKV 2011). Aufgrund 
des frühen Auftretens der Ketose in der Laktation ist die 
erste Milchleistungskontrolle nach der Geburt des Kalbes 
die aussagekräftigste. Daher wurde die gesamte Auswertung 
mit Ausnahme der Verlaufsdarstellung der Milchinhaltsstof-
fe auf die erste Probemelkung in der Laktation beschränkt. 
Ausgeschieden wurden jene Tiere, welche innerhalb des 
Beobachtungszeitraumes den Betrieb gewechselt haben, bei 
welchen der erste Kontrolltag nach dem 50. Laktationstag 
lag und welche auf Betrieben mit einer duchschnittlichen 
Kuhzahl von weniger als fünf standen. 

3.2 Statistische Auswertung
Ausgewertet wurden 75.842 Laktationen, welche von 
40.598 Milchkühen aus 1.408 Betrieben stammen. Diese Be-
triebe wurden von 53 Tierarztpraxen betreut. Von 45 dieser 
Tierarztpraxen liegt im genannten Zeitraum zumindest eine 
Diagnose auf Ketose/Azetonämie vor. Für die statistische 
Auswertung wurden eine Ketose- und eine Kontrollgruppe 
gebildet. Der Ketosegruppe wurden Tiere zugeordnet, die 
in der laufenden Standardlaktation, welche vom Tag der 
Geburt des Kalbes bis zum 305. Tag reicht, mindestens eine 
Erstdiagnose für Ketose hatten. 

Den größten Anteil an Ketosediagnosen hatte die Rasse 
Fleckvieh (778 Diagnosen im Beobachtungszeitraum), auf 
welche auch der größte Anteil der ausgewerteten Probe-
melkergebnisse entfällt. Auf Fleckvieh folgen die Rassen 
Braunvieh (197), Holstein Friesian (122) und Holstein 
Rotbunte (33). Die Auswertungen wurden jeweils auf die 
vier genannten Rassen (FV, BV, HF, RF) gemeinsam (im 
Folgenden als „alle Rassen“ bezeichnet) und individuell 
auf die Rasse Fleckvieh bezogen. Die Aufbereitung und 
Auswertung der Daten erfolgte mit dem Statistikprogramm 
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SAS 9.1. (SAS 2003). In der gesamten Datenanalyse wurde 
ein Signifi kanzniveau von α = 0,05 angenommen, bei dessen 
Unterschreiten, Differenzen zwischen den beiden Gruppen 
als statistisch gesichert interpretiert werden. Für die Auswer-
tung kamen drei verschiedene Methoden zur Anwendung. 

1) Die Berechnung von Mittelwerten (x) und Standardab-
weichungen (s) für die Ketose-bzw. Kontrollgruppe oder je 
Gruppe für eine bestimmte Zeitperiode.

2) Varianzanalyse mit der Prozedur GLM (General Linear 
Model) für alle Milchinhaltsstoffe, die im Zuge der Milchlei-
tungskontrolle erhoben werden. Der Auswertung wurde 
folgendes Merkmalsmodell zugrunde gelegt: 
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Multiple Mittelwertsvergleiche erfolgten anhand des Tukey-
Kramer-Tests (SAS 2003).

3) Χ2-Test (Chi-Quadrat-Test) zur Berechnung zum Testen 
verschiedener Häufi gkeiten.    
Um die Ketosehäufi gkeit nach der Laktationszahl auszuwer-
ten, wurde die Anzahl der Ketosediagnosen in der 1., 2., 3. 
sowie 4. plus höheren Laktationen, miteinander verglichen.
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Für die Analyse der Auswirkungen des Kalbeverlaufs auf 
die Häufi gkeit des Auftretens einer Ketose wurden der Kal-
beverlauf 4 (Kaiserschnitt) und 5 (Embryotomie) aufgrund 
ihrer geringen Häufi gkeit gemeinsam mit dem Kalbeverlauf 
3 (Schwergeburt) zu einer Gruppe zusammengefasst.

4. Ergebnisse 
Die Ketose tritt in 92 % aller Erkrankungen in den ersten 
100 Laktationstagen auf, wobei 80 % der Diagnosen in den 
ersten 50 Tagen nach der Abkalbung diagnostiziert werden. 
Die höchste Erkrankungsgefahr besteht in den ersten 10 
Laktationstagen, in welchen ca. 35 % aller Ketosen diag-
nostiziert werden (Abbildung 1). 

Um eine Ketose-Erkrankung im Vorhinein auf der Basis 
der Kontrollergebnisse erkennen zu können, ist der Abstand 
zwischen der Milchleistungskontrolle und dem Ausbruch 
der Krankheit von großer Bedeutung. Aufgrund des Kon-
trollintervalls von 33 bis 44 Tagen und des sehr frühen 
Auftretens der Erkrankung in der Laktation, gibt es, wie in 
Tabelle 1 ersichtlich, für 49 % der erkrankten Tiere keine 
Möglichkeit der vorzeitigen Erkennung der Krankheit 
über die Milchinhaltsstoffe. Bei 51 % der Tiere liegt eine 
Milchleistungskontrolle, die im Vorhinein oder am Tag der 
Ketosediagnose gezogen wurde, vor.

4.1 Milchinhaltsstoffe und Ketose

Beim Gehalt der Milch an Fett, Eiweiß und Laktose sowie 
den analysierten Quotienten FEQ und FLQ gibt es sowohl 
zwischen den Gruppen als auch zwischen den Rassen si-
gnifi kante Unterschiede. Hinsichtlich des Fettgehalts und 
des Fett-Eiweiß-Quotienten ist dies in Tabelle 2 dargestellt.

Zwischen den Rassen differiert der FEQ unabhängig von der 
Gruppenzugehörigkeit um 0,15. Dadurch und durch die für 
die Rassen unterschiedlichen Differenzen zwischen Kon-

troll- und Ketosegruppe 
ist eine allgemein gültige 
Aussage über die Keto-
seerkennung mit Grenz-
werten sehr schwierig. 
Aus diesem Grund wurde 
in weiterer Folge die Aus-
wertung auf die Rasse 
Fleckvieh eingeschränkt.

Beim Gehalt an den Mil-
chinhaltsstoffen Fett, Ei-
weiß und Laktose sowie 
bei den beiden Quotienten 
FEQ und FLQ unterschei-
den sich die Kontroll- und 
Ketosegruppe signifi kant 
(Tabelle 3). Die Unter-
schiede bei den weite-
ren Milchparametern wie 
Harnstoff- und Zellzahl-
gehalt der Milch sowie 
der Milchmenge in kg/
Tag, sind statistisch nicht 
abgesichert und somit als 
zufällig entstanden zu in-
terpretieren. Der größte Abbildung 1: Verteilung der Diagnosen nach dem Laktationstag
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Abbildung 2: Verlauf des Milchfettgehaltes von Fleckviehkühen der Ketose- und Kontrollgruppe 

im ersten Laktationsdrittel

Unterschied zwischen der Ketose- und der Kontrollgruppe 
ist für den Milchfettgehalt zu erkennen. Bei den Merkmalen 
Eiweiß- und Laktosegehalt ist der Unterschied geringer. 
Der Milchfettgehalt nimmt bei der Ketosegruppe um 0,51 
Prozentpunkten (PP) gegenüber der Kontrollgruppe zu. Im 
Gegensatz zum Milchfett fällt der Gehalt an den Milchin-
haltsstoffen Eiweiß um 0,05 PP und Laktose um 0,03 PP 

Tabelle 1: Anteil der Ketosediagnosen mit vorhandener Milchleistungskontrolle

Merkmal  Rassen

 alle Rassen  FV

Milchleistungskontrolle vor oder am Tag der Diagnose  51,1 %  50,7 %
Milchleistungskontrolle nach der Diagnose  48,9 %  49,3 %
Anzahl der Beobachtungen n = 932  n= 629

Tabelle 2: Unterschiede im FEQ und Milchfettgehalt nach Rassen und Gruppen

Merkmal   Rasse   P-Wert

  FV BV  HF RF 

FEQ  1,38 a 1,42 b  1,53 c 1,44 abc < 0,001
          Kontrolle 1,28 1,32  1,38 1,39 0,022
          Ketose 1,47 1,53  1,67 1,48 (WW)
Fett in % 4,44 a 4,55 b  4,54 b 4,61 b < 0,001

Tabelle 3: Merkmale der Milchleistungskontrolle von Fleckviehkühen mit und ohne Ketose-Diagnose

Merkmal  Diagnose  s
e
* P-Wert

 Kontrollgruppe  Ketosegruppe  

Fett in % 4,18 4,69 0,709 <0,001
Eiweiß in % 3,27 3,22 0,292 0,016
Laktose in % 4,83 4,80 0,158 0,012
FEQ 1,29 1,48 0,239 <0,001
FLQ 0,87 0,99 0,158 <0,001
Harnstoff in mg/dl 18,3 17,4 7,36 0,078
Zellzahl in 1000/ml 182 178 0,6 0,920
Milch in kg/Tag 27,5 28,1 5,80 0,190

* Schätzfehler

ab. Der Fett-Eiweiß-Quotient steigt von der Kontroll- zur 
Ketosegruppe statistisch gesichert um 0,19 an. Vergleichbar 
mit dem FEQ steigt der Fett-Laktose-Quotient um 0,12 
(Tabelle 3). 
Die Unterschiede in den Milchinhaltsstoffen zwischen der 
Kontroll- und der Ketosegruppe variieren im Laktationsver-
lauf (Abbildungen 2 bis 5). Für die Eignung als Indikator 

zur Ketose-Erkennung ist 
dies ein wichtiger Aspekt. 

Der Fettgehalt der Milch 
(Abbildung 2) ist sowohl 
bei der Ketose- als auch 
bei der Kontrollgruppe 
durch einen Rückgang 
am Beginn der Laktation 
gekennzeichnet, wobei 
die Ketosegruppe in den 
ersten Laktationswochen 
einen um 0,5 PP erhöhten 
Fettgehalt in der Milch 
aufweist, welcher sich bis 
zum 60. Laktationstag an 
jenen der Kontrollgruppe 
angleicht. In der Kon-
trollgruppe stabilisiert 
sich der Fettgehalt um 
ca. 20 Tage früher auf 
ca. 4 % Fett als bei der 
Ketosegruppe. 

Im Unterschied zum Fett- 
und Laktosegehalt der 
Milch unterscheiden sich 
die Ketose- und Kontroll-
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gruppe im Milcheiweißgehalt bis zum 20. Laktationstag 
nicht (Abbildung 3). In beiden Gruppen sinkt der Eiweiß-
gehalt der Milch bis zum ca. 35. Laktationstag ab und steigt 
danach wieder an. Ab dem 20. Laktationstag ist bei der 
Ketosegruppe ein um ca. 0,1 PP geringerer Eiweißgehalt 
der Milch erkennbar. 

Der Laktosegehalt der Milch steigt in beiden Gruppen vom 
Beginn der Laktation bis zum ca. 30. Laktationstag um rund 

0,15 PP an. Bei der Ketosegruppe liegt der Laktosegehalt 
der Milch annähernd kontinuierlich 0,05 PP unter dem Lak-
tosegehalt der Kontrollgruppe. Ab dem 90. Laktationstag 
erreichen beide Gruppen dasselbe Niveau.

Der Fett-Eiweiß-Quotient steigt sowohl in der Kontroll- 
als auch in der Ketosegruppe  von Beginn der Laktation 
bis zum Zeitraum 20.-30. Tag an und fällt danach wieder 
ab (Abbildung 4). Bis zum ca. 50. Laktationstag liegt 

der Unterschied zwischen 
Ketose- und Kontrollgrup-
pe bei 0,14 bis 0,08 und 
verringert sich ab dem 50. 
Laktationstag auf 0,07 bis 
0,02. 

Der Verlauf der Fett-Lak-
tose-Quotienten (Abbil-
dung 5) beider Tiergruppen 
ist stark vom Verlauf des 
Milchfettgehaltes geprägt. 
Sowohl in der Ketose- als 
auch in der Kontrollgruppe 
fällt der FLQ am Beginn 
der Laktation bis zum ca. 
50. Laktationstag ab, wo-
bei zu erkennen ist, dass 
zu Laktationsbeginn der 
FLQ in der Ketosegruppe 
um 0,1 höher ist als bei der 
Kontrollgruppe. 

Am Verlauf des Milchfett-
gehaltes von Fleckviehkü-
hen, die an einer Ketose 
erkrankt sind, kann man 
einen deutlichen Anstieg 
des Milchfettgehaltes kurz 
vor der Diagnose erkennen 
(Abbildung 6). Im Zeit-
raum von ca. 25 Tagen 
vor der Ketose steigt der 
Milchfettgehalt um ca. 
0,5 PP auf fast 5 % an, 
wobei die Streuung sehr 
groß ist. Der Höhepunkt 
des Milchfettgehaltes wird 
im Zeitraum von 10 Tagen 
vor, bis zum Zeitpunkt der 
Diagnose erreicht. Nach 
der Erkrankung fällt der 
Milchfettgehalt stark ab 
und erreicht nach ca. 45 
Tagen den Normalwert 
von ca. 4 %.

Im Unterschied zum 
Milchfettgehalt verändert 
sich der Laktosegehalt 
der Milch (Abbildung 7) 
im Abstand zur Diagnose 
kaum. Beim Eiweißgehalt 
der Milch ist im Zeitraum 
von ca. 40 Tagen vor der 
Ketosediagnose ein leich-

Abbildung 3: Verlauf des Milcheiweißgehaltes von Fleckviehkühen der Ketose- und Kontroll-  

gruppe im ersten Laktationsdrittel
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Abbildung 4: Verlauf  des  Fett-Eiweiß-Quotienten  von  Fleckviehkühen  der  Ketose-  und 

Kontrollgruppe im ersten Laktationsdrittel
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ter Anstieg, und ab dem ca. 10. Tag nach der Diagnose ein 
deutlicher Abfall zu erkennen. Nach dem Tiefpunkt ca. 30 
Tage nach der Diagnose steigt der  Milcheiweißgehalt wie-
der an. Kombiniert man die Faktoren Fett und Eiweiß oder 
Fett und Laktose und errechnet den Fett-Eiweiß-Quotienten 
oder den Fett-Laktose-Quotienten, weisen die Verläufe 
wegen dieser unterschiedlichen Zeitprofi le eine sehr starke 
Ähnlichkeit zum Verlauf des Fettgehaltes auf. 

4.2  Milchinhaltsstoffe zur Abgrenzung   

 von Milchkühen mit und ohne    

 Ketosediagnose

4.2.1 Fett-Eiweiß-Quotient

Versucht man die Ketose- und Kontrollgruppe über einen 
Fett-Eiweiß-Quotienten von über 1,5 voneinander abzu-

grenzen, weisen 58,2 % 
der Kühe mit einer Ke-
tosediagnose einen FEQ 
unter oder gleich 1,5 auf, 
die restlichen 41,8 % 
der Fleckviehkühe ha-
ben einen FEQ von über 
1,5. Im Gegensatz dazu 
weisen bei der Kontroll-
gruppe 82,4 % der Tiere 
eine FEQ von unter oder 
gleich 1,5 und 17,6 % der 
Kühe einen FEQ von über 
1,5 auf (Tabelle 4). 

Während nur  knapp 
4 2  %  d e r  a n  e i n e r 
Ketose erkrankten Kühe 
einen FEQ von größer 
1,5 aufweisen, können 
bei einer Abgrenzung mit 
einem FEQ von über 1,33 
60,9 % der Fleckviehkü-
he mit Ketosediagnose 
richtig erkannt werden, 
39,1 % der Tiere in der 
Ketosegruppe weisen ei-
nen FEQ von unter oder 
gleich 1,33 auf. In der 
Kontrollgruppe zeigen 
38,5 % der Tiere einen 
FEQ von über 1,33.

4.2.2 Fett-Laktose-

Quotient

Bei Abgrenzung durch 
einen Fett-Laktose-Quo-
tienten von 0,9 werden 
66,7 % der Fleckvieh-
kühe der Ketosegrup-
pe richtig zugeordnet, 
in der Kontrollgruppe 
überschreiten 37,5 % 
der Tiere diese Gren-
ze. 33,3 % der Tiere in 
der Ketosegruppe zeigen 
einen Fett-Laktose-Quo-
tienten von gleich oder 
unter 0,9.

4.2.3 Fettgehalt der 

Milch in %

Im Unterschied zu den 
Quotienten wird bei der 
Abgrenzung über den 

Abbildung 5: Verlauf  des  Fett-Laktose-Quotienten  von Fleckviehkühen  der Ketose- und 

Kontrollgruppe im ersten Laktationsdrittel

Abbildung 6: Verlauf  des  Milchfettgehaltes  im  zeitlichen  Abstand  zur  Ketosediagnose  bei 

Fleckviehkühen
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Fettgehalt nur ein Milchinhaltsstoff berücksichtigt. Von 
der Ketosegruppe haben 37,4 % der Fleckviehkühe einen 
Fettgehalt von über 5,0 % in der Milch, 62,7 % der Tiere 
weisen einen Fettgehalt von 5,0 % oder darunter auf. In der 
Kontrollgruppe zeigen 12,8 % der Tiere einen Fettgehalt von 
über 5,0 %. Senkt man die Grenze auf 4,4 % Fett, werden in 
der Ketosegruppe 61,8 % der Fleckviehkühe erfasst, 
38,2 % der Tiere haben einen Fettgehalt von gleich 
oder unter 4,4 %. Demgegenüber wird in der Kontroll-
gruppe für 34,1 % der Milchkühe ein Fettgehalt über 
4,4 % ausgewiesen.

5. Diskussion      
5.1 Zeitpunkt der Ketosediagnose

Die Ketose tritt in einem sehr frühen Laktationsstadium auf. 
Aus Abbildung 1 ist erkennbar, dass 35 % der Ketosediagno-
sen in den ersten 10 Laktationstagen und 80 % in den ersten 
50 Tagen der Laktation stattfi nden. Gut vergleichbar ist 
dieses Ergebnis mit dem von GEISHAUSER et al. (2000), 
nach dem 90 % der Ketosen innerhalb der ersten zwei Lak-
tationsmonate auftreten. Dabei gibt es kaum Unterschiede 
zwischen den Rassen. Betrachtet man dieses Ergebnis un-
ter Berücksichtigung der physiologischen Entstehung der 

Krankheit, ist vor allem 
am Beginn der Laktation 
eine verstärkte Kontrolle 
des Stoffwechsels von 
großer Bedeutung. Auf-
grund des langen Kon-
trollintervalls von – je 
nach Methode – 33 bis 44 
Tagen (+/- 7 Tage, um die 
Kontrolle tatsächlich un-
angekündigt durchführen 
zu können; LKV 2011) 
und dem sehr frühen Auf-
treten der Ketose besteht 
gemäß dieser Untersu-
chung für die Betriebs-
leiter/innen bei 49 % der 
an Ketose erkrankten 
Milchkühe praktisch kei-
ne Möglichkeit, diese an-
hand der Ergebnisse der 
Milchleitungskontrolle 
zu erkennen (Tabelle 
1). In 51 % der Fälle 
steht den Betriebsleiter/
inne/n ein Milchproben-
ergebnis zur Verfügung. 
Berücksichtigt man zu-
sätzlich den Zeitraum 
von der Probeziehung 
bis zur schriftlichen Aus-
wertung der Milchleis-
tungskontrolle, verliert 
man weitere Tage. Somit 
verringert sich der Anteil 
an Diagnosen mit aussa-
gekräftigem Ergebnis der 
Milchleistungskontrolle 
auf unter 50 %. 

5.2 Milchinhaltsstoffe nach Rassen
Bei allen vier Rassen ist sowohl der FEQ als auch der FLQ 
in der Ketosegruppe gegenüber der Kontrollgruppe deutlich 
erhöht. Unterschiede zwischen den Rassen sind sowohl 
beim FEQ als auch beim Fettgehalt der Milch erkennbar. 
Dabei ist zu beachten, dass beim Fett-Eiweiß-Quotienten 
eine signifi kante Wechselwirkung zwischen der Rasse und 
der Diagnose besteht, welche bei der Interpretation der 
Einzelwerte zu berücksichtigen ist.

Die durchschnittlichen FEQ-Werte der einzelnen Rassen 
liegen zwischen 1,38 bei Fleckvieh und 1,53 bei der Rasse 
Holstein Friesian. Berücksichtigt man die Unterschiede im 
FEQ zwischen den Rassen von bis zu 0,15, ist zu erkennen, 
dass ein FEQ-Schwellenwert von größer 1,5 nicht bei allen 
Rassen gleichermaßen angewendet werden kann.

Vergleicht man die Rassen untereinander (Tabelle 2), so ist 
zu erkennen, dass Fleckvieh einen signifi kant geringeren 
Fettgehalt aufweist als alle anderen Rassen. Der signifi kant 
geringere Milchfettgehalt der Rasse Fleckvieh resultiert aus 
den höheren Milchfettgehalten in der frühen Laktation der 
übrigen Rassen. Somit hängt der Unterschied vom Zeitpunkt 

Abbildung 7: Verlauf des Eiweiß- und Laktosegehaltes der Milch im zeitlichen Abstand zur 

Ketosediagnose bei Fleckviehkühen
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Tabelle 4: Abgrenzung mit FEQ größer 1,5 bei Fleckvieh

Kategorie   FEQ  Gesamt

  ≤1,5  >1,5 

Kontrollgruppe           n 49027  10497 59524
                                   % 82,4  17,6 
Ketosegruppe            n 131  94 225
                                   % 58,2  41,8 
Gesamt                      n 49158  10591 59749
                                   % 82,3  17,7 100

Chi-Quadrat-Test  p = < 0,001 
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der Probenahme ab. Im Vergleich zu den Durchschnittswer-
ten aus dem Jahresbericht der ZuchtData 2010 haben alle 
vier Rassen einen um 0,3 % bis 0,4 % höheren Milchfettge-
halt (EGGER-DANNER et al. 2010). In dieser Auswertung 
wurde jeweils nur die erste Probemelkung in der Laktation 
herangezogen. Berücksichtigt man den Verlauf des Fettge-
haltes im Laufe der Laktation (Abbildung 2), ist zu erkennen, 
dass sowohl die Ketose- als auch die Kontrollgruppe am 
Beginn der Laktation einen erhöhten Fettgehalt aufweisen, 
worin der im Vergleich zu anderen Quellen höhere Fettgehalt 
in dieser Untersuchung erklärbar ist. 

5.3 Zusammenhang zwischen Ketose-  

 Diagnose und Milchinhaltsstoffen bei  

 Fleckvieh-Kühen
Wie anhand von Tabelle 3 dargestellt, unterscheidet sich 
die Ketosegruppe sowohl im Gehalt an den Inhaltsstoffen 
Fett, Eiweiß und Laktose, als auch bei den Quotienten FEQ 
und FLQ statistisch signifi kant von der Kontrollgruppe. Bei 
den weiteren Parametern wie Harnstoffgehalt, Zellzahl und 
Milchmenge am Kontrolltag konnten keine signifi kanten 
Unterschiede festgestellt werden. Der größte Unterschied 
ist im Fettgehalt der Milch erkennbar. Die Ketosegruppe 
weist einen um 0,51 PPn erhöhten Fettgehalt in der Milch 
auf, wobei der Eiweißgehalt um 0,05 und der Laktosegehalt 
der Milch um 0,03 PPn verringert sind. Vergleichbar mit den 
Ergebnissen von STEEN et al. (1996) ist zu erkennen, dass 
der Großteil der Veränderung der Quotienten aus der Ver-
änderung des Fettgehaltes resultiert. Der deutliche Anstieg 
des Milchfettgehaltes vor allem am Beginn der Laktation 
bei den an Ketose erkrankten Tieren ist eine Konsequenz 
der energetischen Unterversorgung und damit verbundenen 
Körperfetteinschmelzung (GEISHAUSER und ZIEBELL 
1995). DUFFIELD et al. (1997) und GRAVERT et al. (1986) 
konnten ebenfalls einen erhöhten Fettgehalt bei erhöhtem 
Ketoserisiko feststellen. 

Im zeitlichen Verlauf des Milchfettgehaltes laut Abbildung 
2 unterscheiden sich die Ketose- und die Kontrollgruppe 
in den ersten 50 Laktationstagen deutlich. Ab dem 50. 
Laktationstag treten kaum mehr Unterschiede im Fettgehalt 
der Milch auf. 

Im Gegensatz zum Milchfettgehalt kommt es beim Ei-
weißgehalt laut Abbildung 3 erst ab dem 20. Laktationstag 
zu Unterschieden zwischen der Ketose- und der Kontroll-
gruppe. Vergleichbar mit den Ergebnissen von STEEN 
et al. (1996) ist der Proteingehalt der Milch in den ersten 
Lakationswochen stark rückläufi g, wobei in der Studie 
von STEEN et al. (1996) kein Unterschied im Proteinge-
halt zwischen Tieren mit hohem und Tieren mit geringem 
Ketoserisiko festgestellt wurde. Der Laktosegehalt der 
Milch liegt bei der Ketosegruppe um 0,03 PP niedriger als 
bei der Kontrollgruppe. Im Unterschied zum Eiweißgehalt 
der Milch besteht eine über den ersten Laktationsabschnitt 
annähernd konstante Differenz. 

Der Verlauf der einzelnen Inhaltsstoffe im zeitlichen Ab-
stand zur Diagnose laut Abbildung 6 und 7 zeigt, dass vor 
allem beim Fettgehalt der Abstand zwischen Probemelkung 
und Diagnose eine bedeutende Rolle spielt. Im Zeitraum 
zwischen 25 Tagen vor bis zum Zeitpunkt der Ketose-Dia-
gnose steigt der Fettgehalt im Mittel um 0,5 PP auf fast 5 % 

an. Dieser Verlauf ist gut mit dem von GASTEINER (2000) 
und ULBRICH et al. (2004) angegebenen Milchfettanstieg 
durch die Fetteinschmelzung im Zuge einer energetischen 
Unterversorgung zu vergleichen. 

Der Eiweißgehalt der Milch schwankt vor der Erkrankung 
an Ketose leicht, wobei er ca. 35 Tage vor der Diagnose 
tendenziell leicht ansteigt. Nach der Erkrankung fällt der 
Eiweißgehalt der Milch bis zum 35. Tag nach der Diagnose 
ab und steigt daraufhin wieder an. Im Zuge einer Ketose 
aufgrund eines Energiedefi zits kommt es zu einer geringe-
ren mikrobiellen Proteinsynthese im Pansen (DIRKSEN 
1994) und dadurch zu einem geringeren Proteingehalt in 
der Milch. Verglichen mit dem Verlauf des Proteingehaltes 
in der Milch bei ketosekranken Milchkühen der ausgewer-
teten Laktationen laut Abbildung 7 ist zu erkennen, dass es 
entgegen der Darstellung von DIRKSEN (1994) erst nach 
der Erkrankung zum Rückgang des Proteingehaltes in der 
Milch kommt.

Der Laktosegehalt der Milch zeigt einen sehr gleichmäßigen 
Verlauf (Abbildung 7). Vor der Diagnose sind kaum Schwan-
kungen erkennbar, danach steigt er leicht an.

Aufgrund der geringen Schwankungen des Laktosegehalts 
der Milch spiegelt der Verlauf des Fett-Laktose-Quotienten 
im zeitlichen Abstand zur Diagnose den Verlauf des Milch-
fettgehaltes wieder. Der Eiweißgehalt der Milch beeinfl usst 
den FEQ erst nach der Diagnose. Vor der Diagnose werden 
beide Quotienten zum größten Teil vom Fettgehalt beein-
fl usst.

5.4 Eignung der Milchinhaltsstoffe als   

 Ketoseindikatoren bei Fleckvieh 

5.4.1 Fett-Eiweiß-Quotient

Um in der Praxis das Ketoserisiko abschätzen zu können, 
kann nach den Aussagen mehrerer Autoren (SPOHR und 
WIESNER 1991, DE KURIF et al. 2007, WURM 2010) 
der Fett-Eiweiß-Quotient als Hilfsmerkmal herangezogen 
werden. Ein FEQ über 1,5 gilt als Warnhinweis für eine 
mögliche Ketose (WURM 2010), wobei nicht zwangsläufi g 
eine Ketose vorliegen muss (SPOHR und WIESNER 1991). 
Geht man für die vorliegenden Daten von einem erhöhten 
Ketoserisiko am Einzeltier bei einem FEQ von über 1,5 aus, 
wird nur bei 41,8 % der Tiere, für die eine Ketose diagnos-
tiziert wurde, das Risiko richtig eingeschätzt. 58,2 % der 
Fleckviehkühe, für die eine Ketose diagnostiziert wurde, 
hatten einen FEQ kleiner oder gleich 1,5 und wären des-
halb nicht als gefährdet eingestuft worden (Tabelle 4). Von 
den Tieren ohne Ketosediagnose hatten 17,6 % einen FEQ 
über 1,5. Von allen ausgewerteten ersten Kontrollen weisen 
17,7 % einen FEQ über 1,5 auf. In einer Untersuchung von 
HAGMÜLLER (2002) zeigten die Hälfte der Braunvieh-
kühe, welche einen FEQ von über 1,5 hatten, Symptome 
einer klinischen Ketose. Würde man diesen Anteil auf die 
in dieser Arbeit ausgewertete Fleckviehpopulation umlegen, 
würden 8,8 % der Kühe an einer klinischen Ketose leiden. 
Diese Annahme käme dem Ergebnis von GEISHAUSER 
et al. (2000), bei dem 12 % aller Milchkühe in der ersten 
Laktationswoche an einer subklinischen Ketose leiden, 
sehr nahe, wobei zusätzlich zu bedenken ist, dass 58,2 % 
der laut Diagnose an einer Ketose leidenden Fleckviehkühe 
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mit einem FEQ-Schwellenwert von über 1,5 nicht richtig 
erkannt würden. 

Verringert man den Grenzwert FEQ auf 1,33 (SIEBERT 
und PALLAUF 2010), werden 60,9 % der Fleckviehkühe 
mit Ketosediagnose erkannt, während 39,1 % der Tiere mit 
einer Ketosediagnose einen FEQ kleiner oder gleich 1,33 
aufweisen. Von den Tieren ohne Ketosediagnose zeigten 
38,5 % einen FEQ über 1,33. 

5.4.2 Fett-Laktose-Quotient

Der Fett-Laktose-Quotient beschreibt eine negative Ener-
giebilanz und in Folge das Ketoserisiko besser als der 
Fett-Eiweiß-Quotient (STEEN et al 1996, REIST et al. 
2002). Der gegenüber der Kontrollgruppe gleichmäßig 
leicht verringerte Laktosegehalt der Ketosegruppe spricht 
für eine bessere Aussagekraft des FLQ gegenüber dem FEQ. 
Im Eiweißgehalt lassen sich die Ketose- und die Kontroll-
gruppe vor allem in den ersten 20 Tagen (Abbildung 3) 
nicht unterscheiden. 

Versucht man jene Tiere, bei denen eine Ketose diagnos-
tiziert wurde, mit einem Grenzwert von FLQ über 1,0 zu 
ermitteln, werden 45,3 % der ketosekranken Fleckviehkühe 
richtig erkannt, während 54,7 % der mit Ketose diagnosti-
zierten Kühe einen FLQ kleiner oder gleich 1,0 aufweisen. 
Senkt man den FLQ-Grenzwert auf größer 0,9, wer-
den 66,7 % der Fleckviehkühe, welche an einer Ketose 
erkrankt sind, richtig ermittelt, wobei allerdings auch 
37,5 % jener Tiere, die keine Ketosediagnose hatten, die 
Grenze von FLQ größer 0,9 in der ersten Kontrolle der 
Laktation überschritten.

Vergleicht man die beiden Grenzwerte FEQ größer 1,33 
und FLQ größer 0,9, werden über den FLQ um sechs 
Prozentpunkte mehr jener Tiere richtig erfasst, die eine 
Ketosediagnose hatten und um einen Prozentpunkt weni-
ger jener Fleckviehkühe, die keine Ketosediagnose in der 
Laktation hatten. Somit würde der Fett-Laktose-Quotient ein 
besseres Hilfsmerkmal zur Erkennung von ketosekranken 
Milchkühen darstellen. In den Ergebnissen von STEEN 
et al. (1996) konnten ketotische Milchkühe mit dem FLQ 
ebenfalls besser beschrieben werden als mit dem FEQ. 

5.4.3 Fettgehalt der Milch in %

Zieht man den Fettgehalt der Milch als Merkmal zur Keto-
seerkennung heran, so weist laut ULBRICH et al. (2004) 
ein Fettgehalt von über 5 % auf eine ketogene Stoffwech-
sellage hin. Von Fleckviehkühen der Ketosegruppe hatten 
37,4 % einen Milchfettgehalt von über 5 % und würden 
mit diesem Merkmal richtig erkannt werden. In der Kont-
rollgruppe zeigten immerhin auch 12,8 % der Tiere einen 
Fettgehalt von über 5 %. Gemessen an allen ausgewerteten 
ersten Kontrollergebnissen hatten 12,9 % der Tiere einen 
Fettgehalt von über 5 %. Nimmt man laut ULBRICH et al. 
(2004) an, dass generell bei einem Fettgehalt von über 5 % 
von einer ketogenen Stoffwechsellage ausgegangen werden 
kann, würden 12,9 % der in dieser Auswertung berücksich-
tigten Fleckviehkühe im Zeitraum der ersten Kontrolle an 
einer Ketose leiden. Diese Annahme käme dem Ergebnis 
von GEISHAUSER et al. (2000), welcher bei 12 % der 
Milchkühe in der ersten Laktationswoche eine subklinische 
Ketose annimmt, nahe. 

Um den Anteil der ketosekranken Tiere, die über den   
Fettgehalt erkannt werden, auf ein vergleichbares Niveau 
mit den nach einem FEQ größer 1,33 und FLQ größer 0,9 
identifi zierten zu bringen, muss der Grenzwert auf 4,4 % 
Fett bei der ersten Kontrolle in der Laktation reduziert 
werden. Mit dieser Grenze wurden 61,8 % der Milchkühe 
mit Ketosediagnose richtig erkannt, wobei allerdings auch 
34,1 % jener Tiere, die keine Diagnose hatten, über 4,4 % 
Fett in der Milch aufwiesen. 

5. Schlussfolgerungen
Aufgrund des frühen Auftretens ketotischer Stoffwechsella-
gen in der Laktation stehen bei den in Österreich gegebenen 
Kontrollintervallen faktisch nur für knapp die Hälfte der 
Kühe vor einer allfälligen Ketose-Diagnose überhaupt Er-
gebnisse aus der Milchleistungskontrolle, die als Indikatoren 
verwendet werden könnten, zur Verfügung.

Ein für alle Rassen zutreffender Orientierungswert für den 
Fett-Eiweiß-Quotienten, der ein erhöhtes Ketoserisiko 
anzeigen würde, lässt sich wegen der Wechselwirkung 
zwischen Rasse und Ketose-Befund nicht ableiten. Für 
Fleckvieh scheint ein FEQ-Orientierungswert von 1,33 bes-
ser als der üblicherweise empfohlene Wert von 1,5 geeignet; 
jedoch werden anhand von ersterem auch nur knapp 61 % 
der mit Ketose diagnostizierten Kühe erkannt. Eine noch 
etwas bessere Rate von knapp 67 % wird mit Fett-Laktose-
Quotienten von größer 0,9 erzielt.

Nach den vorliegenden Ergebnissen besteht zwar ein 
gesicherter Zusammenhang zwischen dem Gehalt an 
Milchinhaltsstoffen und Quotienten dieser, die als erste 
Hinweise für die Abschätzung des Ketoserisikos verwen-
det werden können. Hinsichtlich der Aussagekraft dieser 
Orientierungswerte ist jedoch unbedingt zu bedenken, dass 
wegen des Fehlens von Leistungsprüfungsergebnissen zu 
Laktationsbeginn und wegen des hohen Anteils von Tieren 
mit ketotischer Stoffwechsellage, aber unauffälligen Mil-
chinhaltsstoffgehalten bzw. deren Quotienten nur rund ein 
Drittel der Kühe, an denen Ketose diagnostiziert wurde, 
tatsächlich erkannt worden wären.
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ABSTRACT: A stochastic simulation study was conducted 

to analyze four different methods to combine five traits into 

a total merit index. The reference method was a multitrait 

evaluation based on raw data. Two methods were variations 

of an approximate multitrait model; one based on yield 

deviations, the other on de-regressed estimated breeding 

values (EBVs). The fourth method was an adaptation of the 

selection index that is used in the routine evaluation in 

Austria and Germany. Both approximate multitrait models 

turned out to be very close to the reference model. The 

selection index method showed good results in most cases 

but led to a noticeable bias in EBVs in the case of high 

residual covariances. The results of this study are 

encouraging to move towards the approximate multitrait 

approach, but further analyses are necessary before it can be 

implemented in the routine evaluation. 

Keywords: stochastic simulation; total merit index; genetic 

evaluation; multitrait model; selection index 

 

Introduction 

 
Modern dairy cattle breeding goals include several 

production and increasingly more functional traits. 

Estimated breeding values (EBVs) of the traits that are 

combined in the total merit index (TMI), usually come from 

single trait models or from multivariate models for groups 

of traits (e.g. Fuerst et al., 2013). It is well known that the 

reliability of the EBV can be increased by using multitrait 

models to fully exploit information of correlated traits (e.g. 

Thompson and Meyer, 1986). In most cases, a multivariate 

animal model based on raw data for all traits in the total 

merit index is not feasible. Therefore, proper 

approximations are needed in the routine evaluation. 

Ducrocq et al. (2001) and Lassen et al. (2007) proposed an 

approximate multitrait model using a two-step procedure. 

The first step is a single trait model for all traits to calculate 

yield deviations (YDs) for each animal. In the second step a 

multitrait animal model, correcting for the random genetic 

animal and a fixed year effect, is applied. 

In the joint genetic evaluation in Austria and 

Germany, a method based on selection index theory (Hazel 

and Lush, 1942) proposed by Miesenberger (1997) is in use 

for the TMI and several sub-indices for all breeds except 

Holstein.  

The aims of this study were (1) to simulate data for 

five traits and a simplified but representative cattle 

population scheme and (2) to compare different methods to 

calculate a TMI.  

 

Materials and Methods 

 

Simulation. A population structure roughly 

modeling Austrian Brown Swiss cattle was simulated with 

the stochastic simulation program ADAM (Pedersen et al., 

2009). The simulated population size was approximately 

50,000 cows distributed on 3,420 herds. Five normally 

distributed traits were chosen to represent the trait blocks 

milk, beef and fitness, with a wide range of heritabilities 

and genetic correlations. Four traits, fat yield, protein yield, 

somatic cell count and non-return rate, were measured on 

all females and net daily gain on approximately 85% of all 

male animals. No repeated records were assumed. A 

selection scheme with 25% young bulls and 75% proven 

bulls was simulated. Breeding values and phenotypes for 

the five traits were simulated for base population animals. 

Afterwards, animals were selected on a TMI based on 

multivariately estimated EBVs over 20 years. Relative 

economic weights per genetic standard deviation for fat 

yield, protein yield, net daily gain, somatic cell count and 

non-return rate were close to the values in the routine 

evaluation, which are 5.4, 53.6, 4.3, 17.0 and 19.7%, 

respectively. Heritabilities and genetic correlations between 

the five traits are shown in Table 1. Three scenarios with 

respect to the covariances of the residual effects were 

simulated. In scenarios 0, 1 and 2, residual correlations 

were varied from zero, to half of, and equal to the genetic 

correlations, respectively. These scenarios were chosen to 

specifically test the method of Miesenberger (1997) for a 

possible bias, because it ignores correlations between 

residual effects. Three replicates were simulated for each 

scenario. 
 

Table 1. True genetic parameters (heritabilities on 

diagonal, genetic correlations above diagonal). 

Trait Fkg Pkg NDG SCC NRR 

Fkg 0.40 0.85 0.10 0.25 -0.20 

Pkg  0.39 0.10 0.25 -0.20 

NDG   0.27 0.00 0.00 

SCC    0.12 -0.10 

NRR     0.02 

Fkg=fat yield, Pkg=Protein yield, NDG=net daily gain, 

SCC=somatic cell count, NRR=non return rate 

 

 

TMI methods. The reference method was a 

multitrait animal model based on raw data using the true 

genetic and phenotypic parameters (method MULTI). The 

statistical model included a fixed herd-year-effect, a 

random genetic and a random residual effect. Method YD 

was the approximate multitrait approach proposed by 

Ducrocq et al. (2001), which is based on YDs. A 

modification of this approach was applied by using de-

regressed EBVs (drEBVs) instead of YDs (method DR). 

For both methods, YD and DR, univariate genetic 

evaluations were necessary for each trait to calculate YDs 

and drEBVs. This was done with the program package 



MiX99 (Lidauer et al., 2013). Based on reliabilities using 

the program ApaX (Stranden et al., 2001), effective own 

performances were used as weights for YDs and drEBVs. 

The TMI was calculated by multiplying the multivariately 

estimated EBVs with the economic weights for all three 

methods, MULTI, YD and DR. The fourth method was the 

approach currently used in the routine evaluation. EBVs of 

the five traits were estimated univariately and then 

combined by applying the selection index method of 

Miesenberger (1997). In this adaptation of the selection 

index method (Hazel and Lush, 1942), EBVs are combined 

instead of phenotypes (method M). The covariances 

between the EBVs (σxy ) are calculated as: 

σxy = rgxy r
2

x r
2
y σax σay 

where rgxy = genetic correlation between traits x and y, r
2
x,y 

= reliabilities of EBVs for traits x and y, and σax, σay = 

additive genetic standard deviations of traits x and y, 

respectively. This means that residual correlations are 

neglected, i.e. assumed to be zero. 

For all methods, genetic parameters were not re-

estimated, but the true (simulated) parameters were used. 

All EBVs were transformed to relative breeding values 

(RBV) by standardizing to 12 points per additive genetic 

standard deviation; the base was set to 100 for the years 10 

to 15 (RBV 100/12).  

 

Results and Discussion 

 

Correlations. Table 2 shows the Spearman rank 

correlations between the different TMIs and the true TMI 

for scenarios 0 and 2. Across all animals from year 1 to 20, 

the correlations were above 0.93 for all methods that 

assumed zero residual correlations. These correlations are 

very high because of the strong genetic trend in this 

simulation. Therefore the correlations in Table 2 are within 

year groups to reduce the effect of the genetic trend. 

Correlations were very similar for the methods MULTI, YD 

and DR. However, for method M, correlations were lower 

for all year groups. Overall, rank correlations for scenario 2, 

where the residual (and thus the phenotypic) correlation 

was equal to the genetic correlation, were slightly lower for 

all methods. Results for scenario 1 are not shown, but were 

in general between scenarios 0 and 2. 

 

 Table 2. Rank correlations with true TMI within year  

groups for different TMI methods for scenarios 0 and 2. 

Scen. Years MULTI YD DR M 

0 All 0.9357 0.9357 0.9357 0.9311 

 1-5 0.6395 0.6389 0.6394 0.6168 

 6-10 0.6902 0.6900 0.6901 0.6706 

 11-15 0.6731 0.6730 0.6730 0.6401 

 16-20 0.6344 0.6345 0.6345 0.6050 

2 All 0.9238 0.9238 0.9238 0.9174 

 1-5 0.6840 0.6835 0.6839 0.6580 

 6-10 0.6400 0.6398 0.6400 0.6078 

 11-15 0.6281 0.6278 0.6281 0.5942 

 16-20 0.6251 0.6247 0.6251 0.5838 

 

 

Correlations with reference method MULTI for 

scenario 2 (Table 3) were close to 1 for methods YD and 

DR, whereas correlations for method M were between 0.93 

and 0.96. For scenarios 0 and 1, the correlations were 

slightly higher for method M than for scenario 2.  

 

Table 3. Rank correlations with multivariate TMI within 

year groups for different TMI methods for scenario 2. 

Years YD DR M 

All 0.9999 1.0000 0.9928 

1-5 0.9992 0.9999 0.9574 

6-10 0.9993 0.9999 0.9479 

11-15 0.9993 0.9999 0.9447 

16-20 0.9991 0.9999 0.9355 

 

Bias. The bias of the different TMIs from the true 

TMI was calculated by subtracting the true TMI from the 

estimated TMI for all animals, both expressed as RBV 

(100/12). Results for scenarios 0 and 2 are shown in Table 

4. With no residual covariance (scenario 0) all methods 

showed rather good results with respect to bias. Only in the 

very first years of selection some bias was observed, which 

is probably due to incomplete pedigrees and the use of 

phantom parent groups. This was also valid for scenario 2, 

except for method M. Method M led to a markedly 

overestimated genetic trend, which is expressed as a 

downwards bias in the first years and an upwards bias in the 

last years (Figure 1). This result was even stronger for the 

best 10% of the animals for TMI per year (Table 5), 

showing an overestimation of the top animals with method 

M. This is the result of an inflated variance of the TMI with 

method M, particularly in the presence of residual 

covariances. 

 

Table 4. Bias (EBV-TBV) of different TMI methods from 

true TMI within year groups for scenarios 0 and 2. 

Scen. Years MULTI YD DR M 

0 All 0.4 0.6 0.4 -0.6 

 1-5 1.6 2.7 1.9 -1.7 

 6-10 0.6 1.1 0.7 -1.3 

 11-15 -0.1 -0.1 -0.1 0.0 

 16-20 -0.6 -1.2 -0.8 0.5 

2 All 0.3 0.6 0.4 -0.9 

 1-5 1.0 2.1 1.4 -4.7 

 6-10 0.2 0.7 0.4 -2.9 

 11-15 0.0 0.0 0.0 0.4 

 16-20 0.1 -0.4 -0.1 3.5 

 

 

Conclusions 
 

Results show that all analyzed methods to 

calculate a TMI lead to quite high correlations with the true 

TMI. This is particularly true when residual covariances are 

zero or low. However, in real data, residual covariances can 

be relevant. The approximate multitrait approach proposed 

by Ducrocq et al. (2001) gives results that are very close to 

multitrait evaluation based on raw data. This is not only 

valid with YDs, using drEBVs even gives slightly better 

results. From the results of this simulation, drEBVs could 



be a good alternative to YDs, as they might be easier to 

obtain in some cases (e.g. persistency). This could also help 

to include Interbull EBVs in national evaluations, as 

individual YDs are not available at the international level. 

The currently used method M shows good results for higher 

reliabilities but leads to inflated deviations with low 

reliabilities. This results in a bias, particularly for the top 

animals and is therefore relevant in terms of selection 

accuracy. 

 

 

 

Figure 1. Time trend of bias (EBV-TBV) of different TMI 

methods for scenario 2. 

 
 

 

 

 

 

Table 5. Bias (EBV-TBV) of different TMI methods from 

true TMI for the top 10% within year groups for scenario2 

Years MULTI YD DR M 

All 0.3 -0.4 0.1 4.4 

1-5 0.8 1.6 1.1 -3.7 

6-10 0.0 0.7 0.3 -4.6 

11-15 0.5 -0.4 0.2 2.8 

16-20 0.3 -0.5 0.0 5.3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of this simulation study are 

encouraging to replace the current method of TMI and sub-

index calculation by the approximate multitrait approach. 

Both versions with YDs and with drEBVs appear to work 

fine. The crucial point for implementation in routine 

evaluation is that it is a very difficult task to estimate all 

genetic and residual (co)variances for all traits in the TMI. 

For example, 15 different traits with their economic weights 

plus several indicator traits are currently included in the 

official TMI for Brown Swiss. Another important point is to 

incorporate genomic information from the national and 

international genomic evaluations (e.g. Intergenomics). 

Therefore, further scenarios and analyses are necessary 

before implementation into the routine evaluation is 

feasible. 
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ABSTRACT 
 

In order to compare four different methods for calculation of a total merit index, a 

stochastic simulation study was conducted. Five normally distributed traits were chosen 

to represent the blocks dairy, beef and fitness of a simulated cattle population. The 

reference method was a full multivariate evaluation based on raw data. The other three 

methods were based on selection index theory with different approaches to calculate 

covariances between estimated breeding values. Additionally a focus was put on the 

implications of varying the residual covariances between traits. All selection index 

methods showed similar results. However, the method currently used in the joint genetic 

evaluation led to noticeable biases in EBVs especially when residual covariances 

between traits were high. Residual covariances seem to have an important impact when 

calculating a total merit index and should not be ignored. Results of the present study 

encourage to move towards a multitrait approach or at least to account for residual 

covariances when combining EBVs into a total merit index.  

(Keywords: total merit index, multitrait evaluation, stochastic simulation) 

 

INTRODUCTION 
 

The total merit index (TMI), which is a function of different estimated breeding values 

(EBV), is used as one of the most important selction criterions worldwide (Miglior et al., 

2005). In modern dairy cattle breeding programs, the TMI is commonly based on 

different production and increasingly on functional traits. Typically EBVs of different 

traits are weighted, concerning their economic importance and combined to a TMI 

(Hazel and Lush, 1942). The use of selection index theory is however faced with some 

challenges: Traits or group of traits are usually evaluated separately based on different 

statistical models, and hence true genetic or/and phenotypic correlations or 

heterogeneous reliabilities are neglected (Ducrocq et al., 2001). This is also the case in 

the joint genetic evaluation of Austrian and German dairy cattle breeds. The TMI and 

several sub-indices for all cattle breeds except Holstein is based on a selection index 

method (Hazel and Lush, 1942) which was proposed by Miesenberger (1997). The TMI 

of Fleckvieh (dual purpose Simmental) and Brown Swiss currently consists of more than 

20 different production and functional traits. EBVs for the TMI as well as for several 

sub-indices are estimated either univariately or multivariately in different linear or non 

linear models. Subsequently EBVs are combined to TMIs or to other sub-indices 

assuming that residual covariances between traits or group of traits are zero. A full 
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multivariate estimation of all traits based on raw data could be considered as the 

optimum methodology but is usually not feasible (Mrode, 2014). Although computer 

power and capacity is increasing quickly it is still demanding to compute all traits, which 

are included in a TMI, together. Experiences of the last years suggest that particularly 

TMIs with low reliabilities (r
2
) are slightly overestimated. Much effort is put on an 

approximate two-step procedure (Fuerst et al., 2014; Pfeiffer et al., 2014), which was 

proposed by Ducrocq et al. (2001) and validated by Lassen et al. (2007). However, 

alternative combinations of independently estimated breeding values are also evaluated. 

Apart from the method proposed by Miesenberger (1997), two additional similar 

methods described by Götz (2002) are still in discussion. Hence, the objective of the 

present study was the comparison of these methods with a full multitrait animal model. 

This was done in a stochastic simulation study mimicking a simplified breeding scheme 

of Austrian Brown Swiss cattle. Special attention was also put on assuming different 

residual covariances. 
 

MATERIAL AND METHODS 
 

A population structure roughly reflecting the Austrian Brown Swiss cattle population 

was simulated with the stochastic simulation program ADAM (Pedersen et al., 2009). 

Approximately 51,300 cows distributed on 1,710 herds were simulated. Five traits 

following Gaussian distribution were chosen to represent the blocks dairy (fat (FY) and 

protein (PY) yield), beef (net daily gain (NDG)) and fitness (somatic cell count (SCC) 

and non-return rate (NRR) of cows). Further requirements were a wide range of 

heritabilities and genetic correlations as well as economic importance. Four traits FY, 

PY, SCC and NRR were measured on all female animals, NDG was observed on 

approximately 60% of all male animals. Each trait was measured on every animal in all 

herds, no repeated records were assumed. The assumed heritabilities
 

and genetic 

correlations for the five traits are shown in Table 1. Around 25% of young bulls and 

75% of proven bulls were used for matings in the selection scheme. Breeding values and 

phenotypes for the five traits were simulated for base population animals. Afterwards 

animals were selected on a TMI based on multivariately estimated breeding values 

(EBV) over 30 years. Relative economic weights for FY, PY, NDG, SCC and NRR were 

adopted from the values used in routine genetic evaluation, which are 5.4, 53.6, 4.3, 19.7 

and 17% respectively (Fuerst et al., 2013). Three different scenarios with respect to the 

covariances of the residual effects were simulated. In scenarios 0, 1 and 2 residual 

correlations were varied from zero, to half and equal to the genetic correlations, 

respectively. The variation of the residual covariances was specifically evaluated to 

appraise the impact of ignoring residual covariances. In total, ten replicates were 

conducted for each scenario.  
 

Table 1  
 

Heritabilities (on the diagonal) and true genetic correlations (above diagonal) 

 
Trait FY PY NDG SCC NRR 

FY 0.40 0.85 0.10 0.25 -0.20 

PY  0.39 0.10 0.25 -0.20 

NDG   0.27 0.00 0.00 

SCC    0.12 -0.10 

NRR     0.02 
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Method A was a full multitrait animal model based on raw data using the true genetic 

and phenotypic parameters. The model included a fixed herd-year-effect, a random 

genetic and a random residual effect. Subsequently the TMI was calculated as: 

TMIA = EBVFY ωFY + EBVPY ωPY + EBVNDG ωNDG + EBVSCC ωSCC + EBVNRR ωNRR (1) 

where EBV refers to the certain traits; ω denotes the relative economic weights which 

are 5.4% for FY, 53.6% for PY, 4.3% for NDG, 19.7% for SCC and 17% for NRR, 

respectively. Method A was considered to be the reference method. For methods B, C 

and D, EBVs were estimated in univariate animal models including the same effects 

described above. In order to obtain the TMI of method B, which is the currently used 

method (proposed by Miesenberger, 1997), C (proposed by Dempfle; Götz, 2002) and D 

(proposed by Reinhardt; Götz, 2002) equation (1) was applied and covariances between 

the EBVs (σij) of the different methods (indicated by sub-indices B, C, D) were 

calculated as: 

σijB = rgijr
2

ir
2

jσaiσaj  (2) 

 

σijC = rpijrirjσaiσaj  (3) 

 

σijD = rgijrirjσaiσaj  (4) 

 

where rgij is the genetic correlation between traits i and j; r
2

i,j are the reliabilities of EBVs 

of traits i and j;σai,j are the additive genetic standard deviations of traits i and j; ri,j are the 

accuracies of EBVs of trait i and j and rpij  is the phenotypic correlation between traits i 

and j. 

This means that only method C accounts for residual correlations. 

 

Estimated breeding values were calculated using the program package MiX99 (Lidauer 

et al., 2013). For all methods, genetic parameters were not re-estimated. The true 

(simulated) simulated parameters were used. All EBVs were standardised to 12 points 

per additive genetic standard deviation. The base was set to 100 for the years 18 to 22.  

 

RESULTS AND DISCUSSION 
 

Across all year groups Spearman rank correlations between the true and the estimated 

breeding values were about 0.86 for scenario 0 and about 0.83 for scenario 2. For 

scenario 1, which is not shown in Table 2, the correlation across all year groups is above 

0.86.  

As in scenario 2 genetic and phenotypic correlations are identical, the results for 

methods C and D are the same. Rank correlations between true and estimated TMIs 

across year groups are moderate, because of relatively low reliabilities in the simulated 

population (approximately 41% of the simulated animals have a r
2
 below 60%). Rank 

correlations within year groups are rather similar, but slightly lower for method B in 

scenarios 1 and 2. Rank correlations of scenario 2 are in general slightly lower than the 

correlations of scenarios 0 and 1. Furthermore rank correlations between the full 

multivariate method (A) and all other methods, including all scenarios were calculated. 

Rank correlations are in the range of 0.93 to 0.99 within year groups. Across all animals 

rank correlations are between 0.98 and 0.99.  
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Table 2  

 

Rank correlations between the true TMI within year groups for different  

methods for scenarios 0 and 2 

 
Scenario Years A B C D 

0 All 0.8704 0.8612 0.8606 0.8620 

 11−15 0.6399 0.6149 0.6054 0.6122 

 16−20 0.6516 0.6283 0.6244 0.6258 

 21−25 0.6262 0.5923 0.5953 0.5980 

 26−30 0.6657 0.6343 0.6406 0.6404 

Scenario Years A B C D 

2 All 0.8490 0.8346 0.8476 0.8476 

 11−15 0.6274 0.5948 0.6233 0.6233 

 16−20 0.6237 0.5890 0.6196 0.6196 

 21−25 0.5790 0.5288 0.5745 0.5745 

 26−30 0.6190 0.5785 0.6151 0.6151 

 

In this study biases are products of subtracting the true TMI from the estimated TMI. 

This was done for all animals and scenarios. Table 3 shows the bias of scenarios 0 and 2. 

Results for scenario 1 are between scenario 0 and 2.  

 

Table 3  

 

Bias of different TMI methods from the true TMI within year groups  

for scenarios 0 and 2  

 

Scenario Years A B C D 

0 All -0.1 0.1 0.1 0.2 

 11-15 -0.4 -1.5 -1.2 0.4 

 16-20 -0.1 -0.4 -0.4 0.1 

 21-25 0.1 0.7 0.6 0.1 

 26-30 0.1 1.5 1.2 0.1 

2 All -0.1 -0.6 -0.1 -0.1 

 11-15 -0.3 -3.0 -0.7 -0.7 

 16-20 -0.1 -0.8 -0.2 -0.2 

 21-25 0.0 0.8 0.2 0.2 

 26-30 -0.1 0.7 0.2 0.2 

 

Results of scenario 0, where no residual covariances were assumed, show very good 

results particularly for methods A and D. Methods B and C seem to underestimate the 

animals in the first years in both scenarios. One possibility can be an incomplete 

pedigree and the use of phantom parents groups (Fuerst et al., 2014). However, method 

B leads to an overestimated genetic trend. This trend is more pronounced when residual 

covariances are assumed. This overestimation is even stronger in the best 10% animals 

in TMI per year. Table 4 shows the bias (EBV-TBV) of the TMIs of the top 10% 

animals within year groups.  
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Figure 1 shows the bias for the top animals in scenario 1, which is expressed as a 

downwards bias in the first years and an upwards bias in the last years.  

 

Table 4  

 

Bias of different TMI methods from the true TMI for the top 10% within year 

groups for scenarios 0 and 2 

 
Scenario Years A B C D 

0 All 0.2 1.5 1.7 1.0 

 11-15 -0.2 -0.6 0.3 1.0 

 16-20 0.1 0.4 1.0 0.9 

 21-25 0.4 2.2 2.3 0.9 

 26-30 0.5 3.8 3.1 1.0 

2 All 0.2 2.3 0.6 0.6 

 11-15 -0.2 -0.4 -0.2 -0.2 

 16-20 0.2 1.7 0.5 0.5 

 21-25 0.4 3.7 1.0 1.0 

 26-30 0.4 4.1 1.0 1.0 

 

 

Figure 1  

 

Time trend of bias (EBV-TBV) of different methods for the top 10% animals  

within years for scenario 1 

 

 
 

CONCLUSIONS 
 

Results show that all methods based on selection index theory are quite similar. The 

analysed methods show good results when residual covariances are zero. However, in 

real data residual covariances can have an important impact. It is well known that 

omitting residual covariances when the same animals are recorded in the same 

environment is not valid. The currently used method B shows good results for high 
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reliabilities but leads to inflated deviations mainly in case of low reliabilities. This 

results in a bias particularly for the top animals and can therefore be relevant in terms of 

selection accuracy. For the joint genetic evaluation of Austria and Germany, it is 

intended to replace the current method of TMI calculation by a multitrait approach. If 

this is not working, an adapted method of including residual covariances between traits 

is needed.  
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Abstract

Background: Modern dairy cattle breeding goals include several production and more and more functional traits.

Estimated breeding values (EBV) that are combined in the total merit index usually come from single-trait models

or from multivariate models for groups of traits. In most cases, a multivariate animal model based on phenotypic

data for all traits is not feasible and approximate methods based on selection index theory are applied to derive

the total merit index. Therefore, the objective of this study was to compare a full multitrait animal model with two

approximate multitrait models and a selection index approach based on simulated data.

Methods: Three production and two functional traits were simulated to mimic the national Austrian Brown Swiss

population. The reference method for derivation of the total merit index was a multitrait evaluation based on all

phenotypic data. Two of the approximate methods were variations of an approximate multitrait model that used

either yield deviations or de-regressed breeding values. The final method was an adaptation of the selection index

method that is used in routine evaluations in Austria and Germany. Three scenarios with respect to residual

covariances were set up: residual covariances were equal to zero, or half of or equal to the genetic covariances.

Results: Results of both approximate multitrait models were very close to those of the reference method, with rank

correlations of 1. Both methods were nearly unbiased. Rank correlations for the selection index method showed

good results when residual covariances were zero but correlations with the reference method decreased when

residual covariances were large. Furthermore, EBV were biased when residual covariances were high.

Conclusions: We applied an approximate multitrait two-step procedure to yield deviations and de-regressed breeding

values, which led to nearly unbiased results. De-regressed breeding values gave even slightly better results. Our results

confirmed that ignoring residual covariances when a selection index approach is applied leads to remarkable bias. This

could be relevant in terms of selection accuracy. Our findings suggest that the approximate multitrait approach applied

to de-regressed breeding values can be used in routine genetic evaluation.

Background
In dairy cattle breeding programs, selection is focused

on different production traits and more and more on

functional traits. Usually, estimated breeding values

(EBV) or phenotypes [1] are combined into a total merit

index (TMI) [2]. Traits or groups of traits are usually

evaluated separately based on different statistical models

[3]. This is also the case in the joint Austrian-German

genetic evaluation of one dairy and several dual-purpose

cattle breeds. The TMI and several sub-indices are based

on a selection index method [1] for all cattle breeds, which

was proposed by [4]. Currently, the TMI of Fleckvieh

(dual-purpose Simmental) and Brown Swiss populations

consists of up to 30 production and functional traits. EBV

for the TMI as well as for several sub-indices are esti-

mated either using univariate (e.g. protein yield) or multi-

variate (e.g. calving ease and stillbirth) methods by

applying animal or sire-maternal-grandsire models (the

latter for functional longevity only). Some of these models

include repeated measures, such as somatic cell count [2].

Subsequently, EBV for individual traits are combined to

form TMI or other sub-indices by assuming that residual

covariances between traits or groups of traits are equal

to zero. Due to the large number of traits involved and

to methodological constraints, the additive genetic
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(co)variance matrix to combine EBV into a TMI cannot

be estimated multivariately for all traits. Additive gen-

etic correlations between the traits in the TMI are

mainly obtained from the literature [4]. Furthermore,

we have observed that the TMI shows an upward trend

in bias for animals with low reliabilities (r2) (unpub-

lished results). We hypothesize that this is due to ig-

noring residual covariances when combining traits or

trait groups into the TMI. Full multivariate estimation

of all traits based on phenotypic data could represent

the optimum methodology [5-7], but in routine genetic

evaluations substantial restrictions (e.g. computer power

and computational considerations) make this approach in-

feasible. Thus, an approximate multivariate model using a

two-step procedure was proposed and validated using

simulated data [3,8,9]. In the first step, genetic (co)vari-

ances were estimated based on yield deviations (YD). The

associated weights for YD were calculated from univariate

analyses and YD were adjusted for all environmental ef-

fects. In the second step, a multivariate animal model that

included a random genetic effect for the animal and a

fixed year effect was applied [3,9]. Due to improved con-

nectedness of the data and simultaneous estimation of

genetically correlated traits, accuracies of EBV can be

increased compared to those from a univariate analysis. In

particular, functional traits, which are characterized by

low heritabilities (h2), benefit more from a multivariate

animal model than moderately to highly heritable traits

[6,10]. A set of characteristics using an approximate multi-

variate model based on YD exists and is well described

[3,7,11,12]. However, YD cannot always be obtained in

routine evaluation settings, e.g. for EBV from Interbull.

Therefore, the objective of this study was to compare four

methods to calculate TMI using: a full multitrait model;

approximate multitrait models applied to YD and de-

regressed estimated breeding values (drEBV); and the

current selection index method which is used in the joint

Austrian-German genetic evaluations. The consequences

of ignoring residual covariances when a TMI is computed

were investigated. Hence, three scenarios with respect to

residual covariances were set up using data that were gen-

erated by stochastic simulation of data that represent a

simplified breeding scheme of the Austrian Brown Swiss

cattle population.

Methods
Data simulation

A population structure that roughly reflected the Austrian

breeding program of Brown Swiss cattle was simulated

with the stochastic simulation program ADAM [13]. The

simulated population comprised approximately 51 300

cows in 1710 herds. Five normally distributed traits were

chosen to represent dairy, beef and fitness traits. Add-

itional requirements were a wide range of heritabilities

and genetic correlations between traits and economic im-

portance. Fat yield (FY), protein yield (PY), somatic cell

count (SCC) and non-return rate of cows (NRR) were

measured on female animals. Net daily gain (NDG) was

observed on approximately 60% of all male animals. No

repeated records were assumed. The assumed heritabil-

ities and genetic correlations for the five traits are in

Table 1, which were obtained from estimates for the na-

tional Brown Swiss population [14]. Around 25% young

bulls and 75% proven bulls were used for matings in the

selection scheme. Breeding values and phenotypes for the

five traits were simulated for animals from a base popula-

tion. Animals were selected on a TMI based on multivari-

ately EBV over 30 years. Based on values used for routine

genetic evaluation, relative economic weights per additive

genetic standard deviation were 5.4, 53.6, 4.3, 19.7 and

17% for FY, PY, NDG, SCC and NRR, respectively [14].

Three scenarios with respect to residual covariances

between traits were simulated. In scenario 0, residual

correlations between traits were assumed to be zero.

For scenarios 1 and 2, residual correlations corresponded

to 50% or 100% of the genetic correlations, respectively.

These scenarios were chosen to specifically test the cur-

rently used selection index method for possible bias due

to ignoring correlations between residual effects, as

proposed by [4]. For each scenario, ten replicates were

simulated. On average, breeding values and reliabilities

of EBV were estimated for 755 567 animals for each

scenario.

Methods to calculate the TMI

The first method (MULTI) was a full multivariate animal

model based on phenotypic data using the true genetic

and phenotypic parameters, assuming the following lin-

ear model:

y ¼ Xb þ Za þ e; ð1Þ

where y is the vector representing simulated pheno-

typic observations of FY, PY, NDG, SCC and NRR,

respectively; X and Z represent the incidence matrices

Table 1 Genetic parameters used for simulation

(heritabilities on the diagonal, genetic correlations above

the diagonal)

Trait FY PY NDG SCC NRR

FY 0.40 0.85 0.10 0.25 −0.20

PY 0.39 0.10 0.25 −0.20

NDG 0.27 0.00 0.00

SCC 0.12 −0.10

NRR 0.02

Fat yield (FY), protein yield (PY), net daily gain (NDG), somatic cell count (SCC)

and non return rate cow (NRR).
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for fixed and random effects, respectively, b is the vector

of the fixed herd-year effects, a is the vector of the ran-

dom animal additive genetic effects and e is the vector

of the random residual effects. Vector a was assumed to

have a multivariate normal distribution, with MVN(0,

G =G0 ⊗ A), where G0 is a 5 × 5 additive genetic

variance-covariance matrix,⊗ is the Kronecker product

of matrices, and A represents the numerator relation-

ship matrix. Residuals e were assumed to be MVN(0,

R = R0 ⊗ I), where R0 is the 5 × 5 residual variance-

covariance matrix and I represents the identity matrix.

Subsequently, the TMI was calculated as:

TMIMULTI ¼ âFYωFY þ âPYωPY þ âNDGωNDG

þ âSCCωSCC þ âNRRωNRR;

ð2Þ

where â represents the EBV for the traits and ω de-

notes the relative economic values. As the full multitrait

estimation, MULTI, represents the optimum method,

this was considered to be the reference method.

The second (YD) and third (DRP) methods were based

on the approximate multitrait two-step procedure pro-

posed by [3]. These methods use either YD or drEBV.

For both methods, univariate genetic evaluations were

used to calculate YD and drEBV for each trait. For the

YD method, phenotypic observations were corrected for

the fixed herd-year effect using the following model:

y� ¼ y – Xb; ð3Þ

where y* is the vector of yield deviations, y is the

vector of phenotypic observations of the traits FY,

PY, NDG, SCC and NRR, and b is the vector of

herd-year effects. X is the incidence matrix of proper

order. After correcting for fixed effects, all five traits

were analysed together in the following multivariate

animal model:

y� ¼ Xb þ Za þ e; ð4Þ

where y* indicates yield deviations of animals of a

trait; X and Z represent the incidence matrices for

fixed and random effects, respectively, b is the vec-

tor of year of birth fixed effects, a is the vector of

random animal additive genetic effects and e denotes

the vector of random residual effects. The year of

birth effect was included in order to account for

over- or underestimation of the genetic trend [9].

The use of YD requires weights to consider the dif-

ferent amount of information for each animal. Reli-

abilities were calculated with the program package

ApaX [15], using the approximate Interbull method

of [15]. Based on these reliabilities, effective own

performances (EOP) were calculated and used as

weighting factors for yield deviations in the multi-

variate estimation of breeding values for method YD.

The following formula was applied to calculate EOP

for trait i:

EOPi;j ¼
αi

1‐r2i;j
−αi; ð5Þ

where αi is the ratio of residual and additive genetic

variances of trait i; and r2 represents the reliability of the

own performance of animal j for trait i [16]. The

assumption and size of the (co)variance matrices G0 and

R0 for estimating breeding values and the equation for

the TMI were based on the same formulas as in method

MULTI. For method DRP, EBV were de-regressed using

a univariate de-regression based on the approach of [17]

and [18], which is implemented in the program package

MiX99 [19]. The de-regression procedure uses the EBV

and their respective effective daughter contributions as

weights, with the general mean as the only fixed effect.

Based on model Equation (4), EBV were estimated in a

5-trait animal model, with drEBV as the response vari-

ables and an overall mean, a year effect, additive genetic

effects of animals for each trait and residual effects of

drEBV as explanatory variables. As described for method

YD, EOP were used as weighting factors to estimate

breeding values.

The fourth method SI is the approach that is currently

used in routine genetic evaluations in Austria and

Germany to calculate the total merit index based on

selection index theory. The EBV of the five traits were

estimated univariately using the same model Equation (1)

but assuming that G=Aσ
2
a and R = Iσ2e , where σ

2
a is the

additive genetic variance and σ
2
e is the residual variance.

In order to obtain the TMI with method SI, covariances

between EBV (σij) were calculated as:

σij ¼ rgijr
2
ir
2
jσaiσaj; ð6Þ

where rgij is the genetic correlation between traits i

and j; r2i,j are the reliabilities of EBV of traits i and j, and

σai,aj are the additive genetic standard deviations of traits

i and j. In this equation, residual correlations are

neglected, i.e. assumed to be zero.

YD, drEBV and EBV were computed using the program

package MiX99 [19]. Reliabilities of EBV were calculated

with the program package ApaX [15]. Reliabilities of the

TMI of methods MULTI, YD and DRP were calculated

using the approach of [20]. Reliabilities of the TMI of

method SI were calculated using the formula described by

[4]. For all methods, genetic parameters were not re-

estimated, but the true (simulated) parameters were used.

All EBV were standardized to an additive genetic standard

deviation of 12 and 100 for the mean of cohorts from

birth year 18 to 22. Spearman rank correlations between

TMI of different methods were calculated using SAS 9.2.

[21]. To estimate breeding values and reliabilities by
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calculating genetic trends and for all further analyses, the

last 20 years of the simulated period were used.

Results
Correlations

Table 2 shows the Spearman rank correlations between

TMI obtained using the reference method MULTI and

from methods YD, DRP and SI categorized by TMI reli-

ability for all animals for scenarios 0 and 2. Correlations

for YD and especially DRP were almost 1. Correlations

between the reference method and method SI were

slightly lower, particularly for scenario 2, in which the

residual (and thus the phenotypic) correlation was equal

to the genetic correlation. Results for scenario 1 are not

shown since values were always between those of scenar-

ios 0 and 2. The simulated selection program resulted in

a strong genetic trend, therefore results were also ana-

lyzed within year groups. Across all animals and in the

last 20 years of the simulation (Table 3), correlations

between TMI from the different methods were high and

ranged from 0.983 to 1 for all scenarios. As expected,

correlations decreased slightly when split into year

groups. Correlations for method SI were more strongly

affected, especially when non-zero residual covariances

were simulated. In addition, the population was subdi-

vided into the following four groups: bulls with progeny

information (BP), bulls without progeny information

(BNP), females with progeny information (FP) and fe-

males without progeny information (FNP). Correlations

between TMI from the reference method MULTI and

the three other methods for BP, BNP, FP and FNP across

all 20 years and scenarios ranged from 0.984 to 1 (results

not shown). For bulls and dams with progeny, a ten-

dency for higher correlations was observed. Method SI

showed the lowest correlations and method DRP showed

the highest correlations with method MULTI. With

regard to scenarios, rank correlations were highest for

scenario 0 followed by scenarios 1 and 2. When grouped

by reliability, rank correlations of TMI from MULTI

with those from YD and DRP were always close to 1.

However, correlations between MULTI and SI grouped

by reliability were lower, especially when non-zero

residual correlations were simulated (scenarios 1 and 2,

results not shown). For BNP bulls, correlations even de-

clined to 0.907.

Bias

Bias was defined as the difference between the esti-

mated TMI of each method and the MULTI TMI (e.g.

TMIYD-TMIMULTI). This was done for all animals and

scenarios. Since the reference method MULTI essen-

tially had no bias, the presented bias is equivalent to

the bias from true TMI. Results for scenarios 0 and 2

for all animals grouped by reliability are in Table 4. For

all scenarios, methods YD and DRP showed almost no

bias. However, method SI showed a relevant bias in

both scenarios. The TMI of animals with a reliability

lower than 50% were overestimated, whereas that of

animals with a reliability greater than 50% were under-

estimated. When residual correlations were non-zero

(scenario 2), this bias was more pronounced. Method

SI led to a markedly overestimated genetic trend,

which was expressed as a downwards bias during the

first years and an upwards bias during the last years

(Table 5). This was especially evident for scenario 2

Table 2 Rank correlations of TMI obtained using alternate

methods with TMI obtained using the multivariate

method within TMI reliability groups

Scenario Reliability YD DRP SI

0 <39 1.000 1.000 0.993

40-49 1.000 1.000 0.990

50-59 1.000 1.000 0.997

60-69 1.000 1.000 0.994

70-79 1.000 1.000 0.991

80-89 1.000 1.000 0.997

>90 1.000 1.000 0.999

2 <39 1.000 1.000 0.988

40-49 1.000 1.000 0.985

50-59 1.000 1.000 0.988

60-69 1.000 1.000 0.985

70-79 1.000 1.000 0.978

80-89 1.000 1.000 0.991

>90 1.000 1.000 0.998

YD = approximate multitrait two-step procedure based on yield deviations;

DRP = approximated multitrait two-step procedure based on de-regressed

estimated breeding values; SI = selection index method.

Table 3 Rank correlations with multivariate TMI (MULTI)

within year groups for different TMI methods for

scenarios 0 and 2

Scenario Years YD DRP SI

0 All 1.000 1.000 0.989

11-15 1.000 1.000 0.962

16-20 1.000 1.000 0.963

21-25 1.000 1.000 0.945

26-30 1.000 1.000 0.950

2 All 1.000 1.000 0.983

11-15 1.000 1.000 0.948

16-20 1.000 1.000 0.943

21-25 1.000 1.000 0.914

26-30 1.000 1.000 0.932

YD = approximate multitrait two-step procedure based on yield deviations;

DRP = approximated multitrait two-step procedure based on de-regressed

estimated breeding values; SI = selection index method.
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and even more for the top 10% animals based on TMI

(Figure 1). When non-zero residual covariances were

simulated (scenario 2), the bias was similar to that for

scenario 0 but slightly more pronounced. Figure 2

shows the bias for all bulls with progeny performance

(BP) and for bulls without progeny performance (BNP)

for method SI for scenario 0 (currently used method).

A difference of about half a genetic standard deviation

was observed between the average TMI of BP and BNP

at the end of the simulated period. Selecting the best

10% bulls each year from groups BP and BNP resulted

in an even greater difference (Figure 3) for method SI.

Differences between groups BP and BNP were even

higher when the simulated residual covariances were

greater (results are not shown). The difference between

FP and FNP was close to 0 for method SI for all

scenarios.

Reliabilities and standard deviations

The mean reliabilities (r2) and standard deviations

(SD) for the TMI of methods MULTI, YD and DRP

were almost equal (numerically ±0.1 to ±0.3). Thus,

only the results of the reference MULTI and SI

methods are presented in Table 6. Estimated reliabil-

ities were slightly higher for method SI than for the

other methods for scenario 0, when grouped by years.

For scenario 2, for which non-zero residual covariances

were simulated, reliabilities for method SI were sub-

stantially higher than for MULTI for each year group.

Since the estimated reliabilities depend on the method

used, realised (true) reliabilities obtained from the

squared correlation of estimated true breeding values

for TMI are also presented. Realised reliabilities for SI

were on average 4% lower than for MULTI.

To quantify the presumed inflation of TMI from

method SI, the expected SD of TMI was calculated as,
ffiffiffiffiffiffiffiffiffi

r2σ2
T

p

using realised reliabilities and the true genetic

standard deviationσ2Twithin year (Table 6). The variance

for TMI for method MULTI was very close to the

expected values. For method SI, the observed SD of the

TMI was notably higher than the expected SD for

scenario 0 (from 0.4 to 1) and especially for scenario 2

(from 1.6 to 2.1). These findings were similar for all sce-

narios and groups (results not shown).

Selection response

To demonstrate the practical implications of the lower

realised reliabilities and the inflated SD of EBV with

method SI, the expected loss in selection response using

SI compared to MULTI was analysed. If we consider the

breeder’s equation, we can assume that selection inten-

sity, genetic standard deviation and generation interval

do not depend on the TMI method. Thus, differences in

selection response between the analysed methods de-

pend only on the reliability of the TMI. This led to an

expected loss in response of 3 to 5% with method SI

compared to MULTI (Table 6). Since the realised reli-

abilities for methods YD and DRP were almost identical

to those for MULTI, no loss in response is expected for

these methods.

Discussion
In this study, four methods were used to combine sev-

eral traits into a total merit index and were compared

Table 4 Bias of approximate TMI methods relative to TMI

from multivariate analysis within TMI reliability groups

for scenarios 0 and 2

Scenario Reliability YD DRP SI

0 <39 0.1 0.0 1.0

40-49 0.1 0.0 1.3

50-59 0.1 0.0 −0.5

60-69 0.1 0.0 −0.6

70-79 −0.1 0.0 −1.6

80-89 0.0 0.0 −2.3

>90 0.0 0.0 −2.5

2 <39 0.1 0.0 0.2

40-49 0.1 0.0 0.7

50-59 0.1 0.0 −1.1

60-69 0.1 0.0 −1.4

70-79 −0.1 0.0 −1.6

80-89 0.0 0.0 −2.6

>90 0.0 0.0 −2.8

YD = approximate multitrait two-step procedure based on yield deviations;

DRP = approximated multitrait two-step procedure based on de-regressed

estimated breeding values; SI = selection index method.

Table 5 Bias with different TMI methods from

multivariate TMI within year groups for scenarios 0 and 2

Scenario Years YD DRP SI

0 All 0.1 0.0 0.2

11-15 0.4 0.1 −1.1

16-20 0.1 0.0 −0.3

21-25 −0.1 0.0 0.6

26-30 −0.1 0.0 1.4

2 All 0.1 0.0 −0.5

11-15 0.4 0.1 −2.7

16-20 0.1 0.0 −0.7

21-25 −0.1 0.0 0.7

26-30 −0.1 0.0 0.8

YD = approximate multitrait two-step procedure based on yield deviations;

DRP = approximated multitrait two-step procedure based on de-regressed

estimated breeding values; SI = selection index method.
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Figure 1 Time trend of bias (TMI-TMIMULTI) with different TMI methods for the top 10% animals per year in scenario 0.

Figure 2 Time trend of bias (TMI-TMIMULTI) for bulls with progeny (BP) and bulls without progeny (BNP) (method SI, scenario 0).
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with different assumptions regarding residual covari-

ances. Both approximate multitrait two-step procedures

that used either YD or drEBV led to results that were

comparable to those of the full multivariate animal

model (MULTI). Our findings agree with those of [8,9]

who compared a full multitrait model, an approximate

two-step procedure applied to YD and a combination of

single trait models. The approximate two-step procedure

was not as efficient as the full multitrait model but

superior to the single-trait approach in terms of genetic

response. Results of this study substantiate some draw-

backs of the method that is currently used to calculate a

TMI in routine genetic evaluations in Germany and

Austria. Spearman rank correlations of TMI between the

reference MULTI and the YD and DRP methods were

close to 1 for all scenarios for any categories of reliability

or year. Correlations for method SI were lower than for

methods YD and DRP even when zero residual covari-

ances were simulated. Rank correlations between MULTI

and SI decreased with increasing residual covariances.

Figure 3 Time trend of bias (TMI-TMIMULTI) for the top 10% bulls with progeny (BP) and bulls without progeny (BNP) by year (method

SI, scenario 0).

Table 6 Reliabilities and standard deviations (SD) of TMI from methods MULTI and SI for scenarios 0 and 2 grouped by

year and loss in selection response (SR) with SI compared to MULTI

Sc. Years Reliabilities MULTI Reliabilities SI SD MULTI SD SI Loss in SR

Realized Estimated Realized Estimated Expected* Estimated Expected* Estimated With SI#

0 11-15 31.3 46.1 27.9 48.8 5.7 5.7 5.4 6.0 −3.2

16-20 32.1 45.9 28.8 48.6 5.7 5.9 5.4 6.1 −2.7

21-25 35.4 46.0 31.2 48.8 6.1 6.2 5.7 6.7 −3.8

26-30 42.0 45.7 38.0 48.3 6.9 7.2 6.6 7.9 −3.7

2 11-15 28.7 43.6 24.3 48.9 5.4 5.5 5.0 6.6 −4.6

16-20 27.6 43.4 23.0 48.7 5.2 5.3 4.8 6.4 −4.8

21-25 30.9 43.3 25.4 48.6 5.6 5.8 5.1 6.9 −5.2

26-30 36.7 43.0 32.0 48.4 6.3 6.6 5.9 8.0 −3.9

Sc. = Scenario; *expected standard deviation of EBV, based on realised reliabilities, obtained from squared correlation of estimated with true breeding values, and

the true genetic standard deviation within year; #percent loss in SR of SI compared to MULTI, with 100% being a SR with an accuracy of 1.
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Applying selection index theory (e.g. method SI) to calcu-

late a TMI is valid when traits are not or only slightly cor-

related [3,12]. However, this is not the case for the

routinely calculated TMI in Austria and Germany due to

the wide range of dairy, beef and functional traits which

are correlated to a certain degree (e.g. genetic correlations

between fat kg and fertility, dressing percentage or milk-

ability are -0.20, -0.15 and 0.25, respectively [14]). In par-

ticular, some of the lowly heritable functional traits are

correlated with production or conformation traits to a

considerable degree [12,22]. Furthermore, it is well known

that ignoring residual covariances when animals are re-

corded for different traits in the same environment is not

valid [3]. This was confirmed by our results with method

SI. As residual covariances increased, correlations of TMI

with the reference method decreased and deviated more

from the full multivariate model. In addition, a downwards

bias was observed for animals with high reliabilities, e.g.

bulls with progeny, and an upwards bias for animals with

low reliabilities, e.g. young animals without progeny.

Hence, the bias for the top 10% animals can be relevant in

terms of selection decisions across birth cohorts. The

average difference between TMI from the reference

MULTI and SI methods can be up to half a genetic SD,

which leads to substantial re-ranking of bulls. This can

cause selection bias, in particular when early selection de-

cisions are made on young bulls. It should be noted that,

in this simulation study, young bulls without progeny can-

not be compared with young bulls with genomic EBV

from routine evaluations. In the simulation, young bulls

had own data only for NDG, while for all other traits a

pedigree index was used. This means that the problem of

bias may be less severe in routine evaluations.

In the method that is currently used to calculate a

TMI, residual correlations are neglected for traits for

which covariance is expected to occur, e.g. fat and pro-

tein yield, functional longevity and some fitness traits

[22,23]. Results of this study based on simulated data

imply that the variances of EBV with low reliability are

in general inflated using method SI. This is confirmed

by results obtained with real data on functional longev-

ity and type traits in Austrian Fleckvieh cows [24]. Re-

liabilities and variances of the TMI were overestimated

for functional longevity when combined with auxiliary

type traits using method SI and ignoring residual co-

variances. Based on the results of this simulation,

drEBV could be a good alternative to YD, since they

can be easier to obtain in some cases and show equally

good results. This could also help to include Interbull

EBV in the national evaluation, since individual YD are

not available at the international level. The current

method for calculating TMI and other sub-indices

could thus be replaced by an approximate two-step

procedure using drEBV.

Two crucial points need to be clarified before the ap-

proximate multitrait approach can be implemented in

routine genetic evaluations: (1) accurate genetic and re-

sidual (co)variance components must be estimated using

a multivariate analysis of all traits in order to allow their

inclusion in the two-step procedure; if this is not pos-

sible, it has been suggested by [8] to cluster traits that

have genetic correlations above 0.10; and (2) further-

more, a genomic evaluation including international EBV

(Interbull) must be implemented.

Conclusions
An approximate multitrait two-step procedure to

compute TMI applied to drEBV led to nearly unbiased

results. Fortunately, the outcomes for the multitrait

method based on drEBV are equally as good as those

on YD, which will facilitate its implementation, espe-

cially for specific traits for which it is difficult to ob-

tain accurate YD. The advantages of these methods are

greatest when residual covariances differ from zero.

Although there are several crucial prerequisites before

implementing an approximate multitrait two-step pro-

cedure in routine genetic evaluations, our results open

up perspectives for the replacement of the current

selection index method by this procedure based on

drEBV.
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ABSTRACT: To optimize the subindex for functional 

longevity in Austrian Fleckvieh, an approximate multivari-

ate approach was analyzed. Genetic parameters for func-

tional longevity and five type traits were estimated multi-

variately based on yield deviations. Genetic parameters 

differed slightly from the ones used in the routine evalua-

tion. Indices and reliabilities computed in a full multivariate 

approach were defined as reference and compared with 

three other approaches: (1) is based on approximate genetic 

correlations and selection index theory; (2) is an approach 

using multivariate estimates of genetic correlations; (3) is a 

univariate approach ignoring auxiliary traits. Rank correla-

tions of indices based on different approaches were above 

0.90, except for those based on univariate EBVs. Variances 

of indices were lower for the multivariate approach when 

reliabilities were low. Results indicate that reliabilities and 

variances of indices are overestimated for the approaches 

that are based on selection index theory.  

Keywords: functional longevity approximate multivariate 

approach total merit index  

 

 

Introduction 

 

Improvement of the total merit index (TMI) is cur-

rently a major topic in the joint genetic evaluation of Aus-

trian and German Fleckvieh (dual purpose Simmental) and 

Brown Swiss. In 2002, the TMI based on selection index 

theory was introduced in the transnational genetic evalua-

tion. The use of selection index theory is however faced 

with some challenges: Traits or group of traits are usually 

evaluated separately based on different statistical models, 

and hence true genetic and phenotypic correlations or het-

erogeneous reliabilities are neglected (Ducrocq et al. 2001). 

A full multivariate estimation of all traits based on raw data 

is usually not feasible, but could be considered as the opti-

mum methodology (Mrode, 2005). Thus, an approximate 

approach was proposed by Ducrocq et al. (2001), which is 

characterized by multivariate estimation based on yield 

deviations. This approximate approach was validated on 

simulated data. Genetic gain was increased and the estima-

tion of genetic parameters was improved (Lassen et al. 

2007). As a first step, this approach was tested for the func-

tional longevity subindex in this study. Breeding values 

(EBV) for longevity were estimated using survival analysis 

techniques based on a Weibull sire maternal-grandsire 

model (Fuerst et al., 2013). For inclusion in the TMI, EBVs 

for longevity were combined with EBVs of auxiliary type 

traits using selection index theory. Genetic correlations 

between longevity and type traits were derived applying the 

approximate method of Calo et al. (1973), ignoring residual 

correlations. This might lead to biased index values and 

reliabilities (r
2
). The first aim of this study was to estimate 

genetic parameters for longevity and selected type traits 

based on yield deviations (YD). The second aim was the 

comparison of indices and their variances using four differ-

ent approaches.  

 

Materials and Methods 

 

Data. For estimating variance components, YDs of 

longevity and type traits of 74,292 Austrian Fleckvieh cows 

born between 2002 and 2011 were used. The pedigree in-

cluded 240,268 animals. Afterwards, EBVs were computed 

for 409,206 animals. In accordance with routine genetic 

evaluation, the type traits hip width, body depth, musculari-

ty, feet and legs and udder score were used as auxiliary 

traits.  

 

Statistical analyses. For all six traits, YDs and 

weights were computed univariately using Survival Kit v6 

(Ducrocq et al. 2010) for longevity and MiX99 (Lidauer et 

al. 2011) for type traits, respectively. YDs for longevity 

were computed as a function of the cumulative hazard of a 

particular individual (Ducrocq, 2001). YDs were used for 

all further approaches, including variance component esti-

mation based on an animal model using ASReml 3.0 (Gil-

mour et al. 2009).  

 

The first approach (A1) was a full multivariate an-

imal model based on YDs of all six traits. For the second 

approach (A2), EBVs were calculated separately for each 

trait. By means of genetic correlations which were comput-

ed in the full multivariate variance component estimation, 

these EBVs were then combined into a longevity index. For 

the third approach (A3), approximate genetic correlations 

from the routine evaluation were used instead of the ones 

estimated with the full multivariate model (Table 1). Lon-

gevity indices A2 and A3 were calculated by the method 

described by Miesenberger (1997), which is based on selec-

tion index theory. Residual covariances are assumed to be 

zero in this approach. In both cases A2 and A3, the eco-

nomic weight for longevity was set to 100%; i.e. no weight 

was put on the type traits. In the fourth approach (A4), 

EBVs for functional longevity were used ignoring auxiliary 

type traits. Reliabilities were calculated by means of the 

program ApaX (Stranden et al. 2001). Based on the r
2
 of 

approach A4, EBVs were grouped into eight classes (1 to 

10%, 11 to 20%, 21 to 30%, 31 to 40%, 41 to 50%, 51 to 

60%, 61 to 70% and >70%). Comparisons of the four dif-



ferent approaches were carried out by Tukey´s multiple 

comparison and Spearman rank correlations (SAS, 2008).  

 

Table 1. Approximate genetic correlations used for lon-

gevity and the type traits hip width (hw), body depth 

(bd), muscularity (mu), feet and legs (fl) and udder (ud) 

of A3. 

Type trait Genetic correlation 

hw -0.13 

bd -0.28 

mu 0.15 

fl 0.36 

ud 0.39 
&

For calculation, breeding values were standardized to a mean of 100 and 

standard deviation of 12 units, higher values being favorable 

 

 

Results and Discussion 

 

Genetic parameters. Heritabilities (h
2
), genetic 

and phenotypic correlations of the 6-trait estimation are 

given in Table 2. Standard errors for all parameters are 

small (below 0.05). Heritabilities for longevity, muscularity 

and udder are slightly differing from the values used in the 

routine evaluation (12%, 28% and 24%, respectively, Fuerst 

et al. 2013). Compared to the approximate correlations 

(Table 1), genetic correlations with longevity are slightly 

lower for all traits, except for feet and legs and udder score. 

The results confirm the negative genetic correlation of size 

to longevity and the positive correlation of functional con-

formation traits. The correlation of the muscling of the 

cows to longevity turns out to be close to zero in this da-

taset. Although the differences to the approximate Calo-

correlations are rather small, the use of genetic parameters 

estimated multivariately is preferable.  

 

Table 2. Estimates of genetic parameters
&

 for longevity 

(long), hip width (hw), body depth (bd), muscularity 

(mu), feet and legs (fl) and udder (ud). 

trait long
§
 hw bd mu fl ud 

long 0.08 

±0.006 

-0.08
a
 -0.14 -0.08

a
 0.39 0.40 

hw -0.01 0.23 

±0.011 

0.64 0.39 -0.04
a
 0.03

a
 

bd -0.02 0.45 0.22 

±0,011 

0.17 -0.06
a
 0.02

a
 

mu 0.006
a
 0.42 0.29 0.36 

±0.012 

-0.08 -0.27 

fl 

 

0.08 0.06 0.08 0.10 0.11 

±0.007 

0.40 

 

 

ud 0.10 0.04 0.05 0.007
a
 0.24 0.30 

±0.011 
&
Heritabilities and standard errors (±SE) on diagonal, genetic correlations 

above diagonal and phenotypic correlations below diagonal 
§
Higher YD values are favorable 

a
Not significantly different from zero (P>0.05) 

 

 

Breeding values and reliabilities. Spearman rank 

correlations between longevity indices estimated with ap-

proaches A2 and A3 and the reference approach A1 are 

above 0.90 over all reliability groups (Table 3). As ex-

pected, correlations increase with increasing reliabilities. 

Approach A2 shows increasing advantages over A3 with 

higher reliabilities; only with very low reliabilities does A3 

show slightly higher correlations. Rank correlations be-

tween A4 and A1 are markedly lower as no auxiliary traits 

are included in this case. Figure 1 shows the standard devia-

tion of indices for methods A1 and A2 grouped by the reli-

abilities of A4. A2 leads to higher variances of indices, 

particularly when reliabilities are low. This is probably due 

to neglecting residual covariances in the approach of 

Miesenberger (1997) used in the routine evaluation. This is 

also related to overestimated reliabilities for A2 and A3 

compared to the reference approach A1. Higher reliabilities 

are expected when using multivariate estimation because of 

better connectedness in the data, as genetic and residual 

covariances between traits are taken into account. Reliabili-

ties increase when the absolute differences between genetic 

and residual correlations are large (Thompson and Meyer, 

1986). This suggests that reliabilities and variances of indi-

ces are overestimated in the routine evaluation.  

 

Table 3. Spearman rank correlations of EBVs with 

EBVs from approach A1 grouped by their reliabilities. 

Reliability A2
 

A3 A4 

  1-10% 0.900 0.914 0.814 

11-20% 0.917 0.922 0.837 

21-30% 0.937 0.932 0.888 

31-40% 0.938 0.922 0.873 

41-50% 0.976 0.949 0.897 

51-60% 0.983 0.959 0.911 

61-70% 0.989 0.965 0.942 

>70% 0.991 0.987 0.981 

 

 

 

Figure 1. Standard deviation (SD) of EBVs grouped by 

reliabilities. 

 

 

Conclusions 

 

Estimation of genetic parameters based on YDs in 

a multivariate animal model is feasible and could easily 



replace the use of the approximation by Calo et al. (1973). 

The current method based on selection index theory leads to 

slightly overestimated variances and reliabilities, particular-

ly in case of low reliabilities. A multivariate approach uti-

lizing YDs seems to be feasible for routine evaluation but 

has to be investigated in more detail. An alternative ap-

proach based on de-regressed proofs instead of YDs should 

also be tested. Furthermore the inclusion of genomic infor-

mation has to be solved.  

 

Acknowledgments 

 

Authors greatly acknowledge Dieter Krogmeier, Christian 

Edel and Reiner Emmerling (LfL Grub, Bavaria) for 

providing YDs for type traits. We also gratefully 

acknowledge the funding of the project OptiGene (‘Optimi-

zation of long-term genetic progress of Austrian cattle 

breeds with emphasis on health and genomic selection'; 

project number 100808) by the Austrian Federal Ministry of 

Agriculture, Forestry, Environment and Water Manage-

ment, the Federations of Austrian Fleckvieh, Brown-Swiss, 

Pinzgauer and Tyrolean Grey cattle and the Federation of 

Austrian Cattle Breeders (ZAR).  

 

Literature Cited 

 
Calo, L.L., McDowell, R.E., Van Vleck, L.D. et al. (1973). J. 

Anim. Sci. 37:676-682. 

Ducrocq, V. (2001). Interbull Bulletin 27:147-152. 

Ducrocq, V., Boichard D., Barbat A. et al. (2001). Proc. 52th 

EAAP meeting, Budapest:3.  

Ducrocq V., Sölkner J. and Mészáros G. (2010). Survival Kit 

Version 6. 

Fuerst, C., Dodenhoff, J., Emmerling, R. et al. (2013). 

http://www.zar.at/download/ZWS/ZWS.pdf. 

Gilmour, A.R., Gogel, B.J., Cullis B.R. et al. (2009). ASReml 

Version 3.0. 

Lassen, J., Sørensen, M.K., Madsen P. et al. (2007). J. Dairy Sci. 

90:3002-3011. 

Lidauer, M., Matilainen, K., Mäntysaari, E. et al. (2011). MiX99 

VI/2011. 

Miesenberger, J. (1997). PhD Thesis, Vienna, Austria. 

Mrode, R.A. (2005). CABI Publishing, Oxford, UK, Cambridge, 

USA.  

SAS (2008). SAS Inst. Inc., Cary, NC. User’s Guide. 

Strandén, I., Lidauer, M., Mäntysaari, E.A. et al. (2001). Interbull 

Bull. 26:78-79. 

Thompson, R. and Meyer, K. (1986). Livest. Prod. Sci. 15:299-

313. 



 

 1

DEVELOPMENT OF AN APPROXIMATE MULTIVARIATE TWO-STEP APPROACH 

FOR THE JOINT GENETIC EVALUATION OF AUSTRIAN AND GERMAN DAIRY 

CATTLE 

 

Christina Pfeiffer 
(1)

, Birgit Fuerst-Waltl 
(1)

,
 
C. Fuerst

 (2)
  

 

SUMMARY 

 
Multivariate genetic evaluation in modern dairy cattle breeding programs became important in the last 

decades. The simultaneous estimation of all production and functional traits is still demanding. Different 

meta-models are used to overcome several constraints. The aim of this study was to conduct an approximate 

multivariate two-step procedure applied to de-regressed breeding values and yield deviations of five fertility 

traits of Austrian Pinzgau cattle and to compare results with routinely estimated breeding values. The 

approximate two-step procedure applied to de-regressed breeding values performed better than the procedure 

applied to yield deviations. Spearman rank correlations for all animals, sires and cows were between 0.996 

and 0.999 for the procedure applied to de-regressed breeding values and between 0.866 and 0.995 for the 

procedure applied to yield deviations. Results are encouraging to move from the currently used selection 

index in routine genetic evaluation towards an approximate two-step procedure applied to de-regressed 

breeding values.  

 
Key-words: approximate multiple trait, de-regressed breeding values, yield deviation, fertility, cattle  

 

INTRODUCTION  

 

Due to the increased number of production and functional traits in modern dairy cattle breeding 

programs, multivariate genetic evaluation became increasingly interesting over the last decades. One 

of the major challenges is the simultaneous evaluation of all traits. Hence, different meta-models were 

proposed for national and international genetic evaluations, e.g. an approximate two-step approach 

using pseudo-phenotypes (Ducrocq et al., 2001) or Multiple trait Across Country Evaluation (MACE; 

Schaeffer, 1994; Schaeffer, 2001). At present, the joint genetic evaluation of Austria and Germany is 

optimised aiming at a multiple trait genetic evaluation. Currently, selection is based on a total merit 

index (TMI) derived by Miesenberger (1997). The TMI of the evaluated cattle breeds consists up to 30 

production and functional traits.  

___________________________ 
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1200 Vienna, Austria  
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Breeding values for the TMI as well as for several sub-indices are estimated either using univariate 

(e.g. protein yield) or multivariate (e.g. calving ease and stillbirth) methods by applying animal or sire-

maternal-grandsire models (the latter for functional longevity only). Some of these models include 

repeated measures, such as somatic cell count (Fuerst et al., 2015). Subsequently, estimated breeding 

values (EBV) for individual traits are combined to form the TMI or other sub-indices by assuming that 

residual covariances between traits or groups of traits are equal to zero. Additionally, genetic 

correlations between many traits are assumed to be zero or were obtained from literature 

(Miesenberger, 1997). These constraints lead to an upwards biased TMI for animals with low 

reliabilities. This assumption was confirmed on simulated data by Pfeiffer et al. (2015). In fact, a full 

multivariate estimation based on phenotypic data would be the optimum methodology. However, it is 

usually not feasible (Mrode, 2014) due to the tremendous amount of data in genetic evaluations and 

restricted computer power (Lassen et al., 2007). Thus, an approximate multivariate model using a two-

step procedure was proposed and validated using simulated data (Durcrocq et al., 2001; Lassen et al., 

2007; Pfeiffer et al., 2015). Results of the simulation study by Pfeiffer et al. (2015) were encouraging, 

but the procedure has to be approved on field data. Therefore, the objective of this study was the 

comparison of routinely estimated breeding values (EBVr) for fertility traits with results of an 

approximate two-step procedure based on de-regressed breeding values (drEBV) and yield deviations 

(YD), respectively.  

 

MATERIAL AND METHODS  

 

All routinely evaluated fertility traits of Pinzgau cattle were chosen to test the approximate two-step 

procedure applied to drEBV (procedure PdrEBV) and YD (procedure PYD). These were non-return-

rate 56 for heifers (NR-H) and cows (NR-C), days from first calving to first insemination (CFI) and 

days from first to last insemination for heifers (FLI-H) and cows (FLI-C). In total, 294,027 records of 

104,866 cows and heifers inseminated between the years 1990 and 2014 were analysed. The pedigree 

consisted of 183,129 animals. In the first step for PdrEBV, a 5-trait genetic evaluation was applied to 

get EBV using the program package MiX99 (Lidauer et al., 2015). The following statistical model was 

used: 

 

y = Xb + Za + Wp + e   (1) 

 

where y is a vector of observations of the traits NR-H, NR-C, CFI, FLI-H and FLI-C; b is a vector of 

systematic effects, including fixed effect of region-year-month of insemination interaction, herd-year 

interaction, parity-age at calving/insemination interaction, inseminator-year (only for NR-H and NR-

C) interaction and service sire (only for NR-H and NR-C); a is a vector of animal effects; p is a vector 

of permanent environmental effects (only for cows) and e is a vector of residuals; X, Z and W are the 
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corresponding incidence matrices. Fertility EBV were then de-regressed by a multivariate de-

regression approach (Schaeffer, 2001), which is implemented in the program package MiX99 (Lidauer 

et al., 2015). The de-regression procedure uses the estimated breeding values and their respective 

effective daughter contributions as weights only considering the general mean as fixed effect. For the 

second procedure PYD, YD were computed, again using the software MiX99 (Lidauer et al., 2015). 

The following model was applied: 

 

y* = y – Xb – Zp   (2) 

 

where y* is a vector of YD; y is a vector of phenotypic observations of the traits NR-H, NR-C, CFI, 

FLI-H and FLI-C; b indicates the vector of all fixed effects, already described for equation 1; p is a 

vector of permanent environmental effects (only for cows); X and Z are the corresponding incidence 

matrices.  

After de-regressing EBV and computing YD, respectively, all five traits were analysed by means of 

the following multivariate animal model: 

 

y
#
 = µ + Za + e   (3) 

 

where y
#
 indicates either drEBV or YD of the respective trait; µ is the general mean; a is a vector of 

random animal additive genetic effects and e denotes a vector of random residual effects. X and Z 

represent the corresponding incidence matrices. Based on approximate Interbull reliabilities (Strandén 

et al., 2000) effective own performances (Edel et al., 2009) were calculated and used as weighting 

factors for drEBV and YD in the multivariate genetic evaluation. For the multivariate genetic 

evaluation routine genetic parameters were used (Fuerst et al., 2015). Spearman rank correlations 

between EBV of routine genetic evaluation, PdrEBV and PYD were calculated using the program 

package SAS 9.2 (SAS, 2008). All EBV were standardised to relative breeding values with a 

mean of 100 and an additive genetic standard deviation of 12. 

 

RESULTS AND DISCUSSION  

 

Means and standard deviations of EBVr, PdrEBV and PYD for all animals and sires with reliabilities 

higher than 50 % (n=318) are given in Table 1. Means for each trait and procedure were similar, also 

standard deviations of EBVr and PdrEBV were almost equal. Standard deviations for PYD were lower 

compared to EBVr and PdrEBV. Table 2 shows the rank correlations between routinely estimated 

breeding values and the two-step procedure applied to drEBV and YD, respectively, for all animals, 

sires with reliabilities higher than 50% and cows with reliabilities higher than 30%. Correlations 
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between EBVr and PdrEBV were almost 1 for all traits and animal groups. Correlations between 

EBVr and PYD were lower. These results were in accordance to the simulation study of Pfeiffer et al. 

(2015). Authors could show that outcomes of an approximate two-step procedure applied to drEBV 

were always closer to the reference method, which was a full multivariate animal model based on 

phenotypic data, than those of an approximate two-step procedure applied to YD.  

 

Table 1. Means and standard deviations of the routinely estimated breeding values, breeding values 

derived from an approximate two-step procedure based on de-regressed breeding values and yield 

deviations for non-return-rate 56 heifer (NR-H) and cow (NR-C), days from first calving to first 

insemination (CFI) and days from first to last insemination for heifers (FLI-H) and cows (FLI-C) 

 Estimated breeding values De-regressed breeding values Yield deviations 

 xa sa xs ss xa sa xs ss xa sa xs ss 

NR-H 99.4 4.2 99.8 6.2 100.0 4.1 99.8 6.2 99.7 3.0 99.7 5.7 

NR-C 99.0 4.0 99.4 6.6 99.0 4.0 99.4 6.5 99.0 3.5 99.3 6.3 

CFI 104.8 6.7 102.5 11.5 104.8 6.6 102.5 11.4 104.5 6.1 102.4 10.8 

FLI-H 100.7 5.0 100.5 7.2 100.7 4.9 100.5 7.1 100.7 3.8 100.4 6.9 

FLI-C 101.0 5.5 100.1 9.0 101.0 5.4 100.1 8.9 100.7 4.9 99.9 8.6 

xa = mean of all animals, sa = standard deviation of all animals; xs = means of sires with reliabilities > 50 %; ss = standard 

deviation of sires with reliabilities > 50 % 

 

Table 2. Rank correlations between routinely estimated breeding values (EBVr), breeding values derived 

from an approximate two-step procedure based on de-regressed breeding values and yield deviations for 

non-return-rate 56 heifer (NR-H) and cow (NR-C), days from first calving to first insemination (CFI) and 

days from first to last insemination for heifers (FLI-H) and cows (FLI-C) for all animals (N=183,129), 

sires with reliabilities >50% (N=318) and cows with reliabilities >30% (N=12,792) 

 De-regressed breeding values Yield deviations 

Trait All Sires Cows All Sires Cows 

NR-H 0.997 0.999 0.998 0.866 0.967 0.970 

NR-C 0.996 0.999 0.998 0.966 0.989 0.984 

CFI 0.998 0.999 0.999 0.983 0.995 0.988 

FLI-H 0.998 0.999 0.999 0.937 0.987 0.977 

FLI-C 0.996 0.999 0.998 0.982 0.992 0.987 

 

In accordance to earlier studies (Sigurdsson and Banos, 1995; Thomsen et al., 2001), proposing 

drEBV to be reliable alternatives to daughter yield deviations, the approximate two-step procedure 

applied to drEBV is feasible. For the development of routine genetic evaluation, an approximate two-

step procedure applied to drEBV is recommended as drEBV are easier available for all traits included 

in the TMI than YD and Interbull breeding values can be implemented straightforwardly. Unpublished 
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results of Pfeiffer (2015) also showed that the estimation of genetic parameters using an approximate 

two-step procedure applied to drEBV was feasible. The entire procedure, including new genetic 

parameters is still under development.  

 

CONCLUSION 

 

An approximate two-step procedure applied to drEBV and YD based on field data is feasible. Results 

are encouraging to continue working on its implementation in routine genetic evaluation. Results open 

up perspectives for the replacement of the current selection index method by an approximate two-step 

procedure based on drEBV.  
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Background

• Currently, a longevity subindex is included in the

official Austrian-German total merit index. It is a

combination of functional longevity and five

auxiliary traits (hip width, body depth, muscularity,

feet and legs, udder).

• Variance components and EBVs are estimated

univariately.

• Genetic correlations between longevity and type

traits are computed in accordance to the approximate

method of Calo et al. (1973).

• The method to calculate the longevity subindex is

based on selection index theory and neglects

residual correlations. This might cause biased EBVs

and reliabilities.

• A multivariate estimation can be considered as the

optimum methodology.

Animals, materials & model

• YDs from Austrian Fleckvieh cattle

(dual purpose Simmental)

• Variance components: 74,292 YDs

(pedigree: 240,268)

• Software:

− Survival Kit v6: YDs and weights for functional

longevity

− MiX99: YDs and weights for type traits

− ASReml 3.0: Parameter estimation

• An animal model was applied incl. a fixed year effect

Conclusions

• Estimation of genetic parameters based on YDs in a
multivariate animal model is feasible.

• Genetic correlations can replace approximate correlations
in the routine evaluation.

Results

Estimates of genetic parameters& for longevity (long), hip
width (hw), body depth (bd), muscularity (mu), feet and legs
(fl) and udder (ud).

&Heritabilities and standard errors (±SE) on diagonal, genetic
correlations above diagonal and phenotypic correlations below
diagonal; a Not significantly different from zero (P>0.05)

• Heritabilities for longevity, muscularity and udder

differ from the routinely published values 0.12, 0.28

and 0.24, respectively.

• Genetic correlations between longevity and hip

width, body depth and muscularity are lower than the

ones used in routine evaluation.

• Genetic correlations between longevity and feet and

legs and udder are slightly higher.

trait long hw bd mu fl ud

long
0.08

±0.006
-0.08a -0.14 -0.08a 0.39 0.40

hw -0.01
0.23

±0.011
0.64 0.39 -0.04a 0.03a

bd -0.02 0.45
0.22

±0.011
0.17 -0.06a 0.02a

mu 0.006a 0.42 0.29
0.36

±0.012
-0.08 -0.27

fl 0.08 0.06 0.08 0.10
0.11

±0.007

0.40

ud 0.10 0.04 0.05 0.007a 0.24
0.30

±0.011

Aim

• Multivariate estimation of genetic parameters for
functional longevity and five type traits applied to an
animal model and based on yield deviations (YD).
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For several decades, breeding goals in dairy cattle focussed on increased milk production. However, many functional traits have
negative genetic correlations with milk yield, and reductions in genetic merit for health and fitness have been observed. Herd
management has been challenged to compensate for these effects and to balance fertility, udder health and metabolic diseases against
increased production to maximize profit without compromising welfare. Functional traits, such as direct information on cow health,
have also become more important because of growing concern about animal well-being and consumer demands for healthy and natural
products. There are major concerns about the impact of drugs used in veterinary medicine on the spread of antibiotic-resistant strains of
bacteria that can negatively impact human health. Sustainability and efficiency are also increasingly important because of the growing
competition for high-quality, plant-based sources of energy and protein. Disruptions to global environments because of climate change
may encourage yet more emphasis on these traits. To be successful, it is vital that there be a balance between the effort required for
data recording and subsequent benefits. The motivation of farmers and other stakeholders involved in documentation and recording is
essential to ensure good data quality. To keep labour costs reasonable, existing data sources should be used as much as possible.
Examples include the use of milk composition data to provide additional information about the metabolic status or energy balance of
the animals. Recent advances in the use of mid-infrared spectroscopy to measure milk have shown considerable promise, and may
provide cost-effective alternative phenotypes for difficult or expensive-to-measure traits, such as feed efficiency. There are other valuable
data sources in countries that have compulsory documentation of veterinary treatments and drug use. Additional sources of data
outside of the farm include, for example, slaughter houses (meat composition and quality) and veterinary labs (specific pathogens, viral
loads). At the farm level, many data are available from automated and semi-automated milking and management systems. Electronic
devices measuring physiological status or activity parameters can be used to predict events such as oestrus, and also behavioural traits.
Challenges concerning the predictive biology of indicator traits or standardization need to be solved. To develop effective selection
programmes for new traits, the development of large databases is necessary so that high-reliability breeding values can be estimated.
For expensive-to-record traits, extensive phenotyping in combination with genotyping of females is a possibility.

Keywords: phenotypes, novel traits, dairy cows, functional traits, genomics

Implications

The advances that have been made in breeding goals have
been based on the needs of breeders; however, they are also
influenced by consumers and societal needs related to food
safety and efficient and environmentally sound production

systems. New functional traits are growing in importance
because of recent declines in animal health and fitness. There
is also growing competition for high-quality, plant-based
sources of energy and protein; thus, it is important to use
those resources very efficiently in animal production.
Successful programmes for animal improvement will require
a balance between the effort needed to record data and the
resulting benefits to farmers.† E-mail: egger-danner@zuchtdata.at
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Introduction

As a consequence of negative genetic correlations between
milk yield and fitness traits, a decline in many functional
traits has been observed (e.g. Jones et al., 1994; Lucy, 2001).
In recent years, there has been a stabilization or even
increase in genetic trends of functional traits (e.g. Miglior
et al., 2012; ZuchtData, 2014). An example for the increase
in genetic trend for longevity is shown for Holstein Friesian in
Figure 1 (Fuerst C., 2014, personal communication). Herd
management has been challenged to compensate for
antagonistic effects and to balance selection for production
while maintaining fertility, udder health and resistance to
metabolic diseases in order to maximize profit without
compromising welfare. As a result, there is increasing
demand around the world for novel traits that can be used
for herd management and genetic improvement, as well as
for monitoring parameters of public interest.
The work needed to record additional data must provide

immediate benefits to the producer in order to motivate the
extra effort required. Individual producers place particular value
on tools that can help them better manage their herds. If other
stakeholders, such as veterinarians, are to be encouraged to
record, for example, treatments and diagnoses, they also need
to accrue benefits from the effort that they put in. As it is more
and more challenging to balance high levels of production with
reproduction and health, there is a growing need for data that
can be used to detect problems at an early stage so that early
interventions can be made.
The inclusion of functional traits in genetic improvement

programmes is important for the long-term development of
dairy populations. Genetic gains are cumulative, and small
improvements that build up over time will provide ongoing
savings to all farmers, particularly those using selection indices
to combine information from many different traits. In response
to these needs, there has been a worldwide shift towards more
emphasis on functional traits in selection programmes over the
past 15 years. Complex breeding goals that include up to 43
functional traits/country are encompassed by total merit indices

(TMI) according to a survey carried out by ICAR in 2012 (Stock
et al., 2012), and the responses from 23 countries showed that
genetic evaluations for calving ease, fertility, longevity, feet and
legs and indirect health traits are very common. However, a
wider range of health traits are actually being recorded, and
there are plans in a number of countries to further expand their
recording programmes to include additional reproduction,
metabolic and efficiency traits. Public interest in the use of
parameters for monitoring food safety, tracking disease out-
breaks and documenting animal welfare is increasing. National
monitoring programmes may therefore be developed to meet
the demands of producers, consumers and regulators. The
objectives of this paper are to give an overview of expected
developments and challenges related to the availability of
novel traits, with emphasis on new health and fitness traits in
the near future, and to suggest strategies for phenotyping of
new traits.

Background

The world population is estimated to reach 9 billion people in
2050 according to the latest demographic reports from the
United Nations (2014), which will require a big increase in food
production. Demand for limited resources will increase and
prices for energy and concentrates will rise. Disruptions in
global environments due to climate change (see, e.g. Walthall
et al., 2012) may also drive a greater emphasis on novel traits,
especially those that optimize resource use efficiency. Cattle
producers will be challenged to findways to reduce greenhouse
gas emissions throughout the production cycle, either by
increasing production efficiency and reducing wastage or by
using new technologies to decrease pollution. In this context,
there is need for novel traits that can be used in herd
management and breeding. Functional traits, such as direct
information of cow health, have also increased in importance
because of growing concerns about animal welfare and
consumer demands for healthy and natural products.
Consumers are also concerned about the impact of drugs used
in veterinary medicine on the spread of antibiotic-resistant
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strains of bacteria that can negatively impact human health.
These requirements are also a part of legal regulations in the
European Union (Pavon, 2013).
According to a scientific report on the effects of farming

systems on dairy cow welfare and disease (EFSA-Q-2006-
113, 2009), the major diseases associated with poor welfare
in dairy cows were leg disorders, mastitis and reproductive
disorders. Pavon (2013) stated that genetic selection of dairy
cattle over many years is considered by the European Com-
mission to be a major factor leading to poor welfare in dairy
cows, which has driven a need for welfare indicators. How-
ever, only healthy cows can perform at high levels of pro-
duction for a long time, and it is important to ensure that
consumers and policy makers understand this.
A key requirement for the recording of data is the

motivation of the stakeholders involved. Several countries
have conducted surveys with farmers to understand their
needs (Steininger et al., 2012; Roessler et al., 2013;
Schwarzenbacher, 2013). A consistent observation in these
surveys has been that farmers place priority on the genetic
progress of functional traits, aiming at robust cows that are
easy to handle. Increasing milk yield is no longer ranked
among the most important traits to select for, but it is quite
possible that survey respondents are indicating a desire for
healthy, long-lived cows that are also highly productive.
Growing emphasis on functional traits indicates that they are
perceived as being more important than in the past – for
example, because herd sizes and labour costs are increasing –
but that does not necessarily mean that production is
unimportant.
According to Bo (2009), a breeding goal should include

the following aspects: increased income (higher production
of milk/beef); reduced costs (better fertility, fewer diseases,
reduced culling rates); ease of management (temperament,
milking speed); and advantages regarding the sale of

products (animal welfare, ethics, consumer concerns).
Complex breeding goals also require information on a wide
range of relevant traits that can be measured economically.
In dairy cattle, these traits include efficiency, health, fertility
and functional conformation. Many countries now use a
diverse group of economically important traits in the TMI to
rank cattle for genetic selection (Figure 2). However,
recording has to have benefits beyond genetic improvement
programmes, and the additional effort required for doc-
umentation must result in added value. Electronic systems
that make data capture easy are a key to long-term success.
Advances in technology will have an impact on the future

definition and availability of phenotypes. The growing use of
SNP-based genotyping may lead to routine genomic eva-
luations of new traits with relatively few daughter records,
particularly if producers are willing to use breeding values
with lower reliabilities than they are accustomed to. Pheno-
types that are expensive to measure, such as direct feed
intake, may be handled by establishing small reference
populations with very thorough data recording. Those data
could be used to develop predictors for the broader popula-
tion based on traits that are recorded in most herds (e.g. Cole
et al., 2014). Recent technological developments will provide
more knowledge about the biological background and
genetic architecture of traits (RNAseq, genome sequencing,
genomics, proteomics, metabolomics, etc.). Sequencing
technologies can be used to identify causal mutations, rather
than SNP in linkage disequilibrium with causal mutations,
which should lead to increased accuracies of genomic pre-
diction (Meuwissen et al., 2013). Metabolomics (the study of
cellular metabolites present within an organism) and pro-
teomics (the study of protein structure, function and patterns
of expression within an organism) should lead to a better
description of phenotypes, which could enhance selection
opportunities.
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Novel functional traits

Direct health traits
Several studies show that the use of direct health traits (e.g.
mastitis diagnoses) is more effective than indicator traits
alone in breeding programmes (Heringstad et al., 2007;
Egger-Danner et al., 2012a; Parker Gaddis et al., 2014). The
Nordic countries have a well-established history of health
recording in dairy cows. In Norway, each case of veterinary
treatment has been registered on an individual cow basis
since 1975 (Heringstad and Østerås, 2013; ICAR, 2013).
Similar recording systems were established in Finland,
Sweden and Denmark during the 1980s. Routine genetic
evaluations for direct health traits have been in place in
Austria and Germany since 2010, in France since 2012 and in
Canada since December 2013. Systems for recording of
diagnoses are presently being established in other countries
as well and will be more widely available in the near future.
Some countries will use veterinary diagnoses, whereas others
will focus on producer-recorded data. Developments towards
integrated use of health data require standardization
of diagnoses to ensure that phenotypes are comparable.
Gernand et al. (2012), Govignon-Gion et al. (2012), Parker
Gaddis et al. (2012) and Pryce et al. (1998) have shown that,
for use in genetic evaluations, common health disorders
recorded by farmers are of a similar quality as those docu-
mented by veterinarians. Combined use of health data from
farmers and diagnosis documented by veterinarians may be
an option to improve coverage of direct health data. In 2012,
ICAR approved guidelines for Recording, Evaluation and
Genetic Improvement of Health Traits (ICAR, 2012). A hier-
archical system with a very comprehensive key of diagnoses
(>900 entries), a reduced key of diagnoses (60 to 100
entries) and a simple key with about 10 diagnoses was
described, enabling multidisciplinary use ranging from
detailed information for veterinarians to simple recording
of health-related observations by farmers (Table 1). Interna-
tional co-operation for comparability of results across
countries is important.

Udder health
Mastitis is the most common trait related to udder health. In
most countries, somatic cell count (SCC) is obtained from
samples processed in milk-recording programmes and used

as an indirect measure of mastitis; the genetic correlation
between mastitis and SCC is much lower than 1 (e.g.
Heringstad et al., 2006; Negussie et al., 2008). Heritability
and genetic correlation estimates are presented in Table 2.
Recent research has focussed on alternative definitions of
SCC, such as prolonged elevated SCC (e.g. de Haas et al.,
2008; Koeck et al., 2010a; Urioste et al., 2010). These novel
definitions showed higher correlations with mastitis and
demonstrated that temporal changes in SCC provide addi-
tional information about mastitis resistance. However, such
analyses may require more frequent collection of samples
than is common in many milk-recording programmes.
Genetic evaluations for clinical mastitis (CM) have been
computed in the Nordic countries for >35 years,
followed by Austria, and are now common in other countries
as well (see the ‘Direct health traits’ section). Udder health
indices combining SCC and CM (and udder conformation
traits) are published in some countries.
Several new methods for the detection of mastitis have

been proposed. Electrical conductivity (EC) is available from
some automated milking systems (AMS) and can be used as
an indicator of mastitis. Collecting and implementing EC
information in a breeding programme may be a challenge
(Norberg, 2005), and recent literature on that topic is limited.
Haeusermann and Hartung (2012) analysed data from near
IR spectroscopy, real-time PCR and IR thermography to
determine whether they are useful indicators of mastitis.
They concluded that the development and testing of new
detection methods for mastitis will require further work. On-
farm or in-line utilization of the data is not applicable for all
of the techniques examined, and there is the challenge of
defining a ‘gold standard’ for the prevention of mastitis.
Recent advances in the capacity of large-scale prediction of
lactoferrin (Soyeurt et al., 2012a) and mineral content indi-
cator traits (Soyeurt et al., 2009), both known to be asso-
ciated with mastitis, could also offer new opportunities to
select for improved mastitis resistance (Soyeurt et al., 2012a
and 2012b). Research has also been carried out on the use of
pathogen-specific information in the genetic evaluation of
mastitis (de Haas et al., 2002; Sorenson et al., 2009;
Haugaard et al., 2012). Different bacteria may cause different
immune responses, and the severity of infection and
response to therapeutics can differ between pathogens. It
has been shown that prevention programmes for heifer

Table 1 Example of use of the hierarchical health key published by ICAR (2012)

Comprehensive key of diagnoses Reduced key of diagnoses
Simple key of
diagnoses

Number of
diagnosis

>900 60–100 10–15

Source Veterinarian Veterinarian Producer
Recording Electronic submission (veterinarian) Veterinarian, performance

record, producer
Producer

Example Central key for health data recording: mastitis catarrhalis acuta, mastitis
catarrhalis chronica, mastitis apostematosa

e.g. AUT: acute mastitis
chronic mastitis

Mastitis
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Table 2 Heritabilities for novel traits

Traits Breed Heritability Sources Remarks

Udder health
Clinical mastitis (CM) HF 0.07–0.08 Urioste et al. (2012) Genetic correlations between CM and SCC 0.62–0.74

FL 0.02–0.06 Koeck et al. (2010a and 2010b)
NR 0.05–0.09 Heringstad et al. (2004)
HF 0.05–0.09 Stock et al. (2013)

Improved SCC – definitions (e.g. prolonged elevated SCC) HF 0.12–0.17 Urioste et al. (2012) Genetic correlations between CM and improved SCC 0.67–0.82
FL 0.09–0.13 Koeck et al. (2010a) Genetic correlations between CM and improved SCC 0.64–0.77
HF 0.01–0.13 De Haas et al. (2008) Genetic correlations between CM and improved SCC 0.55–0.93

Electrical conductivity (EC) BS 0.23 Povinelli et al. (2005)
HF 0.12–0.36 Norberg (2005) Genetic correlations between EC and CM 0.65–0.89

Pathogen information NR 0.04–0.14 Haugaard et al. (2012);
HF 0.04–0.09 Sorensen et al. (2009)

De Haas et al. (2002)
Near IR spectroscopy, PCR and IR thermography for detection of mastitis 0.02–0.10 Polat et al. (2010); Haussermann and Hartung (2012) Information on specificity and sensitivity of methods
Lactoferrin 0.22 Arnould et al. (2009); Soyeurt et al. (2012a) Lactoferrin predicted from Mid IR (MIR) spectroscopy
Minerals 0.50 (Ca) Soyeurt et al. (2009) Minerals predicted from MIR spectroscopy

0.34 (Na) Soyeurt et al. (2012c)
0.52 (Mg)

0.48 (K) 0.55 (P)
Reproduction

Fertility-related diseases (cystic ovaries, retained placenta, metritis, silent heat, etc.) 0.01–0.07 Heringstad (2010) Genetic correlation of early reproductive disorders to NR56 0.396
0.01–0.14 Koeck et al. (2010b)

Multiple ovulation, ovarian cysts, retained placenta, metritits, silent heat 0.006–0.26 Berry et al. (2014) Review
Interval from calving to commencement of luteal activity HF 0.13–0.21 Berry et al. (2014)
Retained placenta, ovary cycle disturbances HF 0.04 Stock et al. (2013)

Metabolism
Ketosis, milk fever FL 0.01, 0.03 Fuerst-Waltl et al. (2014)
Ketosis, displaced abomasum HF 0.02, 0.04 Koeck et al. (2013)
Milk fever, ketosis NR 0.09–0.13,

0.14–0.16
Heringstad et al. (2005)

Ratio fat and protein content (first 2 test days) FL 0.16 Fuerst-Waltl et al. (2014) Genetic correlation to ketosis 0.38
Feet and legs

Lameness HF 0.04 Berry et al. (2010) Low genetic correlation to claw health
HF 0.02 Koeck et al. (2014)

Disorders based on veterinarian diagnoses FV 0.02 Fuerst-Waltl et al. (2012) Lower frequency (only severe cases)
Disorders based on data from hoof trimming data HF 0.02–0.13 Häggmann and Juga (2013)

HF 0.01–0.09 Chapinal et al. (2013)
NR 0.04–0.23 Ødegård et al. (2013 and 2014)

Other novel traits
Temperament (general temperament, milking temperament) BS 0.12–0.20 Kramer et al. (2013)
General temperament, aggressiveness, milking temperament HF 0.38, 0.12, 0.04 Gautam and Nakao (2009)
Suckling behaviour (allowing suckling) FL 0.04 Fuerst-Waltl et al. (2010)
Milkability from AMS (average flow rate) HF and SR 0.38–0.42 Carlström et al. (2013a and 2013b) Genetic correlation of 0.93 and 1 between milkability between

conventional systems and AMS
NR 0.11–0.30 Heringstad and Bugten (2014)

Behaviour traits from AMS HF 0.06–0.31 Rinell (2013)
Activity data HF 0.03–0.27 Schöpke und and Weigel (2014)
Fatty acids 0.18–0.44 Bastin et al. (2011a)

Feed efficiency and methane
Residual Feed Intake HF 0–0.32 Pryce et al. (2014a) Cows

HF 0.40 De Haas et al. (2011)
Residual Feed Intake (RFI) HF 0.22–0.38 Pryce et al. (2014a) Heifers
Methane predicted from RFI HF 0.35 De Haas et al. (2011)
Methane predicted from MIR HF 0.09–0.12 Kandel et al. (2013) Daily heritability unit: g/day
Methane intensity predicted from MIR HF 0.12–018 Kandel et al. (2013) Daily heritability unit: g/kg of FPCM

SSS = somatic cell count; AMS = automated milking systems; FPCM = fat and protein corrected milk.
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mastitis can be more efficient when information about
pathogens is known (De Vliegher et al., 2012). The most
significant challenge is in obtaining microbial cultures for a
large number of animals because the data are expensive to
collect relative to SCC or producer-reported diagnoses of CM.

Reproduction
Reproduction consists of several different traits. To establish
a recording scheme for female fertility, the following data are
desirable: (1) calving dates; (2) all artificial insemination
dates as well as natural mating dates wherever possible;
(3) information on fertility disorders; (4) pregnancy test
results; (5) body condition score (BCS); and (6) hormone
assays (ICAR, 2014). Routinely used fertility traits are mainly
based on calving and insemination data. However, the use of
fertility-related diagnoses is increasing, which envisions
improved selection for reproductive health. Physical activity
increases during oestrus. In addition, there are other beha-
vioural changes, such as standing heat and mounting beha-
viour. These signs can be used to detect oestrus and can be
used to calculate traits such as interval between calving and
resumption of oestrus. It is probably unrealistic to routinely
collect such data without automating heat detection. For
example, pedometers and more sophisticated activity moni-
tors are now being used routinely on many farms as part of a
herd management package. The pedometer information
needs to be compared with a baseline for the same cow, and
algorithms have been developed to interpret the data col-
lected. The efficiency of the oestrus detection rate has been
reported to range between 50% and 100% depending on the
criteria of success (At-Taras and Spahr, 2001). The ‘gold
standard’ for oestrus detection is serum progesterone, and
comparisons of pedometer – with progesterone-determined
oestrus – has shown that activity monitors cannot detect
silent behavioural oestrus (Lovendahl and Chagunda, 2010).
However, an advantage of both progesterone- and activity-
determined oestrus is that they do not require direct obser-
vations by farm workers. Novel predictors of fertility, such as
pedometers and BCS, are growing in popularity (Fogh et al.,
2013). Several researchers have shown that BCS has a
favourable relationship with fertility (e.g. Pryce et al., 2001;
Berry et al., 2003). Research on the use of mid-infrared (MIR)
predicted fatty acids as indicator traits for fertility (Bastin
et al., 2012) and of MIR for pregnancy status testing is also
underway (Gengler et al., 2013).
Labial position is associated with urovagina, a condition in

which urine accumulates in the cranial portion of the vagina,
which has harmful effects on fertility (Gautam and Nakao,
2009).
Genomics offers new possibilities for the discovery of

harmful recessive effects on fertility based on the absence of
homozygous haplotypes (VanRaden et al., 2011). A number
of causative mutations have been identified using SNP gen-
otypes and whole-genome sequence data (Adams et al.,
2012; Fritz et al., 2013; Sonstegard et al., 2013; McClure
et al., 2014), and a deletion with positive effects on milk yield
and negative effects on fertility has recently been identified

in Nordic Red cattle (Kadri et al., 2014). In Fleckvieh (Sim-
mental) and Brown Swiss, deleterious mutations compro-
mising reproductive and rearing success in cattle have been
discovered (Pausch et al., 2014a and 2014b; Schwarzenba-
cher et al., 2012).
These methods are amenable to automation, and in the

United States and several other countries the process of
searching for new recessives is now a part of the genomic
evaluation system.

Feet and legs
Foot and leg conditions rank among the three most frequent
reasons for culling after reproduction and udder health. The
conformation of feet and legs is recorded routinely by linear-
type classification systems that are often part of the services
offered by breed societies. Feet and leg conformation traits may
be useful indicator traits for claw health. They cannot replace
direct measures of claw health because their genetic correla-
tions with claw disorders are low, but they can be used to
increase the reliability of EBVs (Häggmann and Juga, 2013;
Chapinal et al., 2013). Koenig et al. (2005 and 2006), Koenig
and Swalve (2006) and Linde et al. (2010) showed that the
efficiency of breeding for improved claw health increases con-
siderably when claw health data are included. Routine elec-
tronic recording systems for claw health at the time of trimming
exist in the Nordic countries (Johansson et al., 2011;
Häggmann et al., 2013; Ødegård et al., 2013), and have been
introduced in other countries as well (Kofler, 2013). Ødegård
et al. (2013) showed, based on Norwegian data, that breeding
for claw health is possible, and genetic evaluations based on
data from claw trimming will be implemented in the breeding
programme for Norwegian Red cattle in 2014.
The most frequently available information is locomotion

scoring (http://www.zinpro.com/lameness/dairy/locomotion-
scoring). Weber et al. (2013) suggest that lameness might be
a useful indicator for claw and leg health. Automated
lameness detection based on activity sensors that measure
lying time, number of lying bouts combined with milking and
feeding data based on a cow-specific model could be a useful
tool for dairy management, according to De Mol et al.
(2013). Giuliana et al. (2014) showed that lameness results
in behavioural changes in dairy cows in AMS. Lame cows had
less feeding time and visited the robot less frequently com-
pared with sound cows. In the Nordic countries, Austria and
Southern Germany, veterinary diagnosis of feet and leg traits
is recorded routinely. Several studies found that genetic
evaluations based on veterinary diagnoses are valuable (e.g.
Fuerst-Waltl et al., 2012). As veterinarians are typically
consulted only in the most severe cases, incidence rates
based on veterinary diagnoses are much lower than those
based on hoof trimming information. For effective improve-
ment of the feet and legs complex, it is important to establish
systems that allow the collection of data from hoof trimmers.

Metabolic status
To date, direct traits for metabolic disorders are only rarely
used in genetic evaluation. Germany and Austria publish
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EBVs for milk fever for Fleckvieh (Simmental) and Brown
Swiss. The Nordic countries include this information in the
EBV for general health. In herd management, milk content
traits such as fat and protein percentage, fat : protein ratio,
and milk urea nitrogen are used for early detection of pro-
blems associated with metabolism. Recent research has
focussed on using this information for genetic improvement
as well (Koeck et al., 2013; Negussie et al., 2013). One of the
limitations with this approach is that if the intervals between
milk recording are too long, the predictive ability is limited.
Automated milk-recording systems could fill this gap by
providing more frequent observations (Nicolazzi et al., 2012).
Subclinical metabolic disorders like ketosis are thought to
account for substantial economic losses; thus it may be
important to detect subclinical signs at an early stage. These
could be based on serum parameters like non-esterified fatty
acids or ß-hydroxybutyric acid (BHBA) concentration (Robert
et al., 2012; Van der Drift et al., 2012). BHBA is the ‘gold
standard’ of many cowside tests. The availability of such
subclinical information will depend on the specificity and
sensitivity of the tests as well as on ease and costs of
implementation on-farm. Other potential indicator traits
include MIR spectroscopy-based traits (Bastin et al., 2011b;
McParland et al., 2011) or rumen activity, and BW change
(Fogh et al., 2013). Melzer et al. (2013) showed that there
might be potential in the identification of important meta-
bolites that can help monitor the metabolic profile of a cow.
Roche et al. (2010) have shown a relationship between BCS
and metabolic disorders. The risk of metabolic disorders is
higher when BCS is below 2.5 or above 3.5.

Calving traits
Breeding values related to calving ease and stillbirth are
commonly available (Interbull, 2013). Genetic evaluations
usually differentiate between direct and maternal and first-
and later calvings, and there is substantial variation among
countries in the models used for evaluations. Although most
countries use single-trait models (summarized in Cole et al.,
2007, Table 1), Eaglen et al. (2012) showed that multiple-
trait models may be better than single-trait models, and
suggest that aggregate breeding values may be an effective
way of ensuring that producers place emphasis on both
direct and maternal traits. Breeds differ with respect to rates
of dystocia and stillbirth, and evaluations are sometimes
available only for some of the breeds in a country (e.g. Cole
et al., 2005; Yao et al., 2014). Health disorders related to
calving difficulties are recorded in some countries.
Recent studies showed the potential of decreasing losses

during the rearing period. Fuerst-Waltl and Fuerst (2010) and
Fuerst-Waltl and Sorensen (2010) investigated the genetic
background of postnatal mortality in calves and replacement
heifers in different age groups until first calving in Danish
Holsteins and Austrian Simmentals. Genetic and phenotypic
variation seems to be sufficiently high to genetically improve
the trait of calf and heifer mortality. Some research also has
been conducted on the health traits of Holstein calves in the
United States (Mousa et al., 2013), but heritability estimates

were low, ranging from 0.01 to 0.06. In a genetic analysis of
respiratory disease in Norwegian Red calves, Heringstad
et al. (2008) found that reasonably precise genetic evalua-
tions of sires for calf diseases could be calculated, despite the
low frequency of those diseases.
In this context, information about raising stock is impor-

tant. Heifers that cycle and do not get pregnant or heifers
that are inseminated but are culled before calving are of
interest. Reasons also may include conformational or beha-
vioural issues (Bethard, 2008). The trait longevity is included
in the total merit index in most of the countries. However,
losses during rearing are generally not considered, or are
included in a very simple manner. Mortality in dairy cattle is
relevant not only with regard to economic losses but also
with regard to animal health and welfare. McCorquodale
et al. (2013) showed the potential of using calfhood diseases
and survival in future dairy cattle breeding programmes.

Feed efficiency
An expected increase in prices for concentrates and energy
will increase the focus on feed efficiency. Efficiency can be
defined as output per input unit at the farm level, as well as
for individual animals. Residual feed intake (RFI), also known
as net feed efficiency, is growing in popularity as a measure
of feed efficiency. RFI is generally calculated as the difference
between actual and predicted dry matter intake (DMI).
Efficient animals have lower DMI at the same level of milk
production and the same weight. The greatest obstacle in the
widespread use of feed intake and feed efficiency measures
in breeding objectives is the availability of large quantities of
feed intake data on individual animals (Berry and Crowley,
2013). There are two promising options for enabling selec-
tion for RFI: (1) predictor traits (Fogh et al., 2013) and
(2) genomic prediction (Pryce and Berry, 2014; Pryce et al.,
2014a and 2014b).
Rumen activity might be a future indicator trait for feed

efficiency. Other measures in feed, faeces and urine samples
are being developed – for example, metagenomic predictions
using the rumen microbiome (symbiotic microorganisms) of
enteric methane in cattle and body mass index in humans are
showing promise (Ross et al., 2013) and could possibly also
be used for predicting RFI (De Marchi et al., 2014). In a recent
review by Pryce et al. (2014a), which included seven studies
of beef and dairy cattle, the accuracy of genomic predictions
of RFI, energy balance and DMI ranged between 0.20 and
0.43. In theory, a genomic reference population can be
assembled using a sub-population of animals with genotypes
and phenotypes used to generate a genomic prediction
equation (Berry et al., 2014; Pryce et al., 2014a and 2014b).
The genomic prediction equation can then be applied to the
rest of the population. However, farmers are unlikely to
accept accuracies in the range currently estimated (<16%).
This means that much larger populations need to be
assembled. An international collaboration is endeavouring to
build a data set of >6000 individuals with genotypes and
phenotypes (from nine contributing partners) (Berry et al.,
2014; Pryce and Berry, 2014; Pryce et al., 2014a and 2014b).
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Selection for RFI, or RFI, has been reported to lead to
reductions in methane emissions of ~13.45 g CH4/kg RFI
(Hegarty et al., 2007) and 18.2 g CH4/kg RFI (Nkrumah et al.,
2006). A similar potential for abatement has been observed
in Holstein dairy cattle, 17.5 g CH4/kg RFI (Pryce et al.,
unpublished data). Reducing RFI by 1 kg could lead to
between 4% and 8% reduction in methane emissions. If RFI
was to be included in the Australian national breeding
objective, the Australian Profit Ranking, then it is predicted
that RFI would reduce by 1.76 kg/cow per year (Gonzalez-
Recio et al., 2014a). Direct measurement of methane is
expensive and is unlikely to be available in sufficient num-
bers for breeding in the near future, unless novel ways of
measuring methane on large numbers of animals that are
currently being tested prove to be successful. Chagunda et al.
(2009) reported that a laser methane detector can be used to
accurately estimate enteric methane output in dairy cows
without affecting their normal activity. Dehareng et al.
(2012) and McParland et al. (2014) reported the potential
capacity to provide MIR spectra-based methane indicators.
Such systems may be an attractive way to collect many
phenotypes if they are cost-effective and durable.

Other novel traits

Behavioural traits
Other traits, such as temperament, are of growing interest
because farmers want cows that are easy to handle. From the
aspect of animal welfare, these traits are gaining interest as
well. So far, little information about heritabilities of behavioural
traits is available, but commercial dairymen cull animals
because of poor temperament (Berry et al., 2005). Tempera-
ment or behaviour is often subjectively scored. According to
Kramer et al. (2013), heritabilities based on phenotypes scored
by independent people were lower than when scored by
farmers (0.12 v. 0.20). Kramer et al. (2013) analysed traits
including general temperament, milking temperament,
aggressiveness, rank order in herd, milking speed and position
of labia for Brown Swiss. General temperament was scored by
farmers using a 5-point scale (1 = very nervous and 5 = very
calm) as described by Juga (1996). The heritability for general
temperament was 0.38, that for aggressiveness was 0.12 and
that for milking temperament was 0.04.

Traits out of data from AMS
AMS offer the possibility to record traits related to work-
ability, which are described by Rinell (2013). Temperament or
behaviour, ease of handling and milkability are examples of
traits that could be derived from measures routinely recorded
in AMS. A measure of temperament from the AMS system
could be teat cup attachment failures. Rinell (2013) esti-
mated genetic correlations of r = − 0.38 and r = − 0.50
between two teat cup attachment failure traits and tem-
perament. Different approaches concerning milking speed
are used. Data from AMS offer new possibilities to record
such traits automatically (Byskov et al., 2012; Carlström

et al., 2013a and 2013b). Carlström et al. (2013b) compared
milkability from conventional milking parlours with AMS
systems. They showed genetic correlations of 0.93 and 1.00
between the two systems and concluded that the inclusion of
only one trait in breeding programmes is sufficient. Love-
ndahl et al. (2012) also discuss milking efficiency, in addition
to milking speed. Milking efficiency describes the yield of
ECM per minute in the milking box and is of interest for
automated milking. This includes time for entry, cleaning,
attachment, milking, exit and unit cleaning.

Adaptation to climate change
Exposure of animals to extreme weather conditions can be
used as proxy for future climate change. Such exposure will
trigger autonomous adaptations by the animals, but these
adaptations are not perfect and therefore residual impacts or
vulnerabilities will remain (Smit et al., 1999). By quantifying
these non-adaptations, novel traits can be defined to assess
the degree of resilience of an animal to climate change.
Resilience can be defined in many ways, the simplest of
which may be the individual response of an animal to a
stressor variable linked to the weather. A commonly used
stressor variable is the temperature heat index, initially
developed by Thom (1959) as a heat index for human com-
fort, and is commonly used as indicator of heat stress.
Reported research in this field addressed individual respon-
ses in both production and functional traits and reported
clear trait differences, fertility and intake being often con-
sidered the most strongly affected (e.g. Kadzere et al., 2002;
De Rensis and Scaramuzzi, 2003; West, 2003). Recent
research also reported responses in some novel traits having
a direct biological meaning. Gengler (2014) reported, in this
context, the reaction of MIR-predicted fatty acid C18:1-cis9
content in milk to heat stress. Several authors have shown
that this trait reflects very well the equilibrium between
mobilization and intake – heat-stressed animals eating less
and mobilizing more (e.g. De Rensis and Scaramuzzi, 2003).
This element is of large importance when considering both
adaptation to and mitigation of climate change in climate
conscious breeding objectives. More detailed physiologically
based adaptation traits such as heat shock proteins have
been proposed (Lewis et al., 1999), but large-scale pheno-
typing is obviously more difficult to organize and these traits
are therefore less useful for practical breeding.
Currently, despite promising research results, in cattle, no

large-scale breeding programme directly includes adaptation
traits. However, current breeding objectives are indirectly
affecting adaptation given the unfavourable correlations
between resilience and production traits (e.g. West, 2003).
Although profound scientific knowledge about the detailed
relationships of resilience traits with other traits might still be
missing, it can be hypothesized that more resilient animals
are also more robust animals (i.e. more fertile) in general.

Sucking traits
Another trait of interest is suckling behaviour. Cross-suckling
and inter-suckling are considered abnormal behaviours in
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cattle and constitute a common problem in dairy farming
(Fuerst-Waltl et al., 2010). De Passillé (2001) noted that
deprivation of the opportunity to suck may interfere with
digestive processes and used an artificial feeding system to
examine the effects of milk flow rate on calf behaviour. In a
review of dairy cow behaviour, Von Keyserlingk et al. (2009)
concluded that calf feeding systems that allow the expres-
sion of normal behaviours, such as sucking on a teat, are best
for the animals. Studies of oral behaviours in calves are
typically based on direct observations, and the general con-
sistency of independent studies suggests that the metho-
dology used to record those behaviours is adequately
standardized (e.g. Margerison et al., 2003).

Milk fatty acids
Fine milk composition traits, and in particular fatty acid
profiles, can be considered another group of traits of interest
(Gengler and Soyeurt, 2010). The importance of this type of
traits is double: first, directly as indicators of milk quality
(Bauman et al., 2006) and, second, also as indicators of the
physiological and health status of the animals (e.g. Bastin
et al., 2011b). Some studies established a link between milk
composition and the environmental footprint of cows for
nitrogen (Jonker et al., 1998) and for methane (Mohammed
et al., 2011), these emissions being linked to fatty acid pro-
files. Unfortunately, measuring fine milk composition, and
especially fatty acid composition, is not feasible on a large
scale in an economical fashion as reference chemical ana-
lyses are very expensive and time-consuming. Recently,
through the use of MIR spectroscopy, the prediction of most
major fatty acids has become feasible on a large scale
(Soyeurt et al., 2011), creating new opportunities for the
recording and use of novel fine milk composition traits, in
particular fatty acids.

Milk coagulation properties
Several physical characteristics of milk that are of importance
in cheese manufacture have been described in the literature,
including rennet coagulation time, curd firmness 30 min after
rennet addition, and curd-firming time (Bittante et al., 2012).
These traits are largely genetically independent of milk yield
(Ikonen et al., 2004), and there is interest in improving those
traits in many breeds (Ikonen et al., 1999; Cecchinato et al.,
2011). One limiting factor in providing such evaluations is
the time and expense involved in collecting the phenotypes,
but recent research suggests that MIR spectroscopy may
provide reasonable predictors that can be measured on many
samples affordably (Cecchinato et al., 2009).

Beef traits
Carcass traits are routinely recorded at slaughter houses and
are available for genetic evaluation. This includes traits like
dressing percentage, trading score and information about
net daily gain. According to a survey carried out by Gene2-
Farm, tenderness is another trait that is more widely recor-
ded for beef breeds. The availability of beef quality traits is
still limited and under research (e.g. Gene2Farm). As the

collection of beef quality traits is very expensive, genomics
offers the chance to set up registration of these traits for a
limited number of genotyped animals. A detailed review of
this topic is outside the scope of this study.

Recording systems and sources of data for novel traits

For accurate breeding values there are two major possibilities:
either cost-effective phenotypes are required on a large scale or
investment must be made in the genotyping and collection of
high-cost phenotypes for a limited number of females. Owing
to advances in technologies, new traits based on lab data or
automation are offering new possibilities. Many precision dairy
farming technologies, including daily milk yield recording, milk
component monitoring (e.g. fat, protein and SCC), pedometers,
automatic temperature recording devices, milk conductivity
indicators, automatic oestrus detection monitors and daily BW
measurements, are already being utilized by dairy producers
(Bewley, 2010). To invest in this equipment is expensive and
will only pay for large farms. According to the review by Rutten
et al. (2013), sensor systems for mastitis and reproduction are
brought to a high level of development, but still need to
improve detection performance.
Laboratory data include indirect health data with a spec-

trum of traits according to sampling protocols and testing
requests (e.g. microbiological testing, metabolite analyses,
hormone tests, virus/bacteria DNA, IR-based measurements)
(Soyeurt et al., 2009). The advantage of lab data is that, in
general, they are automated or semi-automated recording
systems that produce objective measurements, and many
data can be obtained at low cost. The disadvantage might be
that, for example, for bacteriological findings or hormonal
assays – data might be only from preselected animals.
To use synergies and enlarge the range of possible phe-

notypes for genetic collaboration with other organizations
and institutions is an option (Figure 3). Data security issues
have to be considered, and standardized protocols for
ensuring security are necessary. Slaughter houses, dairy
plants, health organizations and other entities are routinely
recording data for their own purposes. The monitoring of
welfare is gaining increasing importance. The central role of
dairy cattle health in the context of animal welfare and
consumer protection implies that farmers and veterinarians
are obligated to maintain high-quality records, emphasizing
the particular sensitivity of health data. The legal require-
ment to monitor the development of different indicator traits
offers the possibility of synergies for recording of traits. One
example is direct health data, which are partly recorded
based on legal documentation requirements (Stege et al.,
2003; Østerås et al., 2007; Egger-Danner et al., 2012b).

Genotyping females in research herds
As several novel traits currently under investigation are
expensive to record, using research herds for phenotyping in
combination with genomics are an attractive source of data,
as are herds that engage in intensive data collection. These
farms are of particular interest for feed efficiency, methane
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emission and high-cost health traits. As several thousand
phenotypes are required to accurately determine the char-
acteristics of traits in terms of heritability and correlations to
other traits of interest in the breeding goal (Calus et al.,
2013a), there is a clear need to invest in phenotyping of
many animals for the new traits, as well as possible indicator
traits (Gonzalez-Recio et al., 2014b).
In breeding programmes worldwide, more and more

young bulls with genomic expected breeding values (GEBVs)
are used. The reliability of the GEBVs depends to a very high
extent on the size of the reference population. To achieve
genetic response for the novel trait, the reliability of the trait
is crucial. The limitation for novel traits where phenotyping
has only recently started is that it will be very difficult or
impossible to establish a large reference population based on
bulls, as the number of bulls used within breeding pro-
grammes has been reduced because of genomic selection.
Methods to increase the accuracy of genomic predictions are
as follows: enlarging the reference population, using chips of
higher density, imputing from lower densities to higher
densities and the inclusion of ungenotyped cows in the
reference population (Pszcola et al., 2013).
Enlarging the reference population by adding females is

also a possibility. Simulation studies (e.g. Buch, 2011;
Pszcola et al., 2013; Gonzalez-Recio et al., 2014b) show that
for novel traits and limited resources it is more effective to
genotype females than only males. The impact of the cow
reference population also depends on the sampling strategy.
Including only elite dams will only result in minor increases of
reliabilities and may lead to biased estimates. Exploring the
variation of the trait by sampling extreme cows (top tails
and bottom tails of distribution) will increase the benefit
(Jimenez-Montero et al., 2012). However, it is desirable to
either randomly select cows or select those that will

contribute the most data, which is the strategy being applied
in the Australian genomic information nucleus known as
Ginfo (Australia’s genomic information nucleus). Traits with
medium to high heritability gain more from genotyping cows
than direct health traits with low heritability (Egger-Danner
et al., 2014). Bolignon et al. (2012) showed that reference
population animals with extreme yield deviations are the
most informative for genomic selection. De Haas et al. (2012)
have shown that it is possible to increase the number of
genotypes and phenotypes by merging data from various
research herds worldwide. Validation of equations in com-
pletely independent populations showed promising results
(Pryce et al., 2014b). Different studies stress the optimum
design of female reference populations to use resources
efficiently (Buch, 2011; Pszczola et al., 2012; Thomasen
et al., 2014). It is important that the variance of the trait can
be explored and that the relationship within the reference
population is low but closely related to the evaluated
population. Therefore, it is important to update the reference
population continuously.
Experiences from the United States showed that there is

some gain from the inclusion of cows in the predictor
population (Wiggans et al., 2011), but adjustments to their
records may be needed to avoid potential biases (Dasson-
neville et al., 2012; Wiggans et al., 2012). The use of cows in
predictor populations for novel traits that lack a large group
of bulls with high-reliability evaluations will be necessary.
Table 3 gives an overview of gEBV reliabilities for novel traits.
So far, experience is limited with real data. However, it is
unclear whether or when low-reliability cow data should be
removed from the predictor population as the reliability of
sire EBV increases.
Cost efficiency is an important criterion for the success and

sustainability of breeding programmes. Therefore, it might
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be too expensive to continuously record data extensively on
research herds. Indictor traits with known genetic correlation
to the direct trait of interest may be used instead. According
to Pszcola et al. (2013), easily recorded predictor traits could
be used to increase the reliability of scarcely recorded traits –
for example, fat- and protein-corrected milk yield and live
weight for DMI – and the bias of genomic breeding values of
scarcely recorded traits could be reduced. As described under
the various trait complexes, this approach could be applic-
able also for metabolism, feet and legs and other traits
(Axelsson et al., 2013). Genomic selection programmes for
indicator traits also benefit from the inclusion of cows in the
reference population (Calus et al., 2013a and 2013b).

Challenges

Predictive biology
Biomarkers, such as metabolites or milk components, may be
rich sources of information about novel phenotypes (Gengler
et al., 2013). Standard analyses undertaken by milk-
recording laboratories, such as by MIR spectroscopy,
generate spectral data that reflect many characteristics of
milk. Research is currently underway to investigate the use of
this data for prediction of indicator traits (RobustMilk, Opti-
MIR, PhenoFinlait, GplusE, etc.). The main challenge posed
by these data is the lack of reference data for the detection of
disease, such as mastitis. A reliable pool of ‘healthy’ and
‘sick’ animals is required. For traits with low heritability and
limited reliability and repeatability, this is even more difficult.
The reference data set has to account for different production
circumstances. There is the need for comparability of spectra
from different instrument manufacturers (Foss, Bentley,
Delta, etc.), models within brands, and stability over time.
The repeatability of results across different breeds and

production environments, as well as logistical challenges
related to data collection and transfer, must be considered.
This includes extracting data from spectrometers and storing
of MIR spectra, standardizing spectra, complex computation
of indicators and finally the implementation into routine
milk-recording work flow (Soyeurt et al., 2012b and 2012c;
Gengler et al., 2013).
Predictive biology is also a topic for other sensor techniques.

According to a review by Rutten et al. (2013), research is still
needed. In the future, genomic data could be integrated to
improve the prediction. Different environmental effects, such as
feeding and management, can influence the prediction equa-
tions. Therefore, there is also a need for calibration across
breeds and countries (De Marchi et al., 2014). Prediction
equations are derived using reliable phenotypes from a large
sample of animals, with the ultimate goal of predicting phe-
notypes directly from theMIR spectra. In Figure 4, the system of
prediction is described. The prediction equation is derived
based on reliable phenotypes for novel traits (e.g. mastitis)
from a larger sample of animals. The ultimate goal is to predict
phenotypes directly from, for example, MIR spectra. Advances
could be that these equations are improved by taking the
genomic information into account.

Standardization and integration of relevant data sources
There are many mechanical and electronic systems on dairies
that can be used as sources of new phenotypes (Figure 5).
Automatic milking and feeding systems, for example, routinely
generate many observations. Among them, which data are
actually stored is again different. There is a need for harmoni-
zation in trait definitions across systems and devices. An
additional challenge is the availability of data. Many systems
use process computers that do not communicate with external
databases. This results in data that are ‘stranded’ in different

Table 3 Reliabilities of genomic EBVs for novel traits

Traits Novel traits
Size of calibration
group

Reliability/
accuracy* Sources Remarks

Udder health CM 2563 bulls 0.26 Heringstad et al.
(2011)

7800
bulls+ 10 000
cows

0.17/0.23 NAV Routine
Evaluation (2014)

Increase related to pedigree index (RDC) (bulls/
bulls+ cows in reference)

Reproduction Fertility-related
disorders

3363 bulls 0.17–0.65* Haugaard et al. (2014) Correlation GEBV and EBV

Feet and legs Claw health 967 bulls 0.29–0.35* Ødegård et al. (2014) Correlation GEBV and DYD
7800
bulls+ 10 000
cows

0.24/0.33 NAV Routine
Evaluation (2014)

Increase related to pedigree index (RDC) (bulls/
bulls+ cows in reference)

Feed
efficiency

RFI Various 0.40–0.43* Pryce et al. (2014a)

Energy balance 0.29* Pryce et al. (2014a)
Dry matter intake 0.20–0.35* Pryce et al. (2014a)

Other
diseases

Other diseases 7800
bulls+10 000
cows

0.17/0.17 NAV Routine
Evaluation (2014)

Increase related to pedigree index (RDC) (bulls/
bulls+ cows in reference)

GEVB = genomic estimated breeding value; RDC = red dairy cattle; DYD = daugher yield deviation; RFI = residual feed intake; * = accuracy.
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systems that cannot easily be integrated into a single database
for analysis. When such data are available in a central data-
base, they can also be used for benchmarking, which offers an
opportunity to compare performance both between and within
farms over time. A single parameter does not provide an
appropriate benchmark, and indices based on a basket of
parameters may provide a better marker of overall performance
(Bradley et al., 2013). Benchmarks also provide farmers with
rapid feedback about the effect of management changes on
farm performance, and may encourage ongoing participation in
data collection programmes.

Simplicity and ease-of-use for farmers
The future availability of phenotypic data will depend heavily
on the motivation of the farmers. It is expected that the traits

and data available will further increase. The challenge is to
present those data in a way that does not overwhelm farmers
when providing useful tools. Easy handling and simple access
to data is essential because time is a limiting factor on
most farms.

Conclusions

Conditions of production, as well as consumer demands, will
have an impact on the future availability of phenotypes.
Traits connected with animal health, animal welfare, food
safety and efficiency will become more important. Advances
in technology will enable more precise trait definitions, with
phenotypes closer to the genotype. Technological advances
will permit the closer integration of existing data sources.

Animal status (e.g., pregnant or not)
Animal heath (e.g., mastitis)
Reaction to the environment (e.g., heat-stress)
Influence on the environment (e.g., methane)

Health recording
Fertility recording
Feeding recording

….

Predictor variables
“Biomarkers”

(e.g., milk MIR spectra)
Pooled Databases

Prediction equations

Reference data

Predictive biology

Prediction (e.g. used inside 
management tools)

Figure 4 Overview about the system of predictive biology to determine traits based on prediction equations.

Figure 5 Sources of on-farm information that can be used to collect health and fitness phenotypes (source: http://commons.wikimedia.org/wiki/File:
Amish_dairy_farm_3.jpg).
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New technologies are expected to provide better indicator
traits for fertility, mastitis, metabolism and energy efficiency.
There are still challenges to solve before some technologies
can be widely applied on a routine basis, including the pre-
dictive biology of indicator traits, the harmonization of data
from automated systems, the motivation of farmers to record
high-quality phenotypes and the genomic gap for novel
traits. To overcome the phenomic gap between traditional
traits and novel traits, expanded genotyping of cows should
be considered. International co-operation will ensure that
trait definitions are consistent across countries and will
support the research necessary to deliver new management
and selection tools to farmers.
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  ABSTRACT 

  A complex deterministic approach was used to model 
the breeding goal and breeding structure for the Aus-
trian Fleckvieh (dual-purpose Simmental) breed. The 
reference breeding goal corresponded to the current to-
tal merit index (TMI-R), where dairy traits have a rela-
tive weight of 37.9% and fitness traits of 43.7% (beef 
traits 16.5%; milkability 2%). The breeding program 
was characterized by 280,000 cows under performance 
recording, 3,200 bull dams, 100 test bulls with a test 
capacity of 25%, and 15 proven bulls and 8 bull sires 
per year. The annual monetary genetic gain (AMGG) 
was generated mainly by increases in milk fat and milk 
protein yield (80.6%) and only to a small extent by fit-
ness traits (6.6%). The inclusion of direct health traits 
(early reproductive disorders, cystic ovaries, and masti-
tis) with their economic weights increased the relative 
AMGG for fitness traits from 6.6 to 11.2%. The pres-
ently slightly negative AMGG for fertility index and 
udder health changed in a positive direction. Increasing 
the weight on the direct health traits by 50% resulted 
in a further shift toward fitness and health. The effect 
of strategies using genomic information in a total merit 
index (TMI) with varying weights on fitness and health 
traits was also analyzed. The conventional progeny-
testing scheme was defined as the reference breeding 
program. A breeding program was considered to be 
genomically enhanced (GS50) when 50% of insemina-
tions of herdbook cows and of bull dams were from 
young bulls with a genomic TMI, and a second program 
(GS100) did not rely on progeny-tested bulls at all. 
For GS50, a clear shift of the relative gain in AMGG 
toward fitness and health traits was observed for all 
3 TMI scenarios, as a result of larger progeny groups 
and a shorter generation interval. For GS100, where no 
gene flow from progeny-tested bulls was assumed, the 
genetic gain per generation was lower for the fertility 

and udder health index but higher per year. The results 
based on natural genetic gain per year showed that no 
positive genetic response for fertility and udder health 
index were achieved for TMI-R (without the inclusion 
of direct health traits) in GS50 and GS100. The direc-
tion of the genetic trend was determined by the weights 
given to fertility and udder health indices within the 
TMI. When appropriate weights generated a clear posi-
tive trend, GS50 and GS100 reinforced this trend. 
  Key words:    genomic selection ,  breeding program , 
 health trait ,  fitness trait 

  INTRODUCTION 

  Because of the development of genomic breeding val-
ues, breeding programs are undergoing major restruc-
turing worldwide. An increase in genetic gain per year 
of up to 100% is expected (Schaeffer, 2006). Breeding 
programs, breeding goals, and the possibilites of perfor-
mance recording also need to be reconsidered. Interest 
in the introduction of novel traits is growing. Economic 
aspects of dairy production and consumer concerns 
regarding animal welfare and food safety increase the 
need to improve fitness and health traits internation-
ally. Additionally, a strong increase in production has 
been achieved within the last decades. Milk yield has 
more than doubled in many countries within the last 40 
yr. The increase in milk yield is accompanied by lower 
reproduction performance and an increase in health 
disorders (Oltenacu and Algers, 2005). Results based 
on performance recording show a genetic trend for milk 
kg of 92 kg per year across the last 10 years for Fleck-
vieh (dual-purpose Simmental) cattle in Austria. The 
genetic level in fitness could not be improved within the 
same period (ZuchtData, 2010). A survey of Austrian 
cattle breeders showed that primarily, strong genetic 
improvements in fertility, udder health, and feet and 
legs are desired, but only a moderate improvement in 
milk and beef traits is desired over the next 10 yr. To 
strengthen the fitness and health complex, the Federa-
tion of Austrian Cattle Breeders has set up a health 
monitoring system to register veterinary diagnoses and 
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use it for breeding, management, and prevention (Aus-
trian Ministry of Health, 2010; Egger-Danner et al., 
2010, 2012; Koeck et al., 2010a,b).

Various publications have shown a negative genetic 
correlation between milk yield and functional traits 
(Veerkamp et al., 2003; Fuerst and Fuerst-Waltl, 2006). 
According to Philipsson and Linde (2003), deteriora-
tion in reproduction and health is to be expected if the 
selection weight is strongly on milk traits. Results from 
Nordic countries (Svendsen and A.-Ranberg, 2000; 
Heringstad et al., 2003, 2007) have demonstrated that 
a higher economic weight for the udder health index 
in the total merit index (TMI) generates a favorable 
genetic gain for clinical masitits with a yearly reduc-
tion in incidence rate of 0.3%. In Norway, the weight 
for the udder health index was increased from 3 to 
21% between 1978 and 2009 (Heringstad et al., 2001; 
Heringstad, 2009; Geno, 2012). Odegård et al. (2003) 
showed that the predictive ability (measured as the 
mean daughter deviations for clinical mastitis among 
second-crop daughters, regressed on predicted trans-
mitting abilities for clinical mastitis and lactation mean 
SCS in first-crop daughters) was 23 to 43% higher for 
clinical mastitis than for lactation mean SCS. Predic-
tive ability improved by 8 to 13 percentage points when 
information on both traits was utilized compared with 
single-trait selection. The relative weight that should 
be assigned to standardized predicted transmitting 
abilities from univariate genetic analyses were 60 to 
67% for clinical mastitis and 33 to 40% for lactation 
mean SCS.

Lassen et al. (2007) proposed approximate multitrait 
models using preadjusted data rather than full linear 
multitrait models when evaluating and selecting for 
many correlated traits. These models are especially 
advantageous if many traits are combined in the TMI, 
because correlations between the traits are not ne-
glected. According to Hansen Axelsson et al. (2011), if 
the main economic emphasis was still on protein yield, 
the deterioration of functional traits in multiple-traits 
settings was not halted, even when new indicator traits 
were included and a more advanced recording system 
was implemented for functional traits.

Concerning genomic selection, different studies 
showed a positive effect on functional traits (Neuner 
and Götz, 2011; Buch et al., 2012). Lillehammer et al. 
(2011) pointed out that the relative superiority of a 
genomic selection scheme decreased as the heritablity 
of the traits increased.

One objective of this paper is to analyze the effect 
of including direct health traits (DHT) in the TMI 
and to evaluate the impact of genomic selection in the 
breeding scheme on the annual monetary genetic gain 

(AMGG). Another objective was to assess the effect 
of these measures on the annual natural genetic gain for 
different dairy and fitness traits, DHT, and indices in 
Austrian Fleckvieh. Particularly, the possible improve-
ment of fertility and udder health based on DHT and 
the possibility of genomic evaluation were investigated 
by comparing different TMI scenarios for 3 breeding 
strategies.

MATERIALS AND METHODS

The computer software ZPLAN (Willam et al., 2008) 
optimizes selection strategies in livestock breeding 
using a purely deterministic approach. The gene flow 
method and selection index procedures constitute the 
core of the software. It evaluates both the genetic and 
economic efficiency of breeding strategies. The user 
defines selection groups in the whole population, each 
with a specific selection intensity, and other individual 
information sources used in the index. Additionally, 
population and cost parameters as well as biological pa-
rameters must be defined for each selection group. The 
program calculates several criteria, such as AMGG for 
the aggregate genotype, annual genetic gain (AGG) for 
single traits, discounted return, discounted costs, and 
discounted profit for a given investment period. The 
criteria for evaluating alternative breeding programs 
used in this study were AMGG, the monetary superior-
ity per year of the progeny of the selected animals after 
one selection round in the breeding unit, and AGG, the 
natural genetic gain per year.

Population Structure and Cost Parameters

The study was carried out for dual-purpose Fleckvieh 
cattle, as genetic and economic parameters for DHT are 
available for this breed (Koeck et al., 2010a,b; Egger-
Danner et al., 2010; Fuerst-Waltl et al., 2010; Fuerst 
et al., 2011a; Fuerst and Fuerst-Waltl, 2011; Egger-
Danner et al., 2012). In addition, DHT are routinely 
genetically evaluated (Fuerst et al., 2011a), and a joint 
routine genomic evaluation for Fleckvieh in Austria 
and Germany (Edel et al., 2011a,b) was implemented 
recently. The Fleckvieh population in Austria consists 
of about 510,000 cows, with 280,000 cows registered in 
the herdbook.

The essential input parameters used for modeling 
the different breeding strategies were based on the 
evaluation of the breeding program Fleckvieh Austria 
(ZuchtData, 2010; Table 1). The costs were average 
costs based on calculations by the breeding organiza-
tions and AI centers (Egger-Danner et al., 2000), ad-
justed for the current circumstances and inflation. Of 
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the milk recording costs, 50% were assumed related to 
breeding purposes. Concerning semen policy, a system 
with waiting bulls was assumed. From all bulls, 5,000 
doses of semen were stored in addition. The variable 
costs per test bull consisted of incentives paid to the 
farmer for progeny records and costs associated with 
the description of conformation traits. 

Genetic Parameters

Heritabilities and phenotypic and genetic correla-
tions used for calculating a selection index in ZPLAN 
are given by Neuner and Götz (2011) and Fuerst and 
Fuerst-Waltl (2006). The genetic parameters for the 
DHT are from Koeck et al. (2010a,b), and the correla-

tions to the type traits from Fuerst et al. (2010) and 
Fuerst and Fuerst-Waltl (2011). The assumed herita-
bilities were 0.02 for the aggregate fertility index and 
0.12 for the udder health index. The genetic correlation 
between fat and protein yields and the fertility index 
was −0.2, and that between fat and protein yields and 
the udder health index was −0.25 (Neuner and Götz, 
2011).

TMI and Breeding Strategies

The present TMI of Fleckvieh cattle without inclu-
sion of DHT was used as the reference index (TMI-R). 
A TMI including DHT according to their economic 
weight (TMI+DHT), and a TMI with a weight on 

Table 1. Essential input parameters for modeling the breeding program Fleckvieh Austria for the 3 breeding strategies: conventional progeny-
testing program (CPT), genomic selection with 50% insemination of young bulls (GS50), and genomic selection with 100% inseminations of 
young bulls (GS100)1 

Input parameter

Breeding strategy

CPT GS50 GS100

Population parameter    
 Population size 510,000   
 Proportion of recorded cows (%) 0.55   
 Proportion of AI (%) 0.88   
 Test capacity1 (%) 0.25 0.50 1.0
 Proportion of test bull candidates selected for testing (%) 0.1   
 Young bulls tested per year (no.) 100   
 Proven bulls selected per year2 (no.) 15 15 —
 Proportion of bull dams mated with young bulls (%) — 0.50 1.0
 Proven bulls mated with bull dams2 (no.) 8 8 0
 Young bulls mated with bull dams2  (no.) — 20 20
 Inseminations:first lactation record 10:1   
 Selected bull dams per year (no.) 3,200   
Biological coefficients    
 Average time between calvings (yr) 1.07   
 Inseminations per pregnancy (no.) 1.95   
 Losses during raising (female) (%) 0.15   
 Losses during raising (male) (%) 0.25   
 Use of proven bulls2 (yr) 2 2 —
 Use of proven bulls for mating with bull dams2 (yr) 1 1 —
 Use of young bulls for mating with bull dams2 (yr) — 1 1
 Use of bull dams (yr) 3.0   
 Use of dams (yr) 3.8   
 Mean generation interval2 (yr) 5.54 4.69 3.57
Cost parameter (€)    
 Milk recording costs per cow 25   
 Inspection bull dam per bull dam 81   
 Inspection calf per calf 50   
 Rearing cost on farm per young bull 265   
 Herd book registration per cow 13.4   
 Production costs per semen dose 0.5   
 Storage costs per semen dose per year 0.03   
 Waiting period per bull and year 2,556   
 Variable costs per young bull 4,000   
 Additional costs for young bull with genomic EBV2 — 5,000 5,000
 Interest rates return and costs (%) 0.06; 0.04   
 Investment period (yr) 20   
1Only changes in parameters are indicated in GS50 and GS100.
2Indicates changes in parameters between different breeding schemes.
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fertility and udder health index increased by 50% 
(TMI+DHT50) were defined as alternative scenarios. 
A conventional progeny-testing program (CPT), a 
genomic-enhanced breeding program where 50% of the 
inseminations were from young bulls (GS50), and a 
full genomic breeding program (GS100) were applied 
to the 3 TMI. For GS50 and GS100, additional costs 
for preselection of candidates and genotyping and the 
higher costs of young bulls were taken into account. For 
CPT and GS50, all 100 bulls were kept as waiting bulls. 
For GS100, no costs were associated with waiting bulls.

TMI-R. The breeding goal in Austria and Germany 
corresponds to the TMI of Miesenberger (1997). The 
economic weights were updated using the results from 
Lind (2007). Based on these results, the relative weight 
in the present Fleckvieh breeding goal for dairy traits is 
38%, for beef traits 16%, for fitness traits 44%, and for 
milkability 2% (Fuerst et al., 2011b). Additive genetic 
standard deviations and economic weights per additive 
genetic standard deviation of the single traits are shown 
in Table 2. The present female fertility index (Fert-I) 
consists of nonreturn rate at 56 d for heifers and cows, 
and time between first and last insemination for heifers 
and cows. For the udder health index (UH-I), however, 
only SCC is currently considered. No DHT are cur-
rently included in the TMI-R in Austria and Germany.

TMI+DHT. A TMI including DHT was developed 
based on results from a health monitoring project 
in Austria (Fuerst et al., 2010, 2011a; Koeck et al., 
2010a,b; Egger-Danner et al., 2012), in which the re-
cording of veterinarian diagnoses was established and a 
routine genetic evaluation was introduced.

The presently used female fertility index (Fert-I) 
with its economic weight (EW) of €15 per genetic 
standard deviation (sA) was extended by including 
early reproductive disorders and cystic ovaries, with 
their own economic weights of €9.34/sA and €4.09/sA, 
respectively. These weights were calculated based on 
the frequencies of diagnoses using the Austrian Health 
Monitoring data and extra costs of medicine and labor 
(Fürst-Waltl et al., 2010). Therefore, the EW of the 
new fertility index was increased from €15.00/sA to 
€28.43/sA by including the respective DHT (Table 2).

An udder health index (UH-I) was used in this study. 
In addition to SCC, clinical mastitis, and the type traits 
udder score, udder depth, suspensory ligament, fore ud-
der attachment, and teat placement were considered as 
indicator traits without an additional EW. The costs of 
mastitis were already included in the derivation of the 
EW for SCC (Lind, 2007); thus, no additional EW was 
put on udder health for TMI+DHT.

TMI+DHT50. The TMI+DHT50 breeding goal 
consisted of the same traits and genetic parameters 
as TMI+DHT. However, the EW of fertility and ud-
der health index were increased by 50% (Table 2) to 
calculate the AGG of the different traits. In contrast, 
the AMGG were calculated based on the realistic EW 
of TMI-DHT to avoid overestimating the achievable 
AMGG for fertility and udder health indices.

The present breeding scheme for Fleckvieh Austria 
was established in 2000 (Egger-Danner et al., 2000) as a 
progeny-testing program, where about 1,500 bull dams 
and approximately 140 test bulls were selected and 
tested before the introduction of genomic evaluation. 

Table 2. Additive genetic standard deviation (sA), economic weight per sA (EW/sA) in Euros, and economic weight in percent (EW %) of the 
single traits in the different total merit indices TMI-R, TMI+DHT, and TMI+DHT50 for Austrian Fleckvieh cattle1 

Trait sA

TMI-R TMI+DHT TMI+DHT50

EW/sA (€) EW (%) EW/sA
2 (€) EW (%) EW/sA

2 (€) EW (%)

Fat yield (kg) 21.9 9.86 4.4  4.2  3.8
Protein yield (kg) 16.4 73.80 33.4  31.5  28.5
Daily gain (g) 26.5 16.08 7.3  6.9  6.2
Dressing percentage (%) 1.15 10.20 4.6  4.4  3.9
EUROP grading score (class) 0.25 10.20 4.6  4.4  3.9
Longevity (d) 180 29.64 13.4  12.6  11.4
Persistency (points) 12 4.32 2.0  1.8  1.7
Fertility index (Fert-I; points) 12 15.0 6.8 28.43 12.1 42.64 16.4
Calving ease paternal (class) 0.22 4.08 1.8  1.7  1.6
Calving ease maternal (class) 0.22 4.08 1.8  1.7  1.6
Stillbirth paternal (%) 4 9.0 4.1  3.8  3.5
Stillbirth maternal (%) 4 9.0 4.1  3.8  3.5
Udder health index (UH-I; points) 12 21.36 9.7 21.36 9.1 32.04 12.4
Milkability (points) 12 4.32 2.0  1.8  1.7
1TMI-R = total merit index reference (udder health index contains SCC only); TMI+DHT = total merit index with direct health traits; 
TMI+DHT50 = total merit index with direct health traits increased by 50% of economic weight.
2Only changes in EW/sA are indicated for TMI+DHT and TMI+DHT50. 
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The preselection intensity of the test bulls was 4 out 
of 10 male calves, and on average about 60 daughter 
records per test bull were obtained. Out of each batch 
of 140 bulls, the best 25 bulls were used for mating 
and the best 8 bulls (bull sires) were chosen for elite 
matings with bull dams.

For this study, 3 breeding strategies were compared 
(Figure 1). For CPT, essentially the same selection 
intensities were assumed as in the genomic selection 
scheme. The reason for this is that the effect of the 
major effects of genomic selection, such as higher reli-
abilities and shorter generation intervals, can be ana-
lyzed more clearly.

CPT. The CPT represents an improvement to the 
present breeding program Fleckvieh Austria. A prese-
lection of 0.1 (1 out of 10 male calves) was used. Out of 
1,000 male calves from about 3,200 bull dams, 100 test 
bulls were selected, with a proportion of 25% of test 
bull inseminations. Fifteen proven sires out of the 100 
test bulls were chosen each year for insemination of the 
cow population and used for 2 yr. Out of the 15 proven 
bulls, 8 sires were selected for elite matings with bull 
dams each year.

GS50. Fifty percent of the cow population and bull 
dams were mated with young bulls. Young bulls are 
genotyped bulls that are preselected based on their 
genomic breeding value, where pedigree and genomic 
information are combined (Edel et al., 2011a). The 20 
best of the 100 young bulls were used for 50% of the 
inseminations of the bull dams.

GS100. Only young bulls were used for mating with 
the cow population and bull dams. The number of the 

selected animals in the different selection groups was 
not changed.

Reliability of TMI

The computer program ZPLAN calculates the reli-
ability of the TMI based on the different sources of in-
formation (e.g., own performance, halfsibs, progeny) for 
each selection group separately. The additional gain in 
information based on direct genomic values was mod-
eled by accounting for additional progeny equivalents. 
The reliabilities of the bull groups for the different TMI 
and the different breeding strategies are shown in Table 
3. The progeny equivalents assumed for dairy traits, 
fertility index, and udder health index, were 12, 80, 
and 25 daughter records, respectively. The calculation 
is based on the formula for the correlation between true 
and estimated breeding value, where heritability and 
number of progeny are considered (Willam and Simi-
aner, 2011). The increase in reliability due to genomic 
information is according to the results from the joint 
routine genetic evaluation of Austria and Germany 
(Edel et al., 2011a,b).

RESULTS AND DISCUSSION

DHT Included in the TMI

The analyses of an optimized conventional breeding 
scheme and 2 genomic selection strategies were com-
pared (Figure 1). For the CPT program, the AMGG for 

Figure 1. Structure of the breeding strategies conventional progeny-testing program (CPT), genomic selection with 50% insemination with 
young bulls (GS50), and genomic selection with 100% insemination of young bulls (GS100). YBPI = young bulls with pedigree information, YBGS 
= young bulls with pedigree and genomic information, PT = progeny tested.
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the 3 different total merit indices (TMI-R, TMI+DHT, 
TMI+DHT50) are listed in Table 4.

As shown in Table 2, the relative weights in TMI-R 
were 37.8% for dairy traits (fat and protein yields) and 
43.7% for fitness traits. Despite the high weight for 
fitness traits, only 6.6% of AMGG was related to fit-
ness traits, whereas gains in dairy traits accounted for 
80.6% (Table 4), and the expected trends for fertility 
index and udder health index were negative. This is in 
agreement with the results of Neuner and Götz (2011).

Including DHT increased the total AMGG just slight-
ly from €24.10 to €24.23, whereas the total AMGG of 

TMI+DHT50 was slightly lower compared with that 
of TMI-R and TMI+DHT. This is caused by the fact 
that to calculate the AMMG of TMI+DHT50, the re-
alistic EW of Fert-I and UH-I were considered (Table 
2, TMI+DHT), and not those increased by 50% used 
to calculate the AGG of Fert-I and UH-I. Considering 
DHT resulted in a shift of relative AMGG to fitness 
traits (11.2 and 19.5% versus 6.6%). For TMI+DHT, 
the relative contribution of dairy traits to AMMG was 
reduced to 76.3%, whereas that of fitness and health 
traits increased to 11.2%. Raising the EW of Fert-I and 
UH-I by 50% increased the relative AMGG of fitness 
traits up to 19.5% and reduced the dairy traits to 68.5%. 
The contribution of the important traits Fert-I and 
UH-I switched for both TMI-DHT and TMI-DHT50 
from a negative direction to a positive one. All of these 
relations and implications on the monetary level can be 
seen on the natural genetic level as well. Table 5 shows 
the AGG for the selected traits protein yield, fertility 
index, and udder health index expressed in kilogram 
and points (Table 2: defined scale “unit”), respectively, 
for the different breeding strategies and TMI. The AGG 
for protein yield was reduced from 3.86 kg for TMI-R to 
3.68 kg for TMI-DHT and to 3.25 kg for TMI+DHT50, 
assuming the CPT program. For CPT, the AGG was 
slightly negative for fertility index (−0.15 points/yr) 
and udder health index (−0.08 points/yr) for TMI-R. 
For TMI+DHT, a slightly positive trend was observed 
for both traits. Using TMI+DHT50, 0.61 points in an-
nual genetic gain can be achieved for the fertility index, 
and 0.50 points for the udder health index. However, 

Table 3. Reliabilities of total merit indices for young bulls based 
on pedigree index (YBPI), young bulls based on genomic information 
(YBGS), and proven progeny-tested bull (PT-bull) for the different 
breeding strategies (CPT, GS50, GS100) and total merit indices 
(TMI-R, TMI+DHT, TMI+DHT50) 

Strategy and index1 YBPI YBGS PT-bull

CPT, TMI-R 0.33  0.85
CPT, TMI+DHT 0.32  0.83
CPT, TMI+DHT50 0.31  0.79
GS50, TMI-R  0.59 0.88
GS50, TMI+DHT  0.58 0.86
GS50, TMI+DHT50  0.57 0.83
GS100, TMI-R  0.59  
GS100, TMI+DHT  0.58  
GS100, TMI+DHT50  0.57  
1CPT = conventional progeny-testing program; GS50 = genomic selec-
tion with 50% insemination of young bulls; GS100 = genomic selection 
with 100% inseminations of young bulls; TMI-R = total merit index 
reference (udder health index contains SCC only); TMI+DHT = to-
tal merit index with direct health traits; TMI+DHT50 = total merit 
index with direct health traits increased by 50% of economic weight.

Table 4. Annual monetary genetic gain (AMGG) for the conventional progeny-testing scheme (CPT) when selected on total merit index 
reference (TMI-R), total merit index including direct health traits (TMI+DHT), and total merit index including direct health traits with an 
increased economic weight of 50% (TMI+DHT50) 

Trait

TMI-R TMI+DHT TMI+DHT50

AMGG %1 %2 AMGG %1 %2 AMGG %1 %2

Fat yield 2.05 8.5 80.6 1.94 8.0 76.3 1.69 7.1 68.5
Protein yield 17.39 72.1  16.56 68.4  14.61 61.4  

Daily gain 1.98 8.2 11.5 1.96 8.1 11.2 1.90 8.0 10.9
Dressing percentage 0.24 1.0  0.24 1.0  0.24 1.0  
EUROP grading score 0.54 2.3  0.50 2.1  0.45 1.9  

Longevity 1.45 6.0 6.6 1.57 6.5 11.2 1.76 7.4 19.5
Persistency 0.16 0.7  0.20 0.8  0.25 1.0  
Fertility index (Fert-I) −0.18 −0.8  0.53 2.2  1.45 6.1  
Calving ease paternal −0.16 −0.7  −0.16 −0.7  −0.15 −0.6  
Calving ease maternal 0.26 1.1  0.26 1.1  0.25 1.1  
Stillbirth paternal −0.10 −0.4  −0.10 −0.4  −0.09 −0.4  
Stillbirth maternal 0.29 1.2  0.29 1.2  0.28 1.2  
Udder health index3 (UH-I) −0.14 −0.6  0.12 0.5  0.89 3.7  

Milkability 0.31 1.3 1.3 0.31 1.3 1.3 0.27 1.1 1.1

Total 24.10 100.0 100 24.23 100.0 100 23.77 100.0 100
1Percentage per single trait.
2Percentage per complex (dairy, beef, fitness, and milkability).
3UH-I consisted of SCC only.
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the assumed situation that phenotypic information for 
DHT is available for all daughters of the young bulls 
must be noted. If this were not the case, the effect of 
including DHT would be lower. The results also show 
that the trend for udder health index is still negative if 
only the auxiliary trait SCC is used as an index trait 
(TMI-R). Generally, it should be noted that the EW for 
mastitis (Lind, 2007) might be underestimated because 
discarded milk during antibiotic treatment was not 
considered.

Genomic Selection Strategies

Table 6 shows the relative change in AMGG compared 
with the reference CPT and TMI-R without DHT. The 
average generation interval decreased from 5.54 yr for 
CPT to 4.69 yr for GS50 and 3.57 yr for GS100. The 
number of daughters per young bull increased from 129 
for CPT to 259 for GS50 and to 519 for GS100. The 
AMGG increased by 15% for GS50 and 30% for GS100 
compared with CPT. This superiority is less than that 
reported in other studies (Schaeffer, 2006; König et al., 
2009; Pryce et al., 2010; Pryce and Daetwyler, 2011; 
Buch et al., 2012).

The similarity of selection intensities for test/young 
bulls in CPT, GS50, and GS100 was chosen to show 
the effect of using young bulls with genomic EBV only. 

This study focused on the effects of different TMI and 
selection strategies on fitness and direct health traits 
only. It is expected that genomic selection, compared 
with CPT, would allow for a significant change in the 
selection intensity of young bulls, leading to higher ge-
netic gain than the results here indicate. If the effect of 
different selection intensities for test/young bulls and 
progeny-tested bulls were modeled, the effect of genomic 
selection would be higher; for example, the AMGG for 
the former Fleckvieh breeding program (Egger-Danner 
et al., 2000) would be about 10% lower (€22.2/cow and 
year) than was achieved with the improved CPT of 
this study. The aspects of genotyping bull dams were 
also not taken into consideration. Therefore, our results 
cannot be used to answer the question of the full poten-
tial of genomic selection on AMGG.

Using genomic selection for TMI+DHT and 
TMI+DHT50 achieved almost the same progress on 
AMGG as did TMI-R; namely, 15% each (Table 6). 
Table 7 shows the relative AMMG of dairy traits and 
fitness and health traits for the different breeding strat-
egies and total merit indices. For TMI-R, the relative 
AMMG of fitness traits increased from 6.6 to 8.9% 
from CPT to GS50, and from 6.6 to 8.4% from CPT to 
GS100, respectively. The TMI+DHT achieved 11.2% 
AMGG for fitness and health traits with CPT, and 
about 14% with genomic selection schemes (GS50 and 

Table 5. Effect on annual natural genetic gain of protein yield (Prot), fertility index (Fert-I), and udder health 
index (UH-I) expressed in kilograms and points, respectively, for total merit indices (TMI-R, TMI+DHT, 
TMI+DHT50) and breeding strategies (CPT, GS50, GS100)1 

Strategy

TMI-R TMI+DHT TMI+DHT50

Prot Fert-I UH-I Prot Fert-I UH-I Prot Fert-I UH-I

CPT 3.86 −0.15 −0.08  3.68 0.22 0.07  3.25 0.61 0.50
GS50 4.37 −0.11 −0.09  4.15 0.37 0.10  3.63 0.87 0.61
GS100 5.02 −0.15 −0.19  4.75 0.42 0.08  4.13 0.99 0.68
1CPT = conventional progeny-testing program; GS50 = genomic selection with 50% insemination of young 
bulls; GS100 = genomic selection with 100% inseminations of young bulls; TMI-R = total merit index ref-
erence (udder health index contains SCC only); TMI+DHT = total merit index with direct health traits; 
TMI+DHT50 = total merit index with direct health traits increased by 50% of economic weight.

Table 6. Annual monetary genetic gain (%) relative to TMI-R of CPT for total merit indices (TMI-R, 
TMI+DHT, TMI+DHT50) and breeding strategies (CPT, GS50, GS100)1 and corresponding generation 
intervals (GI) 

Strategy GI (yr)

Total merit index

TMI-R TMI+DHT TMI+DHT50

CPT 5.54 100 101 99
GS50 4.69 115 116 114
GS100 3.57 130 132 129
1CPT = conventional progeny-testing program; GS50 = genomic selection with 50% insemination of young 
bulls; GS100 = genomic selection with 100% inseminations of young bulls; TMI-R = total merit index ref-
erence (udder health index contains SCC only); TMI+DHT = total merit index with direct health traits; 
TMI+DHT50 = total merit index with direct health traits increased by 50% of economic weight.



Journal of Dairy Science Vol. 95 No. 8, 2012

HOT TOPIC: GENOMIC SELECTION AND FITNESS AND HEALTH 4607

GS100). For TMI+DHT50, the contribution of fitness 
and health traits to AMGG increased from 20% for 
CPT to about 23% for GS50 and GS100.

Taking into account the AGG of protein yield, an in-
crease from 3.86 to 4.37 and 5.02 kg/yr could be achieved 
for TMI-R from CPT to GS50 and GS100, respectively 
(Table 5). For TMI+DHT, the annual genetic genetic 
gain of protein yield was lower compared with that for 
TMI-R. For TMI+DHT50, a further reduction could 
be observed, whereas an annual natural genetic gain of 
the fertility index was clearly reinforced by GS50 and 
GS100 and TMI+DHT and TMI+DHT50. Although 
the udder health index is made more accurate by in-
cluding some auxiliary traits, the same EW was used 
for TMI+DHT and TMI-R (Table 2). Thus, the differ-
ence between the AGG of udder health index is rather 
small for all breeding strategies compared with TMI-R, 
but the trend switches from a negative to a positive 
direction (Table 5). The EW of the udder health index 
might be undervalued, because not all relevant costs 
(e.g., discarded milk during antibiotic treatment) might 
have been considered by Lind (2007).

Otherwise, a clear positive trend for the udder health 
index could be achieved by using GS50 and GS100 for 
TMI+DHT50. This can be explained mainly by the 
50% increase of the economic weight and the higher 
proportion of inseminations with young bulls, which 
resulted in reduced generation intervals and an increase 
in the number of daughter records per young bull.

As shown by Willam et al. (2002), a higher number 
of daughter records results in an increase of annual 
natural genetic gains for functional traits. Sorenson et 
al. (1999) showed that the composition of the monetary 
genetic gain was changed by increasing the daughter 
group size. In general, the shorter generation interval 
in GS50 and GS100 had a positive effect on fitness 
and health traits, and although the natural genetic gain 
per generation of fitness traits was lower, the natural 
genetic gain per year was higher due to the shorter 
generation interval.

If fitness traits should be considerably improved, 
“desired genetic gain” approaches (e.g., Yamada et al., 
1975) could be considered. This raises the question of 
whether the possible increase in genetic gain for dairy 
traits should be fully exploited. A shift of the economic 
weight from dairy traits toward fitness and health traits 
could improve the latter. In Norway, the weight of clini-
cal mastitis was increased until the desired genetic gain 
could be achieved, which resulted in an increase of the 
weight for clinical mastitis in the TMI from 3 to 21% 
(Heringstad, 2009; Geno, 2012). The positive effect of 
direct selection on health traits was emphasized by 
Odegård et al. (2003). König and Swalve (2006) and 
Heringstad et al. (2007) showed that direct selection is 
more effective than working with auxiliary traits.

König and Swalve (2009) were concerned about wid-
ening the gap between production and functional traits, 
if highly accurate genomic EBV for production traits 
and less accurate genomic EBV for functional traits 
were available. We showed that increasing the weights 
of low heritability functional traits in TMI could pre-
vent this. Lillehammer et al. (2011) pointed out that 
genomic selection becomes more favorable for lowly 
heritable traits due to the increased use of information 
from relatives in genomic breeding values. This is made 
possible by marker data, providing detailed identity-
by-descent relationships at the DNA level. The higher 
amount of additional information was considered in this 
study by adding more daughter equivalents to the low 
heritability traits according to Edel et al. (2011a,b). 
The results showed that although there was a rela-
tive shift of AMGG toward fitness and health traits, 
genomic selection programs alone cannot transform a 
slightly negative trend into a positive one, but it can 
increase an existing positive trend.

Similiar results were found by Karras et al. (2011) 
for Brown Swiss in Germany, where a similiar total 
merit index is used. In that study, genomic selection 
decreased annual genetic gain of some fitness traits 
when the trend was already negative using a conven-

Table 7. Relative annual monetary genetic gain (%) summarized for dairy traits (DT) and fitness and health 
traits (FIT) for total merit indices (TMI-R, TMI+DHT, TMI+DHT50) and breeding strategies (CPT, GS50, 
GS100)1 

Strategy

TMI-R TMI+DHT TMI+DHT

DT FIT DT FIT DT FIT

CPT 80.6 6.6 76.3 11.2 68.5 19.5
GS50 79.3 8.9 74.4 14.2 66.2 22.9
GS100 80.4 8.4 75.1 14.1 66.6 23.1
1CPT = conventional progeny-testing program; GS50 = genomic selection with 50% insemination of young 
bulls; GS100 = genomic selection with 100% inseminations of young bulls; TMI-R = total merit index ref-
erence (udder health index contains SCC only); TMI+DHT = total merit index with direct health traits; 
TMI+DHT50 = total merit index with direct health traits increased by 50% of economic weight.
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tional progeny-testing program. Generally, if the natu-
ral genetic gain of traits is positive, genomic selection 
increases the gain.

Therefore, the composition of the traits relevant for 
the breeding goal needs to be considered in the TMI. 
The additional potential to increase the AGG for dairy 
traits by genomic selection offers the opportunity to 
balance the breeding goals and to compensate AGG for 
fitness and health traits. However, for an appropriate 
consideration of fitness and health traits in the TMI, 
reliable phenotypes and EW for these traits are neces-
sary. Breeding costs based on the situation in Austria 
were considered in the study, but including aspects of 
breeding return, cost, and profit were beyond the scope 
of this paper.

CONCLUSIONS

Considering DHT in the TMI for Austrian Fleckvieh 
cattle strengthened the effect of selection for fitness and 
health traits and led to a slightly positive trend. An 
increase of the weights on fertility and udder health 
indices resulted in a clear positive trend for these traits. 
When revising breeding goals, the desired genetic gain 
of the different traits should be considered. The slightly 
negative trend for fertility index and udder health index 
observed when a TMI without DHT was used remained 
on a similar level with genomic selection. When a clear 
AGG was observed (e.g., for protein yield or fertility 
index with higher weights), genetic gain was increased 
by genomic selection programs. However, the genomic 
selection programs used in this study could not reverse 
a negative trend. The relative AMGG for fitness and 
health traits was increased by using genomic selec-
tion programs compared with the CPT program. The 
possible improvement of AGG for fitness and health 
depends highly on reliable information and appropriate 
EW in the TMI. Genomic selection has the potential to 
speed up the genetic progress, but the composition of 
the TMI defines the direction in which it will go.
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  ABSTRACT 

  A project to establish an Austria-wide health-moni-
toring system for cattle was launched in 2006. Veteri-
nary diagnostic data subject to documentation by law 
[Law on the Control of Veterinary Medicinal Products 
(Tierarzneimittelkontrollgesetz)] are standardized, vali-
dated, and recorded in a central database. This Austria-
wide project is a collaboration among agricultural and 
veterinary organizations as well as universities, and is 
also supported by the Austrian government. In addi-
tion to providing information for herd management and 
preventive measures, further objectives of the project 
include estimating breeding values for health traits and 
monitoring the overall health status of Austria’s cattle. 
To ensure a high level of participation from farmers 
and veterinarians, data security issues are extremely 
important. Valid data are the prerequisite for the ef-
ficient use of health records. The challenge hereby is 
to distinguish between farms with low frequencies of 
diseases and incomplete documentation and record-
ing. Measures were undertaken to establish a routine 
monitoring system for direct health traits. A routine 
genetic evaluation for direct health traits as part of 
the joint breeding value estimation program between 
Germany and Austria was introduced for Fleckvieh in 
December 2010, based on diagnostic data from 5,428 
farms with 147,764 Fleckvieh cows. In 2010 to 2011, 
the reporting of direct health traits as a compulsory 
part of performance recording and the breeding pro-
gram was introduced as well. The overall challenge is 
the availability of sufficient valid direct health data for 
reliable breeding values. Practical experience gained 
in Austria in setting up a health registration system, 

focusing mainly on the availability of direct health data 
for breeding purposes with its successes and difficulties, 
is described. 
  Key words:    registration ,  health disorders ,  genetic 
selection 

INTRODUCTION

  Improved animal health is becoming increasingly im-
portant worldwide, because of its effect on farm econo-
my and animal welfare, but also because food safety is 
of increasing interest to the consumer. The European 
Union Animal Health policy “Prevention is better than 
cure” (European Commission, 2007) emphasizes the 
importance of registering health data and using it for 
early detection of animal health problems. 

  Health issues may be addressed either directly or 
indirectly. Indirect parameters of health or disease have 
been included in routine recording systems by many 
countries. The importance of functional traits within 
total merit indices (TMI) is increasing worldwide. 
However, to increase the efficiency of genetic health 
improvement measures, directly observed indicators 
of health or disease need to be included in recording, 
evaluation, and selection systems. 

  Heringstad et al. (2003a) evaluated 2 Norwegian 
dairy cattle selection experiments. A high protein yield 
group and one low clinical mastitis group were intro-
duced in 1989. Previously, from 1978 to 1989, groups 
were selected for high milk production and low milk 
production. Results showed that it is possible to obtain 
considerable selection response for clinical mastitis and 
that selection for increased milk production results 
in an unfavorable correlated increase in mastitis inci-
dence, if mastitis is ignored in the breeding program. 
The results from the second selection experiment clear-
ly demonstrate the positive effects of direct selection 
(Heringstad et al., 2007). 

  Philipsson and Lindhé (2003) reported a positive 
response to selection for mastitis resistance in all Nor-
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dic countries. The opportunities for genetic analysis, 
evaluation, and selection for reproduction and health 
traits depend on the development of integrated cattle 
databases.

For long-term enhancement of animal health, the 
genetic improvement of relevant traits is beneficial. 
A combination of direct and indirect health data are 
ideal. The lack of availability of reliable phenotypes 
for direct health traits very often restricts breeding for 
disease resistance with both traditional and advanced 
genomic methods. As the heritability for these traits 
is usually low, comprehensive and high-quality health 
data records are needed.

In the Scandinavian countries, direct health data has 
been routinely collected and used for years, with re-
cording based on veterinary medical diagnoses (Nielsen 
et al., 2000; Forshell and Østerås, 2001; Heringstad et 
al., 2003b; Philipsson and Lindhé, 2003; Østerås and 
Sølverød, 2005; Aamand, 2006; Heringstad et al., 2007; 
Østerås et al., 2007; Johansson et al., 2008; Negussie 
et al., 2010). In many other countries, experience with 
direct health data is still limited, but interest in us-
ing recorded diagnoses or observations of disease has 
increased considerably in Austria (Egger-Danner et al., 
2010a,b), Canada (Neuenschwander, 2010; Koeck et al., 
2012), and the United States (Zwald et al., 2004a,b; 
Cole et al., 2006; Appuhamy et al., 2009).

The basic concept of the Austrian project “Health 
monitoring in cattle” follows the Scandinavian ap-
proach, where reporting of health data are carried out 
in close cooperation with veterinarians. In Austria, 
recording of diagnostic data and treatments has been 
required by law since 2002. Before the project started 
in Austria in 2006, the data was neither standardized, 
nor routinely collected and stored in a common data-
base, and could not, therefore, be used for breeding 
and management purposes. In Austrian cattle breeds, 
functional traits have a relative economic weight of 
almost 50% within the TMI. However, so far no direct 
health data has been included in breeding value estima-
tion for functional traits. For mastitis and fertility, the 
auxiliary traits SCC and traits based on insemination 
and calving have been considered, respectively.

The project objectives are to develop and implement 
a system to collect diagnostic data, providing reports 
for herd management and preventive measures, and 
estimating breeding values for direct health traits and 
key parameters for the monitoring of health status. 
The cooperation between agricultural and veterinary 
organizations has also been strengthened by working 
together on this project.

This paper describes the concept, parameters, and 
practical experience gained in 4 yr of implementation of 

the project. Special attention is paid to the aspects of 
using the recorded data for breeding purposes.

MATERIALS AND METHODS

Project Organization and Time Frame

Under the leadership of the Federation of Austrian 
Cattle Breeders (ZAR, Vienna, Austria), a health-
monitoring system was developed and implemented in 
close cooperation with several organizations involved in 
animal health issues: the Ministry for Agriculture, For-
estry, Environment and Water Management (Vienna, 
Austria); the Ministry for Health (Vienna, Austria); 
the University of Veterinary Medicine Vienna; the Uni-
versity of Natural Resources and Life Sciences Vienna; 
local animal health organizations; the Chamber of Ag-
riculture (Vienna, Austria); and the Chamber of Veteri-
narians (Vienna, Austria). The Federation of Austrian 
Cattle Breeders, also representing performance record-
ing and breeding organizations, is the organization in 
charge of executing the project.

The project was managed by a steering committee. 
Temporary working groups were set up to develop dif-
ferent project aspects (e.g., health reports, breeding 
values, and training modules).

The project officially started in 2006. The design of 
the project and preparation was carried out in 2005 
and early 2006. The different measures carried out 
within the project are listed in Table 1. In 2010, the 
main emphasis was on implementation of the measures 
into practitioners’ routines.

Health Data Recording

Motivation and Information. To encourage farm-
ers and veterinarians to adopt any new technology, they 
must be informed and made aware of possible benefits. 
The employees of performance-recording organizations 
(EPO) were given the task of convincing farmers to 
join the project. Veterinarians were informed by their 
Chamber and local animal health organizations. Be-
fore starting the information campaign, employees of 
the EPO and representatives from the other partner 
organizations were trained to effectively present the 
necessary information.

Legal Framework. Based on the Law on the Control 
of Veterinary Medicinal Products (Tierarzneimittel-
kontrollgesetz), diagnoses have had to be documented 
upon receipt of medications since 2002. Due to a bylaw 
on veterinary drug residue testing, all treatments and 
prescriptions have to be recorded in a log at the farm. 
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A standardized key for diagnoses was developed for the 
project and was published by the Ministry of Health 
before the start of the project in 2006.

Data Type and Standardization of Diagnoses. 
Diagnostic data are standardized by veterinarians us-
ing a coding system consisting of 65 diagnoses divided 
into 10 categories. This coding system only includes 
diseases relevant for breeding purposes, which can be 
diagnosed on site by the veterinarians, but currently no 
laboratory results. A 2-digit code for the standardized 
diagnosis was added to the receipt for the documenta-
tion of medication (Law on the Control of Veterinary 
Medicinal Products).

Udder health traits recorded are divided into clinical 
mastitis (CM), which is subdivided into acute mas-
titis (AcM) and chronic mastitis (CrM), diseases of 
the udder and the teat, udder edema, and other udder 
diseases. In addition, preventive measures for drying 
off have been recorded since 2008. Fertility disorders 
are divided into metritis (MET), silent heat (ESTR), 
cystic ovaries (CYST), retained placenta (RP), pu-
erperal diseases (PUERP), and other categories such 
as calving injuries and other injuries. The traits milk 
fever (MF) includes metabolic diseases caused by hy-
percalcemia, hypophosphatemia, or hypomagnesemia. 
Furthermore, feet and leg diseases, digestive disorders, 
special diseases of the calves, as well as respiratory 
diseases and diseases of the heart, circulation, and dis-
eases regarding skin disorders, central nervous system, 
infections, or other diseases are covered within the 
standardized diagnoses (Austrian Ministry of Health, 

2010). The number of the farm, the identification of the 
animal, the date, and the 2-digit code of the diagnosis 
and the identification of the veterinarian are recorded 
with every treatment and prescription.

Data Collection and Data Storage. Diagnostic 
data are recorded into the Austrian central cattle data-
base. This has the advantage that validation checks can 
be done using the information gathered from identifica-
tion and performance recording. Philipsson and Lindhé 
(2003) stress the importance of complex databases for 
the use of data. Within the course of each disease, the 
diagnosis is only recorded once (course diagnosis). It is 
not mandatory to record the veterinarian’s identifica-
tion. A plausibility check is carried out before storage 
in the database. This includes checks concerning the 
identification of the animal and the herd as well as the 
course of the disease. Several diagnoses are recorded 
only once per lactation, such as MF, MET, RP, among 
others. For other diagnoses, a new case of the same 
diagnosis can be recorded after a specified minimum 
period [e.g., CYST (21 d) and AcM (7 d); Austrian 
Ministry of Health, 2010].

Data may be transmitted electronically by the veteri-
narians via an interface or recorded by the employees 
of EPO (Figure 1). A one-time payment of € 200 was 
provided to motivate veterinarians to update their 
software for direct transmission of the diagnostic data. 
In addition, € 0.10 is paid per electronically submitted 
diagnosis during the course of a treatment by public 
authorities, as they are interested in information to 
monitor the health status.

Table 1. Time frame of implementation (x) of different measures within the project1 

Item

2005 2006 2007 2008 2009 2010

1 2 1 2 1 2 1 2 1 2 1 2

Preparation
 Development of the project design and financial planning x x x
 Legal basis for health data recording x
 Technical aspects of registration implemented x
Project implementation
 Motivation and information x x x x x x x x x
 Provision of health reports after each milk recording x x x x x x x x
 Monitoring of recording and data validation x x x x x x x x x x
 Promotional program for direct electronic transmission of diagnosis 
  data by veterinarians

x x x x x x x x

 Web-based annual health reports x x x x x x
 Educational project based on health reports x x   x
 Research project to develop a genetic evaluation x x x x x x x x x
 Publication of first breeding values for Fleckvieh x x x x
 Operating figures on animal health x x x
Implementation in routine procedures
 Health-monitoring program within the animal health organizations 
  in Austria

x x

 Health traits part of the breeding program [Tyrolean Grey (2008), 
  Fleckvieh (2010)]

x x

 Routine genetic evaluation for Fleckvieh x
1Where 1 and 2 in each year refer to first and second half of each year, respectively.
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Data Security. Health data are very sensitive and, 
therefore, data security for farmers and veterinarians 
has to be guaranteed and given highest priority. Before 
recording the data into the database, the farmers are 
required to sign a release explicitly stating the possible 
use of data. The farmer has to agree to provision of 
the health reports to veterinarians. The farmer only 
has access to the diagnosis registered at his own farm. 
The veterinarian identification is stored in the database 
without a link to the person, making it impossible to 
trace data back to an individual veterinarian.

Data Validation. Good data quality is necessary if 
any benefits are to be gained from health data. In addi-
tion to plausibility checks, the use of health reports by 
farmers and veterinarians is an important contribution 
to data quality, as incorrect documentation and record-
ing of diagnostic data can be recognized. From a data 
validation perspective, the return flow of information 
is essential. In general, differentiating between farms 
with incomplete diagnosis data and farms with very 
low incidence rates is a challenge. Only data from farms 
fulfilling strict criteria on the regular and complete reg-
istration of diagnoses are included in the genetic analy-
sis (Egger-Danner et al., 2009; Koeck et al., 2010a,b,c). 
Emphasis is placed on defining the observation period 
specific to each farm. This takes certain variables into 
account (e.g., if a veterinarian stops the electronic 
submission of the data). Additionally, for each cow, a 
valid time period under observation is defined (e.g., 

information about calving, type of use, and change 
of farm is considered). Based on this information, an 
average of diagnoses per cow and year is calculated. A 
minimum of 0.1 diagnoses per cow and year is required. 
For calculation of incidence rates used for monitoring 
the animal health status by the Ministries, diagnostic 
data are restricted only to electronically transmitted 
diagnoses.

Health Reports

Optimized herd management is important for eco-
nomically successful farming. To recognize problems 
early, additional health information is valuable. There-
fore, diagnostic data was added to the already existing 
reports provided to the farmer after each milk record-
ing to give additional health information. Additionally, 
besides dairy cows, all other age groups as well as males 
and females were considered. In addition, annual re-
ports including benchmarks were developed, enabling 
the farmer to compare farm results to the previous 
year’s results, as well as to average results on district 
and province levels. A graphical comparison based on 
percentiles is also available (Schwarzenbacher et al., 
2010). An internet-based tool provides annual reports, 
with information updated daily (Austrian Ministry of 
Health, 2010). The veterinarian can access this infor-
mation if the farmer agrees. These annual reports are 
also used by veterinarians for their evaluation of the 

Figure 1. Recording of diagnostic data. VET = vocational education and training.
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overall herd health status of the supervised cattle herds 
within the animal health organization.

For the interpretation of the health reports, a special 
training program was implemented. It became obvious 
that many farmers lacked the knowledge to interpret 
and work with this comprehensive data. Based on these 
health reports, each farmer was asked to develop an in-
dividual plan of action, and 6,500 farmers participated.

Operating Figures on Health Status

The Ministries and the animal health organizations 
are interested in obtaining anonymous reports on ani-
mal health status and on the frequency of occurrence 
of diagnoses on a regional and national level. The key 
figures are the incidence rate (IR) and the number of 
course diagnoses per 100 cows. The population at risk 
is defined as the number of animals under valid disease 
recording and defined observation (obs.) period.

The IR is calculated as follows:

IR yr

newly diseased individuals during obs. period

sum of 

/ =

oobs. periods (in years) across all individuals in populatiion
.

The analysis provided here is comparable to the current 
analysis of Kelton et al. (1998), which accounts for all 
events and cows at risk within a recent period.

Genetic Evaluation

One major project objective is to provide breeding 
values for direct health traits for sires. Detailed analy-
ses were carried out by Koeck et al. (2010a,b,c) about 
trait definition and genetic parameters for direct health 
traits based on diagnostic data from the Austrian 
health-monitoring system for Fleckvieh.

Traits for Routine Genetic Evaluation. The 
traits included are CM, with an observation period of 
between −10 to 150 d after calving, early reproductive 
disorders (EREPRO) for the period between calving 
and 30 d after calving, CYST for the period between 
30 and 150 d after calving, and MF for the period of 
10 d before and 10 d after calving. Culling due to the 
specified complex within the observation period is con-
sidered a diagnosis (Fuerst et al., 2011). It might be 
that a cow is not treated before culling in case of a 
severe health disorder.

Data. In December 2010, a routine genetic evalu-
ation for direct health traits was introduced for the 
Fleckvieh breed as part of the joint genetic evaluation 
program between Germany and Austria (Fuerst et 
al., 2011). Presently, only Austrian data are included. 

Baden-Württemberg and Bavaria in Southern Germany 
started setting up direct health trait reporting systems 
in 2010. 

Model for Routine Genetic Evaluation. The 
genetic evaluation for health traits is based on a linear 
univariate BLUP animal model carried out with the 
program MiX99 (Lidauer et al., 2008). The calculation 
of reliability is done with the program ApaX (Strandén 
et al., 2001) based on the approach described by Tier 
and Meyer (2004). The statistical model includes the 
following effects:

yijklmnopq = LACTi × AGEj + YRk × MOl + RECm  

× YRk + Hn × YRk + PEo + ap + eijklmnopq,

where yijklmnopq is the observation for CM, EREPRO, 
CYST, and MF (0 = healthy, 1 = diseased); LACTi × 
AGEj is the fixed effect of parity (1, 2, . . . , 5+) by calv-
ing age (6 classes for first and second parity each); YRk 
× MOl is the fixed effect of calving year and month; 
RECm × YRk is the fixed effect of type of recording 
(electronic/milk recording) by year; Hn × YRk is the 
random herd-year effect; PEo is the random permanent 
environmental effect; ap is the random genetic effect of 
the animal; and eijklmnopq is the random residual effect.

The 2 types of recording methods are direct elec-
tronic submission, done by the veterinarian, and regis-
tration by the EPO. If more than 50% of the diagnoses 
are recorded by the EPO, the effect of the employee is 
added to the model. If more than 50% of the diagnoses 
are transmitted electronically for farms with more than 
20 cows, the model differentiates between 50 and 75% 
and above 75%. The fixed effect of type of recording by 
year accounts for changing environmental effects. Due 
to small herd sizes in Austria a random herd × year 
effect can be of advantage according to Visscher and 
Goddard (1993). Because of limited availability of data 
a repeatability model is used presently. Recent studies 
show that both possibilities are justified (Pritchard et 
al., 2011; Urioste et al., 2011). More detailed informa-
tion is available in the work of Fuerst et al. (2011).

RESULTS AND DISCUSSION

Health Data Registration

The Austrian health-monitoring system is open to all 
regions and covers all cattle breeds. So far, the main 
focus has been on dairy cows only. The distribution 
of herd book cows in the main breeds in Austria are 
as follows: Fleckvieh (273,000), Brown Swiss (55,000), 
Holstein (40,000), Pinzgau cattle (7,700), and Tyrolean 
Grey (3,800).
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Participation. In most regions, the project to 
establish an Austria-wide health monitoring system 
started between September and December 2006. Table 
2 shows the impact of implementation from 2007 to 
2011. A total of 15,008 farms with 220,000 cows were 
participating as of February 2011, which accounts for 
64% of all dairy herds under performance recording.

Some regions achieved a very high participation level 
within a few months with slow, but steadily increasing 
support from veterinarians. The best regions reached a 
voluntary participation level of close to 80%. Currently 
about 80 to 90% of these farms are providing veterinary 
diagnoses, which is approximately 70% of all health-
registered cows. In one region, the project did not get 
started effectively. The most essential prerequisite is 
the support of the opinion leaders in both agricultural 
and veterinarian organizations. Surveys of farmers on 
their future breeding emphasis demonstrate the desire 
to improve fertility and udder health in particular. Nev-
ertheless, regular information is needed to encourage 
confidence and to convince practitioners of the benefits. 
During the project, progress reports were provided on a 
regular basis. Farmers and veterinarians were asked to 
share their experiences about the project.

The participative approach is a further important 
element for a successful outcome. It is important that, 
starting from the project design all the way to imple-
mentation, the partners involved in cattle health issues 
are encouraged to participate and actively contribute. 
It is essential that key players (i.e., farmers and vet-
erinarians) are made aware of the benefits. Strong 
emphasis must be placed on data security and data 
validation. The technical implementation has to take 
the needs and concerns of the target groups into ac-
count. To obtain sufficient data for breeding purposes, 
it is important that several data sources and different 
data-recording methods are available. Regional circum-
stances and the available infrastructure must also be 
taken into consideration (Egger-Danner et al., 2011a).

Data Validation. The results show that not all of 
the farms that participate in health monitoring already 
have diagnoses stored in the database. In addition, it 

seems that reporting of diagnoses is not carried out on a 
regular basis in some herds. The evaluation of the offi-
cial breeding value estimation in April 2011 shows that 
out of 23,177 dairy farms under performance recording, 
14,866 are participating in the health-monitoring pro-
gram, and that 9,194 had at least 1 diagnosis recorded 
in the cattle database. This is due to a delay in the 
start of documentation and recording of veterinary 
coded diagnoses, but it might also be that standardized 
veterinary diagnoses documented upon receipt of medi-
cations are not available or recording is not properly 
done. Within the project, no other information about 
health disorders was used.

Herds that did not meet the criteria of a minimum 
of 0.1 course diagnoses per cow across the observation 
period were excluded, as well as farms in which only 
1 diagnosis was recorded. In Denmark, the limit is 0.3 
diagnoses per cow and year, but no restriction exists 
on course diagnoses only (Interbull, 2011). At least 200 
first diagnoses per veterinarian or per EPO is a prereq-
uisite for successful validation. This explains the delay 
from the start of recording until farms are included 
in the genetic evaluation. The definition of the obser-
vation period is important, especially if the system is 
newly established and not entirely stable. Experience 
has shown that regular reporting cannot be taken for 
granted right from the beginning.

After validation, 6,753 farms (5,672 Fleckvieh herds) 
remained for genetic evaluation. Currently, 27% of the 
farms with recorded diagnoses do not meet the various 
validation requirements. Major regional differences ex-
ist in the percentage of farms that fulfill the validation 
criteria. In the best regions, about 87% of the farms 
with recorded diagnoses were included. Due to the 
small average herd size (17 cows; ZuchtData, 2010), 
it is possible that not all diseases occur in all herds. 
Hence, no criteria were applied for individual diseases. 
Zwald et al. (2004a) had different percentages of usable 
herds in the United States (47% ketosis, 59% mastitis, 
41% CYST, and 65% MET). Neuenschwander (2010) 
reported that not all farms record all diagnoses in Can-
ada. It might also be that farmers emphasize different 

Table 2. Total number of dairy farms (DF; all breeds) in the Austrian Dairy Herd Recording System, development of percentage of farms 
participating in the health monitoring (HM), and farms with veterinary diagnosis data in the database (HMVDR)1 

Region
No. of DF  
in 2010

HM DF (%) HMVDR DF (%)

Feb.  
2011

Feb.  
2010

Feb.  
2009

Feb.  
2008

Feb.  
2007

Feb.  
2011

Feb.  
2010

Feb.  
2009

Feb.  
2008

Feb.  
2007

Best region 77 78 77 77 76 91 90 80 64 21
Worst region 3 1 1 0 0 43 50 50 0 0
Austria 23,177 64 54 48 42 37 62 66 61 50 23

1The Austrian average and the recent results are indicated in bold.
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health aspects at different times. This is more relevant 
for reporting systems where no legal documentation is 
required.

A survey of 600 farms showed that despite promo-
tion, not all farms or their veterinarians are providing 
reliable health data. The main reasons for incomplete 
data mentioned were missing documentation in general, 
missing standardization, or that not all documentation 
available for recording diagnoses was provided by the 
EPO. However, with awareness-building activities and 
regular information, data quality could be improved.

Operating Figures on Health Status

Distribution and Time of Occurrence of Dis-
eases. Analyses of the frequency and occurrence of 
diseases (Tables 3 and 4) included data from dairy 
cows, without restriction to breed. As registration of 
diagnoses started in late 2006 and is still continuing, 
all available validated diagnostic data were included 
for this time period. The calculation of the distribu-
tion of all registered diseases was based on valid herds 
and restricted to herds with at least 10 cows (Table 
3). All course diagnoses of dairy cows, independent of 
breed and independent of the stage of lactation, were 
included. No restrictions with regard to time before or 
after calving were applied.

The calculation was done for disease complexes as 
well as for the most frequently occurring single diag-
noses. Most of the diagnoses were observed for fertility 
and udder complexes. Within the first lactation, 42.6% 
of the diagnoses of dairy cows concerned reproduction, 
and 31.9% were udder disorders, whereas only 3.0% 

of all diagnoses of cows were digestive and metabolic 
diseases. Reproduction disorders decreased across lac-
tations. In later lactations, the relative percentage of 
udder, digestive, and metabolic disorders increased. 
The number of diagnoses per parity did not directly 
reflect the age distribution of the Austrian dairy popu-
lations, as the number of diagnoses was increased in 
later lactations.

Table 4 shows the distribution of the most frequent 
diagnoses across lactations that occurred between 10 d 
before and 300 d after calving. Only diagnoses of dairy 
cows were considered. This information is relevant for 
the trait definition for genetic evaluation and recording 
methods. Retained placenta, puerperal diseases, and 
MF occur shortly after calving. Therefore, these traits 
could also be registered together with data on ease of 
calving.

Appuhamy et al. (2009) did not differentiate between 
different reproductive disorders. For general reproduc-
tion, 67% of all reproductive disorders occurred within 
the first month of lactation. Zwald et al. (2004a) showed 
that 60% of MET cases were within the first 30 DIM 
and CYST mainly occurred between 30 and 150 d. Both 
studies found that ketosis occurred within the first 30 
d in 90% of cases. Their results for lameness differed 
from the results found for panaritium/dermatitis digi-
talis and sole ulcer. For lameness, no higher frequency 
within the first months of lactation was observed.

For mastitis, a system for regular reporting is impor-
tant. The high level of CrM at the end of the lactation 
period may have been overestimated, because in the 
beginning of the project the application of antibiotics 
for drying off was frequently registered as CrM due to 

Table 3. Distribution of most commonly recorded diagnoses of dairy cows, based on validated data for different lactations (lact), in percent 
(all breeds) between 2006 and 20111 

Item
First lact  

(%)
Second lact  

(%)
Third lact  

(%)
Fourth lact  

(%)
Fifth lact+  

(%)

n 51,814 42,851 38,180 31,789 56,428
Diagnosis
 Reproductive disorder 42.56 45.81 42.55 40.28 37.32
  Metritis (MET) 6.84 6.19 5.65 5.64 5.46
  Anoestrus (ESTR) 13.10 13.02 10.86 9.72 7.96
  Cystic ovaries (CYST) 12.61 15.32 14.51 13.62 12.21
  Retained placenta (RP) 5.49 6.55 6.61 6.57 6.82
  Puerperal disorder (PUERP) 3.80 3.29 3.49 3.34 3.5
 Udder disorder 31.91 34.66 35.73 35.77 37.02
  Acute mastitis (AcM) 18.77 20.4 21.59 21.66 22.35
  Chronic mastitis (CrM) 9.51 11.24 11.29 11.41 12.1
 Digestive disorder 2.96 3.90 7.07 10.24 12.48
  Milk fever (MF) 0.83 2.04 4.56 7.71 10.06
  Ketosis (KET) 1.61 1.37 1.78 1.86 1.64
 Hoof and claw disorder 7.90 5.88 6.14 6.24 6.10
  Panaritium/dermatitis digitalis (PAN/DD) 3.84 2.87 2.86 2.93 2.68
  Hoof ulcer (HU) 1.82 1.41 1.55 1.57 1.74
 Other 14.67 9.75 8.51 7.47 7.08

1The summaries of the different trait complexes are indicated in bold.
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a missing diagnosis code. This was introduced in 2008. 
Therefore, genetic evaluation only takes the period up 
to 150 d postpartum (dpp) into consideration.

Koeck et al. (2010b) and Zwald et al. (2006) estimat-
ed heritability for mastitis for different time periods. 
According to Koeck et al. (2010b), heritability between 
−10 to 50 dpp was higher as compared with between 
50 and 150 d of lactation. Zwald et al. (2006) showed a 
higher heritability in the first lactation, but otherwise 
similar estimated values for different lactation stages. 
The studies by Zwald et al. (2004a) and Appuhamy et 
al. (2009) showed a higher number of mastitis cases at 
the beginning of the lactation.

Incidence of Diagnoses. The incidence rates pre-
sented in the current study (Table 5) were calculated 
for the year 2010, and included all herds and dairy cows 
that met the validation criteria. The average number 
of course diagnoses per cow and year was 0.727 if data 
were mainly (≥75%) submitted electronically directly 
by the veterinarian. The validated data sets for genetic 
evaluation showed an average of 0.496 course diagnoses 
per cow and year across all breeds. Only diagnostic 
data based on documentation requirements pursuant to 
the Law on the Control of Veterinary Medicinal Prod-
ucts were included. No additional information from the 
farmers was considered. Table 5 shows incidence rates 
based on the year 2010 according to different data reg-
istration methods (electronic versus on-site). Table 5 is 
not restricted to a specific breed. Incidence rates were 
comparable for some diagnoses. This was especially 
the case for diagnoses for which antibiotic treatment 
is common (AcM and RP). The incidence rate of MF 
and ovarian cysts was considerably lower if data were 
recorded mainly by EPO, probably because treatments 
that did not require restrictions for the delivery of 
milk were not reported completely. Therefore, for some 

diagnoses, a system based only on documentation of 
medication use might not be comprehensive enough. It 
may also be that those veterinarians using electronic 
devices documented the use of drugs more comprehen-
sively. Additionally, they might have contracts with the 
farmers, which include more regular observation of the 
animals’ fertility status (e.g., regular ultrasound exami-
nations), leading to a higher number of diagnoses.

Based on these differences, the reporting method is 
an important parameter to be included in the model for 
genetic evaluation. In the future, additional information 
will be requested by the farmer (e.g., when reporting 
ease of calving, the farmer will be asked whether RP, 
MF, mastitis, or lameness has occurred around calv-
ing). If incidence rates are calculated without taking 
different environmental circumstances into account, it 
is advisable to restrict those calculations to an even 
stricter validation than for genetic evaluation. Initial 
operating figures, on regional and national levels, have 
been provided based on electronically submitted vali-
dated diagnostic data only.

Genetic Evaluation

Diagnostic data are collected for all breeds, but so 
far, data are sufficient only for routine genetic evalu-
ation for Fleckvieh. Therefore, analyses concerning 
genetic evaluation include only diagnostic data from 
Fleckvieh (Tables 6–8). About 370,000 Fleckvieh lacta-
tion records were included in the genetic evaluations as 
of April 2011 (Table 6) compared with 345,791 lacta-
tion records from 5,428 farms with 147,764 Fleckvieh 
cows in December 2010.

Genetic Parameters. Genetic parameters were 
evaluated with threshold as well as linear models 
(Koeck et al., 2010a,b,c; Fuerst et al., 2011). For com-

Table 4. Stage of lactation, measured as days after calving for first incidence (%) of single health disorders across lactations and breeds based 
on validated data between 2006 and 2011 

Item

Health disorder1

MET ESTR CYST RP PUERP AcM CrM MF KET PAN/DD SU

n 12,921 23,324 29,095 13,702 7,517 41,438 17,652 10,845 3,545 5,910 3,252
Days from calving
 0–30 45.6 3.7 4.5 96.3 91.7 32.1 22.5 96.0 67.9 26.0 26.6
 30–60 22.6 17.1 24.2 0.6 2.9 12.9 11.0 0.7 18.9 16.0 15.5
 60–90 11.0 26.7 25.2 0.3 1.5 11.2 9.6 0.7 5.2 10.5 10.8
 90–120 7.2 18.6 17.2 0.2 0.7 9.4 8.6 0.4 2.6 8.5 9.3
 120–150 5.0 12.7 11.2 0.1 0.6 7.9 7.1 0.4 1.6 7.5 7.7
 150–180 3.2 8.4 7.5 0.1 0.3 6.9 6.3 0.2 1.6 6.8 6.0
 180–210 2.2 5.7 4.6 0.2 0.3 5.8 5.7 0.3 0.8 6.7 5.6
 210–240 1.4 3.6 2.9 0.3 0.3 5.1 5.4 0.5 0.7 6.0 5.5
 240–270 1.1 2.1 1.8 0.8 0.8 4.2 7.3 0.4 0.4 6.3 5.7
 270–300 0.8 1.4 1.1 1.1 0.8 4.5 16.5 0.5 0.3 5.7 5.4
1MET = metritis; ESTR = anestrus; CYST = cystic ovaries; RP = retained placenta; PUERP = puerperal diseases; AcM = acute mastitis; CrM 
= chronic mastitis; MF = milk fever; KET = ketosis; PAN/DD = panaritium/dermatitis digitalis; SU = sole ulcer.
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parability, heritability estimates from the linear models 
can be transformed from the observable (0/1) scale to 
the underlying scale using the formula of Dempster 
and Lerner (1950). Based on a threshold sire model, 
the heritability values were RP, 0.060; PUERP, 0.143; 
MET, 0.062; ESTR, 0.012; CYST, 0.077; and ERE-
PRO, 0.079 (Koeck et al., 2010a). For CM (−10 till 
150 d after calving), Koeck et al. (2010b) estimated a 
heritability of 0.060 based on a probit threshold sire 
model, based on a linear animal model of 0.019. Genetic 
correlations were estimated by Koeck et al. (2010c). 
The genetic correlation between SCC and CM was be-
tween 0.64 and 0.77. Fuerst et al. (2011) estimated a 
heritability for MF of 0.036 with a linear animal model 
and VCE6 (Groeneveld et al., 2008). Based on a linear 
animal model, heritability values according to Koeck et 

al. (2010a,b) ranged from 0.006 for anestrus (ESTR) to 
0.040 for CYST. The correlation between RP, PUERP, 
and MET was 1. Therefore, the traits were combined 
into early reproductive disorders with a heritability 
of 0.023 (linear model). Heritability for reproductive 
diseases and mastitis based on this diagnostic data 
are comparable with that of analyses of health data 
by Nielsen et al. (2000), Zwald et al. (2004a,b, 2006), 
Heringstad et al. (2005), Johansson et al. (2006, 2008), 
and Negussie at al. (2010).

The EBV for health traits are defined as relative 
breeding values, with an average of 100 and a genetic 
standard deviation of 12 points. A higher breeding 
value is desirable. Estimated breeding values are pub-
lished with a minimum reliability of 30%. The number 
of bulls that have been assigned official EBV ranges 

Table 5. Incidence rates based on different data registration methods across breeds for dairy cows under 
observation in 20101 

Item

Incidence rate in 2010 based on  
different validated data sets2

EPO GE VET

Number of cows in calculation 39,279 76,314 21,205
Diagnosis
 Reproductive disorder 14.50 18.62 28.13
  Metritis (MET) 2.26 3.30 5.18
  Anestrus (ESTR) 3.83 5.51 8.61
  Cystic ovaries (CYST) 4.72 7.10 12.70
  Retained placenta (RP) 3.97 3.49 2.97
  Puerperal disorder (PUERP) 0.56 1.48 3.50
 Udder disorder 13.53 14.32 17.01
  Acute mastitis (AcM) 9.65 10.16 11.01
  Chronic mastitis (CrM) 3.67 4.02 5.99
 Hoof and claw disorder 3.27 3.75 5.05
  Panaritium/dermatitis digitalis (PAN/DD) 1.61 1.96 2.93
  Hoof ulcer (HU) 1.07 0.95 0.79
 Digestive disorder 2.56 3.23 4.91
  Milk fever (MF) 1.94 2.46 3.80
  Ketosis (KET) 0.41 0.56 0.86
1The summaries of the different trait complexes are indicated in bold.
2EPO = recording by employee of a performance-recording organization with less than 25% of diagnostic 
data submitted electronically; GE = genetic evaluation; VET = more than 75% of diagnostic data submitted 
electronically.

Table 6. Number of observations (n), average incidence of disorders (Avg. inc.), and number of bulls with 
breeding values depending on different reliabilities for Fleckvieh1  

Disorder2 n
Avg. inc.  

(%)
No. of bulls  

with R2 >30%
No. of bulls  

with R2 >50%
No. of bulls  

with R2 >70%

CM (−10 to 150 dpp) 366,853 9.8 1,832 408 187
EREPRO (−30 dpp) 368,530 5.0 2,094 469 214
CYST (30 to 150 dpp) 374,070 5.4 2,978 927 342
MF (−10 to 10 dpp) 373,184 2.4 2,816 790 307
1Routine genetic evaluation in April 2011.
2CM (−10 to 150 dpp) = clinical mastitis between 10 d before and 150 d after calving (days postpartum, dpp); 
EREPRO (−30 dpp) = early reproductive disorders up to 30 d after calving; CYST (30–150 dpp) = cystic 
ovaries between 30 and 150 d after calving; MF (−10 to 10 dpp) = milk fever between 10 d before and 10 d 
after calving.
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from 1,832 for CM to 2,978 for CYST. If the reliability 
is restricted to 50%, the number is reduced dramati-
cally by a further 70% (Table 6). The distribution of 
bulls according to their year of birth (Table 7) shows 
that high reliabilities of EBV for direct health traits are 
only achieved for second-crop bulls. The young bulls 
with a reliability of ≥50% are mainly from areas in 
Austria where farmer participation and veterinarian 
support are already high.

The average incidence level for the respective ob-
servation period is 9.8% for clinical mastitis, 5.0% for 
early reproductive disorders, 5.4% for CYST, and 2.4% 
for MF. Table 8 shows that although heritability is low, 
genetic variation exists. On average, 7% of the daugh-
ters of the TOP 20 bulls, based on a breeding value 
for mastitis, were diagnosed with mastitis within 150 d 
after calving. Among the offspring of the 20 worst bulls, 
the average was 16%. Similar values were observed for 
other traits.

Fuerst et al. (2011) presented EBV correlations be-
tween health and other traits. Correlations were, for the 
most part, slightly negative with milk production but 
close to 0 with the TMI. The correlations were slightly 
positive with most of the functional traits, particularly 
with longevity.

Currently, EBV for direct health traits are not in-
cluded in the TMI. A combination of direct health 
traits in the fertility index and a combination of CM, 
SCC, and type traits as correlated traits is being devel-
oped (Egger-Danner et al., 2011b).

Sufficient Data for Reliable Breeding Values. 
The challenge is to obtain a sufficient amount of reli-
able direct health data for breeding value estimation. 
As heritability is low, the amount of data needed is 

comparable to that required for other functional traits. 
One possibility is that direct health data are collected 
from all herds during routine performance recording, 
comparable to reporting inseminations or ease of calv-
ing. With genomic selection, a reduction in the number 
of test bulls is expected. Therefore, as long as data from 
the dairy herd recording system is collected on a broad 
scale and health reporting continues, the number of 
progeny per bull with health phenotypes will increase. 
Recently, most Austrian Fleckvieh breeding organiza-
tions have decided that in the future, the reporting of 
direct health traits shall be a compulsory part of per-
formance reporting and will be included in the breeding 
program.

Alternatively, a second option is to concentrate on 
extensive reporting of different traits from a limited 
number of herds, so-called contract herds. The advan-
tage of this is that heritability might be higher (Koenig 
et al., 2008; Swalve and König, 2010). Additionally, 
genotypes could be taken from these herds, subject to 
comprehensive recording. This data could be used to 
increase the reference population for genomic evalua-
tions. This means that it is particularly important to 

Table 7. Distribution of bulls with breeding values for clinical mastitis (CM) and early reproductive disorders 
(EREPRO) in the total merit index (TMI) for Austrian Fleckvieh bulls (TMI_75AUT1) and Fleckvieh bulls 
from Germany and Austria (TMI_75ALL2), with a minimum reliability of 30 and 50%, according to birth year 

Birth year

Bull distribution category3

TMI_75ALL TMI_75AUT CM_30 CM_50 EREPRO_30 EREPRO_50

≤1990 5,630 NI4 250 105 274 114
1991–1995 3,468 NI 236 118 258 125
1996–2000 3,502 717 558 145 644 158
2001 665 122 173 21 190 29
2002 620 130 170 14 187 24
2003 631 164 189 4 204 16
2004 681 165 148 1 175 3
2005 640 152 103 141
≥2006 431 81 5 21
1TMI_75AUT = TMI with a reliability of at least 75% of Austrian Fleckvieh bulls.
2TMI_75ALL = TMI with a reliability of at least 75% of Austrian and German Fleckvieh bulls.
3CM_30 and CM_50 = CM breeding value with a minimum reliability of 30 and 50%, respectively; EREPRO_30 
and EREPRO_50 = EREPRO breeding value with a minimum reliability of 30 and 50%, respectively.
4NI = no information; due to changes in the database, there is no reliable information about ownership of bulls 
before 1996 in Austria.

Table 8. Percentage of cows with at least 1 diagnosis of mastitis in the 
respective trait period for clinical mastitis (CM), early reproductive 
disorders (EREPRO), cystic ovaries (CYST), and milk fever (MF), 
based on the 20 best and 20 worst bulls for each trait 

Item

Cows with diagnosis (%)

CM EREPRO CYST MF

Best 20 bulls 7.32 2.14 1.84 1.78
Worst 20 bulls 16.51 8.87 12.22 10.67
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genotype complete herds and not just the genetically 
most interesting cows within herds.

Genomic Evaluation. To ensure favorable genetic 
response for fitness and health traits in the future, it 
is important that for these traits, genomic information 
can also be weighted appropriately within the TMI 
(Egger-Danner et al., 2011b).

Over the last 10 yr, between 650 and 750 Fleckvieh 
bulls have been tested in Austria and Germany each 
year. The Fleckvieh reference population for genomic 
evaluation currently has about 6,000 bulls (Emmerling 
and Edel, 2011). Presently, EBV for direct health traits 
per birth year with a minimum reliability of 30% are 
published for about 100 to 140 bulls (Table 7). Com-
pared with the other traits, these are only about 20 to 
30% of the Fleckvieh bulls tested in Germany and Aus-
tria every year. As functional traits are only included 
within genomic evaluation if the minimum reliability 
based on daughters is 30%, the actual percentage is 
even lower. Assuming that the number of test bulls is 
decreasing due to genomic selection, it can be expected 
that in the future, Austria and Germany together will 
have a total of about 400 bulls each year. This would 
mean that relying only on bulls for genomic selection 
for health traits would require another 10 yr to increase 
the reference population by about 4,000 bulls, assum-
ing coverage comparable to the other functional traits 
in Germany and Austria. To decrease the time needed 
until genomic breeding values for direct health traits 
are available for Fleckvieh would mean that in addition 
to bulls, females from herds with comprehensive and 
reliable phenotyping for direct health traits would have 
to be genotyped. Goddard (2009), Hayes et al. (2009), 
Wiggans et al. (2010), and de Roos (2011) discussed 
the possibilities of implementing genomic evaluation 
from a female reference population. The number of 
genotyped cows depends on heritability, the effective 
population size, and the reliability of the desired breed-
ing value. According to de Roos (2011), for a trait with 
a heritability of 0.1, about 7 cows per 1 bull with 100 
progeny would be needed. This would mean that for a 
reference population of 4,000 bulls, at least 28,000 cows 
with reliable phenotypes for direct health traits would 
need to be genotyped. As the heritability for most of 
the direct health traits is lower, the number of cows 
would be even greater.

Implementation and Further Developments

To ensure that diagnoses continue to be registered 
and used in management and breeding, information 
must be officially adopted into routine procedures by 
the relevant organizations. Animal health organiza-
tions in Austria have decided to officially recognize 

the health-monitoring program, which is an important 
milestone. Information based on performance report-
ing and health monitoring is now part of the evalua-
tion process in supervised herds (Austrian Ministry of 
Health, 2010).

The Tyrolean Grey Association decided to make 
health trait monitoring compulsory for its members 
as early as 2008. The Austrian Fleckvieh (Simmental) 
Federation included health trait reporting in their 
breeding program in April 2010. In 2011, several other 
breeding organizations made the reporting of health 
traits compulsory for members of their organization.

Additional measures will be undertaken to increase 
the benefits for farmers and veterinarians. Genetic 
parameters have been estimated for Brown Swiss and 
Holstein as well. For routine genetic evaluation of di-
rect health traits of the other breeds, available data are 
still limited.

To improve breeding and selection, one important 
step will be the inclusion of direct health traits into 
the TMI. Preliminary studies have already been under-
taken (Fuerst et al., 2010; Egger-Danner et al., 2011b). 
Results show that with the inclusion of the direct 
health traits and their economic weight, the selection 
response for fertility and mastitis can be shifted toward 
a positive genetic gain.

CONCLUSIONS

The registration and use of direct health data are 
gaining importance worldwide. Measures to monitor 
and improve animal health and food safety are sensi-
tive. Therefore, the full support of all involved partner 
organizations is essential. Obtaining the necessary co-
operation can be a challenge but is also an opportunity 
to establish a joint system to share benefits and to 
efficiently use synergies. Diagnostic data provided by 
the farmers and breeding organizations are available 
for breeding and management purposes, but the infor-
mation can also be used by veterinarians and animal 
health organizations. Besides a participative approach, 
an appropriate system of reporting and data storage, 
with guaranteed data security and obvious benefits for 
all stakeholders, is essential when establishing a sys-
tem of health monitoring. We found that the process 
of motivating and informing program participants was 
a much greater challenge than setting up the techni-
cal requirements. It is especially important to convince 
opinion leaders at an early stage in the process. A 
regular supply of information to build up confidence 
and to communicate the benefits is a further key fac-
tor for success. Including the reporting of direct health 
data into routine procedures and having the support of 
opinion leaders in agricultural and veterinarian organi-
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zations are important for the sustainability of the pro-
gram. Thus, legal frameworks for the documentation 
and use of diagnostic data are very valuable. To obtain 
a sufficient number of phenotypes for direct health 
traits, it is recommended to include registration of 
diagnostic data within regular performance recording, 
to increase the number of progenies per test bull, or to 
concentrate progenies of test bulls on farms with reli-
able health reporting. To ensure data quality and data 
quantity, it is important that different data sources and 
data reporting methods are considered. For an earlier 
availability of sufficient phenotypes and genotypes for 
genomic evaluation, the genotyping of females from 
herds with reliable health data reporting could be an 
option.Continuous health reporting with a high level of 
participation is a major challenge, which will be more 
easily sustained if a benefit for the different key players 
involved can be guaranteed.
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  ABSTRACT 

  The objective of this study was to evaluate a genomic 
breeding scheme in a small dairy cattle population that 
was intermediate in terms of using both young bulls 
(YB) and progeny-tested bulls (PB). This scheme was 
compared with a conventional progeny testing program 
without use of genomic information and, as the extreme 
case, a juvenile scheme with genomic information, 
where all bulls were used before progeny information 
was available. The population structure, cost, and 
breeding plan parameters were chosen to reflect the 
Danish Jersey cattle population, being representative 
for a small dairy cattle population. The population con-
sisted of 68,000 registered cows. Annually, 1,500 bull 
dams were screened to produce the 500 genotyped bull 
calves from which 60 YB were selected to be progeny 
tested. Two unfavorably correlated traits were included 
in the breeding goal, a production trait (h2 = 0.30) and 
a functional trait (h2 = 0.04). An increase in reliability 
of 5 percentage points for each trait was used in the 
default genomic scenario. A deterministic approach was 
used to model the different breeding programs, where 
the primary evaluation criterion was annual monetary 
genetic gain (AMGG). Discounted profit was used as an 
indicator of the economic outcome. We investigated the 
effect of varying the following parameters: (1) increase 
in reliability due to genomic information, (2) number of 
genotyped bull calves, (3) proportion of bull dam sires 
that are young bulls, and (4) proportion of cow sires 
that are young bulls. The genomic breeding scheme 
was both genetically and economically superior to the 
conventional breeding scheme, even in a small dairy 
cattle population where genomic information causes a 
relatively low increase in reliability of breeding values. 
Assuming low reliabilities of genomic predictions, the 

optimal breeding scheme according to AMGG was char-
acterized by mixed use of YB and PB as bull sires. Ex-
clusive use of YB for production cows increased AMGG 
up to 3 percentage points. The results from this study 
supported our hypothesis that strong interaction effects 
exist. The strongest interaction effects were obtained 
between increased reliabilities of genomic estimated 
breeding values and more intensive use of YB. The ju-
venile scheme was genetically inferior when the increase 
in reliability was low (5 percentage points), but became 
genetically superior at higher reliabilities of genomic 
estimated breeding values. The juvenile scheme was 
always superior according to discounted profit because 
of the shorter generation interval and minimizing costs 
for housing and feeding waiting bulls. 
  Key words:    genomic selection ,  genomic breeding 
scheme ,  dairy cattle ,  small population 

  INTRODUCTION 

  Combining information from pedigree and SNP 
markers leads to increased reliabilities of genomic 
EBV (GEBV) compared with parent average esti-
mates (Hayes et al., 2009b). With increased reliability, 
young bulls (YB) become more competitive relative to 
progeny-tested bulls (PB) in populations with consid-
erable genetic gain. Thus, several studies have shown 
that higher genetic gain can be achieved if young males 
without progeny performance are used as parents for 
the next generation (de Roos et al., 2011; Buch et al., 
2012). In the pre-genomic era, conventional breeding 
schemes were characterized by long generation intervals. 
Now, cattle breeding organizations move toward breed-
ing schemes with more intensive use of YB as bull sires 
and for inseminations of cows, partly because of higher 
reliability of genomic predictions and partly because of 
reduced cost when keeping fewer waiting bulls. Further-
more, the cost of genotyping has decreased, which has 
made it even more feasible to genotype more selection 
candidates followed by increased selection intensity for 
the YB selection pathway. 
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The number of genotyped reference bulls with daugh-
ter proofs is the most important factor in determin-
ing reliabilities of genomic predictions for selection 
candidates (Goddard and Hayes, 2009). However, for 
small dairy cattle populations, the number of potential 
reference bulls is limited. Hence, the gain from using 
genomic information is low (Pryce et al., 2011). A gain 
in reliability of 4 percentage points was estimated in 
the Danish Jersey breed (Thomasen et al., 2012) based 
on a reference population of 1,000 bulls, whereas a gain 
of 20 percentage points was obtained in the Nordic 
Holstein breed (Lund et al., 2011) based on a larger 
European Holstein reference population consisting of 
nearly 20,000 bulls.

Most of the simulation studies on genomic selec-
tion published to date have focused on optimization 
of genomic breeding schemes in larger cattle popula-
tions (for a review, see Pryce and Daetwyler, 2012). 
Because genomic information adds less to reliabilities 
in smaller populations, we expect that conclusions 
from studies for larger populations might not apply to 
smaller populations. For example, annual genetic gain 
increases more with intensive use of YB because the 
reliability of genomic predictions increases (Buch et al., 
2012). Hence, a key design parameter for such a small 
breeding scheme is what proportion of YB is optimal 
to maximize annual genetic gain, as we expect PB to 
remain competitive with YB.

The main objective of this paper was to evaluate 
different genomic selection schemes by changing the 
proportion of genomically selected YB among both bull 
sires and cow sires with different amounts of genomic 
information. We hypothesized that increased genomic 
information in the form of higher reliabilities of genomic 
predictions would interact positively with more wide-
spread use of YB in the genomic breeding scheme. The 
second objective was to compare the default genomic 
breeding scheme to the conventional breeding scheme. 
The primary evaluation criterion for the comparison 
of the breeding schemes was annual monetary genetic 
gain (AMGG), and discounted profit (DP) was used 
as an indicator of the economic outcome of the breed-
ing scheme. Furthermore, the balance of AMGG for a 
production trait and a functional trait is presented.

MATERIALS AND METHODS

Experimental Design

Three overall breeding designs were compared: (1) a 
progeny testing scheme without use of genomic infor-
mation (conventional scheme), (2) a juvenile scheme 
with genomic information where bulls are used before 
progeny information is available (turbo scheme), and 

(3) a scheme that is intermediate in terms of using both 
young and progeny tested bulls (hybrid scheme).

The main objective was investigated by varying pa-
rameters affecting annual genetic gain in the hybrid 
scheme: (1) increase in reliability due to genomic in-
formation, (2) number of genotyped bull calves, (3) 
proportion of bull dams mated with YB, and (4) pro-
portion of cows mated with YB.

The population structure, parameters, and breed-
ing schemes were chosen to mimic practically feasible 
options for the Danish Jersey cattle population, being 
representative of a small dairy cattle population.

Hybrid Scheme

The hybrid breeding scheme reflected the current 
breeding scheme with use of genomic information as 
carried out in the Danish Jersey breed. The general 
structure of the hybrid breeding scheme is illustrated 
in Figure 1. The population consisted of 68,000 cows 
with records. The 1,500 cows with the highest EBV ac-
cording to the breeding goal were screened as bull dam 
candidates. It was assumed that these cows were insemi-
nated with relevant bull sires to produce the 500 bull 
calves that would be genotyped. Sixty YB were selected 
for progeny testing according to their GEBV. These YB 
were randomly used for 50% of inseminations in the cow 
population. This corresponds to Danish Jersey farmers’ 
current use of YB for insemination of cows. The 15 YB 
with the highest GEBV were selected as bull sires and 
mated to 25% of the bull dams. Finally, 4 PB were se-
lected both for use as bull sires, contributing 75% of the 
inseminations, and for inseminations in the cow popula-
tion, contributing 50% of the inseminations. These PB 
were available because a waiting bull system is run until 
their daughter proofs are available. For this breeding 
scheme, 4 key parameters were varied, as follows.

Increase in Reliability of GEBV. The value of 
genomic information was measured by the increase of 
reliability of genomic predictions compared with the re-
liability of the parent average. An increase in reliability 
of 5 percentage points was used in the reference sce-
nario. This is approximately the current gain observed 
by including the genomic information in Danish Jersey 
(Thomasen et al., 2012). The reliability was increased 
in steps of 5 percentage points up to the level of the 
reliability of a progeny-tested bull, which was obtained 
by adding 40 percentage points to the reliability of the 
parent average. In this study, the EBV for the PB only 
included the information from daughter records and no 
genomic information.

Number of Genotyped YB. The number of geno-
typed bull calves was varied from 500 to 2,000 to evalu-
ate the effect of increasing the selection intensity of bull 
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calves that go into progeny testing. A price of €100 was 
connected to each SNP typing (Table 1). When increas-
ing the number of genotyped bull calves, the number of 
bull dams was increased to maintain a fixed ratio of 3 
bull dams per genotyped bull calf. In the reference sce-
nario of the hybrid scheme, 500 bull calves out of 1,500 
bull dams were genotyped yearly (Table 1), which is the 
current number of bull calves genotyped in the Danish 
Jersey breeding program. The experience is that 1,500 
screened bull dams inseminated with relevant bull sires 
are required to obtain 500 bull calves that fulfill the 
criteria for genotyping (P. G. Larson, VikingGenetics, 
Randers, Denmark, personal communication). No costs 
are incurred due to the increase in reliability.

Proportion of Bull Dams Mated with YB.  The 
proportion of bull dams mated with YB was varied 
from 0 to 1, investigating the values 0, 0.25, 0.50, 0.75, 
and 1. In the reference scenario, a proportion of 0.25 
was used. The remaining bull dams were inseminated 
with PB.

Proportion of Cows Mated with YB.  The 
proportion of cows mated with YB was determined by 
the farmers. The proportion was varied from 0.25 to 1, 
investigating the values 0.25, 0.50, 0.75, and 1.

For testing interaction effects between the mentioned 
parameters, all 2-way combinations of the 4 parameters 
were investigated.

Turbo Scheme

An extreme breeding scheme was studied. This 
scheme maximized the use of genomic information. 

Only YB were used as bull sires and as sires of dams. 
Thereby, the generation interval was minimized. It also 
reduced the cost of the breeding plan because YB were 
slaughtered as soon as enough semen had been pro-
duced.

Conventional Scheme

A conventional progeny testing breeding program 
without use of genomic information was investigated. 
We used the same breeding plan parameters as used 
in the Danish Jersey breeding scheme before genomic 
selection was introduced. This breeding program had 
a lower proportion of cows mated with YB (Table 1) 
compared with the hybrid scheme and an exclusive use 
of PB as sires of sons. In this breeding scheme, 5 PB 
were selected yearly compared with 4 in the hybrid 
breeding scheme. The numbers of YB and bull dams 
were the same as in the reference hybrid scheme.

Method and Evaluation Criteria

A deterministic approach was used to simulate and 
evaluate the different breeding strategies. The soft-
ware ZPLAN (Willam et al., 2008) was used. It allows 
evaluation of selection strategies mainly based on the 
gene flow method (Hill, 1974) combined with a selec-
tion index procedure for predicting reliabilities. With 
ZPLAN, it is possible to evaluate both the genetic and 
the economic consequences of the different breeding 
strategies for a given investment horizon. We used 2 

Figure 1. Illustration of selection steps in the genomic hybrid breeding scheme. Proportion of inseminations of bull dams and production 
cows by young bulls (YB) and proven bulls (PB) refers to the reference hybrid breeding scheme.
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criteria to compare the value of the different breeding 
strategies: (1) AMGG was used as the genetic evalua-
tion criterion, and was defined as the average increase 
per year in monetary superiority of the progeny of the 
selected animals after one round of selection; and (2) 
DP for the economic evaluation, defined as the dis-
counted monetary profit based on the genetic superior-
ity and expressed as the improved profit per animal in 
the total population over the given investment period. 
In this study, we used an investment period of 15 yr. 
The interest rates for returns and costs were 6 and 4%, 
respectively.

In this study, AMGG was the primary evaluation 
criterion mainly used to compare schemes of approxi-
mately equal costs. In addition to AMGG, DP was used 
when comparing schemes with different costs over time. 
However, using DP as an evaluation criterion is more 
unreliable than AMGG because more assumptions are 
made for calculating DP according to long-term cost 
levels and interest rates.

The ZPLAN software requires population, biologi-
cal, and cost parameters, which are given in Table 1. 

The biological parameters were obtained partly from 
the official milk recording statistics (Lauritsen, 2012) 
and partly from an analysis of bull statistics for Danish 
Jersey in VikingGenetics (P. G. Larson, VikingGenet-
ics, Randers, Denmark, personal communication). The 
included cost parameters exclusively reflected the vari-
able costs related to the breeding program (Table 1), 
whereas fixed costs were ignored. All results for AMGG 
and DP were expressed as relative values referring 
to the values of the reference scenario of the hybrid 
scheme, which were set to 100.

The ZPLAN program does not provide estimates 
of inbreeding rates. As increase in inbreeding is a 
consequence of selection, breeding schemes should, in 
general, be compared only at similar rates of inbreed-
ing. Lillehammer et al. (2011) simulated a small dairy 
cattle population with use of genomic selection. We 
used that study as a reference for adapting the number 
of active bulls to ensure approximately the same levels 
of inbreeding across the different breeding schemes. In 
schemes where YB are used as sires of sons, more sires of 
sons need to be used to balance the effect of lower selec-

Table 1. Essential input parameters used for modeling Danish Jersey breeding schemes: the conventional 
breeding scheme without use of genomic information, the hybrid breeding scheme with a combined use of 
genomic selected young bulls and progeny-tested bulls, and the turbo breeding scheme only with use of young 
bulls 

Parameter Conventional Hybrid1 Turbo

Population parameters: varied    
 Proportion of cows mated with young bulls 0.3 0.5 1.0
 Proportion of bull dams mated with young bulls 0 0.25 1.0
 No. of genotyped bull calves 0 500 500
 Increased reliability of genomic EBV (percentage points) 0 +5 +5
Population parameters: fixed    
 No. of cows in population 68,000 68,000 68,000
 No. of young bulls mated with cows 60 60 60
 No. of proven bulls selected per year 5 4 —
 No. of young bulls mated with bull dams 0 15 15
 No. of selected bull dams per genotyped bull calf — 3 —
 No. of selected bull dams per year 1,500 — 1,500
Biological coefficients    
 Average calving interval (yr) 1.1 1.1 1.1
 Inseminations per pregnancy 2.2 2.2 2.2
 Inseminations per first-lactation record 10 10 10
 Rearing percentage for heifers and bull calves 0.9 0.9 0.9
 Calving percentage 0.9 0.9 0.9
 Survival rate for cows 0.8 0.8 0.8
 Survival rates for waiting bulls 0.95 0.95 0.95
 Use of proven bulls (yr) 2.0 2.0 —
 Use of young bulls (yr) 0.3 0.3 0.6
 Generation interval for bull dams 2.4 2.4 2.4
 Generation interval for production cows 3.2 3.2 3.2
Variable cost parameters (€)    
 Inspection of bull dams (per bull dam) 5 5 5
 Inspection of bull calves (per genotyped calf) — 40 40
 Costs for SNP typing per genotyped calf — 100 100
 Variable costs covering feeding and labor (per test bull per year) 2,500 2,500 2,500
 Interest rate for return/costs (%) 6/4 6/4 6/4
 Investment period (yr) 15 15 15

1Values in bold are varied in the hybrid breeding scheme.
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tion accuracy (Daetwyler et al., 2007). In Lillehammer 
et al. (2011), similar rates of inbreeding were obtained 
by using 12 PB in the conventional breeding scheme 
and 20 genomic-selected bulls in the genomic breed-
ing scheme. To compensate for the lower reliabilities of 
genomic breeding values in our study, the number of 
genomic selected bulls was further increased. Overall, 
the number of bulls was increased from 5 PB in the 
conventional scheme to 15 genomic-selected bull sires 
in the turbo scheme (Table 1). For these reasons, more 
PB and YB were selected than were actually needed for 
producing the required amount of semen for supplying 
the Jersey cow population.

Breeding Goal and Traits

The breeding goal was a weighted sum of 2 traits. 
The first trait represented milk production traits (h2 = 
0.30) and the second trait represented functional traits 
(h2 = 0.04). An unfavorable genetic correlation of −0.30 
between the 2 traits was assumed, and the residuals 
were assumed uncorrelated. The economic values were 
set to €83 for the milk production trait (PT) and €82 
for the functional trait (FT) per additive genetic stan-
dard deviation. These economic values ensured that the 
correlation between milk production and breeding goal 
was the same as in the Nordic total merit index (Buch 
et al., 2012). All animals were selected for the overall 
breeding goal.

Reliability of EBV

The ZPLAN program calculated the reliability of the 
index for each selection group separately. The index 
used was constructed as a selection index including the 
information sources own performance, maternal and 
paternal half-sibs, half-sibs of sire and dam and prog-
eny. Each YB had 113 daughter records for the produc-
tion trait and 104 daughter records for the functional 
trait. This is the current average daughter group size 
in Danish Jersey.

The reliability of genomic prediction is influenced by 
the level of linkage disequilibrium between SNP markers 
and QTL. Another factor is family relationship infor-
mation (Habier et al., 2007). In this study, the linkage 
disequilibrium was assumed to persist over generations, 
with frequent re-estimation of the SNP effects. The 
reliability due to family relationship depends on the 
candidates’ relationship to the reference population.

The increase in reliability of GEBV for YB relative 
to reliability of parent average was modeled by adding 
the gain in reliability for each index trait separately. It 
was assumed that the gain in reliability due to genomic 
information was independent of the heritability of the 

trait, as found by Thomasen et al. (2012) in the Danish 
Jersey population. As the parent average reliability is 
different for PT and FT due to differences in heritabili-
ties, the marginal value of adding 5 percentage points 
to each index trait expressed in number of effective 
daughters differed. For the PT, the value calculated 
in ZPLAN was 1 effective daughter and for the FT, 10 
effective daughters. Adding these daughter equivalents 
increased the reliability of the multi-trait selection 
index from 25 to 29%. Adding 40 percentage points 
(maximum level used in this study) to each trait sepa-
rately increased the reliability of the selection index to 
64%, which was approximately the same reliability as 
that of the daughter-based breeding value for the PB 
(67%). This reliability is in line with the reliability of 
the Nordic total merit index for a PB.

In a breeding scheme where YB are used as bull sires, 
the reliability of GEBV is lower compared with a breed-
ing scheme where PB are used as bull sires. We mod-
eled this reduction in reliability of GEBV by removing 
the paternal half-sib information for the proportion of 
YB that were used as bull sires.

The reliabilities of the multi-trait indices were 29, 
67, and 35% for YB, PB, and cows, respectively, in the 
conventional breeding scheme. In the turbo scheme, the 
reliabilities of YB were lowered to 21% because the 
bull sires do not have daughter information when their 
sons are selection candidates. In the hybrid breeding 
scheme, the reliabilities of the YB were 29%, which is 
the same as in the conventional breeding scheme. How-
ever, this reliability resulted from adding 5 percentage 
points to the parent average due to genomic informa-
tion and reducing the paternal half-sib information for 
the proportion (0.25) of the YB having a YB as bull 
sire.

RESULTS

Comparison of Breeding Schemes  

with Default Parameters

Table 2 shows the results when comparing the 3 de-
fault breeding schemes. The levels of AMGG and DP 
for the hybrid scheme were set to 100. For AMGG, 
the hybrid scheme was 6.8% superior compared with 
the conventional breeding scheme. This difference was 
mainly due to a shorter generation interval in the hy-
brid scheme compared with the conventional scheme 
(3.58 vs. 4.14 yr). This reduction in generation inter-
val more than compensated for the lower reliability of 
YB compared with PB. The hybrid scheme was also 
superior for AMGG compared with the turbo scheme 
(3.9%).

In contrast, among the 3 breeding schemes with de-
fault parameters, the turbo scheme yielded the highest 
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DP, resulting in a 20.5% higher DP than the hybrid 
scheme. The hybrid scheme had 11.3% higher DP than 
the conventional scheme. The FT had the highest con-
tribution to AMGG in the turbo plan (36.2%), which 
was 3.4 percentage points higher than in the conven-
tional scheme.

Effect of Increasing Reliability of Genomic Prediction

The value of increasing reliability of GEBV of YB 
compared with reliability of parent average is shown in 
Table 3. Increasing the reliability of GEBV from +5 to 
+10 percentage points increased AMGG by just 1.1%. 
Increasing the reliability up to +40 percentage points, 
which was equivalent to assuming that the genomic 
information yielded the same reliability as daughter 
proofs, increased AMGG by 7.5% and DP by 13%. The 
increase in DP only expresses the discounted return 
because no cost was attached to increased reliability.

Effect of Increasing the Number of Genotyped YB

Doubling the number of genotyped YB from 500 to 
1,000 increased AMGG by 3% (Table 4). The marginal 
effect on AMGG was lower (2.2%) when the number 
of genotypings was increased from 1,000 to 2,000 bull 
calves. Increasing the number of genotypings increased 
the cost of the breeding scheme. In addition to extra 
genotyping cost, extra costs were incurred as more 
bull dams have to be inspected (Table 1). Taking this 
variable cost into account, DP increased by 4.4% when 
increasing the number of bull calves from 500 to 1,000.

Effect of Alternative Strategies Using YB

The use of YB was varied around the default values, 
independently for inseminations of bull dams (Table 
5) and inseminations of cows (Table 6). In the hybrid 
breeding scheme, the default proportion of bull dams 
inseminated with YB was 25%. This value resulted in 
the highest AMGG. A higher proportion of bull dams 
inseminated with YB gave, in general, a marginally 
lower AMGG (down to −1.8%) but a higher DP (up to 
6.5%). A genomic preselection scheme exclusively using 
PB for insemination of bull dams reduced AMGG by 
0.5% and DP by 2.1%. The proportion of AMGG that 
originated from PT was reduced from 66.3 to 65%.

Using only YB for insemination of cows resulted in 
the highest AMGG (+3.1%), highest DP (12.7%), and 
largest contribution of FT to AMGG (36.5%), given 
default values for the other parameters in the hybrid 
scheme.

Interaction Effects of Breeding Scheme Parameters

The strongest interaction effect was observed be-
tween increased reliability of GEBV and a more in-
tensive use of YB for inseminating bull dams both for 
AMGG (Figure 2) and DP (Figure 3). With a gain 
in reliability for GEBV of +5 percentage points com-
pared with reliability of parent average, the optimal 
proportion of bull dams inseminated with YB was 0.25 
when schemes were evaluated for AMGG (Figure 2). 
For higher levels of gain in reliability of GEBV, the op-
timum shifted toward using only YB as bull sires. For 

Table 2. Comparison of the 3 default breeding schemes: conventional, hybrid, and turbo1 

Item Conventional Hybrid Turbo

AMGG (%) 93.2 100 96.1
Discounted profit (%) 88.7 100 120.5
Generation interval (yr) 4.14 3.58 2.48
AMGG from PT vs. FT 67.2/32.8 66.3/33.7 63.8/36.2

1Breeding schemes are evaluated for annual monetary genetic gain (AMGG), discounted profit, generation 
interval, and proportion of AMGG from production trait (PT) and functional trait (FT). Value of AMGG and 
discounted profit for the hybrid scheme is standardized to 100.

Table 3. Effect of increasing reliability of genomic EBV on annual monetary genetic gain (AMGG), discounted 
profit, generation interval, and proportion of AMGG from production trait (PT) and functional trait (FT) for 
the hybrid breeding scheme 

Item

Increase in reliability (percentage points)

+51 +10 +20 +30 +40

AMGG (%) 100 101.1 103.4 105.5 107.5
Discounted profit (%) 100 102.1 105.9 109.5 113.0
Generation interval (yr) 3.58 3.58 3.58 3.58 3.58
AMGG from PT vs. FT 66.3/33.7 66.2/33.8 65.8/34.2 65.4/34.6 65.2/34.8

1Reference scenario of hybrid scheme.
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a gain in reliability of +40 percentage points, AMGG 
increased relatively by 23.8% by increasing the use of 
YB for inseminating bull dams from 25 to 100%. For all 
levels of gain in reliability, the highest DP was obtained 
when exclusively YB were used as bull sires (Figure 3).

In general, the strongest interaction effects were ob-
served for all parameters related to increased gain in 
reliability of GEBV (results not shown). The marginal 
value of extra genotypings was also larger with greater 
gains in reliability of GEBV. Furthermore, higher 
marginal gains in AMGG and DP were obtained by 
genotyping more bull calves, when YB were used more 
intensively in the population (results not shown).

Optimal use of YB as bull sires with regard to AMGG 
depends on the use of YB in the population (Figure 4). 
If farmers decide to exclusively use YB for inseminating 
cows, the highest AMGG is obtained for a breeding 
scheme using only PB as bull sires. The optimal breed-
ing scheme shifted toward using a higher percentage 
of bull dams inseminated with YB, when fewer cows 
(<75%) were inseminated with YB. In a breeding 
scheme only using YB as bull sires, all levels of using 
YB in the population resulted nearly in the same level 
of AMGG (96.1 to 98.2). Using DP as the evaluation 
criterion, the interaction between the use of YB in the 
population and the use of YB for inseminating bull 
dams disappeared (Figure 5). Exclusive use of YB in 
the population was superior for all levels of use of YB 
as bull sires, and exclusive use of YB as bull sires was 
superior for all levels of use of YB in the population.

DISCUSSION

This study showed that a genomic breeding scheme is 
superior to a conventional breeding scheme even in small 
dairy cattle populations, even though genomic informa-
tion provides a relatively small increase in reliability. 
Given the farmers’ current strategy for inseminations 
in the cow population of 50% inseminations with YB, 
the optimal breeding scheme as measured by AMGG 
is characterized by mixed use of YB and PB as bull 
sires. Strong interaction effects exist between increased 
reliabilities of GEBV and a more intensive use of YB as 
bull sires. As a result, the turbo scheme only becomes 
genetically superior when sufficiently high reliabilities 
of GEBV can be obtained. The turbo scheme is always 
preferable when DP is used as an indicator of economic 
outcome.

Optimal Breeding Scheme for a  

Small Dairy Cattle Population

All genomic breeding schemes tested yielded higher 
AMGG than the conventional scheme. However, as 
expected, the genetic superiority found in the default 
genomic selection scheme was lower than that found 
in other studies, which are based on larger population 
sizes and hence larger reference populations. In a review 
study, Pryce and Daetwyler (2012) found 12 to 16% 
higher annual genetic gain, which is 5 to 9 percentage 
points higher than improvements in our study. These 

Table 4. Effect of increasing number of genotyped young bulls on annual monetary genetic gain (AMGG), 
discounted profit, generation interval, and proportion of AMGG from production trait (PT) and functional 
trait (FT) for the hybrid breeding scheme 

Item

No. of genotyped young bulls

5001 750 1,000 1,500 2,000

AMGG (%) 100 101.9 103.0 104.6 105.2
Discounted profit (%) 100 102.8 104.4 106.3 107.1
Generation interval (yr) 3.58 3.58 3.58 3.58 3.58
AMGG from PT vs. FT 66.3/33.7 66.0/34.0 65.8/34.2 65.6/34.4 65.4/34.6

1Reference scenario of hybrid scheme.

Table 5. Effect of proportion of bull dams mated with young bulls on annual monetary genetic gain (AMGG), 
discounted profit, generation interval, and proportion of AMGG from production trait (PT) and functional 
trait (FT) for the hybrid breeding scheme 

Item

Proportion of bull dams mated with young bulls

0 0.251 0.50 0.75 1

AMGG (%) 99.5 100 99.9 99.3 98.2
Discounted profit (%) 97.9 100 102.1 104.1 106.5
Generation interval (yr) 3.79 3.58 3.37 3.15 2.94
AMGG from PT vs. FT 66.7/33.3 66.3/33.7 65.9/34.1 65.4/34.6 65.0/35.0

1Reference scenario of hybrid scheme.
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studies were based on larger reference populations and 
higher selection intensities of YB. The reliabilities of 
GEBV were around 60% in these studies, considerably 
higher than the reliabilities of GEBV (29%) in our de-
fault hybrid scheme.

Lillehammer et al. (2011) is the most relevant study 
for a small dairy cattle population. They modeled the 
Norwegian Red cattle population consisting of 120,000 
cows, 750 genotyped bull calves, 60 PB, and reliabilities 
of GEBV of 46% (h2 = 0.15) in a preselection scheme. 

Table 6. Effect of proportion of cows mated with young bulls on annual monetary genetic gain (AMGG), 
discounted profit, generation interval, and proportion of AMGG from production trait (PT) and functional 
trait (FT) for the hybrid breeding scheme 

Item

Proportion of cows mated with young bulls

0.25 0.501 0.75 1

AMGG (%) 95.4 100 102.1 103.1
Discounted profit (%) 91.0 100 106.7 112.7
Generation interval (yr) 3.82 3.58 3.33 3.09
AMGG from PT vs. FT 69.5/30.5 66.3/33.7 64.5/35.5 63.5/36.5

1Reference scenario of hybrid scheme.

Figure 2. Annual monetary genetic gain as a function of increased proportion of bull dams inseminated with young bulls (YB) for different 
levels of increase in reliability (Delta R2) due to added value of genomic information. The relative value of the reference scenario is set to 100 (�).
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They found that the annual genetic gain increased by 
12% compared with that in a conventional breeding 
scheme. Their annual genetic gain was twice the gain in 
our study, but was obtained for a reference population 
consisting of 3 times the number of bulls and margin-
ally higher selection intensities. To achieve a compa-
rable genetic gain in our study, we had to assume an 
increase in reliability of 15 percentage points compared 
with reliability of parent average and exclusive use of 
YB as bull sires (Figure 2).

We found that the turbo scheme, for an increase in 
reliability of 5 percentage points, was genetically infe-
rior to the hybrid scheme with mixed use of YB and 
PB. This is in contrast to several studies in which turbo 
schemes provide consistently higher annual genetic 
gains (König et al., 2009; Pryce and Daetwyler, 2012). 
The main reason is that the YB in our study were 

selected with a lower reliability of genomic breeding 
values, which was not compensated by the shortened 
generation interval in the turbo scheme. In the turbo 
scheme, the sires of genotyped bull calves have not yet 
obtained a progeny test. As part of the reliability arises 
from family information (Habier et al., 2007, 2010; 
Wientjes et al., 2012), a reduction of the value of this 
information source has a large effect on the reliability 
of GEBV of YB when the value of the genomic infor-
mation is low. However, with increased reliabilities of 
GEBV, we also found that schemes using only YB as 
bull sires became genetically superior compared with 
the hybrid scheme.

The turbo scheme, however, was superior when 
evaluated on DP instead of AMGG, for 2 main rea-
sons. First, in the turbo scheme, YB were slaughtered 
as soon as enough semen doses were produced to sup-

Figure 3. Discounted profit as a function of increased proportion of bull dams inseminated with young bulls (YB) for different levels of 
increase in reliability (Delta R2) due to added value of genomic information. The relative value of the reference scenario is set to 100 (�).
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ply the population. Housing and feeding the bulls in 
the waiting period is by far the most expensive part of 
the breeding scheme. In the turbo scheme, this cost is 
reduced to a minimum. Second, AMGG is expressed 
earlier in the turbo scheme because of a shorter genera-
tion interval (from 3.58 to 2.48 yr). The difference in 
DP between the different breeding schemes depends on 
the discounting rates used as well as the investment 
period. However, a sensitivity analysis showed that 
the turbo scheme still had a superiority of 95% with a 
reduction of the interest rate for costs and returns to 
4 and 2% and extension of the investment horizon to 
20 yr. Discounted profit is, however, highly sensitive 
to the choice of system—in our case, a farmer-owned 
cooperative with 100% loyalty and unchanged market 
shares internationally. Therefore, DP can never be used 

on its own. However, DP is an indicator for evaluation 
of future investment strategies in the breeding scheme. 
Although the turbo scheme in this study showed supe-
riority in DP, it was inferior in AMGG. There is a risk 
that market shares drop in the long term, in which case 
the predicted DP will be misleading.

Only 2 studies have looked at an evaluation of the 
economic value of genomic breeding schemes (Schaef-
fer, 2006; König et al., 2009). Both studies found sub-
stantially higher profits for the turbo scheme compared 
with a conventional breeding scheme. However, those 
results were obtained for scenarios in which reliabili-
ties of GEBV were assumed to be considerably higher 
than in the present study. In these studies, they did not 
model the reduction in reliability of sire information, 
which may explain part of the difference in reliabilities. 

Figure 4. Annual monetary genetic gain as a function of proportion of bull dams inseminated with young bulls (YB) for different levels of 
YB use for inseminations of cows shown for a gain in reliability due to genomic information of 5 percentage points. The relative value of the 
reference scenario is set to 100 (�).
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In addition, König et al. (2009) used a much higher 
selection intensity in the YB selection path.

A consequence of moving from conventional to ge-
nomic breeding schemes is a shift in the composition of 
genetic progress toward a relatively larger contribution 
from the low heritability trait, as the relative gain in 
reliability for this trait was higher. This effect was more 
pronounced at higher gains in reliabilities and with 
more intensive use of genomic information in selection 
decisions; that is, selection of bulls before progeny in-
formation is available.

Optimal Use of YB for Inseminating Cows

The proportion of cows inseminated with YB is a deci-
sion made by the farmers. In our reference scenario of the 
hybrid scheme, 50% of the cows were inseminated with 

YB, which reflects the actual use in the Danish Jersey 
population. We have shown that exclusive use of YB can 
increase AMGG by 3.1% (Table 6). It requires, however, 
that farmers accept the use of YB with a lower reliability 
than PB. This suggestion was questioned by König et al. 
(2009), who also recommended a breeding scheme with 
50% use of PB for inseminations of cows, even though 
the scheme resulted in a lower AMGG compared with 
exclusive use of YB. In contrast, we find that similar 
AMGG were obtained regardless of which strategy the 
farmers had for using YB when only PB were used as 
bull sires in the breeding scheme (Figure 4).

Exclusive use of YB is always superior, irrespective 
of other factors, when the evaluation criterion is DP. 
The reason is that discounting favors breeding schemes, 
where the return is realized as quickly as possible; that 
is, when the genetic superiority is disseminated into the 

Figure 5. Discounted profit as a function of proportion of bull dams inseminated with young bulls (YB) for different levels of YB use for 
inseminations of cows. The relative value of the reference scenario is set to 100 (�).
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population as quickly as possible. If increased reliability 
of GEBV can be obtained, it will be more attractive for 
the farmers to use YB.

Increased Value of Genomic Information  

in Hybrid Scheme

In the present study, extra use of genomic informa-
tion is expressed either through higher reliabilities of 
GEBV or by additional genotypings of bull calves. The 
value of increased reliability of GEBV in the YB path 
was limited (Table 3) provided that all other breeding 
parameters were kept constant in the hybrid scheme; 
that is, when PB were used more intensively than YB. 
Genotyping of 1,000 bull calves provided approximately 
the same improvement in AMGG as an increase of 20 
percentage points in reliability. Doubling the number of 
genotyped bull calves would also be attractive as DP 
also increased compared with the reference scenario of 
the hybrid scheme. Hence, even with the current cost 
of genotyping, the potential return can pay for the ad-
ditional genotypings.

With more than 1,000 additional genotypings of bull 
calves, we observed a diminishing return in terms of 
AMGG. This finding is supported by other studies 
(Sørensen and Sørensen, 2009; Henryon et al., 2012). 
However, the rate at which the return diminished was 
smaller with increasing reliabilities of GEBV, which 
was also found by Henryon et al. (2012). With increas-
ing reliabilities, we also observed a diminishing return 
in terms of DP, which was, however, smaller than that 
observed for AMGG (results not shown).

In this study, no costs were attached to the increase 
in reliability. The costs for obtaining a higher reliability 
might be highly dependent on the information source 
available. Exchange of already genotyped proven bulls 
between Jersey populations might be almost free of 
cost. In contrast, genotyping of cows is far more costly, 
as many more genotypings are required. The economic 
aspects of genotyping cows were evaluated by Egger-
Danner et al. (2012). Adding 5,000 cows to a reference 
population consisting of 6,000 bulls increased the DP by 
nearly 2%, assuming a cost of €100 per genotyping. The 
predicted gain in reliability was 5 percentage points. 
For populations with an even smaller reference popula-
tion than Danish Jersey, the marginal effect of adding 
genotyped cows to the reference population is likely even 
larger. However, over time, as the reliability increases, 
the marginal gain by adding cows will be reduced.

Perspectives for Effective Breeding Schemes  

in Small Dairy Cattle Populations

Small dairy cattle populations are challenged by low 
reliability of genomic predictions. In this study, we 

demonstrated that a low reliability sets limitations for 
moving toward more efficient breeding schemes with 
more intensive use of YB. This also limits the oppor-
tunities to run a more cost-effective breeding scheme 
with lower housing and feeding costs for waiting bulls. 
Such savings of cost could be used for genotyping more 
bull calves to increase selection intensity in the male 
selection path.

Therefore, the key focus for smaller dairy cattle breeds 
should be to increase reliabilities of GEBV. Collabora-
tion to exchange SNP information of internationally 
evaluated bulls has shown to be effective for the Hol-
stein population (Lund et al., 2011). For a small dairy 
cattle breed such as Danish Jersey with only 1,000 bulls 
in the reference population, the marginal effect might 
be even bigger. It requires, however, that strong genetic 
links exist between the Jersey subpopulations, genotype 
by environmental interactions are not too pronounced, 
and reliable EBV are available for all important traits 
in the breeding goal. The North American Jersey popu-
lation is the most promising collaborator for the Danish 
Jersey (Thomasen et al., 2013). Another option is to 
include genotyped females with their own records in 
the reference population (McHugh et al., 2011; Egger-
Danner et al., 2012). Using reference populations from 
the larger Holstein populations has so far not been suc-
cessful for increasing reliabilities of genomic predictions 
for small dairy cattle populations (Hayes et al., 2009a; 
Erbe et al., 2012).

No matter which strategy is used, collaboration or 
genotyping of cows, deliberate action is required, be-
cause low reliabilities are the limiting factor for improv-
ing genomic selection in small populations.
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  ABSTRACT 

  The aim of this study was to quantify the impact 
of genotyping cows with reliable phenotypes for direct 
health traits on annual monetary genetic gain (AMGG) 
and discounted profit. The calculations were based on 
a deterministic approach using ZPLAN software (Uni-
versity of Hohenheim, Stuttgart, Germany). It was 
assumed that increases in reliability of the total merit 
index (TMI) of 5, 15, and 25 percentage points were 
achieved through genotyping 5,000, 25,000, and 50,000 
cows, respectively. Costs for phenotyping, genotyping, 
and genomic estimated breeding values vary between 
€150 and €20 per cow. The gain in genotyping cows 
for traits with medium to high heritability is more 
than for direct health traits with low heritability. The 
AMGG is increased by 1.5% if the reliability of TMI 
is 5 percentage points higher (i.e., 5,000 cows geno-
typed) and 6.53% higher AMGG can be expected when 
the reliability of TMI is increased by 25 percentage 
points (i.e., 50,000 cows genotyped). The discounted 
profit depends not only on the costs of genotyping but 
also on the population size. This study indicates that 
genotyping cows with reliable phenotypes is feasible to 
speed up the availability of genomic estimated breed-
ing values for direct health traits. But, because of the 
huge amount of valid phenotypes and genotypes needed 
to establish an efficient genomic evaluation, it is likely 
that financial constraints will be the main limiting fac-
tor for implementation into breeding program such as 
Fleckvieh Austria. 
  Key words:    genotyping cows ,  direct health trait , 
 novel trait ,  genomic evaluation ,  economic aspects 

  Short Communication 

  In Austria, a health-monitoring system based on 
veterinarian diagnoses started in 2006 (Egger-Danner 

et al., 2012a). The Federal States of Bavaria and 
Baden-Wuerttemberg in Germany started establishing 
a similar system in 2010. Presently, EBV for direct 
health traits (DHT), such as veterinarian diagnoses 
for clinical mastitis, early reproductive disorders, and 
cystic ovaries, are available for Fleckvieh (Simmental) 
and Brown Swiss cattle. Fleckvieh is the main cattle 
breed in Austria, with 280,000 cows under performance 
recording. Austria and Germany operate a joint genetic 
and genomic evaluation for all traits in the total merit 
index (TMI). 

  Currently, the reference population for genomic 
evaluation includes about 6,000 bulls for dairy traits, 
whereas for DHT, less than 1,000 bulls have a reli-
ability higher than 50% (Egger-Danner et al., 2012b). 
Therefore, genomic EBV (GEBV) for DHT are cur-
rently not available due to limited numbers of bulls in 
the reference population. Due to the general reduction 
in the number of young bulls being progeny tested, 
the gap in genetic gain between traits with GEBV and 
DHT without GEBV will widen if the reference popula-
tion relies on only progeny-tested bulls and recording of 
DHT is not as comprehensive as for traditional traits. 
Our hypothesis is that genotyping cows with reliable 
phenotypes will speed up the availability of GEBV for 
novel traits such as DHT. 

  Various studies have examined the use of genotyp-
ing cows. For example, de Roos (2011) showed that 
7 cow records (i.e., own performance) for a trait with 
a heritability of 0.1, comparable to DHT, would have 
an equivalent contribution to the reliability as 1 bull 
with 100 daughter records. This is similar to the results 
of Daetwyler et al. (2010). As heritabilities for DHT 
are low, many phenotypes and genotypes of cows are 
needed. To take into account the genetic variation and 
to avoid bias in genomic prediction, it is important to 
record a representative random sample of cows (i.e., 
not just preselected bull dams). 

  Verbyla et al. (2010) predicted GEBV for energy 
balance, using an experimental cow population. Those 
authors concluded that genomic selection for these 
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novel traits may be less accurate than for traditionally 
recorded traits due to the smaller reference population, 
but may still be very valuable, because traditional se-
lection for these traits does not exist, or is complicated 
due to the difficulty to obtain phenotypes. Genomic 
selection using a cow reference population is, there-
fore, the best option for genetic improvement of novel 
traits that are difficult to record. Another opportunity 
of genotyping cows is that selection of bull dams can 
be improved, because cows with low kinship and large 
positive Mendelian sampling effects may be detected.

Calus et al. (2013b) analyzed the use of genotyping 
cows on predicted accuracy of and response to genomic 
selection for a new trait. They assumed that for a new 
trait, only a cow reference population of moderate size 
was available and selection simultaneously had an ef-
fect on an overall genetic merit of the index and this 
new trait. The genetic response depended on the ge-
netic correlation of the new trait to the index and the 
economic weight. According to Calus et al. (2013b), a 
cow reference population of at least 10,000 cows may 
be needed to achieve acceptable genetic response for a 
new trait and the whole breeding goal, in case the new 
trait has a negative genetic correlation to the index and 
small economic values. For new traits that are related 
to fitness and an index dominated by production traits, 
negative genetic correlations are most likely.

Buch (2011) showed advantages of using cows directly 
in the reference by comparing the use of progeny-tested 
bulls in a reference population with the use of their 
genotyped daughters and phenotypes in the reference. 
Pryce et al. (2012) showed that adding genotypes of 
10,000 cows to a reference population of around 3,000 
Holstein males led to an improvement of 4 to 8 percent-
age points in the reliability of GEBV, depending on 
the trait. The future importance of genotyping females 
not only to increase the reliability of genomic predic-
tions but also as a way to select the best replacements, 
assuming decreasing genotyping costs, was stressed by 
Pryce and Hayes (2012) and Calus et al. (2013a). To 
improve management and selection decisions on farm, 
genotyping is beneficial if it costs less than €50 (Calus 
et al., 2013a).

The aim of the current study was to quantify the 
impact of genotyping cows with reliable phenotypes for 
DHT on annual monetary genetic gain (AMGG) and 
discounted profit. The ZPLAN software (University of 
Hohenheim, Stuttgart, Germany; Willam et al., 2008) 
used optimizes selection strategies in livestock breed-
ing using a purely deterministic approach. The gene 
flow method and selection index procedures constitute 
the core of the software. It evaluates both the genetic 
and economic efficiency of breeding strategies. The user 
defines selection groups in the whole population, each 

with a specific selection intensity, and other individual 
information sources used in the index. Additionally, 
population and cost parameters as well as biological 
parameters must be defined for each selection group. 
The program calculates several criteria, such as AMGG 
for the aggregate genotype, annual genetic gain (AGG) 
for single traits, discounted return, discounted costs, 
and discounted profit (DP) for a given investment pe-
riod. The criteria for evaluating alternative breeding 
programs used in this study were AMGG; that is, the 
monetary superiority per year of the progeny of the 
selected animals after 1 selection round in the breed-
ing unit and DP, defined as discounted return minus 
discounted breeding costs per cow. The discounted 
return is interpreted as the discounted monetary value 
per cow based on the genetic superiority and expressed 
by improved animals in the breeding and production 
unit (i.e., entire population) over the given investment 
period.

Different breeding strategies for the breeding pro-
gram operated by Fleckvieh Austria and the corre-
sponding input parameters are described in detail in 
Egger-Danner et al. (2012b). The TMI includes the 
DHT of clinical mastitis, early reproductive disorders, 
and cystic ovaries. These traits are used as auxiliary 
traits for the TMI traits fertility index (FERT-I) and 
udder health index (UH-I). The breeding strategy as-
sumed is a genomic-enhanced breeding program where 
50% of the cow population and bull dams are mated 
with young bulls (GS50). Young bulls are genotyped 
bulls that are preselected based on their GEBV, where 
pedigree and genomic information are combined (Egg-
er-Danner et al., 2012b).

In this study, the effect of increasing the reliability 
of the TMI and different cost scenarios associated with 
phenotyping and genotyping cows were analyzed. The 
numbers of genotyped cows considered were 5,000, 
25,000, and 50,000 cows. Additional costs per cow, 
including costs of phenotyping DHT, and genotyping, 
including genomic evaluation, were €150, €100, €50, 
and €20 per cow. The assumptions of cost parameters 
differed from a full cost calculation, including paying 
off of investment costs associated with research to a 
very cost-effective information system with genotyping 
chips at a lower price and multipurpose use of genom-
ics (tests for hereditary effects and parentage tests). 
For recording of veterinarian diagnoses, it was assumed 
that registration was based on the legal obligation to 
document application of drugs. In Austria, per cow, 
about 0.5 to 0.7 first diagnoses are recorded every 
year within the workflow of traditional performance 
recording (Egger-Danner et al., 2012a). Therefore, no 
high additional costs were assumed for registration of 
phenotypes in the Austrian case. For the reference sce-
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nario, the realized reliability of TMI was a coefficient 
of determination of 0.58 without genotyped cows from 
GS50 in Egger-Danner et al. (2012b).

The approximate increase in TMI reliability (R2) 
through genotyped cows was assumed as follows: no 
genotyped cows → coefficient of determination = 0.58 
(Egger-Danner et al., 2012b), 5,000+ genotyped cows 
→ TMI reliability = +0.05, 25,000+ genotyped cows → 
TMI reliability = +0.15, and 50.000+ genotyped cows 
→ TMI reliability = +0.25. The assumed increases 
in reliability (+0.05, +0.15, and +0.25) were derived 
from calculations based on Daetwyler et al. (2010), the 
current size of the reference population of Fleckvieh 
(Simmental), and the composition of the TMI.

As described in Egger-Danner et al. (2012b) the 
increase in reliability due to genomics was calculated 
for 3 heritabilities and according to the assumption 
of the Austrian Fleckvieh population, the increase 
in reliability was expressed using daughter equiva-
lents. The heritability assumed for FERT-I was 0.02; 
for UH-I, it was 0.12. For FERT-I in the reference 
scenario with no genotyped cows and coefficient of 
determination = 0.58, 80 daughter equivalents were 
considered. This number was increased to 125 for the 
scenario 5,000+ genotyped cows (R2 = +0.05) and up 
to 430 for the scenario 50,000+ genotyped cows (R2 
= +0.25). For UH-I in the reference scenario [i.e., no 
genotyped cows (R2 = 0.58)] 25 daughter equivalents 
were considered. This number was increased to 38 for 
the scenario 5,000+ genotyped cows (R2 = +0.05) and 
up to 135 for the scenario 50,000+ genotyped cows 
(R2 = +0.25).

For a trait with a heritability of 0.35, genotyping of 
5,000 cows would increase the reliability by 3 percentage 
points in the case of a reference population of 10,000 
bulls; in the case of a reference population of 5,000 
bulls, the increase would be 7 percentage points and 
for 1,000 bulls it would go up to 24 percentage points. 
For a trait with a heritability of 0.05, the increase in 
reliability would be 1, 2, and 6 percentage points for 
the respective sizes of bull reference populations. In the 
case of adding an additional 25,000 cows to 5,000 bulls 
in the reference population, an increase in reliability of 

21 percentage points for a trait with a heritability of 
0.35 and 9 percentage points for a trait with heritabil-
ity 0.05 could be expected (Table 1).

Different sizes of reference populations of bulls per 
trait group existed. For milk production traits, about 
6,000 bulls existed in the reference population, whereas 
for functional traits, it varied between 4,000 and 9,000 
bulls and for DHT, not more than 1,000 bulls were 
available. Assuming that about 85% of AMGG is 
achieved by the higher heritable dairy and beef traits 
(Egger-Danner et al., 2012b) and the different sizes 
of bull reference populations for the trait groups, the 
increase in reliability of the TMI was approximated as 
described.

To avoid double counting, it was assumed that the 
information of the additional cows genotyped was not 
included in the EBV of bulls as daughter information. 
The increase in reliability was taken into account for the 
bull selection groups only, but not for the female side, 
as this increase would contribute only to a minor part 
of the herdbook cows (e.g., 5,000 out of 280,000 cows) 
or bull dam population. The effect of genotyping cows 
under this assumption is shown for AMGG and DP. 
Table 2 shows the effect of number of genotyped cows 
(added to the bull reference population) on AMGG 
in euros and percent. The increase in TMI reliability 
by 5 percentage points due to 5,000 genotyped cows 
enhanced AMGG by 1.50%. Genotyping 25,000 cows 
would increase the TMI reliability by 15 percentage 
points, which would result in an increase in AMGG 
of 4.07% and a 25-percentage-point higher reliability 
would cause an increase of AMGG by 6.53%.

In Supplemental Table S1 (http://dx.doi.org/10.3168/
jds.2013-7661), the AGG of FERT-I and UH-I is shown 
as described as in Egger-Danner et al. (2012b). In do-
ing so, the reference scenario in the current study goes 
along with scenario TMI + DHT and GS50 in Table 
5 from the study of Egger-Danner et al. (2012b). The 
increase in reliability by +0.05 to +0.25 percentage 
points extended the AGG for FERT-I and UH-I, but 
on a rather low absolute level. If the economic weights 
of FERT-I and UH-I were higher, the genetic response 
due to genotyping cows could be increased.

Table 1. Effect of genotyping cows additionally to bulls on reliability (R2) for different traits (h2 = 0.35 and 
h2 = 0.05), depending on the size of the bull reference population (Daetwyler et al., 2010) 

Reference  
population  
bulls (no.)

No. of genotyped cows

5,000 25,000 50,000

h2 = 0.35 h2 = 0.05 h2 = 0.35 h2 = 0.05 h2 = 0.35 h2 = 0.05

10,000 0.03 0.01 0.10 0.04 0.14 0.08
5,000 0.07 0.02 0.21 0.09 0.27 0.15
1,000 0.24 0.06 0.53 0.23 0.62 0.36
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It has to be stated that no other changes in the breed-
ing structure were applied (e.g., no change in selection 
intensities, no reduction of generation interval due to 
genotyping cows, and no genotyping of bull dams). If 
that were the case, then genotyping cows could reduce 
the generation interval of bull dams by 0.5 yr; the im-
pact on AMGG would be increased by further 2.6 per-
centage points for Fleckvieh under this assumption. In 
the current study, only the higher TMI reliability and 
the higher costs associated with phenotyping and ge-
notyping cows were assumed in the model calculations. 
It was assumed that these cows added independent 
information. The increase in reliability would be lower 
in routine applications if these cows were already at 
least partly included in the prediction of the bull EBV.

Table 3 shows DP, depending on different cost 
scenarios of genotyping cows and genomic evalua-
tion. Although it is rather expensive to phenotype 
and genotype several thousand cows, Table 3 shows, 
based on the entire Fleckvieh population in Austria, a 
slight increase in DP per cow still existed up to 25,000 
genotyped cows and costs of €150 per cow. In general, 
the lower the costs, the higher the DP. If genotyping 
costs would come down to €50 or less, then genotyping 
of 25,000 or even 50,000 cows would be economically 
efficient, if the costs could be passed onto the entire 
Fleckvieh population and not only to the breeding 
stock (herdbook cows).

To conclude, genotyping cows increased the reliabil-
ity of highly heritable traits more than lowly heritable 
traits, as shown in Table 1. A higher relative increase 
might exist for lowly heritable traits, but as reliabilities 
are, in general, rather low for these traits, the absolute 
increase is lower. The effect of genotyping cows on reli-
ability was more effective in the case of smaller bull 

reference populations. Therefore, more reliable GEBV 
for novel traits such as DHT would be available sooner. 
But, for these novel traits (usually lowly heritable), 
many reliable phenotypes and genotypes would be 
needed. Genotyping cows affected AMGG just mod-
erately if no changes existed in selection intensity and 
generation interval. If genotyping cows could have an 
effect on selection intensities and the generation inter-
val as well, it would be more profitable. An advantage 
of adding a cow reference population for novel traits 
with a limited number of bulls in the reference popula-
tion is that the reliability can be increased in general 
even if the effect is not as great as for highly heritable 
traits. To enhance genetic response, increasing the eco-
nomic weight in the index is needed. This effect on 
novel traits is more promising if the reliability of the 
trait is higher. According to Calus et al. (2013b), a 
higher economic weight in the index would also achieve 
acceptable genetic progress even if the cow reference 
population is smaller. Generally, genotyping cows is 
an effective way to speed up availability of GEBV for 
novel traits. This is especially important, as the num-
ber of bulls with reliable GEBV out of progeny testing 
is decreasing continuously. If genotyping of cows has to 
be paid by the breeding organizations only and the only 
advantage is an increase in reliability, it is economically 
not worthwhile while genotyping is expensive. If geno-
typing information assists farmers in better selection of 
replacement at the farm level, economic feasibility is 
reached earlier. Merging reference populations across 
countries is advantageous especially for small world-
wide populations. For a final decision on investment in 
setting up a cow reference population, a detailed evalu-
ation of other possible side effects (use in management, 
detection of lethal effects, and so on) is required.

Table 2. Effect of number of genotyped cows (additionally to bull reference population) on annual monetary 
genetic gain (AMGG) in euros and percent 

Reliability (R2) of total merit index AMGG (€) AMGG (%)

No genotyped cows (R2 = 0.58) 28.02 100
5,000+ genotyped cows (R2 = +0.05) 28.44 +1.50
25,000+ genotyped cows (R2 = +0.15) 29.16 +4.07
50,000+ genotyped cows (R2 = +0.25) 29.85 +6.53

Table 3. Effect of number of genotyped cows (additionally to bull reference population) on discounted profit 
per cow (DP), dependent on costs of genotyping (€) 

Reliability (R2) of total merit index

DP, depending on cost of genotyping per cow (%)

€150 €100 €50 €20

No genotyped cows (R2 = 0.58) 100
5,000+ genotyped cows (R2 = +0.05) +1.36 +1.79 +2.15 +2.44
25,000+ genotyped cows (R2 = +0.15) +1.29 +3.08 +4.94 +6.02
50,000+ genotyped cows (R2 = +0.25) −0.01 +3.22 +7.09 +9.24
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Zusammenfassung

Diese Studie evaluiert verschiedene Zuchtstrategien gegen Erbfehler am Beispiel Fleck-
vieh AUSTRIA anhand des monetären Zuchtfortschrittes und des Züchtungsgewinnes.
Aktuell sind acht Erbfehler bei Fleckvieh AUSTRIA publiziert. Die Allelfrequenzen
schwanken zwischen 0,5 und 7% in der Kuhpopulation. Wenn alle männlichen Träger-
bullen aus der Zucht eliminiert werden, sowohl im Einsatz bei den Herdbuchkühen als
auch in der gezielten Paarung, ist beim monetären Zuchtfortschritt ein Verlust von 7,1%
bzw. von 9,4% beim Züchtungsgewinn zu erwarten. Wenn die Trägerbullen in der geziel-
ten Paarung, aber nicht bei den Herdbuchkühen eingesetzt werden, so reduziert sich der
monetäre Zuchtfortschritt um 4,8% bzw. 6,4% der Züchtungsgewinn. Der Rückgang
beim Zuchtfortschritt durch den Verzicht auf Trägerbullen kann durch verstärkten Ein-
satz von multipler Ovulation und Embryotransfer kompensiert werden.

Schlüsselwörter: Erbfehler, genetische Defekte, Zuchtstrategien, Zuchtfortschritt,
Züchtungsgewinn

Summary

Management of genetic disorders in the breeding program Fleckvieh AUSTRIA:
results of model calculations

This study evaluates different breeding strategies against genetic defects in Austrian
Fleckvieh cattle in terms of annual monetary genetic gain and discounted profit. Present-
ly, eight genetic disorders are published for Austrian Fleckvieh (Simmental) cattle. The
allele frequencies vary between 0.5 and 7% in the female population. If all male carriers
are erased from the breeding program, both in herdbook cows as well as in planned mat-
ing, a 7.1% loss in annual monetary genetic gain and a 9.4% reduction in discounted
profit can be expected. If carriers are excluded in herdbook cows only, the reduction in
annual monetary genetic gain is 4.8% and 6.4% in discounted profit, respectively. The
reduction in genetic gain due to discarding carriers can be compensated by increased use
of multiple ovulation and embryo transfer.

Keywords: Genetic defects, breeding strategies, genetic gain, profit
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1 Einleitung

Durch die Möglichkeiten der Genomanalyse wurden aufbauend auf der Arbeit von Van-

Raden et al. (2011) bei vielen Rinderrassen durch das Feststellen von fehlenden homo-
zygoten Abschnitten im Genom verschiedene Erbfehler entdeckt. Forscher der Techni-
schen Universität München verwendeten Sequenzdaten für die Bestimmung von Muta-
tionen (Jansen et al., 2013). Bei der Rasse Fleckvieh waren bis vor kurzem kaum Erbfeh-
ler bekannt. Die relativ große effektive Populationsgröße (Ne) von 160 und der geringe
durchschnittliche Inzuchtkoeffizient von unter 2% werden dabei auch eine entsprechen-
de Rolle spielen (Pausch et al., 2013).

Ausgehend von der Entdeckung von zwergwüchsigen Kälbern in Oberösterreich und
den intensiven Bemühungen der Zucht- und Forschungsorganisationen in Österreich
und Deutschland wurden bis dato bei Fleckvieh und Braunvieh acht Erbfehler veröffent-
licht. Diese sind (in Klammer die offizielle Abkürzung):

– Spinnengliedrigkeit (A), Buitkamp et al. (2011),
– Thrombopathie (TP), Jansen et al. (2013),
– Fleckvieh Haplotyp 2 (FH2), Santer et al. (1997),
– Fleckvieh Haplotyp 4 (FH4), Pausch et al. (2014),
– Zwergwuchs (DW),
– ZinkDefizienz ähnliches Syndrom (ZDL), Jung et al. (2014)
– Bovine Male Subfertility (BMS), Pausch et al. (2014)
– Braunvieh-Haplotyp 2 (BH2), Schwarzenbacher et al. (2012).

Kälber mit Spinnengliedrigkeit werden tot geboren oder sterben kurz nach der Geburt.
Auffällig sind dünne Röhrenknochen, der verkrümmte Rücken und der häufig verkürzte
Unterkiefer. Oft kommt es neben dem Verlust des Kalbes zu einer Verletzung des Geburts-
wegs der Kuh. Thrombopathie ist eine Bluterkrankheit mit massiv beeinträchtigter Blut-
gerinnung, die bis zum Tod führen kann. Kälber mit Zwergwuchs haben ein geringes
Geburtsgewicht und wachsen sehr langsam. Kälber mit ZDL-Syndrom leiden an wieder-
kehrenden Durchfall- und Atemwegserkrankungen und entzündlichen Hautveränderun-
gen. Es führt bei reinerbigen Kälbern zum Tod. FH2, auch Minderwuchs genannt ist ähn-
lich zu der beim Menschen beschriebenen Erbkrankheit des Fanconi-Bickel-Syndroms.
Es ist eine Störung im Zuckerstoffwechsel und diese zeigt weitgehend normale Geburts-
gewichte, aber massives Zurückbleiben im Wachstum und bei männlichen Tieren eine
meist schmale „weibliche“ Kopfform. Genaue Beschreibungen der Erbfehler sind in
ZuchtData (2014a) zu finden. Das Erscheinungsbild von BH2 ist ein unterdurchschnitt-
liches Geburtsgewicht, höhere Totgeburtenrate und ein deutlich erhöhter Anteil an Auf-
zuchtverlusten durch höhere Krankheitsanfälligkeit, wobei die meisten Kälber bis 50
Tage verenden. FH4 bewirkt einen embryonalen Frühtod in den ersten Wochen mit Um-
rindern meist nach 21 Tagen.

Die Allelfrequenzen in der österreichischen Fleckviehpopulation sind bei Fürst (2014)
und im ZuchtData-Jahresbericht 2014 (ZuchtData,, 2014b) dargestellt. Sie liegen bei den
weiblichen Tieren für das Geburtsjahr 2013 für BMS bei 7,3%, TP bei 6,8%, FH2 bei
5,2%, FH4 bei 4,5%, DW bei 2,6%, für BH2 bei 1,1%, ZDL bei 0,6% und ARA bei 0,4%.

Im vorliegenden Artikel wird nicht zwischen genetischen Besonderheiten und geneti-
schen Defekten unterschieden, sondern beide Varianten unter dem Synonym Erbfehler
subsummiert. Es ist den Autoren bewusst, dass es unterschiedliche Handlungsempfeh-
lungen für genetische Besonderheiten und Tierschutz-relevante genetische Defekte gibt.
Da die Unterscheidung zwischen den beiden Kategorien noch in laufender Diskussion ist,
wird hier von einer Differenzierung abgesehen.



Management von Erbfehlern im Zuchtprogramm Fleckvieh 203

2 Material und Methode

2.1 Zuchtplanungsmethode

Die Analyse verschiedener Erbfehlerstrategien im Rahmen des Zuchtprogramms Fleck-
vieh AUSTRIA wurde mit dem Computerprogramm ZPLAN (Willam et al., 2008) durch-
geführt. ZPLAN optimiert Selektionsstrategien in der Tierzucht bei Verwendung eines
deterministischen Ansatzes aufbauend auf der Genflussmethode und einem Selektions-
index. Die genetische und ökonomische Effizienz von Zuchtprogrammen kann evaluiert
werden. Selektionsgruppen mit unterschiedlichen Selektionsintensitäten und individuel-
len Informationsquellen können im Index definiert werden. Zusätzlich müssen für alle
Selektionsgruppen verschiedene biologische Kennzahlen, Populations- und Kostenpara-
meter definiert werden. Informationen zu den verwendeten biologischen, genetischen
und ökonomischen Parametern sind in Egger-Danner et al. (2012) dargestellt. Die Kri-
terien für die Evaluierung der verschiedenen Strategien sind monetärer Zuchtfortschritt
pro Jahr (monZF/J), Züchtungsertrag (ZE), Züchtungskosten (ZK) und Züchtungs-
gewinn (ZG) pro Kuh, die folgendermaßen definiert sind:

Zuchtfortschritt (ZF): Der Zuchtfortschritt ist die durchschnittliche monetäre bzw.
naturale Überlegenheit der Nachkommen der selektierten Tiere einer Selektionsrunde
gegenüber der Elterngeneration in der Zuchtstufe (pro Generation oder pro Zeiteinheit).

Züchtungsertrag (ZE): Der Züchtungsertrag ist der durchschnittliche diskontierte Ertrag
pro Kuh, der aufgrund der genetischen Überlegenheit der selektierten Tiere in deren
Nachkommen in der gesamten Population für den Zeitraum der Investitionsdauer erwar-
tet werden kann.

Züchtungskosten (ZK): Die Züchtungskosten sind die züchtungsbedingten, diskontier-
ten fixen und variablen Kosten einer Selektionsrunde umgelegt auf eine Kuh (gesamte
Population).

Züchtungsgewinn (ZG): Der Züchtungsgewinn ist die Differenz zwischen dem Züch-
tungsertrag und den Züchtungskosten.

2.2 Populationsparameter und biologische Parameter

Die Auswirkungen von verschiedenen Strategien hinsichtlich des Erbfehlermanagements
auf den monetären Zuchtfortschritt pro Jahr, Züchtungskosten und Züchtungsgewinn eines
Zuchtprogrammes wurden am Bespiel Fleckvieh AUSTRIA 2012 analysiert (Abb. 1).
Kernpunkte im genomischen Zuchtprogramm Fleckvieh AUSTRIA 2012 sind die Verkür-
zung des Generationsintervalls durch den Einsatz junger Bullen bei den Herdbuchkühen
(HK) und den interessantesten Kühen (d.h. Kandidatenmütter (KM)) und die starke Vor-
selektion der Jungbullen (JB) aus den Kandidaten im Verhältnis 1:20. Im genomischen
Zuchtprogramm Fleckvieh AUSTRIA 2012 werden 50% der Besamungen der Herdbuch-
kühe und 75% der Besamungen der Kandidatenmütter mit Jungbullen angestrebt.

2.3 Strategien Erbfehlermanagement

Drei verschiedene Strategien wurden analysiert. In Strategie 1 (Merzung) werden Trä-
gerbullen vom Besamungseinsatz sowohl in der Kuhpopulation (HK + NHK) als auch in
der gezielten Paarung (GP) ausgeschlossen. In den drei Varianten V-10, V-30 und V-50
sollen die Auswirkungen unterschiedlich großer Verbreitung von Erbfehlerträgern unter-
sucht werden. Bei V-10 müssen 10% der Selektionskandidaten aus der Zucht ausge-
schlossen werden, da sie Träger für einen Erbdefekt sind. Analog dazu werden bei V-30
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bzw. V-50 30% bzw. 50% der Jungbullen-Kandidaten ausgeschlossen. Die Annahmen
basieren auf Auswertungen des Trägerstatus der Jungbullen-Kandidaten aus dem Zucht-
programm Fleckvieh AUSTRIA. Bei Berücksichtigung der bisher bekannten Erbfehler
sind in der Rasse Fleckvieh derzeit ca. 50% der Kandidaten Träger von zumindest einem
Erbfehler.

In Strategie 2 (Reduktion) werden Trägerbullen nur vom breiten Einsatz in der Kuh-
population (HK + NHK) ausgeschlossen, sehr wohl aber in der gezielten Paarung (GP)
für die Besamung der Kandidatenmütter (KM) eingesetzt.

Strategie 3 (ET) geht der Fragestellung nach, in wieweit durch verstärkten Einsatz
von Embryotransfer (ET) der Verlust an Selektionsintensität durch die Generierung einer
höheren Anzahl Kandidaten gesteigert werden kann. Es wird auch angenommen, dass
die interessantesten Kühe, d.h. die Kandidatenmütter (KM), genotypisiert sind und ver-
stärkt Färsen belegt werden. Zusätzlich wird eine höhere Sicherheit des genomisch opti-
mierten Gesamtzuchtwerts der KM (0,62 gegenüber 0,51) und eine Verkürzung des Ge-
nerationsintervalls der KM von 0,5 Jahren unterstellt. Für Strategie 3 wurden die Auswir-
kung von zwei Varianten analysiert, nämlich 50% bzw. 100% der Kandidaten stammen
aus ET, wobei angenommen wird, dass pro KM ein Kandidat erwartet werden kann.

2.4 Kosten der Erbfehler

Für die Analyse von züchterischen Maßnahmen ist ein Kosten-Nutzen-Vergleich uner-
lässlich. Die im Zuchtprogramm Fleckvieh AUSTRIA 2012 unterstellten Kosten sind in
Egger-Danner et al. (2012) angeführt. Im Zusammenhang mit dem Erbfehlermanage-
ment kommen direkte und indirekte Kosten zum Tragen. Da indirekte Kosten schwer
abschätzbar sind, werden diese nicht berücksichtigt. Bei den direkten Kosten sind es einer-
seits Kosten für Monitoring, Testung und Management im Zusammenhang mit diesen
Erbfehlern, andererseits Kosten durch Ausfälle. Die Kosten für direkte Gentests werden,
zusätzlich zu den Kosten für die Genotypisierung im Rahmen der genomischen Zucht-
wertschätzung, zwischen 30 und 50 € pro Erbfehler angenommen. Mit Jahresbeginn

Abb. 1. Zuchtprogramm
Fleckvieh AUSTRIA 2012
(AGÖF, 2014)
Breeding program Fleckvieh
AUSTRIA 2012 (AGÖF, 2014)

1.200 Kandidaten

280.000 Herdbuchkühe

Kandidatenmü�er

10 nachkommengeprü�e

Bullen (NKP)*

60 Jungbullen (JB)* 75%

25%50%

50%

Remon�erung 1:20

*plus gezielter Einsatz ausländischer Gene�k
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2015 wird es sogenannte „customized chips“ geben, in denen dann die relevanten 1000
bis 2000 SNPs berücksichtigt sind und daher ohne große Zusatzkosten der Trägerstatus
bestimmt werden kann. Da mit dem Management dieser Informationen dennoch Auf-
wand verbunden ist, werden 20 € pro Kandidat angesetzt. Für Strategie 3 mit verstärk-
tem ET-Einsatz werden auch auf der weiblichen Seite die Kosten für die Genotypisierung
der KM angesetzt und zudem Kosten für ET berücksichtigt. Für die Genotypisierung
inklusive Erbfehlermanagement werden 120 € angesetzt. Die Kosten für einen Kandida-
ten aus ET werden mit 600 € angenommen.

Die Kosten von Erbfehlern für die Gesamtpopulation hängen vom Schaden pro Einzel-
tier, aber auch von der Allelfrequenz des Erbfehlers in der Gesamtpopulation ab. Der Erb-
fehler kommt zum Vorschein, wenn das Tier homozygot ist. Dieses Risiko wird durch die
Anzahl durchgeführter Besamungen bedingt und kann pro Geburtsjahrgang berechnet
werden. In Abbildung 2 ist die Anzahl der zu erwartenden homozygoten Kälber darge-
stellt. Bis zum Jahr 2013 entspricht das der theoretisch zu erwartenden Anzahl homozy-
goter Kälber. Aktuell werden aufgrund der Kennzeichnung der Erbfehler Risikopaarun-
gen vermieden.

Die Kosten pro Ausfall werden nach drei verschiedenen Annahmen angesetzt. Bei Erb-
fehlern wie z.B. DW, FH2, BH2 und ZDL, bei denen das Kalb nicht mehr zu vermarkten ist,
werden 350 € pro homozygotem Kalb angenommen. Die Annahmen basieren auf Berech-
nungen des Arbeitskreises Milch in Österreich, wonach der Kalberlös pro verkauftem
Kalb inklusive Schlachtprämie und sonstiger Kosten im Jahr 2012 bei 403 € lag. Wenn
zudem Schäden bei der Mutter auftreten, wie bei Spinnengliedrigkeit, so werden die
Kosten mit 700 € beziffert. Laut Wöckinger (2012, persönliche Mitteilung) kostet eine
21 Tage längere Zwischenkalbezeit 100 €. Bei Erbfehlern, die mit schlechterer Fruchtbar-
keit verbunden sind, ist mit Kosten von ca. 75 € zu rechnen. Bei TP sind die Kosten
schwer abzuschätzen, da homozygote Träger nicht immer bzw. zu unterschiedlichen
Zeitpunkten ausfallen. In Abbildung 3 sind die Kosten pro Erbfehler und Jahr dargestellt.
Es ist ersichtlich, dass primär FH2 von Bedeutung ist. Für die Zuchtplanungsrechnungen
werden Gesamtkosten pro Jahr und Population angesetzt. Wenn keine Maßnahmen er-

Abb. 2. Anzahl homozygoter Kälber basierend auf Allelfrequenz der Erbfehlers und Anzahl Anpaarungen
pro Jahr von 2000 bis 2013
Number of homozygous calves dependent on allele frequency of genetic disorder and number
of matings per year from 2000 until 2013
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griffen werden, so wird von insgesamt 300.000 € pro Jahr ausgegangen. Für Variante
V-10 werden 200.000 € angesetzt, für Variante V-30 100.000 € und für Variante V-50, bei
der keine Träger in der Besamung der Kuhpopulation eingesetzt werden, werden keine
Kosten durch Ausfälle berücksichtigt.

3 Ergebnisse und Diskussion

Für die Evaluierung von Strategien zur Berücksichtigung von Erbfehlern in Zucht-
programmen ist es wichtig, dass verschiedene Varianten hinsichtlich ihrer Auswirkungen
auf den monetären Zuchtfortschritt pro Jahr, den Züchtungsgewinn und die praktische
Durchführbarkeit analysiert werden. Zur Optimierung der Strategien ist es wichtig, dass
Erfahrungen aus der Umsetzung dann wiederum bei Weiterentwicklungen des Zucht-
programmes berücksichtigt werden.

3.1 Erbfehler und Leistung

Für die Anwendung der jeweiligen Strategie stellt sich auch die Frage, ob ein Zusammen-
hang zwischen Erbfehler-Trägerbullen und den erwünschten Leistungsmerkmalen
besteht. Dazu wurde die Häufigkeit von Trägern- und Nicht-Trägern bei den Jung-
bullen-Kandidaten des Jahrgangs 2013 nach Gesamtzuchtwert (GZW), Milchwert (MW),
Fleischwert (FW) und Fitnesswert (FIT) analysiert. Es wurden nur jene Kandidaten in die
Analyse einbezogen, die mittels Haplotypen- oder Gentest eindeutig als Träger oder frei
identifiziert wurden. In Abbildung 4 und Abbildung 5 sind die Ergebnisse für MW und
FIT dargestellt. Die Ergebnisse für GZW und FW sind jenen von MW und FIT sehr ähnlich
und werden deshalb nicht dargestellt. Die Ergebnisse lassen keine Kopplung zwischen
Trägerstatus und Leistung erkennen. Wenn das Auftreten von Erbfehlern bei überdurch-

Abb. 3. Geschätzte Kosten pro Erbfehler und Jahr in Euro von 2000 bis 2013
Estimated costs per genetic disorder and year in Euro from 2000 until 2013
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schnittlichen Vererbern deutlich höher wäre, wäre eine Strategie, bei der auf den Einsatz
von Trägern verzichtet wird, stärker zu hinterfragen. Dann würden möglicherweise mit
einem Erbfehler auch viele andere wertvolle Gene verloren gehen. Um die Linienvielfalt
zu erhalten, ist auch von Interesse, ob bei einigen Linien Erbfehler häufiger auftreten.
Abbildung 6 zeigt eine Verteilung der genotypisierten Jungbullen-Kandidaten bei Fleck-
vieh AUSTRIA nach Linienzugehörigkeit und Trägerstatus von bekannten Erbfehlern.

3.2 Analyse unterschiedlicher Strategien

Die hier untersuchten Strategien zum Erbfehlermanagement wirken sich vor allem auf
die Selektionsintensität bei den Jungbullen aus. Wenn Jungbullen-Kandidaten, die Trä-
ger von Erbfehlern sind, nicht für die Zucht verwendet werden, so können die Jungbullen
weniger streng selektiert werden.

Strategie 1 (Merzung): Genereller Ausschluss von Trägerbullen
Bei Strategie 1 werden die Trägerbullen weder für die Besamung der Kuhpopulation
(HK + NHK) noch für die Kandidatenmütter in der gezielte Paarung (GP) herangezogen.
Die Auswirkungen dieser Strategie sind in Tabelle 1 zusammengefasst. Wenn 50% der
Kandidaten (Variante V-50) weder bei der Besamung der Kuhpopulation noch bei den
Kandidatenmüttern in der gezielten Paarung berücksichtigt werden können, so reduziert
sich der monetäre Zuchtfortschritt pro Jahr um 7,1% und der Züchtungsgewinn um 9,4%

Abb. 4. Verteilung der Kandidaten (Geburtsjahr 2013) aus Fleckvieh AUSTRIA nach Milchwert (MW)
und Trägerstatus
Distribution of candidates (year of birth) of Fleckvieh AUSTRIA based on milk index (MW) and
carrier status
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im Vergleich zum Referenzszenario Zuchtprogramm Fleckvieh AUSTRIA 2012 (Egger-

Danner und Willam, 2012). Der monetäre Zuchtfortschritt pro Jahr für das Referenz-
szenario beträgt 31,2 € und der Züchtungsgewinn 166,3 €. Wenn weniger Kandidaten
gemerzt werden, so verringert sich der jährliche monetäre Zuchtfortschritt nur geringfü-
gig (Variante V-10). Bei V-50 aber müssen statt vorher 60 Jungbullen aus 1200 Kandida-
ten nun 120 selektiert werden, d.h. die Remontierungsrate reduziert sich von 1:20 auf
1:10. Bei V-30 und V-10 verringert sich die Remontierungsrate weniger stark auf 1:14
bzw. 1:18.

Strategie 2 (Reduktion): Trägerbullen nur in gezielter Paarung
Um nicht, wie in Strategie 1, generell auf genetisch wertvolle Bullen zu verzichten, wur-
de analysiert, wie sich der begrenzte Einsatz von Trägerbullen in der gezielten Paarung
auswirkt (Tab. 2). Die Reduktion des monetären Zuchtfortschritts pro Jahr in V-50 im
Vergleich zu Strategie 1 ist um 2,3 Prozentpunkte geringer (95,2 gegenüber 92,9), bei
V-30 und V-10 ist der Rückgang an monetärem Zuchtfortschritt pro Jahr im Vergleich zu
Strategie 1 sehr gering. Mit der Strategie Trägerbullen nur in der gezielten Paarung ein-
zusetzen, aber mit Erbfehler-freien Vererbern die Kuhpopulation zu besamen, könnte die
genetische Variabilität weitgehend erhalten bleiben und dennoch die Verteilung von Erb-
fehlern in der gesamten Population reduziert werden.

Abb. 5. Verteilung der Kandidaten (Geburtsjahr 2013) aus Fleckvieh AUSTRIA nach Fitnesswert (FIT)
und Trägerstatus
Distribution of candidates (year of birth) of Fleckvieh AUSTRIA based on fitness index (FIT) and
carrier status
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Strategie 3 (ET): Verstärkter Einsatz von ET in gezielter Paarung
Diese Fragestellung soll analysieren, in wie weit durch einen verstärkten ET-Einsatz bei
den Kandidatenmüttern der Verlust an Selektionsintensität durch die Merzung von Trä-
gerbullen kompensiert werden kann. Es wird unterstellt, dass die interessantesten weib-
lichen Färsen und Kühe in der Population genotypisiert werden und dadurch das Gene-
rationsintervall bei den Kandidatenmüttern um 0,5 Jahre reduziert werden kann. Es wer-
den 2 Varianten analysiert: einmal kommen 50% der Kandidaten aus ET und einmal
100%, wobei in der Kuhpopulation (HK + NHK) keine Trägerbullen eingesetzt werden.
Durch die Genotypisierung der Kandidatenmütter und der verstärkten Anwendung von
ET kann der jährliche monetäre Zuchtfortschritt im Vergleich zum Referenzszenario
Fleckvieh AUSTRIA 2012 nicht nur erhalten, sondern sogar gesteigert werden. Für die
Variante, in der 100% der Kandidaten aus ET kommen, könnte ohne Ausschluss von Trä-
gerbullen der monetäre Zuchtfortschritt pro Jahr sogar um 13,9% gesteigert werden
(nicht dargestellt). Wenn Trägerbullen nur in der gezielten Paarung, aber nicht in der
Kuhpopulation (HK + NHK) eingesetzt werden, so ist dennoch ein jährlicher monetärer
Zuchtfortschritt von +9,3% im Vergleich zu Fleckvieh AUSTRIA 2012 zu realisieren
(Tab. 3). In Tabelle 3 sind zusätzlich die Auswirkungen auf die Anzahl benötigter Kandi-
datenmütter in der gezielten Paarung und die Remontierung der Jungbullen aus den Kan-
didaten, also die Selektionsintensität in der Selektionsgruppe Jungbullen, dargestellt.
Die Kosten in der Variante 100% Kandidaten aus ET liegen im Vergleich zum Referenz-
szenario bei 34,17 € pro Herdbuchkuh, beim Referenzszenario sind 26,47 € kalkuliert.
Der deutlich höhere monetäre Zuchtfortschritt pro Jahr kompensiert die höheren Kosten

Abb. 6. Verteilung der Kandidaten (Geburtsjahr 2013) aus Fleckvieh AUSTRIA nach Trägerstatus und
Linienzugehörigkeit
Distribution of candidates (year of birth 2013) of Fleckvieh AUSTRIA based on carrier status and
sire line
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und erhöht auch insgesamt den Züchtungsgewinn für die Variante 100% Kandidaten aus
ET auf + 5,2%. Bei der Variante, in der nur 50% der Kandidaten aus ET kommen, ist beim
jährlichen monetären Zuchtfortschritt ein Plus von 3,1% zu erwarten. Der Züchtungs-

Tab. 1. Einfluss der Strategie 1 mit den Varianten V-10, V-30 und V-50 (d.h. 10%, 30% und 50% der
Bullen in Kuhpopulation (HK + NHK) und gezielter Paarung (GP) als Erbfehlerträger gemerzt)
auf monetären Zuchtfortschritt pro Jahr (monZF/J) und Züchtungsgewinn (ZG) in Prozent
relativ zu Fleckvieh AUSTRIA 2012
Impact of strategy 1 with variants V-10, V-30, V-50 (i.e. 10%, 30% and 50% erasure of carriers
in cow population and planned mating) on annual monetary genetic gain (monZF/J) and profit
(ZG) based on Fleckvieh AUSTRIA 2012

Fleckvieh 
AUSTRIA 2012

Keine Trägerbullen in Kuhpopulation (HK + NHK) 
und gezielter Paarung (KM)

V-10 V-30 V-50

monZF/J 100 (31,2 €) 99,0 96,5 92,9

ZG 100 (166,3 €) 98,7 95,3 90,6

Remontierung JB aus 
Kandidaten

60 aus 1200
(1:20)

66 aus 1200
(1:18)

85 aus 1200
(1:14)

120 aus 1200
(1:10)

JB = Jungbullen, HK = Herdbuchkühe, NHK = Nicht-Herdbuchkühe, KM = Kandidatenmütter

Tab. 2. Einfluss der Strategie 2 mit den Varianten V-10, V-30 und V-50 (d.h. 10%, 30% und 50% der
Bullen in Kuhpopulation (HK + NHK) als Erbfehlerträger gemerzt) auf monetären Zuchtfort-
schritt pro Jahr (monZF/J) und Züchtungsgewinn (ZG) in Prozent relativ zu Fleckvieh
AUSTRIA 2012
Impact of strategy 2 with variants V-10, V-30, V-50 (i.e. 10%, 30% and 50% erasure of carriers
in cow population) on annual monetary genetic gain (monZF/J) and profit (ZG) based on
Fleckvieh AUSTRIA 2012

Fleckvieh 
AUSTRIA 2012

Keine Trägerbullen in Kuhpopulation (HK + NHK), 
aber gezielter Paarung (KM)

V-10 V-30 V-50

monZF/J 100 (31,2 €) 99,3 97,6 95,2

ZG 100 (166,3 €) 99,4 97,0 93,6

Remontierung JB aus 
Kandidaten

60 aus 1200
(1:20)

66 aus 1200
(1:18)

85 aus 1200
(1:14)

120 aus 1200
(1:10)

JB = Jungbullen, HK = Herdbuchkühe, NHK = Nicht-Herdbuchkühe, KM = Kandidatenmütter
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gewinn ist trotz deutlich höherer Kosten vergleichbar mit dem Referenzszenario Fleck-
vieh AUSTRIA 2012.

Je nach Umsetzung von Erbfehlerstrategien ist ohne Kompensationsmaßnahmen
durch verstärkten ET-Einsatz mit einem vorübergehenden Rückgang im monetären
Zuchtfortschritt pro Jahr im oben beschriebenen Ausmaß zu rechnen. Wenn die Erbfeh-
ler aus der Population wieder weitgehend verdrängt sind, kann das Selektionspotenzial
wieder zur Gänze ausgenutzt werden.

Bei den hier dargestellten Varianten der Zuchtplanung ist zu bedenken, dass jeweils
nur eine Selektionsrunde mit ihren Auswirkungen abgebildet werden kann. Um genaue-
re Aussagen zu populationsgenetischen Auswirkungen machen zu können, sind aufwän-
dige stochastische Simulationen durchzuführen.

Sonstige Alternativen
Ein gänzlicher Verzicht auf Erbfehler-Trägerbullen auf der weiblichen und männlichen
Seite würde zu einem schnellen Verschwinden des Erbfehlers aus der Population führen.
Wenn jedoch bei den Kühen der Trägerstatus nicht bekannt ist, kann durch Nutzung von
Trägerwahrscheinlichkeiten aufgrund von Abstammungsinformationen das Risiko eben-
falls minimiert werden. Auswertungen zeigen, dass aktuell im Vergleich mit Zufallspaa-

Tab. 3. Auswirkungen der Genotypisierung potenzieller Kandidatenmütter und verstärkter Einsatz
von Embryotransfer (50% und 100% der Kandidaten aus ET) auf monetären Zuchtfort-
schritt pro Jahr (monZF/J) und Züchtungsgewinn (ZG) in Prozent relativ zu Fleckvieh
AUSTRIA 2012; es wird angenommen, dass 50% der Bullen in der Kuhpopulation (HK + NHK)
als Trägerbullen gemerzt werden; d.h. entspricht V-50 in Tab. 2
Impact of genotyping candidate dams and increased use of embryo transfer (50% and 100%
of candidates out of ET) on annual monetary genetic gain (monZF/J) and profit (ZG) based on
Fleckvieh AUSTRIA 2012; assumed that 50% of bulls in cow population (HK + NHK) are carrier
and culled, i.e. corresponds to V-50 in Tab. 2

Fleckvieh 
AUSTRIA 2012

Keine Trägerbullen in Kuhpopulation 
(HK + NHK), aber gezielter Paarung 
+ Genotypisierung KM + verstärkter 

Einsatz ET

50% Kandidaten
 aus ET

100% Kandidaten
 aus ET

monZF/J 100 (31,2 €) 103,1 109,3

ZG 100 (166,3 €) 100,5 105,2

Si-gGZW KM 0,51 0,62 0,62

Anzahl KM 4578 4620 2400

Remontierung JB aus Kandidaten 60 aus 1200
(1:20)

120 aus 1800
(1:15)

120 aus 2400
(1:20)

JB = Jungbullen, HK = Herdbuchkühe, NHK = Nicht-Herdbuchkühe, KM = Kandidatenmütter, 
Si-gGZW = Sicherheit des genomisch optimierten Gesamtzuchtwerts
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rung ca. 10 bis 20% weniger homozygote Kälber mit Erbfehler auftreten. Es ist anzuneh-
men, dass dieser Anteil durch gezielte Vermeidung von Risikopaarungen noch deutlich
erhöht werden kann. Moderne Anpaarungsprogramme, wie der Online-Anpaarungspla-
ner OptiBull (ZuchtData,, 2014c) bieten hier wertvolle Hilfestellungen für jeden Züchter.

Auch wenn keine züchterischen Maßnahmen ergriffen werden sollten, so ist ein Moni-
toring der Erbfehler in der Population dennoch unabdingbar. Aufgrund der Komplexität
der gesamten Informationen ist es wertvoll, wenn die Züchtervereinigungen bei der Aus-
wahl der zukünftigen Bullen auch lenkend eingreifen und nicht die gesamte Entschei-
dung dem Tierhalter überlassen wird. Eine weitere züchterische Möglichkeit wird von
Segelke et al. (2014) beschrieben. Die Erbfehler werden nach genetischen und wirt-
schaftlichen Aspekten in einem eigenen Erbfehlerindex zusammengefasst. Die Berück-
sichtigung dieses Indexes erfolgt nur bei der Selektion der weiblichen Tiere, während die
Bullen nach dem geschätzten Zuchtwert selektiert werden sollen. Da die Anzahl bekann-
ter Erbfehler zukünftig weiter zunehmen wird, empfehlen auch Van Eenennaam und
Kinghorn (2014) Selektionsstrategien, die die Balance zwischen Kompromissen beim
Zuchtfortschritt und der Reduzierung von Ausfällen optimieren.

4 Zusammenfassung

Die Fleckviehzuchtorganisationen in Österreich und Deutschland versuchen verstärkt
die Möglichkeiten der genomischen Selektion zu nützen, um die Allelfrequenzen von
Erbfehlern auf einem möglichst niedrigen Niveau zu halten. Obwohl die Allelfrequenzen
der einzelnen Erbfehler großteils unter 5% liegen, ist eine geeignete Zuchtstrategie für
die langfristige Entwicklung der Rasse Fleckvieh entscheidend. Ein Verzicht auf Erbfeh-
ler-Trägerbullen sowohl bei den Herdbuchkühen als auch in der gezielten Paarung könn-
te zwar die Defektgene aus der Population eliminieren, würde aber bei der großen
Anzahl verschiedener Erbfehler den Zuchtfortschritt deutlich verringern. Um das unkon-
trollierte Ausbreiten von unerwünschten Erbanlagen zu verhindern, ist ein offener
Umgang mit konsequentem Monitoring, kontinuierlicher Suche nach neuen Gendefek-
ten und der Lenkung von Maßnahmen im Zuchtprogramm entscheidend. Bei jeder Stra-
tegie sind verschiedene Aspekte (d.h. populationsgenetische Aspekte, Kosten/Nutzen,
Tierethik) für den einzelnen Erbfehler abzuwägen. Damit wertvolle Erbanlagen nicht un-
gewollt aus der Population eliminiert werden, ist zu empfehlen, dass in der gezielten Paa-
rung weiterhin Trägerbullen verwendet werden und durch den verstärkten Einsatz von
ET mehr potenzielle Kandidaten für die Selektion von Erbfehler-freien Bullen für den Ein-
satz in der gesamten Population zur Verfügung stehen. Dadurch kann eine hohe Selek-
tionsintensität beibehalten werden und es muss nicht auf Zuchtfortschritt verzichtet wer-
den. Erbfehlermanagement in einem Zuchtprogramm ist aktive Qualitätssicherung und
für die positive Entwicklung der Rasse sehr wichtig.
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ABSTRACT: This study evaluates different breeding 
strategies against genetic defects in Austrian Fleckvieh 
cattle in terms of annual monetary genetic gain and dis-
counted profit. Presently, six genetic disorders are pub-
lished for Austrian Fleckvieh (Simmental) cattle. The 
allele frequencies vary between 0.5 and 7% in the female 
population. If all male carriers are erased from the breed-
ing program, both in herdbook cows as well as in planned 
mating, a 7% loss in annual monetary genetic gain and a 
9% reduction in discounted profit can be expected. If 
carriers are excluded in herdbook cows only, the reduc-
tion in annual monetary genetic gain is 2.4% and 3% in 
discounted profit, respectively. The reduction in genetic 
gain due to discarding carriers can be compensated by 
increased use of multiple ovulation and embryo transfer. 
Keywords: genetic disorders; breeding strategy; genetic 
response; discounted profit 
 
 

Introduction 

 
Recent advances in genomics and consequent 

monitoring of missing homozygotes (VanRaden et al. 
2011) in cattle has offered new possibilities to detect 
genetic disorders worldwide. So far, hardly any problems 
concerning genetic disorders were known in Austrian 
Fleckvieh (dual purpose Simmental). The relatively high 
effective population size (Ne=160) of Fleckvieh (Pausch 
et al. 2013) and the low coefficient of inbreeding (app. 
2%) might have contributed to minor problems with ge-
netic disorders. 

 
In the middle of the year 2013, the detection of a 

few calves with abnormities initiated intense research on 
the detection of genetic disorders in Fleckvieh by Austri-
an and German breeding and research organisations. 
Based on 50K SNP chip data, missing homozygote haplo-
types based on the approach of VanRaden et al. (2011) 
were detected. Researchers from Technical University of 
Munich (TUM) used gene sequencing techniques to veri-
fy mutations (Jansen et al. 2013). Haplotype tests and 
direct gene tests can now verify whether animals are 
carriers or not for various genetic defects. Presently, six 
genetic disorders are published for Fleckvieh in Austria. 
These are: Arachnomelia (A) (Buitkamp et al. 2011), 
Thrombopathy (TP) (Jansen et al. 2013), Fleckvieh Hap-
lotype 2 (FH2), Dwarfism (DW), ZinkDeficienyLike 
Syndrom (ZDL) (Jung et al. 2014), and Bovine Male 
Subfertility (BMS) (Pausch et al. 2014). The syndrome of 
A is an inherited malformation mainly of limbs, back and 
head in cattle. TP is a bleeding disorder characterised by 

impaired blood coagulation. FH2 calves are in most cases 
normal at birth, but grow very slowly after weaning 
(nanism). The disease is caused by a mutation in a gene 
that leads to the autosomal recessive disorder “Fanconi 
Bickel Syndrome” in humans. Calves with DW have low 
birth weights and grow very slowly. ZDL-syndrome caus-
es severe suffering because of dermatosis in homozygous 
animals and is lethal in any case (Jung et al. 2014).  

 
The breeding strategy in conjunction with genet-

ic disorders does not only have an impact on genetic re-
sponse to selection but is also of interest for consumers in 
terms of animal welfare and the overall image of the 
breed. The new genomic possibilities allow deeper insight 
and enable breeding organizations to prevent damage for 
the breed at a very early stage. The present paper gives an 
overview of the recent status of genetic disorders and 
characteristics and evaluates various breeding strategies 
for the Austrian Fleckvieh breeding program.  

 
Materials and Methods 

 
Breeding program Fleckvieh AUSTRIA. In 

2012 a new genomic breeding program Fleckvieh AUS-
TRIA was developed and published by the Austrian Fed-
eration of Fleckvieh breeders (AGÖF, 2014). The Fleck-
vieh population comprises 280.000 herdbook cows 
(HBC). Each year, 60 young bulls (YB) are selected out 
of 1,200 candidates (CA) for mating 50% of HBC. The 
ten best progeny tested bulls (PT) are mated with the 
other 50% of the HBC. For planned matings, 75% of all 
potential bull dams (BD) are mated with 12 superior YB 
and 25% with four superior PT bulls (bull sires, BS). In 
the reference scenario, only 10% of the CA come out of a 
multiple ovulation and embryo transfer program (MOET). 

 
Assumptions on breed planning. The program 

ZPLAN (Willam et al., 2008) optimizes selection strate-
gies in livestock breeding using a purely deterministic 
approach. The gene flow method and selection index 
procedures constitute the core of the software. It evaluates 
both the genetic and economic efficiency of breeding 
strategies.  
 

The criteria for evaluating alternative breeding 
programs used in this study were: annual monetary genet-
ic gain (AMGG), which is the monetary superiority per 
year of the progeny of the selected animals after one se-
lection round in the breeding unit; and discounted profit 
(DP), which is defined as discounted returns minus dis-



counted breeding costs per cow (investment period (yr): 
15; interest rates return and costs (%): 0.03; 0.015).  

 
Evaluated breeding strategies. Three different 

breeding strategies were evaluated. A single defect locus 
was assumed which has no direct effect on the desired 
traits. Strategy 1 aims at erasure of the genetic disorders 
from the population and does not allow the use of carriers 
at all in HBC and BD; strategy 2 aims at the maintenance 
of genetic diversity by planned matings of carriers be-
tween BD and BS; and strategy 3 aims to compensate the 
reduced selection intensity resulting from removal of 
carriers by use of MOET in strategy 2.  

 
Strategy 1. The strategy “erasure” distinguishes 

between three variants. Variant 0.5 removes 50% of the 
candidates due to carrier-status of a genetic defect. Vari-
ants 0.3 and 0.1 remove 30% and 10% of the candidates 
due to a genetic disorder, respectively. Carrier are not 
used for inseminations in herdbook cows and bull dams as 
well (selection groups YB>HBC and YB>BD).  

 

Strategy 2. The erasure of carriers is only applied 
in selection group YB>HBC. The three variants 0.5, 0.3 
and 0.1 are analyzed. 
 

Strategy 3. Based on the assumptions of strategy 
2 and variant 0.5, BD are genotyped and MOET is used to 
compensate the loss in selection intensity in the selection 
groups YB>HBC and YB>BD by increasing the number 
of candidates. It is assumed that BD are genotyped, with 
the effect of higher reliabilities of the estimated breeding 
values and a shorter generation interval by 0.5 years.  

 
Population and economic parameters. The 

Austrian Fleckvieh population was described in Egger-
Danner et al. (2012). Similar assumptions and population 
parameters are used for this study. Assumptions on selec-
tion intensities are adjusted to the new breeding program 
Fleckvieh AUSTRIA (AGÖF, 2014).  

 
Costs. The costs associated with the manage-

ment of genetic disorders are direct costs, such as losses 
based on homozygous carriers, costs for monitoring of the 
genetic defects, which include costs for testing of genetic 
defects, and indirect costs. Indirect costs are difficult to 
estimate and are therefore not considered. The costs of 
losses due to the use of carriers are calculated based on 
the actual figures on matings in Austrian Fleckvieh. 
Compared to random matings about 25% less calves be-
ing homozygous for the genetic defect can be expected. 
Losses for FH2, DW and ZDL are calculated with 350 €, 
as the calf is not marketable. Costs for A are 700 €, as 
also damage of the cow can be expected in some cases. 
Based on these figures and the expected number of homo-

zygous carriers in Austrian Fleckvieh, a loss of 300.000 € 

is assumed for a strategy where no carriers were excluded 

from inseminations. If all the carriers are excluded from 

matings, no losses are assumed; for strategies 0.3 and 0.1, 

200,000 and 100,000 € are assumed, respectively. 

 

The costs for direct gene tests are about 30-50 € 

per genetic defect. Haplotype tests are performed in con-

junction with the routine genetic evaluation. In the near 

future, the relevant SNPs for the known genetic disorders 

will be included in the costumized chip for Fleckvieh and 

Brown Swiss. Although no extra costs for genetic tests 

will occur due to the costumized chip in the near future, 

additional labor is needed for the management of genetic 

disorders. Therefore 20 € are assumed per selection can-

didate for testing of genetic disorders. As all selection 

candidates are genotyped to get genomic estimated breed-

ing values (GEBV), no additional costs for genotyping of 

males are assumed. As potential bull dams are currently 

not genotyped, these costs are assumed for strategy 3, 

where MOET is used. For strategy 3, 600 € per candidate 

resulting from MOET is assumed. All other costs are 

assumed as in Egger-Danner et al. (2012). 

 
Results and Discussion 

 

Allele frequencies. Figures 1 and 2 show the al-
lele frequencies of the different genetic defects for males 
and females by birth year in the Austrian Fleckvieh popu-
lation. In TP, FH2 and BMS, an increase is observed in 
the last years. Figures show that strategies to reduce or at 
least to maintain allele frequencies are recommended. 

 

 
Figure 1: Allele frequencies (%) of males in the Aus-

tria Fleckvieh population by birth year  

 

 



Figure 2: Allele frequencies (%) of females in the Aus-

tria Fleckvieh population by birth year  

 
 
Impact of strategies on AMGG and DP. The 

results in Tables 1 and 2 are expressed as relative AMGG 
and relative DP to the reference breeding program Fleck-
vieh AUSTRIA. The AMGG of the reference scenario is 
31.23 €/cow and year and 166.3 €/cow DP. Table 1 shows 
that the AMGG is reduced by 7.1 percentage points if 
male carriers are excluded from use in HBC and BD. The 
DP is reduced by 9.4 percentage points. The results for 
variant 0.3 and variant 0.1 (30% and 10% of CA excluded 
from selection) show that the decrease in AMGG can be 
reduced by 3.5 and 1.0 percentage points; the loss in DP 
is 4.7 and 1.3 percentage points respectively. The reason 
for the reduction in genetic response is due to lower selec-
tion intensities in the YBs. For strategy 1 and variant 0.5, 
120 YB have to be selected out of 1,200 CA, instead of 60 
YB in the reference scenario. As indicated in Tables 1 and 
2, the selection intensities for YB out of CA and YB>BD 
(PM) are reduced in the different strategies and variants. 

 
 

Table 1: Impact of strategy 1 and variants 0.5-0.1 

(50%, 30%, and 10% erasure of carriers in HBC and 

BD) on AMGG and DP, based on Fleckvieh AUSTRIA 

 

 Fleckvieh 

AUSTRIA 

No use of carriers in herd-

book cows and bull dams 
 

 
variant 

0.5 
variant 

0.3 
variant 

0.1 
AMGG% 

(€/unit) 

100 
(31,231) 

92.9 96.5 99.0 

DP/cow% 

(€/unit) 

100% 
(166.3) 

90.6 95.3 98.7 

YB out of 

CA 

60 out of 
1200 
1:20 

120 out 
of 1200 

1:10 

85 out 
of 1200 

1:14 

66 out 
of 1200 

1:18 
PT>HBC 10 out of 

57 
10 out of 

57 
10 out 
of 57 

10 out 
of 57 

YB> BD 

(PM) 

12 out of 
1200 

24 out of 
1200 

17 out 
of 1200 

13 out 
of 1200 

PT> BD 

(PM) 

4 out of 57 4 out of 
57 

4 out of 
57 

4 out of 
57 

AMGG: annual monetary genetic gain; DP: discounted profit; YB: 
young bull; CA: genomic tested candidates for selection; PT: progeny 
tested bull; HBC: herdbook cows; BD: bull dam; PM: planned mating 
 
 

Table 2: Impact of strategy 2 and variants 0.5-0.1 

(50%, 30%, and 10% erasure of carriers in HBC) on 

AMGG and DP, based on Fleckvieh AUSTRIA 

 
 Fleckvieh 

AUSTRIA 

No use of carriers in herd-

book cows only 
 

 
variant 

0.5 
variant 

0.3 
variant 

0.1 
AMGG% 100  95.2 97.6 99.3 
DP/cow% 100  93.6 97.0 99.4 

YB out of 

CA 

60 out of 
1200 
1:20 

120 out 
of 1200 

1:10 

85 out 
of 1200 

1:14 

66 out 
of 1200 

1:18 
PT>HBC 10 out of 

57 
10 out of 

57 
10 out 
of 57 

10 out 
of 57 

YB> BD 

(PM) 

12 out of 
1200 

12 out of 
1200 

12 out 
of 1200 

12 out 
of 1200 

PT > BD 

(PM) 

4 out of 57 4 out of 
57 

4 out of 
57 

4 out of 
57 

 
 
Strategy 2 shows that the loss in genetic response 

can be reduced if carriers are only excluded for the use in 
HBC (Table 2). For variant 0.5, the difference between 
strategy 1 and strategy 2 is 2.3 percentage points in 
AMGG. For variants 0.3 and 0.1, the difference is even 
smaller. The best would be to use only non-carrier bulls 
for insemination in herdbook cows. To maintain genetic 
diversity, carriers should still be used as bull sires (BS) 
for planned matings with BD. If in addition to strategy 2 
variant 0.5, the BD are genotyped, the AMGG compared 
to the reference Fleckvieh AUSTRIA is 99.2% and the 
DP is 97.6%. The use of reproduction technologies like 
MOET can compensate for the reduction in selection 
intensities that result from genetic defects management. If 
each CA would be out of MOET, the AMGG could in-
crease by 13.2% when no genetic defect management 
strategies are applied. If carriers are not used in HBC, the 
AMGG is still 9.3% higher than for the reference scenario 
Fleckvieh AUSTRIA. The DP would be 5.2% above the 
reference.  

 
The impact of different selection strategies on al-

lele frequencies and inbreeding will be analyzed with 
simulation studies for Austrian Fleckvieh as well. 
 

Conclusions 

 
Austrian Fleckvieh breeding organizations 

have started early to use the possibilities of genomics to 
keep genetic disorders at a low level in the population. 
Although allele frequencies are mostly below 5% for each 
genetic defect, the breeding strategy is crucial for the 
overall longterm development of the breed. Recommend-
ed strategies have to take the impact of each genetic dis-
order into consideration. The removal of carriers for in-
semination of herdbook cows reduces allele frequency. In 
combination with reproduction technologies and the use 
of carriers in BD and as BS the genetic response can be 
maintained. A progressive approach towards genetic 
disorders assists in avoiding uncontrolled spreading of 
undesired genes in the population and offers the possibil-
ity to explore the full selection potential again after some 
years of eradication.  
 
 
*Financed by the Ministry of Agriculture, Forestry, Environment, and 
Water management and the Federation of Austrian Cattle Breeders.  
 

 



 

Literature Cited 

 
AGÖF (2014). http://www.fleckvieh.at/fleckvieh-austria-

zuchtprogramm.html. Accessed on Feb. 2014. 
Buitkamp, J., Semmer, J., Goetz, K.-U. (2011). BMC Genetics 

2011.12:11. 
Egger-Danner, C., Willam, A., Fuerst, C. et al. (2012). J. Dairy 

Sci. 95:4600–4609.  
Jansen, S., Aigner, B., Pausch, H. et al. (2013). BMC Genomics 

2013, 14:446. 
Jung, S., Pausch, H., Langenmeyer, M.C. et al. (2014). BMC 

Genomics submitted Feb. 2014. 
Pausch, H., Kölle, S., Wurmser, C. et al. (2013). 

http://www.plosgenetics.org/article/info%3Adoi%2F10.137
1%2Fjournal.pgen.1004044. Accessed on Feb.2014. 

Pausch, H., Aigner, B., Emmerling, R. et al. (2013). Gen. Sel. 
Evol. 2013, 45:3 

VanRaden, P.M., Olson, K.M., Null, D.J. et al. (2011). J. Dairy 
Sci. 94:6153-6161. 

Willam, A., Nitter, G.,, Bartenschlager, K. et al. (2008). 
https://zplan.uni-hohenheim.de/. Accessed on Feb. 2014. 



Braunvieh  2/ 20132 ÖSTERREICH SPEZIAL

›Braunvieh Austria 2012‹
Wie wirkt sich die Genomische Selektion auf die österreichische Braunviehzucht aus?

 D
ie Schätzung von genomisch op-
timierten Zuchtwerten und das 
Veröffentlichen dieser gehört 

mittlerweile zur gewohnten Routine der 
Zuchtwertschätzung beim Braunvieh. Die 
Möglichkeiten der genomischen Selektion 
waren bisher im Zuchtprogramm ›Braun-
vieh Austria‹ nicht berücksichtigt. 

Um die Chancen und Risiken dieser 
Möglichkeiten besser abschätzen zu kön-
nen und dadurch die Genomische Selek-
tion bestmöglich für die österreichische 
Rinderzucht zu nutzen, wurden im Rah-
men des Projektes ›OptiGene‹ sogenannte 
Zuchtplanungsrechnungen durchgeführt. 
Die Ergebnisse dieser Modellrechnungen 
wurden mit den Vertretern der Zuchtor-
ganisationen diskutiert und darauf auf-
bauend das Zuchtprogramm ›Braunvieh 
Austria 2012‹ ausgearbeitet.

Mit Unterstützung des Lebensministe-
riums wird derzeit von der Rinderzucht 

Austria (ZAR) das Forschungsprojekt 
OptiGene durchgeführt. Zuchtziele, Ge-
samtzuchtwerte und Zuchtprogramme 
für die verschiedenen Rassen werden mit 
Nutzung der neuen Möglichkeiten der 
genomischen Selektion und der Gesund-
heitszuchtwerte an die Anforderungen 
der Züchter angepasst. 

Auswirkungen der 
Genomischen Selektion

Neben der Züchterumfrage lag der 
Schwerpunkt des Projektes im ersten Jahr 
auf dem Optimieren der Zuchtprogram-
me für Braunvieh und Fleckvieh. Im Jahr 
2000 wurde ebenfalls im Rahmen eines 
Forschungsprojektes das Zuchtprogramm 
›Braunvieh Austria 2000‹ ausgearbeitet. 
Zwölf Jahre später wird nun in diesem Ar-
tikel das neue Zuchtprogramm ›Braunvieh 
Austria 2012‹ vorgestellt. 

Dieses Zuchtprogramm ist das Werk-
zeug, das in den nächsten Jahren die 
Zuchtrichtung vorgeben soll. Mit der Ge-
nomischen Selektion wurde den Tierzüch-
tern ein Werkzeug zur Verfügung gestellt, 
das die traditionellen Zuchtprogramme 
bereits jetzt stark verändert hat und auch 
in der Zukunft viele Neuerungen bringen 
wird. 

Die Züchter und Zuchtorganisationen 
sind nun gefordert, diese neuen Möglich-
keiten bestmöglich zu nutzen, um in der 
Milchviehzucht und Milchproduktion auch 
weiterhin konkurrenzfähig zu bleiben.

Höhere Sicherheiten der 
Stier-Zuchtwerte

Prinzipiell profitieren die Sicherheiten 
aller Zuchtwerte von den zusätzlichen In-
formationen aus den genomischen Daten. 
Große Auswirkungen merkt man aber 
speziell bei den Sicherheiten der Jung-
stiere im Vergleich zu den früheren Test-
stieren. 

Abbildung 1 vergleicht die realisierten 
Sicherheiten in der Zuchtwertschätzung 
auf Basis der Elternzuchtwerte (Pedigree-
Index) und des genomisch optimierten 
Zuchtwertes (goZW). Im Durchschnitt 
liegen die Sicherheiten der genomisch ge-
prüften Jungstiere um 20 bis 30 Prozent-
punkte über den gewohnten Sicherheiten 
der früheren Teststiere.

Natürlich liegen die Sicherheiten von 
Jungstieren (ø 55 bis 65 Prozent) trotz-
dem weiterhin unter dem Niveau von 
nachkommengeprüften Stieren (ø 85 bis 
95 Prozent). Das Risiko, diese Jungstiere 
breit einzusetzen, ist aber nun deutlich 
geringer. 

Abbildung 1: Vergleich der Zuchtwert-Sicherheiten auf Basis der Elternzuchtwerte 
(Si PI) mit genomisch optimierten Zuchtwerten (Si goZW) für diverse Merkmale bei 
nicht Nachkommen-geprüften Braunvieh-Stieren. (Quelle: Schwarzenbacher, 2012)

Abbildung 2: Entwicklung des durchschnittlichen Generationsintervalls in Jahren 
und des monetären Zuchtfortschritts pro Jahr (mon. ZF/J.) bei unterschiedlichem 
Anteil Jungstier-Besamungen.
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Risikominimierung bei breitem 
Jungstier-Einsatz

Ein starker Einsatz von Jungstieren wirkt 
sich auf den durchschnittlichen Zuchtfort-
schritt der gesamten Zuchtpopulation äu-
ßerst positiv aus. In Hinblick auf das Ein-
zeltier und auch auf Ebene des einzelnen 
Zuchtbetriebes wird man aber naturgemäß 
stärkere Schwankungen bei den Nachkom-
men der Jungstiere beobachten können. 
Deshalb sollte der einzelne Zuchtbetrieb 
sein individuelles Risiko minimieren.

Dies kann im Wesentlichen durch das 
Anwenden zweier einfacher Methoden 
erreicht werden:

Einsatz von Jungstieren mit deutlich 
überdurchschnittlichen Zuchtwerten: Da-
durch sinkt die Wahrscheinlichkeit für ei-
nen späteren Absturz des Zuchtwertes auf 
unterdurchschnittliches Niveau.

Gleichzeitiger Einsatz von mehreren 
verschiedenen Jungstieren am Betrieb: 
Dies führt zu einer Risikominimierung, da 
sich meist nur die Zuchtwerte einzelner 
Jungstiere stark verändern.

Dem Risiko eines Absturzes des Zucht-
wertes einzelner Jungstiere steht allerdings 
im selben Ausmaß auch die Chance auf 
einen sprunghaften Anstieg des Zucht-
wertes gegenüber, da im Durchschnitt 
der wahre Zuchtwerte eines Tieres immer 
gleich weit nach oben wie nach unten vom 
geschätzten Zuchtwert abweicht.

Reduzierung des 
Generationsintervalls

Im Hinblick auf den erreichbaren 
Zuchtfortschritt birgt die Reduzierung des 
Generationsintervalls durch den vermehr-
ten Einsatz von Jungstieren das größte Po-
tential.

Abbildung 2 zeigt, dass sich das durch-
schnittliche Generationsintervall in Jahren 
und der erzielbare monetäre Zuchtfort-
schritt pro Jahr (mon. ZF/J.) gegengleich 
entwickeln. Bei einer Anhebung des An-
teils der Besamungen mit Jungstieren 
von zehn auf 90 Prozent sinkt das durch-
schnittliche Generationsintervall um 
1,8 Jahre während der erzielbare mon. ZF/
J. um etwa 30 Prozentpunkte steigt.

In diesem Effekt ist ein wesentlicher Teil 
des Vorteils eines genomischen Zuchtpro-
gramms im Vergleich zu herkömmlichen 
Zuchtprogrammen begründet.

Schärfere Selektion bereits 
bei Jungstieren

In früheren Zuchtprogrammen, die auf 
Test- und nachkommengeprüften Stie-

•

•

ren aufbauen, konnte die Selektion der 
Teststiere bloß auf Basis der Elternzucht-
werte und der Eigenleistungsprüfung 
stattfinden. Heutzutage können genetisch 
interessante Kälber bereits genotypisiert 
und aufgrund des genomisch optimierten 
Zuchtwertes für den Besamungseinsatz 
ausgewählt werden.

Hierin liegt ein weiterer großer Vorteil 
der Genomischen Selektion, da auf Basis 
des genomischen Zuchtwertes bereits frü-
her und deshalb auch schärfer selektiert 
werden kann. Außerdem fallen auch nur 
für jene Stiere die Aufzuchtkosten an, die 
wirklich genetisch interessant sind.

Diese Selektionsintensität kann man 
durch die Anzahl genomisch geprüfter 
Kandidaten zur Selektion eines einzelnen 
Jungstieres beschreiben. Für das Zucht-
programm ›Braunvieh Austria 2012‹ wur-
de hier ein Remontierungs-Verhältnis von 
1:20 festgelegt. Das heißt: Je selektiertem 
Jungstier werden zuvor durchschnittlich 
20 Kandidaten genotypisiert und der beste 
davon für den Besamungseinsatz ausge-
wählt.

Tabelle 1 zeigt, wie sich der erzielbare 
monetäre Zuchtfortschritt pro Jahr (mon. 

ZF/J.) bei Variation der Anzahl selektierter 
Jungstiere und verschiedenen Remontie-
rungs-Verhältnissen entwickelt. Eine Re-
duktion der Jungstiere hebt generell den 
erzielbaren mon. ZF/J. Bei einer Anzahl 
von zehn Jungstieren steigt der mon. ZF/J. 
beim Anheben des Remontierungs-Ver-
hältnisses weiter an, während er bei einer 
Anzahl von 30 Jungstieren sinkt, wenn 
mehr als 20 Kandidaten je selektiertem 
Jungstier genotypisiert werden.

Den Grund hierfür zeigt Tabelle 2: Die 
Anzahl selektierter Jungstiere und das an-
gewandte Remontierungsverhältnis be-
einflussen gemeinsam die dazu notwen-
dige Anzahl Kandidaten, die genotypisiert 
werden müssen. Mit der Anzahl der Kan-
didaten steigt natürlich auch die Anzahl 
benötigter Stiermütter und zwar zirka mit 
einem Faktor von 4 (nur 50 Prozent Stier-
kälber, BSI, nicht alle Stierkälber sind für 
Zucht geeignet, ...). 

Wenn die Anzahl der Kandidaten über 
400 angehoben wird, sinkt deshalb die 
mögliche Selektionsintensität bei den 
Stiermüttern so stark, dass sich dies ein-
deutig negativ auf den Zuchtfortschritt 
auswirkt.

Tabelle 1: Monetärer Zuchtfortschritt pro Jahr (mon. ZF/J.) in Abhängigkeit der Anzahl 
selektierter Jungstiere bei unterschiedlichen Remontierungs-Verhältnissen

mon. ZF/J
Anzahl Jungstiere

10 20 30

Remontierung JS aus 

Kandidaten

1:10 99,96 % 99,40 % 98,75 %

1:20 100,82 % 100,00 % 99,14 %

1:30 101,12 % 100,13 % 99,10 %

1:40 101,25 % 100,09 % 98,88 %

Tabelle 2: Anzahl genotypisierter Kandidaten in Abhängigkeit der Anzahl selektierter 
Jungstiere bei unterschiedlichen Remontierungs-Verhältnissen

mon. ZF/J
Anzahl Jungstiere

10 20 30

Remontierung JS aus 

Kandidaten

1:10 100 200 300

1:20 200 400 600

1:30 300 600 900

1:40 400 800 1200

Tabelle 3: Vergleich des durchschnittlichen GZW
aller Braunvieh-Besamungen nach Herkunft des Stieres und Jahr

Jahr ø-GZW Inland ø-GZW Ausland Differenz

2009 105,77 112,63 + 6,86 ZW-Punkte

2010 109,05 115,33 + 6,28 ZW-Punkte

2011 112,73 117,48 + 4,75 ZW-Punkte

Tabelle 4: Entwicklung des monetären Zuchtfortschritts pro Jahr (mon. ZF/J.) bei unter-
schiedlichem Einsatz ausländischer Genetik bei den Herdebuchkühen und Stiermüttern

mon. ZF/J
Auslandsanteil bei Herdebuchkühen

25 % 50 % 66 % 75 %

Auslandsanteil 

bei Stiermüttern

25 % 96,60 % 98,06 % 98,82 % 99,27 %

50 % 98,06 % 99,18 % 99,74 % 99,91 %

60 % 98,54 % 99,53 % 100,00 % 100,13 %

75 % 99,22 % 100,00 % 100,34 % 100,34 %



Braunvieh  2/ 20134 ÖSTERREICH SPEZIAL

Steigender Einsatz 
ausländischer Genetik

Für die Braunviehzucht in Österreich ist 
zu beobachten, dass mittlerweile weit mehr 
ausländische Genetik eingesetzt wird, 
als für das Zuchtprogramm im Jahr 2000 
vereinbart wurde. Aufgrund des höheren 
durchschnittlichen Gesamtzuchtwertes 
der eingesetzten ausländischen Stiere 
(siehe Tabelle 3) wirkt sich dies natürlich 
positiv auf den Zuchtfortschritt aus.

Aus der Tabelle 4 wird ersichtlich, dass 
ein vermehrter Einsatz ausländischer Ge-
netik sich immer positiv auf den erziel-
baren mon. ZF/J. auswirkt. Dies stimmt 
allerdings nur unter der Vor-
aussetzung, dass tatsächlich 
ausländische Stiere eingesetzt 
werden, welche einen höheren 
GZW aufweisen als die im In-
land gezüchteten Stiere.

Wirtschaftliche Auswirkun-
gen ausländischer Genetik

Auch wenn der Einsatz aus-
ländischer Genetik sich positiv 
auf den erzielbaren Zuchtfort-
schritt auswirkt, heißt dies nicht, 
dass es unbedingt wirtschaftlich 
sinnvoll ist, nur auf ausländi-
sche Genetik zu setzen. Tabelle 
5 zeigt, dass dies stark von den 
Mehrkosten für das ausländi-
sche Sperma abhängt.

Während bei der geringen 
Zahl an Stiermüttern die Mehr-
kosten für ausländisches Sper-
ma leicht durch den Zuwachs 
an Zuchtfortschritt kompensiert 
werden, zeigt sich bei der Bele-
gung von Herdebuchkühen ein 
anderes Bild. 

Ob und wie sehr der Einsatz 
ausländischer Genetik bei den 
Herdebuchkühen wirtschaftlich 
Sinn macht, ist stark von den 
tatsächlichen Mehrkosten für 
das ausländische Sperma und 
dem möglichen Einsparungs-
potential im Bereich der Stier-
zucht und Leistungsprüfung 
abhängig.

Vorstellung Zuchtprogramm 
›Braunvieh Austria 2012‹

Aufbauend auf den Ergebnissen von 
Analysen verschiedener Einzelmaßnah-
men wurde mit den Verantwortlichen der 
Zuchtorganisationen das Zuchtprogramm 
›Braunvieh Austria 2012‹ ausgearbeitet. 
Dieses neue genomische Zuchtprogramm 
ist in Abbildung 3 beschrieben.

Im neuen genomischen Zuchtprogramm 
›Braunvieh Austria 2012‹ sollen jährlich 
400 Stierkälber, sogenannte Kandidaten, 
genotypisiert und daraus 20 Jungstiere für 
den Besamungseinsatz selektiert werden. 
Aufgrund der Nachkommensleistungen 

sollen in einem weiteren Selektionsschritt 
davon die besten Drei als nachkommen-
geprüfte Stiere weiterhin angeboten wer-
den. Die Herdbuchkühe sollen in einem 
Verhältnis von 50:50 mit Jung- und NKP-
Stieren belegt werden.

Für den Einsatz in der Gezielten Paa-
rung werden jährlich die vier besten 
Jungstiere und der beste NKP-Stier als 
Stierväter ausgewählt. Die zur Verfügung 
stehenden Kandidatenmütter sollen zu 
75 Prozent mit Jungstieren (JS-SV) und 
zu 25 Prozent mit NKP-Stieren (NKP-SV) 
belegt werden.

Zusätzlich zu den Stieren aus der öster-
reichischen Zuchtpopulation soll in einem 
Ausmaß von etwa 60 Prozent gezielt inter-
nationale Genetik eingesetzt werden.

Im Vergleich zum neuen Zuchtpro-
gramm ist in Abbildung 4 das bisherige 
Zuchtprogramm ›Braunvieh Austria 2000‹ 
abgebildet.

Bis zu 60 Prozent mehr 
Zuchtfortschritt möglich

Das Potenzial des neuen 
Zuchtprogramms ›Braunvieh 
Austria 2012‹ ist in der Tabel-
le 6 dem bisherigen Zucht-
programm ›Braunvieh Austria 
2000‹ gegenübergestellt. Bei 
einer optimalen Umsetzung 
aller dazu vereinbarten Maß-
nahmen kann der monetäre 
Zuchtfortschritt pro Jahr um 
bis zu 60 Prozent gesteigert 
und das durchschnittliche Ge-
nerationsintervall um 1,1 Jahr 
reduziert werden. 

Die züchtungsbedingten 
Kosten des neuen Programms 
liegen um etwa zwölf Prozent 
über den Kosten des bishe-
rigen Zuchtprogramms. Auf-
grund des höheren Zuchtfort-
schritts ist allerdings trotz der 
steigenden Kosten ein höhe-
rer Gewinn für das Gesamt-
system möglich.

Die gezeigten Ergebnisse 
der beiden Zuchtprogramme 
sind entsprechend ihrer Ziel-
formulierung berechnet wor-
den. Dementsprechend sind 
die dargestellten Zuchtfort-
schritte nur möglich, wenn das 
vorliegende Zuchtprogramm 
auch in allen Bereichen kon-
sequent umgesetzt wird.

In der Tabelle 7 werden die 
möglichen Zuchtfortschritte 
der beiden Zuchtprogram-

54 000
Herdebuchkühe

Kandidatenmütter

4000 Kandidaten

1
NKP – SV *

Remontierung 1:20

50 %

50 %

20 Jungstiere (JS) *

3 nachkommengeprüfte 
Stiere (NKP) *

25 %

4
JS –SV *

75 %

* plus gezielter Einsatz

internationaler Genetik

57 000 HB-Kühe

180 Testmütter

100 Kälber
(15 % aus ET)

45 Teststiere/Jahr
(32 AUT/13 WBP)

10 000
Landeszuchtkühe

Weltbraunvieh-
population (WBP)

6 Teststierväter
(2 AUT/4 WBP)

12 Altstiere
(6 AUT/6 WBP)

Gemeinsamer 
Test

30 % aller 
Kühe

Tabelle 5: Veränderung des erzielbaren Profi ts pro Jahr bei unterschiedlichem Einsatz 
ausländischer Genetik bei den Herdebuchkühen und Stiermüttern

mon. ZF/J
Auslandsanteil bei Herdebuchkühen

25 % 50 % 66 % 75 %

Auslandsanteil 

bei Stiermüttern

25 % 113,12 % 105,21 % 99,93 % 97,30 %

50 % 113,27 % 105,31 % 99,99 % 97,35 %

60 % 113,29 % 105,33 % 100,00 % 97,36 %

75 % 113,32 % 105,34 % 100,01 % 97,35 %

Abbildung 3: Schema des genomischen Zuchtprogramms ›Braunvieh Austria 2012‹

Abbildung 4: Bisheriges Zuchtprogramm ›Braunvieh AUSTRIA 2000‹
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me in naturalen Einheiten gegenüberge-
stellt. War im bisherigen Zuchtprogramm 
›Braunvieh Austria 2000‹ bei einer konse-
quenten Umsetzung noch eine Milchlei-
stungssteigerung von bis zu 95 kg pro 
Jahr möglich, so lässt die Neuauflage 
des Zuchtprogramms ›Braunvieh Austria 
2012‹ eine Steigerung um bis zu 145 kg 
Milch pro Jahr erwarten.

Auch für die Nutzungsdauer kann der 
bereits im alten Zuchtprogramm bestehen-
de positive Trend durch die Genomische 
Selektion noch zusätzlich verstärkt wer-
den. Der zu erwartende Zuchtfortschritt für 
Fruchtbarkeit be-
wegt sich um Null 
und lässt zumin-
dest auf eine Stabi-
lisierung schließen.

Im Bereich der 
Zellzahl beschleu-
nigt sich hinge-
gen der bereits 
bestehende leicht 
negative Trend 
noch etwas mehr. 
Mit einer entspre-
chend gewichteten 
Einbeziehung der 
direkten Gesund-
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Abbildung 5: Relativer monetärer Zuchtfortschritt pro Jahr (mon. ZF/J.) zusammen-
gefasst für Milchleistungs-, Fleischleistungs-, Fitnessmerkmale und Melkbarkeit für 
›Braunvieh Austria 2000‹ und ›Braunvieh Austria 2012‹ in Prozent

tion in das Zuchtprogramm nicht zu er-
warten. Die Genomische Selektion stellt 
ein züchterisches Werkzeug dar, welches 
speziell durch das Verkürzen des Gene-
rationsintervalls und auch der stärkeren 
Selektion der Jungstiere hauptsächlich 
die Geschwindigkeit des Zuchtfort-
schritts beeinflussen kann. Die Richtung 
im Zuchtziel wird allerdings durch die 
wirtschaftlichen Gewichte vorgegeben.

Zusammenfassung und Ausblick

Das neue genomische Zuchtprogramm 
›Braunvieh Austria 2012‹ wurde von den 
Verantwortlichen der Braunvieh-Zucht-
organisationen in Österreich und Ver-
tretern der Wissenschaft ausgearbeitet. 
Verschiedene Maßnahmen wurden hin-
sichtlich ihrer Effizienz analysiert. Mit 
den Erfahrungen aus der Praxis wurde 
nun für Braunvieh in Österreich ein neu-
es Zuchtprogramm konzipiert, das als 
Ziel für die nächsten Jahre gelten wird. 
Dieses neue genomische Zuchtpro-
gramm lässt eine Steigerung des mo-
netären Zuchtfortschrittes pro Jahr um 
bis zu 60 Prozent mit leichter Stärkung 
der Fitness erwarten. Wie viel Zuchtfort-
schritt tatsächlich realisiert werden kann, 
hängt aber von der konsequenten Um-
setzung des Zuchtprogramms ab. 

In den nächsten Jahren werden bestimmt 
weitere praktische Erfahrungen mit der 
genomischen Selektion gesammelt, wel-
che wiederum gemeinsam mit Ergebnis-
sen aus dem Projekt ›OptiGene‹ zu den 
Themen Zuchtziel, Gesamtzuchtwert und 
der Berücksichtigung der Linienvielfalt 
und Inzucht in die Weiterentwicklung des 
Zuchtprogramms ›Braunvieh Austria‹ ein-
fließen sollen. Basierend auf diesen neuen 
Erkenntnissen wird das Zuchtprogramm 
auch in Zukunft weiter optimiert, um eine 
wirtschaftliche Milchproduktion mit der 
Rasse Braunvieh nachhaltig abzusichern.

DI Franz Steininger, ZuchtData, 

Dr. Christa Egger-Danner, ZuchtData und 

Dr. Alfons Willam, BOKU

Tabelle 6: Monetärer Zuchtfortschritt pro Jahr und Generations-Intervall
für das neue genomische Zuchtprogramm ›Braunvieh Austria 2012‹ 

im Vergleich zum bisherigen Zuchtprogramm ›Braunvieh Austria 2000‹
Braunvieh

Austria 2000
Braunvieh

Austria 2012
Differenz

mon. Zuchtforschritt pro Jahr (%) 100,0 160,3 +60,3

ø-Generationsintervall (Jahre) 5,8 4,7 –1,1

Tabelle 7: Naturaler Zuchtfortschritt pro Jahr für die Merkmale Eiweißmenge, entspre-
chende Milchmenge bei 3,4 % Eiweißgehalt, Nutzungsdauer, Fruchtbarkeits-Index und 
Zellzahl im Vergleich zwischen ›Braunvieh Austria 2000‹ und ›Braunvieh Austria 2012‹

Braunvieh
Austria 2000

Braunvieh
Austria 2012

Differenz

Eiweißgehalt (kg) +3,24 +4,99 +1,75

entsprechende Milchmenge (kg) +95,29 146,76 +51,47

Nutzungsdauer (Tage) +6,91 +13,61 +6,7

Fruchtbarkeits-Index (Punkte) –0,03 +0,03 +0,06

Zellzahl (Punkte) –0,17 –0,20 –0,03

Begriffserklärungen

Kandidaten: Genotypisierte Stierkälber werden 

als Kandidaten bezeichnet

Jungstiere (JS): Die Bezeichnung ›Test-

stier‹ an sich gibt es nicht mehr. Aufgrund der 

genomisch optimierten Zuchtwerte werden die 

interessantesten Jungtiere aus den verschiedenen 

Linien als sogenannte Jungstiere (JS) selektiert. 

Wenn die Sicherheit des goMW > 50 % ist, kön-

nen diese Stiere unlimitiert eingesetzt werden

NKP-Stiere: Nachkommen-geprüfte Stiere ent-

sprechen den bisher als Altstiere oder Geprüfte 

Vererber bezeichneten Stiere.

JS-SV:  Jungstiere als Stierväter

NKP-SV: Nachkommengeprüfte Stiere als Stier-

väter

Monetärer Zuchtfortschritt pro Jahr (mon. 

ZF/J.): in der Zuchtstufe erzielbarer Zuchtfort-

schritt pro Jahr in Euro bei optimaler Umsetzung 

des vereinbarten Zuchtprogramms

Naturaler Zuchtfortschritt pro Jahr (nat. ZF/

J.): in der Zuchtstufe erzielbarer Zuchtfortschritt 

pro Jahr in naturalen Einheiten bei optimaler Um-

setzung des vereinbarten Zuchtprogramms

Durchschnittliches Generationsintervall: Ab-

stand zwischen zwei Generationen in Jahren, als 

Durchschnitt über alle Tier- und Selektionsgrup-

pen der Zuchtpopulation

heitsmerkmale wie Mastitis oder Frucht-
barkeitsstörungen in die Zuchtwertschät-
zung, könnte hier effektiver gegengesteu-
ert werden.

Die Abbildung 5 zeigt die relative Ver-
teilung des monetären Zuchtfortschritts 
auf die Merkmalskomplexe Milch, Fleisch, 
Fitness und Melkbarkeit. Relativ gesehen 
profitieren die Fitnessmerkmale etwas 
mehr von der Genomischen Selektion als 
die Produktionsmerkmale. 

Eine in der Praxis spürbare Neuausrich-
tung des Zuchtziels ist aber allein durch 
das Einbinden der Genomischen Selek-
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Abstract 

The impact of the new indices for fertility and udder health on the breeding program “Braunvieh AUSTRIA” was cal-
culated with the computer program ZPLAN. Based on the 2013 introduced estimation of breeding values for health 
traits and taking them into account for calculating the Total Merit Index, we expect little improvement on fitness 
traits. For a significant improvement, it would be necessary to increase their economic weights.

Zusammenfassung 

Mit Hilfe des Computerprogramms ZPLAN wurden die Auswirkungen der Einführung des Fruchtbarkeitswertes und 
Eutergesundheitswertes auf das Zuchtprogramm „Braunvieh AUSTRIA“ analysiert. Durch die 2013 eingeführte 
Zuchtwertschätzung für Gesundheitsmerkmale und Berücksichtigung dieser im Gesamtzuchtwert ist mit einer 
leichten Stärkung der Fitnessmerkmale zu rechnen. Für eine praxisrelevante Verbesserung von Fruchtbarkeit und 
Eutergesundheit müssten allerdings deren wirtschaftlichen Gewichte erhöht werden.

Einleitung

Mit der Einführung des genomischen Zuchtprogramms „Braunvieh AUSTRIA 2012“ wurde die Genomische Selektion 
offiziell in die österreichische Braunviehzucht eingeführt und als wesentlicher Bestandteil des Zuchtprogramms 
fixiert (STEININGER et al., 2013). Als Ziel wurde vereinbart 50% der Herdebuchkühe und 75% der Stiermütter mit 
Jungstieren zu besamen (siehe Abbildung 1).

Seit August 2013 werden nun auch für Braunvieh in Österreich und Deutschland Gesundheitszuchtwerte geschätzt 
und in der Berechnung des Gesamtzuchtwertes berücksichtigt. Als Datengrundlage für die Schätzung der Gesund-
heitszuchtwerte dienen Diagnosedaten aus Österreich und Baden-Württemberg. Folgende Zuchtwerte stehen nun zur 
Verfügung: Mastitis (klinische Mastitis), frühe Fruchtbarkeitsstörungen (Gebärmutterentzündungen, Nachgeburts-
verhaltung und puerperale Erkrankungen), Zysten und Milchfieber (Gebärparese). Die Zuchtwerte werden ab einer Si-
cherheit von 30% ausschließlich für Stiere veröffentlicht.

Die Einbeziehung der Gesundheitszuchtwerte erfolgt über die Berechnung der beiden neuen Indices Fruchtbar-
keitswert (FRW) und Eutergesundheitswert (EGW). Der neue FRW kombiniert den bisherigen maternalen Frucht-

Genomisches Zuchtprogramm für Braunvieh Austria –  
Möglichkeiten zur Verbesserung von Fitness und Gesundheit

Genomic breeding program in Austrian Brown Swiss –  
possibilities to improve fitness and health

Franz Steininger1, Alfons Willam2, Christian Fuerst1, Hermann Schwarzenbacher1, Christa Egger-Danner1

1 ZuchtData EDV-Dienstleistungen GmbH, Dresdner Str. 89/19, 1200 Wien, Austria 
2  Institut für Nutztierwissenschaften, Universität für Bodenkultur Wien (BOKU),  

Gregor Mendel-Str. 33, 1180 Wien, Austria

steininger@zuchtdata.at
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3 nachkommengeprüfte 
Stiere (NKP)*

400 Kandidaten

Kandidatenmütter

barkeitszuchtwert (FRUmat), bestehend aus Non-Return-Rate und Verzögerungszeit, mit den Gesundheitszucht-
werten für frühe Fruchtbarkeitsstörungen und Zysten und ersetzt den FRUmat im GZW. Für die Gewichtung des 
FRW im GZW wird weiterhin das bisherige wirtschaftliche Gewicht für FRUmat verwendet.

Der Zuchtwert für Mastitis bildet gemeinsam mit dem Zuchtwert für Zellzahl (unter Berücksichtigung von Vorde-
reuteraufhängung, Eutertiefe und Strichplatzierung hinten als Hilfsmerkmale) den neuen EGW. Der EGW ersetzt 
im GZW den Zuchtwert für Zellzahl und übernimmt auch dessen bisheriges wirtschaftliches Gewicht. Die relative 
Verteilung der wirtschaftlichen Gewichte im GZW sind in Tabelle 1 dargestellt.

Material und Methoden

Aufgrund der 2013 eingeführten Änderungen in der Zuchtwertschätzung für Braunvieh wurde mit dem Compu-
terprogramms ZPLAN (WILLAM et al., 2008) modelliert, wie sich diese Änderungen auf den Zuchtfortschritt pro 
Jahr im Zuchtprogramm „Braunvieh AUSTRIA 2012“ auswirken (STEININGER et al., 2013). Als Eingangsparameter 
wurden die aktuellen Parameter der Routine-ZWS (FUERST et al., 2013) und die im Zuchtprogramm definierten 
Selektionsintensitäten verwendet.

Um die Auswirkungen der Einführung des FRW und EGW und die damit verbundene Verwendung der Diagnosedaten 
in den GZW darzustellen, wurden zwei Varianten gerechnet:

•  GS 2012: genomisches Zuchtprogramm „Braunvieh AUSTRIA 2012“ mit FRUmat und Zellzahl

•  GS-GMON 2013: aktuelles genomisches Zuchtprogramm mit neuem FRW und EGW  
anstelle von FRUmat und Zellzahl

Abbildung 1: Ablaufdiagramm des genomischen Zuchtprogramms „Braunvieh AUSTRIA 2012“ Flow chart of the genomic breeding program 

„Braunvieh AUSTRIA 2012“

54.000  
Herdebuchkühe

Remontierung 1:20

20 Jungstiere (JS)*

4 JS – SV* 1 NKP – SV*

50 %

75 % 25 %

50 %
* plus gezielter Einsatz internationaler Genetik

Zuchtprogramm
BRAUNVIEH AUSTRIA
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Um Aussagen über die Auswirkungen einer eventuellen Erhöhung der wirtschaftlichen Gewichte für den FRW und 
EGW treffen zu können, wurden drei weitere Varianten gerechnet:

•  GS-GMON + 10 %: Erhöhung des wirtschaftlichen Gewichtes für FRW und EGW um jeweils 10 %

•  GS-GMON + 50 %: Erhöhung des wirtschaftlichen Gewichtes für FRW und EGW um jeweils 50 %

•  GS-GMON + 100 %: Verdopplung des wirtschaftlichen Gewichtes für FRW und EGW

Ergebnisse und Diskussion

Tabelle 1 zeigt die relative Verteilung des erzielbaren monetären Zuchtfortschritts pro Jahr auf die Merkmalsblö-
cke Milch, Fleisch, Fitness und durchschnittliches Minutengemelk (DMG). Im direkten Vergleich der Varianten GS 
2012 und GS-GMON 2013 ist eine sehr leichte Verschiebung des Zuchtfortschritts von den Milch- zu den Fitness-
merkmalen erkennbar. Aus der 2012 bei Braunvieh durchgeführten Züchterumfrage (Steininger et al., 2013) geht 
hervor, dass die österreichischen Züchter erwarten, dass ca. 30% des Zuchtfortschrittes durch den Fitnessblock 
realisiert werden soll. Aktuell sind es ca. 10% (Tabelle 1).

Tabelle 1: Relative wirtschaftliche Gewichte (wG) und zu erwartende relative monetäre Zuchtfortschritte pro Jahr der Merkmalsblöcke 

Milch, Fleisch, Fitness und durchschnittliches Minutengemelk (DMG) für die Varianten GS 2012 und GS-GMON 2013.

Table 1: Economic weights in percent and expectable annual monetary genetic gain in percent for the trait blocks milk, meat, fitness and 

milking speed (DMG) for the scenarios GS 2012 and GMON 2013.

Die detaillierte Aufschlüsselung des monetären Zuchtfortschritts pro Jahr auf Ebene der Einzelmerkmale wird in 
Tabelle 2 dargestellt. Ein in der Praxis relevanter Zuchtfortschritt ist vor allem für die Merkmale Fett- und Eiweiß-
menge sowie für die Nutzungsdauer zu erwarten. Der zu erwartende Zuchtfortschritt für die restlichen Merkmale 
pendelt großteils im Bereich von +/– 1 % am gesamten monetären Zuchtfortschritt pro Jahr.

Tabelle 2 stellt außerdem die Varianten GS-GMON 2013, GS-GMON +10%, GS-GMON +50% und GS-GMON +100% ge-
genüber. Berechnungen von FUERST-WALTL (Egger-Danner et al., 2012) für die Rasse Fleckvieh zeigen für frühe 
Fruchtbarkeitsstörungen ein wirtschaftliches Gewicht von 9,35 EUR je additiv genetischer Standardabweichung 
bzw. 4,09 EUR für Zysten. Addiert man diese Werte zum bisherigen wirtschaftlichen Gewicht von FRUmat, führt 
dies in etwa zu einer Verdopplung des aktuellen Gewichtes. Für weitere Gesundheits-Merkmale liegen unter öster-
reichischen Verhältnissen aktuell noch keine wirtschaftlichen Gewichte vor.

Bereits bei einer Erhöhung des wirtschaftlichen Gewichtes für den FRW und EGW um jeweils 10% wäre damit zu 
rechnen, dass für alle Fitnessmerkmale (mit Ausnahme des paternalen Kalbeverlaufs) zumindest eine weitere 
genetische Verschlechterung verhindert werden könnte.

wG GS 2012 GS- GMON 2013

Milch 48,05% 88,93% 88,01%

Fleisch 5,00% 0,35% 0,35%

Fitness 44,97% 9,50% 10,42%

DMG 1,98% 1,22% 1,22%

Summe 100,00% 100,00% 100,00%
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GS-GMON 2013 GS-GMON +10% GS-GMON +50% GS-GMON +100%

Fkg 8,50%

88,01%

8,38%

86,90%

7,87%

82,37%

7,24%

76,71%Ekg 78,89% 77,90% 73,87% 68,84%

Epr 0,62% 0,62% 0,63% 0,63%

AUS – 0,48%

0,35%

– 0,48%

0,34%

– 0,47%

0,32%

– 0,47%

0,30%HKL – 0,13% – 0,13% – 0,15% – 0,18%

NTZ 0,95% 0,95% 0,94% 0,94%

ND 8,49%

10,42%

8,66%

11,57%

9,37%

16,22%

10,27%

22,03%

Pers 0,95% 0,99% 1,15% 1,35%

FRW 0,05% 0,40% 1,83% 3,63%

KVLp – 0,19% – 0,19% – 0,19% – 0,19%

KVLm 0,45% 0,45% 0,45% 0,45%

TOTp 0,14% 0,14% 0,13% 0,13%

TOTm 0,72% 0,72% 0,73% 0,74%

EGW – 0,19% 0,39% 2,73% 5,66%

DMG 1,22% 1,22% 1,19% 1,19% 1,09% 1,09% 0,96% 0,96%

Summe 100,00% 100,00% 100,00% 100,00% 100,00% 100,00% 100,00% 100,00%

Tabelle 2: Relative monetäre Zuchtfortschritte pro Jahr in den Varianten GMON 2013, GMON +10%, GMON +50% und GMON +100% für die 

Merkmale Fettmenge (Fkg), Eiweißmenge (Ekg), Eiweißprozent (Epr), Ausschlachtung (AUS), EUROP Handelsklasse (HKL), Nettotageszu-

nahme (NTZ), Nutzungsdauer (ND), Persistenz (Pers), Fruchtbarkeitswert (FRW), paternaler und maternaler Kalbeverlauf (KVLp, KVLm), 

paternale und maternale Totgeburtenrate (TOTp, TOTm), Eutergesundheitswert (EGW) und durchschnittliches Minutengemelk (DMG).

Table 2: Annual monetary genetic gain in percent for the scenarios GS-GMON 2013, GS-GMON +10%, GS-GMON +50% and GS-GMON +100% for 

the traits fat yield (Fkg), protein yield (Ekg) protein percent (Epr), dressing percentage (AUS), EUROP grading grade (HKL), net daily gain 

(NTZ), longevity (ND), persistency (Pers), fertility index (FRW), direct and maternal calving ease (KVLp, KVLm) direct and maternal stillbirth 

(TOTp, TOTm), udder health index (EGW) and milking speed (DMG).

Der Vergleich mit den Varianten GS-GMON +50% und GS-GMON +100% zeigt, dass erst bei einer starken Erhöhung 
der wirtschaftlichen Gewichte für den FRW und EGW mit einer in der Praxis spürbaren genetische Verbesserung 
von Fruchtbarkeit und Eutergesundheit zu rechnen ist. Ähnliche Ergebnisse zeigen sich bei Egger-Danner et al., 
2012. Ohne eine entsprechende Gewichtung dieser Merkmale im Gesamtzuchtwert, wird keine nennenswerte ge-
netische Verbesserung der Tiergesundheit zu erzielen sein. 

Um auf diese Merkmale zu setzen sind jedoch auch die entsprechenden Phänotypen aus der Leistungsprüfung 
notwendig. Die Limitierungen bei der Zucht auf Tiergesundheit sind nicht die Genotypen, sondern vielmehr Ge-
sundheitsdaten aus der Leistungsprüfung. Daher ist es unabdingbar die Leistungsprüfung in diesem Bereich aus-
zubauen.

Im weiteren Verlauf des Projektes OptiGene werden die wirtschaftlichen Gewichte basierend auf den zukünftigen 
Rahmenbedingungen abgeleitet und Varianten der  Erhöhung der Gewichte für die Fitnessmerkmale im GZW über-
prüft. Diese Ergebnisse werden mit den Zuchtorganisationen diskutiert werden. Mit endgültigen Ergebnissen zu 
dieser Fragestellung ist spätestens 2015 zu rechnen.



38

Session 2: Neue Merkmale und funktionale Merkmale

Literatur

EGGER-DANNER, C., WILLAM, A., FUERST, C., SCHWARZENBACHER, H. und FUERST-WALTL B. (2012): Effect of bree-
ding strategies using genomic information on fitness and health. J. Dairy Sci. 95:4600-4609. 

FUERST C. (2013): Zuchtwertschätzung beim Rind. Grundlagen, Methoden und Interpretationen. Hrsg.: ZuchtData 
EDV-Dienstleistungen GmbH, Wien

FÜRST, C., EGGER-DANNER, C., HAMANN, H., HEROLD, P. und GÖTZ, K.U. (2013): Einbeziehung von direkten Gesund-
heitsmerkmalen in den Gesamtzuchtwert bei Fleckvieh und Braunvieh. Vortragstagung der DGfZ und GfT am 4./5. 
September 2013 in Göttingen.

FÜRST-WALTL, B., BAUMUNG R., FUERST, C., KÖCK, A., OBRITZHAUSER, W., SCHWARZENBACHER, H., SÖLKNER, J., WILL-
AM, A., WINTER, P., EGGER-DANNER, C. (2010): Gesundheitsmonitoring Rind: Entwicklung einer Zuchtwertschätzung 
für Gesundheitsmerkmale. Abschlussbericht zum Forschungsprojekt 100250 BMLFUW-LE.1.3.2/0043-II/1/2007. 
https://www.dafne.at/dafne_plus_homepage/index.php?content=result&project_id=2704

STEININGER, F., EGGER-DANNER, C., WILLAM, A. (2013): Braunvieh Austria 2012. Wie wirkt sich die Genomische 
Selektion auf die österreichische Braunviehzucht aus? In: Rinderzucht BRAUNVIEH 2/2013 2/2013, Hrsg.: Deut-
scher Landwirtschaftsverlag GmbH, München

STEININGER, F., FUERST-WALTL, B., PFEIFFER, C., FUERST, C., SCHWARZENBACHER, H. und EGGER-DANNER, C. (2013): 
Future needs and challenges in dairy cattle breeding - based on a survey with Austrian Farmers. [64th Annual 
Meeting of the European Federation of Animal Science (EAAP), Nantes, AUG 26-30, 2013] In: Wageningen Academic 
Publishers (Ed.) 133, ISBN: 978-90-8686-228-3, ISSN: 1382-6077, Book of Abstracts of the 64th Annual Meeting of 
the European Federation of Animal Science, 133, ISBN: 978-90-8686-228-3, ISSN: 1382-6077

WILLAM, A., NITTER, G., BARTENSCHLAGER, H., KARRAS, K., NIEBEL, E., GRASER, H.-U. (2008): ZPLAN. Manual for a 
PC-program to optimize livestock selection schemes. Institut für Nutztierwissenschaften, Universität für Boden-
kultur, Wien


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data simulation
	Methods to calculate the TMI

	Results
	Correlations
	Bias
	Reliabilities and standard deviations
	Selection response

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References
	Invited review: overview of new traits and phenotyping strategies in dairy cattle with a focus on functional�traits
	Implications
	Introduction
	Background
	Figure 1Average estimated breeding value for longevity by birth year and country for Holstein Friesian (Fuerst, 2014).
	Figure 2Traits included in the total merit indices of 17 countries.
	Novel functional traits
	Direct health traits
	Udder health

	Table 1Example of use of the hierarchical health key published by ICAR (2012)
	Table 2Heritabilities for novel�traits
	Reproduction
	Feet and legs
	Metabolic status
	Calving traits
	Feed efficiency

	Other novel traits
	Behavioural traits
	Traits out of data from AMS
	Adaptation to climate change
	Sucking traits
	Milk fatty acids
	Milk coagulation properties
	Beef traits

	Recording systems and sources of data for novel traits
	Genotyping females in research herds

	Figure 3Pooled database with potential data sources and examples of use of data.
	Challenges
	Predictive biology
	Standardization and integration of relevant data sources

	Table 3Reliabilities of genomic EBVs for novel�traits
	Simplicity and ease-of-use for farmers

	Conclusions
	Figure 4Overview about the system of predictive biology to determine traits based on prediction equations.
	Figure 5Sources of on-farm information that can be used to collect health and fitness phenotypes (source: http://commons.wikimedia.org/wiki/File:Amishdairyfarm3.jpg).
	Acknowledgements
	ACKNOWLEDGEMENTS
	References

	Hot topic: Effect of breeding strategies using genomic information on fitness and health
	Introduction
	Materials and Methods
	Population Structure and Cost Parameters
	Genetic Parameters
	TMI and Breeding Strategies
	TMI-R
	TMI+DHT
	TMI+DHT50
	CPT
	GS50
	GS100

	Reliability of TMI

	Results and Discussion
	DHT Included in the TMI
	Genomic Selection Strategies

	Conclusions
	Acknowledgments

	Recording of direct health traits in Austria-Experience report with emphasis on aspects of availability for breeding purposes
	Introduction
	Materials and Methods
	Project Organization and Time Frame
	Health Data Recording
	Motivation and Information
	Legal Framework
	Data Type and Standardization of Diagnoses
	Data Collection and Data Storage
	Data Security
	Data Validation

	Health Reports
	Operating Figures on Health Status
	Genetic Evaluation
	Traits for Routine Genetic Evaluation
	Data
	Model for Routine Genetic Evaluation


	Results and Discussion
	Health Data Registration
	Participation
	Data Validation

	Operating Figures on Health Status
	Distribution and Time of Occurrence of Diseases
	Incidence of Diagnoses

	Genetic Evaluation
	Genetic Parameters
	Sufficient Data for Reliable Breeding Values
	Genomic Evaluation

	Implementation and Further Developments

	Conclusions
	Acknowledgments

	Genomic selection strategies in a small dairy cattle population evaluated for genetic gain and profit
	Introduction
	Materials and Methods
	Experimental Design
	Hybrid Scheme
	Increase in Reliability of GEBV
	Number of Genotyped YB
	Proportion of Bull Dams Mated with YB
	Proportion of Cows Mated with YB

	Turbo Scheme
	Conventional Scheme
	Method and Evaluation Criteria
	Breeding Goal and Traits
	Reliability of EBV

	Results
	Comparison of Breeding Schemes with Default Parameters
	Effect of Increasing Reliability of Genomic Prediction
	Effect of Increasing the Number of Genotyped YB
	Effect of Alternative Strategies Using YB
	Interaction Effects of Breeding Scheme Parameters

	Discussion
	Optimal Breeding Scheme for a Small Dairy Cattle Population
	Optimal Use of YB for Inseminating Cows
	Increased Value of Genomic Information in Hybrid Scheme
	Perspectives for Effective Breeding Schemes in Small Dairy Cattle Populations


	Short communication: Genotyping of cows to speed up availability of genomic estimated breeding values for direct health traits in Austrian Fleckvieh (Simmental) cattleâ•ﬂGenetic and economic aspects
	Short Communication


