
Estimation of Breeding Values for Milk Production Traits, 
 Somatic Cell Score, Conformation, Productive Life and 

Reproduction Traits in German Dairy Cattle 

 
Version: August 2019 

Last updates: 
- 08-2019: Introduction of breeding values for calf survival (RZKªlberfit) 
- 04-2019: Implementation of mixed reference population in genomic evaluation 
                  Introduction direct health traits 
                  Reduced heritabilities for Milk production traits and new weights in RZM 
 Stature with optimum 100 
- 04-2018: New model and trait definition longevity (RZN) 

       Changes data editing for calving traits and fertility (1st-last ins.) 
       New formula RZM (milk production index) for Red Dairy Cattle/Angler 

                   Yearly change of base for all traits 
- 04-2017:  New relative weights within conformation composites Body, Feed&Legs, Udder. 

       Yearly change of base for all traits 
- 08-2016:  More spreading for genomic EBV feet&leg traits 
- 04-2016:  Change base definition from bull to cow base for all relative breeding values 
                   First time yearly shift of base for milk production traits 
                   Changes in genomic evaluation model 
- 04-2015:  5-years shift of base for milk production traits. Yearly shift of base for all relative 

       breeding values 
- 12-2014:  Model for conformation traits updated 
- 04-2014:  Yearly shift of base for all relative breeding values. 
- 04-2013:  Yearly shift of base for all relative breeding values. 
                  Genomic evaluation on the base of Low Density genotyping. 
                   Increased spreading of main relative breeding values for Angler (Red Breed) 
- 12-2012: New breed toplists for daughter proven bulls including only active bulls. In  
 addition 
                   Toplists with high reliable bulls (Ó 500 daughters) 
- 04-2012:  New evaluation model calving traits with new calving indices RZKd and RZKm 
                  Yearly shift of base for all relative breeding values 
- 08-2010:  Introduction of genomic breeding values for Holstein and Red Holstein 
                 Yearly shift of base for calving traits with now own base for every breed. 
- 04-2010:  5-years shift of base for milk production traits 
- 08-2009:  Linear trait ñFoot Angleò instead of ñHeight of Hoofò 
- 04-2009:  Yearly shift of base for relative breeding values and new definition of base for  
                  smaller breeds 
- 01-2009:  Values for bull fertility (deviation Non-Return-Rate) 
- 08-2008:  New relative weights in total merit index RZG for Angler (Red Dairy Cattle) 
- 04-2008:  Introduction daughter fertility index RZR; changes in conformation EBVs; new 
                  weights within RZG 
- 01-2008: New model for fertility traits 
- 05-2007:  New relative weight in RZE and RZG for Angler (Red Dairy Cattle) 
- 05-2005:  Shift of base for traits on natural scale (every 5 years) 
- 02-2005: New genetic evaluation for milking speed and temperament 
- 11-2004: New model longevity, correlations used for calculation total merit index RZG 

 



Content 
 

Introduction 
The Random Regression Model 
EBVs for milk production traits 
EBVs for Somatic Cell Scores 
Estimation of breeding values for conformation traits 
Milking Speed and Temperament 
Genetic evaluation for functional herd life (fHL) 
Genetic evaluation for reproduction traits 
Bull fertility (deviation Non-Return-Rate) 
Calving traits 
Breeding values for direct health traits 
Breeding Value for calf survival 
Genomic breeding values 
The total merit index (RZG) 
Estimation frequency 
Publishing of data 
Annex 
 

  



Estimation of Breeding Values for Milk Production Traits, Somatic 
Cell Score, Conformation, Productive Life and Reproduction Traits 

in German Dairy Cattle 

Introduction 

In Germany the regional breed associations are responsible for the estimation of official breeding 
values, recognized and supervised by the authorities of the federal states. All legally responsible 
bodies have contracted vit for genetic evaluations for the dairy breeds German Holstein (Black & 
White and Red & White), German Red Dairy Cattle/Angler, German red&white dual purpose/DN, 
Jersey and German black&white dual purpose/DSN. 

 



The Random Regression Model 

A Multi-Lactation Random Regression Model Animal Model is used since 2003 to estimate breeding 
values for somatic cell scores and for milk production traits. 

Data base 
Test day records of cows with first lactation initiated since 1990 are considered in the genetic 
evaluation. All official test day records are included, if 
 

¶ Age of calving is: 20 - 40, 30 ï 56 and 44 - 75 month for lactations 1, 2 and 3, respectively 

¶ Days in milk:  5. - 330. day after calving 

Pedigree information 
Pedigree information traces back at least four generations from cows with own yield records. If the 
sire and/or the dam of an animal are unknown, fixed genetic groups are defined representing all 
unknown parents of animals based on breed, sex and birth year of animals and on origin 
(German/western European HF; eastern European HF plus SMR; North American HF; Jersey; 
German Red Cattle; other Red Cattle; genetic conservation population of German Black&White dual 
purpose; others). 

Method 
The main advantages of using the test day records directly instead of 305-day lactations in the model 
are 

¶ Using the original yield record on daily base (day 5 to 330) from first three lactations as yield 
information for evaluation instead of cumulated 305 day yields 

¶ Correction of management effects with a herd-day effect and with that the exact management effect 
for each cow in each herd at a certain day 

¶ Correction of stage of lactation by simultaneously evaluated lactation curves 

¶ Test day records within lactation are not considered as a constant trait (rg = 0.5 ï 0.99) 

¶ Estimation of individual lactation curves instead of a constant deviation from the beginning to the 
end of the lactation 

¶ The individual lactation curves are predicting the EBVs more flexible, especially when only early 
lactation information is available (records in progress). 

 
The genetic parameters used in the Random Regression Model are estimated on the base of a 
representative data set of the German Holstein population (Liu et al., 2000a,b). 
 
The Random Regression Model remains to be a multiple lactation model, i.e. the lactations 1, 2 and 3 
are considered as genetically different traits. 

Reliability of estimated breeding values 
Reliabilities are calculated for the Random Regression Model using the multiple trait effective 
daughter contribution method (Liu et al., 2001a). 

EBVs for milk production traits 

Details of the evaluation for milk production traits (milk, fat and protein yield) by the Random 
Regression Model are described in the following. 

Standardisation of intra-herd-test-day variation 
Intra-herd test day variance is standardised according to production level of herd test day and number 
of cows being in the same lactation within the particular herd test day. 
 

Data 

Table 1: Amount of data process in the evaluation 

 



 
April 2019 

 
1. Laktation 
1
st
 lactation 

 
2. Laktation 
2
nd
 lactation 

 
3. Laktation 
3
rd
 lactation 

 
Gesamt 
total 

Anzahl Probemelken 
Number of test day records 

187,186,946 138,803,653 94,247,456 420,238,055 

Anzahl Herdenkontrolltage 
Number of herd testdays 

13,565,608 13,513,623 27,079,231 

K¿he mit Leistung 
Cows with records  

   21,984,517 

Bullen 
Sires 

   389,844 

Tiere gesamt 
Animals in total 

   27,810,624 

The model for milk production traits 
For all animals (with and without records) breeding values of the first three lactations are estimated 
with the Random Regression Model: 
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where 
yijklo is 24-hour test day yield, adjusted for heterogeneous herd variance of the o-th test day of 

lactation l of cow k;  
 
hil is fixed effects of the i-th herd-test-date x milking-frequency (HTD) for lactation l;  
 

jlmf  represents the m-th regression coefficient for the  j-th fixed lactation curve of lactation l;  

jlmb  is the m-th term of Wilmink function with b..1=1, b..2=d and b..3=e
ï0.05d
 and d denoting days in 

milk (DIM);  
 
aklm a. pklm are the m-th random regression coefficient of lactation l of cow k for genetic and permanent 

environmental effects, respectively;  
 

bklm is the m-th term of the third-order Legendre polynomials with b..1 = 1, b..2 = z3  und b..3 = 

( )135
2

1 2-z  and ( ) 1150/5 --=dz ; and  

eijklm  is error effect.  
 
Selective 3-times milking is accounted for by creating separate herd-test-day groups within herd 
according to milking frequency. Milking frequency is recorded for each test of each cow individually. 
 
The genetic parameters used in the Random Regression Model are estimated on the base of a 
representative data set of the German Holstein population (Liu et al., 2000a,b). In the following table 
parameters for 305-day lactation yields, derived from the original parameters on daily basis, are listed. 
These cumulated parameters are higher than the parameters on daily base used in the model (see 
figures).  
 

Table 2: Genetic parameters for milk, fat and protein yield on 305-day basis with heritability on 
diagonal, genetic correlations above diagonal and phenotypic correlations below 
diagonal 

 

Merkmal    Trait  
Laktatio
n 

 
1 

 
2 

 
3 

 

 1 .43 .84 .84 

Milchmenge-kg  /milk-kg 2 .55 .26 .97 

 3 .52 .54 .25 



 

 1 .33 .87 .86 

Fettmenge-kg /fat-kg 2 .55 .19 .97 

 3 .50 .54 .19 

 

 1 .33 .84 .81 

EiweiÇmenge-kg /protein-kg 2 .56 .20 .96 

 3 .49 .57 .20 

 

 
 
Detailed information can be found in 

¶ Liu, Z., Reinhardt, F. und Reents, R. 2000a: Estimating parameters of a random regression test 
day model for first three lactation milk production traits using the covariance function approach. 
INTERBULL Bulletin No. 25: 74-80 

¶ Liu, Z., Reinhardt, F. und Reents, R. 2000b: Parameter estimates of a random regression test day 
model for first three lactations somatic cell scores. INTERBULL Bulletin No. 26: 61-65 

¶ Liu, Z., Reinhardt, F. und Reents, R. 2001a: The effective daughter contribution concept 

applied to multiple trait models for approximating reliability of estimated breeding values. 

INTERBULL Bulletin No. 27: 41-46 

¶ Liu, Z., Reinhardt, F., B¿nger, A., Dopp, L. und Reents, R. 2001b: Application of a random 
regression model to genetic evaluations of test day yields and somatic cell scores in dairy cattle. 
INTERBULL Bulletin No. 27: 159-166 

Definition of estimated breeding values 
The breeding value on lactation base is the sum of the EBVs from day 1-305. The published breeding 
values for milk, fat and protein yield are defined as the average breeding value of lactation one to 
three, and represent the desired breeding goal of high lifetime production.  
 
All breeding values are standardised within breed to a yearly rolling base with a mean of 100 and a 
genetic standard deviation of 12 points for cows 4-6 years old (2019: cows born 2013-2015). The base 
shifts yearly in April. For breed/base differences see table in appendix. 

Breeding values for fat and protein content 
Breeding values for fat and protein contents are calculated on the base of total breeding values for the 
yield traits and phenotypic means (F%*, P%*, Mkg*) of cows in second lactation included in the base. 

 

 

*) Phenotypic means for breeds: 

German B&W Holstein Mkg 9355 F% 3.95 P% 3.36 
German R&W Holstein Mkg 8179 F% 4.15 P% 3.41 
German Red Cattle  Mkg 7588 F% 4.69 P% 3.63 
R&W dual purpose Mkg 6855 F% 4.30 P% 3.49 
DSN:   Mkg 6943 F% 4.64 P% 3.56 
Jersey   Mkg 5901 F% 5.37 P% 4.03 
 

Relative breeding value milk production (RZM) 
The RZM is a selection index combining estimated breeding values for production traits. The 
production traits are combined with a breed specific weight. 
 
For all breeds (Holsteins, Red Holstein,R&W dual purpose, Jersey, Red Cattle) RZM includes fat kg 
and protein kg in the ratio of 1:2.  
 
The RZM formulas for 2019 for the different breeds are: 

¶ RZM-HOL/-RedHOL/-DN/-DSN/-Jersey   = 100 + 0.240*EBVF-kg + 0.480*EBVP-kg 
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*
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¶ RZM- Angler/Red Breed    = 100 + 0.290*EBVF-kg + 0.580*EBVP-kg 
 
The RZM is standardised within breed to a yearly rolling base of all 4-6 years old cows (2019: cows 
born 2013-2015) with a mean of 100 and a genetic standard deviation of 12 points. 
 

EBVs for Somatic Cell Scores 

Genetic evaluation for somatic cell scores was established at VIT already in 1996 using the Fixed 
Regression Model. Since May 2003, the genetic evaluation model has also changed to the Random 
Regression Model. 

Logarithmic transformation  

Original data from milk recording are cells/ml milk and must be transformed to get a standard normal 
distribution: 
    SCS = log2 (Zellzahl / 100000) + 3 

Data and model for Somatic Cell Scores 
Data for SCS is the same as for milk production traits because SCS is available for all test day 
samples (see table 1). 
The Random Regression Model applied for genetic evaluation of SCC is the same as for production 
traits, except calving interval is not included in the fixed lactation curves because no effect was found 
on somatic cell scores. 
 
The genetic parameters used in the Random Regression Model are estimated on the base of a 
representative data set of the German Holstein population (Liu et al., 2000a,b). The table gives 
derived parameters on 305-day lactation basis. These cumulated parameters are higher than the 
original parameters on daily base (see figure 1). 
 

Table 3:Genetic parameters for somatic cell scores on 305-day base with heritability on 
diagonal, genetic correlations above diagonal and phenotypic correlations below 
diagonal 

Laktation 
lactation 

1 2 3 

1 .16 .95 .89 

2 .34 .16 .97 

3 .28 .42 .17 

 

Expression of proofs for Somatic Cell Scores 

The model provides separate EBVs for SCS in the first three lactations. These three EBVs are 
combined into an overall EBV for SCS by index weights of .26, .37, .37 for EBV for somatic cell scores 
in lactations 1, 2, and 3, respectively. 
 
SCS proofs are expressed as relative EBV Somatic Cell Score, called RZS. The scale of the relative 
breeding value RZS is reversed to indicate undesirable proofs with values below 100. The RZS is 
standardised within breed to a mean of 100 and a genetic standard deviation of 12 points for all 4-6 
years old cows (2019: cows born 2013-2015). 
 
 



Estimation of breeding values for conformation traits 

 
Starting in 1993 linear type traits are routinely evaluated using a Best Linear Unbiased Prediction 
(BLUP) animal model. The estimation is carried out for all breeds in one run. 

Data base 
The traits considered are 19 linear type traits between the biological extremes on a scale from 1 to 9. 
Additionally, the four general characteristics angularity, body, feet & legs and udder are classified with 
a score of 65 to 88. The heritabilities are shown in table 6. 

The evaluation uses classifications of cows in first lactation recorded since 1998. 
 

April 2019 
  Schwarzbunt / Rotbunt   

Holstein / Red Holstein    

Rotvieh/Angler 

Red Breed/Angler 

Anzahl Tiere, insgesamt 

Animals total 
4,822,531 

davon beurteilte Tiere (K¿he) 

Animals classified 
2,609,371 / 288,554 2,609,371 / 288,554 

Bullen mit beurteilten Tºchtern 

Bulls with classified daughters 
28,698 / 4,779 28,698 / 4,779 

 

The statistical model for conformation traits 
For genetic evaluation multi trait animal models within the three composites angularity/body, feet and 
udder are used. The model includes age at first calving, stage of lactation, 
classifier*year*daughtertype, herd*year (or region*herd level*year) as fixed effects and a random 
additive genetic effect. Classifiers differ not only in their average scores but also in the respective 
standard deviations. Heterogeneous variances are pre-standardised within classifier and year. 
 
The statistical model for the genetic evaluation is 
 
Yijklmn= Agek + Stage_of_lact.l + Class*Year*Daughtertypei + Herd*Yearj + am + eijklmn 
 

Yijklmn    = observed score 

Agek       = age at first calving  

Stage_of_lact.l   = stage of lactation  

Class*Year*Daughtertypei = classifier * year * type of daughter 

        (type of daughter: from test period, from own sire, from other sire) 

Herd*Yearj    = herd * year for large herds, otherwise region * herd level * year 

am     = random additive genetic effect  

eijklmn    = random error effect 

 

All known relationships are considered in the evaluation. 

Reliability 
As shown in table 4, the linear type traits differ substantially in heritability. Therefore reliability differs 

between traits within bulls. 

Definition of breeding values 
The breeding values for linear figures are expressed only as relative breeding values with an average 

of 100 and a standard deviation of 12 for all in 1
st
 lactation linear scored 4-6 years old cows (2019: 

cows born 2013-2015).  

Linear composites and total composites 
The breeding values for the single linear traits are combined to Ălinearñ composites for angularity, 

body, feet and udder. For the relative weights of the linear traits within the composites see table 4. 

 



Table 4: Used heritabilities of type traits and relative weight in the indices 

Linearmerkmal  

/ Trait 

Abk¿rzun
g 

Abbreviatio
n 

Extremwerte 

 /Extremes 

h
2
 Gew. im 

Index 

Weight in 
index 

Milchcharakter / Dairy character 

Milchcharakter / Dairy character MCh / DC derb scharf/edel 0.24 1.00 

Kºrper / Body      

GrºÇe / Stature Grº / Sta klein groÇ 0.39 0.20 

Kºrpertiefe / Body depth KTi / BD wenig viel 0.22 0.20 

Stªrke / Chest width Stª / CW schwach stark 0.18 0.20 

Beckenneigung / Rump angle BNe / RA ansteigend abfallend 0.29 0.20 

Beckenbreite / Rump wide BBr / RW schmal breit 0.29 0.20 

Body Condition Score / BCS BCS / BCS mager fett 0.23 - 

Fundament / Feet 

Hinterbeinwinkelung  

/ Rear leg set side view 

HWi  

/ RLs 

steil gewinkelt 
0.17 0.20 

Klauenwinkel / Foot angle KWi / FA flach steil 0.08 0.15 

Sprunggelenk / Hock quality Spr / HQ derb trocken 0.17 0,20 

Hinterbeinstellung 

 / Rear leg set rear view  

HSt  

/ RLr  

hackeneng parallel 
0.12 0.15 

Bewegung / Locomotion Bew / Loc lahm gut 0.08 0.30 

Euter / Udder 

Hintereuter / Rear udder height  HEu / RUH tief/schmal hoch/breit 0.21 0.20 

Zentralband / Central ligament ZBa / CL schwach stark 0.16 0.10 

Strichplatzierung vorne  

/ Teat placement front 

SPv  

/ TPf 

auÇen innen 
0.26 0.10 

Strichplatzierung hinten 

 / Teat placement rear 

SPh  

/ TPr 

auÇen innen 
0.23 0.10 

Vordereuteraufhªngung 

 / Fore udder attachment 

VEu / FUA lose fest 
0.23 0.20 

Eutertiefe / Udder depth ETi / UD tief hoch 0.33 0.20 

Strichlªnge / Teat lenght SLª / TL kurz lang 0.33 0.10 

Einstufungsnoten  / Scores 

Milchtyp / Dairy type Mty / DT   0.21  

Kºrper / Body Kºrp / 
Body 

  
0.21  

Fundament / Feet and legs Fund / F&L   0.11  

Euter / Udder Eut / Udder   0.23  

 

Linearmerkmal  

/ Trait 

Abk¿rzung 

Abbreviatio
n 

Extremwerte 

 /Extremes 

h
2
 Gew. im Index 

Weight in 
index 

Milchcharakter / Dairy character 

Milchcharakter / Dairy character MCh / DC derb scharf/edel 0,24 1,00 

Kºrper / Body      

GrºÇe / Stature Grº / Sta klein groÇ 0,39 0,20 

Kºrpertiefe / Body depth KTi / BD wenig viel 0,22 0,20 

Stªrke / Chest width Stª / CW schwach stark 0,18 0,20 

Beckenneigung / Rump angle BNe / RA ansteigend abfallend 0,29 0,20 

Beckenbreite / Rump width BBr / RW schmal breit 0,29 0,20 

Body Condition Score / BCS BCS / BCS mager fett 0,23 - 

Fundament / Feet 

Hinterbeinwinkelung  HWi  steil gewinkelt 0,17 0,20 



/ Rear leg set side view / RLs 

Klauenwinkel / Foot angle KWi / FA flach steil 0,08 0,15 

Sprunggelenk / Hock quality Spr / HQ derb trocken 0,17 0,20 

Hinterbeinstellung 

 / Rear leg set rear view  

HSt  

/ RLr  

hackeneng parallel 
0,12 0,15 

Bewegung / Locomotion Bew / Loc lahm gut 0,08 0,30 

Euter / Udder 

Hintereuter / Rear udder height  HEu / RUH tief/schmal hoch/breit 0,21 0,20 

Zentralband / Central ligament ZBa / CL schwach stark 0,16 0,10 

Strichplatzierung vorne  

/ Teat placement front 

SPv  

/ TPf 

auÇen innen 
0,26 0,10 

Strichplatzierung hinten 

 / Teat placement rear 

SPh  

/ TPr 

auÇen innen 
0,23 0,10 

Vordereuteraufhªngung 

 / Fore udder attachment 

VEu / FUA lose fest 
0,23 0,20 

Eutertiefe / Udder depth ETi / UD tief hoch 0,33 0,20 

Strichlªnge / Teat lenght SLª / TL kurz lang 0,33 0,10 

Einstufungsnoten  / Scores 

Milchtyp / Dairy type Mty / DT   0,21  

Kºrper / Body Kºrp / Body   0,21  

Fundament / Feet and legs Fund / F&L   0,11  

Euter / Udder Eut / Udder   0,23  

In the index linear traits Stature, Body Depth, Strength, Rump Angle (composite Body), Rear Legs 

Side View (composite Feet&Legs), Teat Placement front, Teat Placement Rear and Teat Length 

(composite Udder) are taken into account non-linear. 

For Stature, Rump Angle, Rear Legs Side View and Teat Placement Rear the average (100) is defined 
as optimum. 
Body Depth and Strength are weighted linear positive up to 112, but no more credit is given for values 
above 112. 
For Teat Placement Front and Teat Length the optimum is 112. 
The different ways of non-linear weighting are given in the figure.  
 

Figure 1:  Non-linear weighting of stature (Sta), body depth (BD), strength (Str), rump angle 
(RA), rear legs side (RLS), teat placement front (TPf) and teat placement rear (TPr) 
within the composite index  

 

 
These linear composites and the breeding values for the general characteristics angularity, body, 



feet&legs and udder are combined to the Ătotalñ composites. 

Table 5: Combining indices for linear traits and scores to composite traits 

Index 
+ ZW Note / 

+ EBV score 

= verºffentlichter Zuchtwert / 

= published EBV 

Milchtyp / 

Dairy type 
50% 

Milchtyp/ 

Dairy type 
50% 

Milchtyp/ 

Dairy type 

Kºrper /  

Body 
75% 

Kºrper / 

Body 
25% 

Kºrper / 

Body 

Fundament / 

Feet and legs 
75% 

Fundament / 

Feet and legs 
25% 

Fundament / 

Feet and legs 

Euter / 

Udder 
75% 

Euter / 

Udder 
25% 

Euter / 

Udder 

 
All indices are standardised to an average of 100 and a standard deviation of 12. 

EBV total conformation (RZE) 
The 4 total composites are combined to a relative breeding value for total conformation called RZE 

 
The RZE is standardised within breed to a mean of 100 and a genetic standard deviation of 12 points 
for all in 1

st
 lactation linear scored 4-6 years old cows (2019: cows born 2013-2015). 

EBVs for conformation traits based on daughter information are published if min. 10 daughters within 

10 herds are included in the evaluation. 



Milking Speed and Temperament 

 
VIT introduced a genetic evaluation for milking speed and temperament during milking in 2004 for 
Holstein, Red Holstein, Red&White dual purpose and Red Breed/Angler. 

Data 
Data are all information on milking speed from measuring and subjective classification by the owner. 
Temperament is based purely on subjective classification. The following data are used in the genetic 
evaluation: 

- measured milk flow (average in kg/min), DMG. 
- subjective classification for milkabily (milk flow) and temperament by the owner (scale 1 ï 5), 
recorded by classifiers along with conformation traits  

- linear description for teat placement rear and front teat length as predicting traits 
 
Only data from 1

st
 lactation since 1990 are included. 

 
Since data recording for milking speed and temperament showed a wide range for amount and form 
across regions, the database differs a lot between bulls. In the western regions mainly owners 
classification can be found, sometimes added by measures. In the eastern regions with the 
commercial herds owners/milkers scoring is difficult and mainly measures of milk flow are found. In 
Bavaria and Schleswig-Holstein official milk recording is carried out with Lactocorders giving 
measures for milk flow from every test. These are included as repeated information. The table shows 
the amount of data in the model. 
 

Table 6: Data base for genetic evaluation of milking speed and temperament during milking 

April 2019 
SBT, RBT, DN und Angler 
Hol, Red Hol, R&W, Angler 

Leistungsrecords gesamt 
data records total 

8.591.548 

DMG-Messungen 
measures miking speed 

7.420.209 

   - davon Lactocordermessungen 
   - from that with Lactocorder 

1.413.284 

Tiere MBK/MVH-Befragung 
animals with scores 

2.722.433 

Tiere mit Eigenleistung 
animals with data 

4.357.831 

Tiere im Modell gesamt 
animals total in model 

8.591.548 

 

Model 
The applied method is a Multiple Trait-BLUP-Animal Model. For the trait óMeasured milk flowô, DMG 
repeated measures are included as well. The genetic parameters are shown in the table. 
 
Table:  Genetic parameters (Heritability on diagonal, genetic correlations off-diagonal) 

 Melkbarkeit 
miking speed 

Melkverhalten 
temperament 

Hilfsmerkmale 
predicting traits 

 DMG 
measures 

MBK 
scores 

MVH 
scores 

SPv 
teat placem. 

Slª 
teat length 

DMG 0.28* 0.79 -0.03 0.10 -0.19 
MBK  0.10 0.00 0.10 -0.23 
MVH   0.07 0.05 -0.09 
SPv    0.25 -0.26 
SLª     0.29 

 *) repeatability for measures within 1
st
 La. = 0.47 

 
 



The statistical models are: 
 

¶ for measured milk flow, DMG: 
Y ijklmn = B * T * M i + LT j + EKAk + al + apm + eijklmn 
 
Y ijklmn  observation 
B*T*Mi  herd*day*milking frequency (fix) 
LT j  days in milk at measure (fix) 
EKA k  age at first calving (fix) 
al  breeding value (random) 
apm  permanent effect of animal 
eijklmn  error (random) 
 

¶ for scores milking speed, temperament, front teat placement and front teat length 
Yijklmn  = B * Ti + LTj + EKAk + Be * Jl + am + eijklmn 
 
Y ijklmn  observation 
B*Ti  herd*day (fix) 
LT j  days in milk (fix) 
EKA k  age at first calving (fix) 
Be*Jl  classifier*year (fix) 
am  breeding value (random) 
eijklmn  error (random) 

The Relative Breeding Values Milking speed (RZD) and Temperament (MVH) 
The breeding values for measured milking speed and owner scored milking speed are combined to a 
total relative breeding value milking speed, RZD. Within this relative breeding value milking speed  
RZD the EBV for measured milking speed and the EBV for scored milking speed each get a weight of 
50%. The relative breeding value Temperament, MVH, includes only the EBV for scored temperament 
during milking. 
 
RZD (milking speed index) and MVH (temperament) are standardised within breed to a mean of 100 
and a genetic standard deviation of 12 points for all 4-6 years old cows with records (2019: cows born 
2013-2015). 
 

Reliability and Publication 
The reliability is calculated with the Effective-Daughter-Contribution Method. The published reliability 
for the combined relative breeding value milking speed, RZD, is the highest of the two included traits. 
 
Published are the relative breeding values RZD (milking speed) and MVH (temperament). In case 
EBV are based solely on classical information for publication minimum information from daughters in 
10 herds is required. 
 

 



Genetic evaluation for functional herd life (fHL) 

vit has been routinely estimating breeding values for functional longevity since 1996. 
 
Longevity can be seen as an indicator trait for overall health and constitution (i.e. functionality) of a 
cow. Culling reasons can have two main roots: voluntary culling and involuntary culling. Voluntary 
culling means the farmersô free decision, involuntary culling means culling due to impaired 
health/fitness/reproduction ability. Voluntary culling is largely influenced by milk performance traits 
relatively to herd average which are therefore corrected for in the model for the genetic evaluation of 
functional longevity. 

Data 
In the genetic evaluation system, the following breeds are considered: Holstein (black-and-white, red-
and-white, and red-and-white dual purpose), Angler/Red Dairy Cattle, Jersey, and the Black-and-
White Friesian Cattle. Minimum date of birth for cows to be included is 1995, January 1. Longevity 
records of cows which were ósold for dairy purposesô, are considered to be censored at the disposal 
date. If the herd to which the cow was sold is known and considered in the genetic evaluation of 
longevity, this information is also used. Records of cows still alive at the data cutoff date are 
considered to be censored at the last test date, if known, or the date of data cutoff. 

Trait definition 
From April 2018 on, survival up to the 4

th
 calving is considered. Survival of nine different 

periods is coded 1 (survived) or 0 (culled). Periods are defined as follows: 

Lact. Period Abbr. Start (d from calving) End (d from 
calving) 

1 1 L1.1 0 49 

1 2 L1.2 50 249 

1 3 L1.3 250 2
nd
 calv. 

2 1 L2.1 0 49 

2 2 L2.2 50 249 

2 3 L2.3 250 3
rd
 calv. 

3 1 L3.1 0 49 

3 2 L3.2 50 249 

3 3 L3.3 250 4
th
 calv. 

 
Periods were defined based on distributions of disposal reasons (Heise et al. 2016). 

 
*) Of all cows which started the respective lactation, without cows sold for dairy purposes (black-and-white, years of birth from 
2009 to 2011) 

Information on survival beyond the fourth calving is not used in the genetic evaluation of 
longevity, but patterns of distributions of culling reasons are very similar also for higher 
lactations (Heise et al. 2016). Furthermore, genetic correlations between corresponding 
periods of second and third lactation are high and this is also expected for higher lactations. 
 
 

0-49 50-249 250-next calving 0-49 50-249 250-next calving 0-49 50-249 250-next calving

24% 31% 45% 17% 34% 49% 21% 35% 44%

1st lact. = 21.4% culled* 2nd lact. = 24.6% culled* 3rd lact. = 31.6% culled*

 thereof thereof thereof



Genetic parameters 

Table 7: Genetic parameters for the nine survival traits (heritability on diagonal, genetic 
correlations above). Residual correlations are assumed zero. 

 

 L 1.1 L 1.2 L 1.3 L 2.1 L 2.2 L 2.3 L 3.1 L 3.2 L 3.3 

L 1.1 лΦлнп лΦуннϝ лΦппт лΦуооϝ лΦсуу лΦпст лΦсфн лΦсму лΦрон 

L 1.2  лΦлмс лΦрто лΦтнр лΦутлϝ лΦсоу лΦсср лΦтсн лΦсфо 

L 1.3   лΦлнн лΦрло лΦрпл лΦфрлϝ лΦплр лΦсмл лΦфлнϝ 

L 2.1    лΦлмф лΦсфт лΦртт лΦуутϝ лΦссн лΦсрн 

L 2.2     лΦлнп лΦстн лΦспн лΦфмн лΦтнр 

L 2.3      лΦлну лΦпфу лΦсур лΦфттϝ 

L 3.1       лΦлнт лΦснт лΦрло 

L 3.2        лΦло лΦтмо 

L 3.3         лΦлоп 

*) Correlations >0,80 are set to 0.8 for better convergence when solving the mixed model equations. Additionally, this results in 
a more cautious estimation of sire breeding values for later periods if many daughters are still alive and only have observations 
for early periods. 

Overall heritability was estimated to be approximately 9 % for productive life up to the fourth calving. 

Model 
 
y = Xb + Za + e 
 
where y is a vector of survival (0/1) observations for different periods as defined in Table 4.1, 
X is an incidence matrix, linking observations to fixed effects, b is the vector of fixed effects, Z 
is the incidence matrix of random animal effects, a is the vector of random animal effects 
(a~N(0, G 0  A), with the genetic covariance matrix G 0 and the numerator relationship 
matrix for animals A), and e is a vector of random residual effects (e~N(0, R 0  I), with the 
residual covariance matrix R 0 ; off-diagonal elements of R 0 are assumed to be zero). Fixed 
effects in the model are (1) an effect for herd Ĭ year Ĭ season of the day of entrance into each 
period, (2) an effect for region, and (3) an effect of milk yield, relative to the herd mean, Ĭ 5-
year period. The fixed effect of relative milk yield always refers to the period prior to the 
survival trait under consideration. This effect is therefore dropped for L1.1. 

Relative breeding value (RZN) 
Expected longevity of a cow at her first calving is the area beneath the survival curve. The 9 survival 
EBV, which are dependent on survival up to the beginning of the respective period, are therefore 
combined to a longevity EBV, using a formula similar to the one from Sewalem et al. (2007), which is 
used in the Canadian genetic evaluation system. 
Indicator traits are no longer used to improve the reliability of the RZN from April 2018 on, because 
cows and their sires get breeding values as soon as survival of the first period (50 d) is observed. 
Parallel to the systems for other traits, the EBV of a sire can be published, if daughter observations 
come from at least 10 herds. 
The cow base population, as for other traits, consists of cows 4 to 6 years old. In 2019, this are cows 
born 2013 to 2015. 
The genetic standard deviation of overall longevity canôt be derived directly from the model, because 
only observations up to the 4

th
 calving are considered. From empirical analyses it was found that 12 

RZN-points (genetic standard deviation) correspond to 260 days overall longevity. 
 
 
 
 
 



Table 8: Average herd life deviations (days/month) with different RZN 

 

 
RZN 

diff-Longevity in days   
Diff-longevity in month 

 

88 -260 -8.5 

100 0 0 

112 +260 +8.5 

 
 
References: 
Heise, J., Z. Liu, K.F. Stock, S. Rensing, F. Reinhardt, and H. Simianer. 2016. The genetic structure of 
longevity in dairy cows. Journal of Dairy Science 99:1253-1265. 
Sewalem, A., F. Miglior, G.J. Kistemaker, P. Sullivan, G. Huapaya, and B.J. Van Doormaal. 2007. 
Short Communication: Modification of Genetic Evaluation of Herd Life from a Three-Trait to a Five-
Trait Model in Canadian Dairy Cattle. Journal of Dairy Science 90:2025-2028. 



Genetic evaluation for reproduction traits 

In Germany breeding values for all reproductive traits are estimated since 1995. 

Daughter Fertility 
Since 2008 a multi-trait-model for evaluating daughter fertility was introduced including new traits and 
trait definitions. 

Trait definitions 
Since 2008 the following daughter fertility traits are:  

- Heifer and cow traits are (partly) treated as independent traits. 
- The ability to conceive is evaluated by two traits, the Non-Return-Rate 56 days and the time 
from first to successful insemination. 

- time from calving to first insemination as ability to recycle after calving. 
 

The detailed trait definition and the used abbreviations are: 
NRh/NRc = Non-Return-Rate-56 heifers (h)/cows (c): 
re-insemination registered within 56 days after the first insemination (for cows yes/no; for bulls 
as % successful first inseminations). 
FLh/FLc = First-to-Last heifers/cows: 
Time from first to successful insemination in days 
CFc = Calving-to-First insemination: 
Time from calving to first insemination in days. 
DOc = Days Open: 
Days open is not a direct evaluation trait, but this Interbull trait is calculated from the EBVs 
CFc + FLc (time calving to first insemination plus time from first to successful insemination). 

Data 
For the genetic evaluation all matings (inseminations and natural services) from 1995 onward on all 
heifers and cows from the milking breeds (Holsteins, Red Holsteins, Angler/Red Breed, Jersey, 
Red&White dual purpose, German Black&White cattle) in herds under milk recording are used. The 
data from lactation 2 to 3 are used as repeated observations. 
 
Only plausible mating data are used: 

- Animal base: 
The time from first to successful insemination is checked by the subsequent calving. If 
pregnancy length is to long or to short the most likely successful insemination is defined 
by subtracting average pregnancy length from calving date. If no subsequent calving is 
reported at data cut the so far minimum 1

st
-successful is calculated on the base of last 

recorded insemination. 
- Herd*year base: 

Only data from herd*year classes with plausible Non-Return-Rates; i.e. dependent from 
the size of the herd*year class maximum 3 standard deviations above population 
average (separate test for heifer and cow herd*year classes). For herd*year classes with 
Non-Return-Rates above +3 standard deviations it is assumed that not all matings are 
reported (e.g. only successful inseminations). 

 

Table 9: Data base for evaluation of daughter fertility 

April 2019 
Tiere mit 

Beobachtungen 
animals 

Beobachtungen 
observations 

Non-Returnrate Rinder (NRh) 
Non-Return-Rate heifers (NRh) 

13.630.280 

Verzºgerungszeit Rinder (VZh) 
First to successful insemination (FLh) 

12.227.619 

Non-Returnrate K¿he (NRc) 
Non-Return-Rate cows (NRc) 

14.945.009 14.945.009 

Verzºgerungszeit K¿he (VZc) 
First to successful insemination (FLc) 

13.613.326 13.613.326 



Rastzeit K¿he (RZc) 
Calving to first insemination (CFc) 

15.041.183 29.039.490 

Method 
The model developed by vit is a BLUP-Multi trait-Animal-Model with repeated observations. The 
breeding values for daughter fertility are calculated with correction for the following fixed non-genetic 
effects: 

- Herd*year 
- Month of insemination 
- Age at insemination 
- Parity*age at insemination 
- Status of insemination bull 

(young sire/proven sire)*AI-stud of bull*insemination season 
- Effect of insemination bull*kind-of-semen (e.g. sexed) 

 
The used genetic parameters (evaluated on German data) are shown in the table.  
 

Table 10: Genetic parameters used for daughter fertility  

h
2
 (Diagonale) u. Korrelationen 
h
2
 (diagonal) and correlations 

RZk 
CFc 

NRr 
NRh 

NRk 
NRc 

VZr 
FLh 

VZk 
FLc 

gen. Streu. 
genetic s 

Rastzeit (RZc) 
Calving to first insemination (CFc) 

3.9% 0.02 -0.05 0.14 0.37 6.9 days 

Non-Return-Rate Rinder (NRr) 
Non-Return-Rate heifers (NRh)  

  1.2% 0.63 0.53 0.15 4.8 % 

Non-Return-Rate K¿he (NRk)  
Non-Return-Rate cows (NRc) 

    1.5% 0.25 0.39 6.0 % 

Verzºgerungszeit Rinder (VZr) 
First to successful insemination 
(FLh)  

      1.4% 0.48 7.4 days 

Verzºgerungszeit K¿he (VZk) 
First to successful insemination 
(FLc) 

        1.0% 4.9 days 

The daughter fertility index RZR and the conception index 
Within the summarizing daughter fertility index RZR (R=Reproduction) the four conception traits ï 
themselves summarized in the conception index CON ï get a relative weight of 75%. The ability to 
recycle after calving ï represented by the trait óTime Calving to 1

st
  Inseminationô ï gets 25% weight. 

Both complexes cause about half of the genetic variation for calving interval, but the costs for a 
prolonged calving interval by bad conception are higher. Beside the lower milk yield longer calving 
interval from bad conception causes extra costs for the (re-)insemination. The composition of the 
daughter fertility index RZR is shown in the figure. 
 

Figure 2: Relative weights within the fertility index RZR (R=reproduction) 

 
 

B
e
g

in

c
y
c
le Calving to 1st (CF) 25%

heifers

cows

heifers

cows

Relative index

Reproduction

RZR

C
o

n
c
e

p
ti

o
n

NonReturn

(NR)
Relativ index

Conception 

(CON )               

75 %
1st to last

(FL)

12.5 %

25 %

12.5 %

25 %

cows

B
e
g

in

c
y
c
le Calving to 1st (CF) 25%

heifers

cows

heifers

cows

Relative index

Reproduction

RZR

C
o

n
c
e

p
ti

o
n

NonReturn

(NR)
Relativ index

Conception 

(CON )               

75 %
1st to last

(FL)

12.5 %

25 %

12.5 %

25 %

cows



Definition of relative breeding values and publication 
Daughter fertility breeding values including RZR are standardised within breed to a mean of 100 and a 
genetic standard deviation of 12 points for all 4-6 years old cows (2019: cows born 2013-2015). 
Because relative breeding values above 100 are defined as positive compared to the breeding goal, 
the time values have to be reversed in scale (e.g. relative breeding values above 100 for time of 
calving to fist insemination mean less days). The breeding value for each of the five original traits is 
published if the reliability is minimum 30% and the EBV is based on at least 10 daughters in 10 herds. 
The daughter fertility index RZR and the relative EBV CON are published if at least one cow 
conception trait (NR cows) is published. 

Interbull conversion for daughter fertility traits 
Interbull converts the following daughter fertility traits 

- Heifer conception (Heifers ability to conceive, confirmed conception) 
-  
- Non-Return-Rate cows (Cows ability to conceive, % trait ) 
- Cows conception (Cows ability to conceive, interval trait) 
- Time from calving to first insemination (Cows ability to recycle) 
- Days open/calving interval (Cows calving to conception). 

 
vit provides all the single traits according to the definition (óDays Openô as sum of óTime Calving to 1st 
Inseminationô plus óFirst to Successful Insemination). 
 
Because many other countries have only one national fertility trait or at least not all traits converted by 
Interbull many international bulls have not all EBVs for daughter fertility on German base. If EBVs for 
some traits in the daughter fertility index RZR are missing the index is calculated using the pedigree 
index for that trait. The reliability of indices calculated with pedigree indices is therefore lower. 



Bull fertility (deviation Non-Return-Rate) 

Since 2009 information on bull fertility is available besides breeding values for daughter fertility; i.e. 
the deviation for Non-Return-Rate. This figure is derived from the fixed effect of the service sire in the 
genetic evaluation for daughter fertility. Therefore bull fertility is not a breeding value, but represents 
the permanent effect of the fertility of the semen using this service sire. 
Bull fertility is expressed on the Non-Return scale, i.e. as whole percentages deviation Non-Return 
rate from average. The base is defined by 3-5 years old bulls (2019: A.I. bulls born 2014 - 2016 as +-
0%). Except from some outliers the range for bull fertility is approximately ï5% to +5% Non-Return. 
Bull having ï2% to +2% can be scored as average. 
 
The semen fertility can fluctuate within bull during time and estimated figure is based on all registered 
1
st
 matings of the particular bull. From this it follows that figures for bull fertility canôt replace the 

monitoring of current semen fertility by A.I. studs/distributors. 
 
The trait bull fertility is not published anymore since April 2019, but provided to the bull owner. 
 



Calving traits 

Genetic evaluation for calving traits is based on data for subjective calving ease and stillbirth yes/no. 
Definition and data collection is based on recommendations of German Cattle Breeders Federation 
(ADR 5.2.): 
 
Calving ease 
The difficulty of calving is recorded in four classes for all cows under milk recording in all parities: 

- Easy 
- Normal 
- Heavy 
- With vet / caesarean 

Stillbirth rate 
Stillbirth is defined as "All-or-None" trait. A calving where the calf was born dead or died within 48 
hours is considered as stillborn. 

Data 
Since 2012 data from first to third calving from heifers/cows of Holstein B&W, Red Holstein, Angler 
(Red Dairy Cattle), R&W Dual Purpose, Jersey and German B&W cattle (DSN) is considered. Calving 
data since 2000 are included in genetic evaluation (amount of data see table). 
 

Table 11: Data base for evaluation of calving traits 

April 2019 
1. Kalbung / 
1st calvings 

2. Kalbung / 
2nd calvings 

3. Kalbung / 
3rd calvings 

Gesamt / 
total 

Anzahl Kalbungen 
Number of calvings 

10,911,714 7,829,716 5,572,758 24,314,188 

 
Because row data (class frequencies) are not normal distributed they are transformed within 
region*year*season*sex*calving number with Snell transformation to the abscissa (0/1) scale. 

Method and evaluation model 
Since April 2012 a linear multi trait BLUP animal model is applied to evaluate a total of 12 traits: 

- Calving ease, still birth rate 
- each for 1

st
, 2
nd
 , 3

rd
 calving 

- each maternal and direct. 

 

The direct effect for calving ease and still birth is the effect of the calf itself (form, size) and the 
maternal effect is the effect of the cow (e.g. form and size of rump). 

Fixed effects considered/corrected in the model are: 

¶ herd*year  

¶ region*year*season*sex of calf  

¶ year*month*calving age*sex of calf  

¶ sex of calf  
   
Genetic parameters are shown in the following tables. 

Table 12: Heritabilities calving traits 

 



 

Table 13: Correlations direct and maternal effect within trait and calving number 

 
 

Table 14: Correlations between parities/calving number within trait 

 
 
 
Reliabilities are calculated as the approximate percentage of determination (r(gi)Į) between real 
breeding values and estimated breeding values. 

Definition of EBV and relative indices RZKd and RZKm 
Calving difficulties occur more often with the first calving and EBV for calving traits are mainly used for 
selection of bulls to be mated to maiden heifers. Therefore the goal trait is the EBV for first calving. 
 
EBV for four single traits are published: Calving Ease direct (CEd), Calving Ease maternal (CEm), Still 
Birth rate direct (SBd), Still Birth rate maternal (SBm). Information from 2

nd
 and 3

rd
 calvings contribute 

to the published EBV for 1
st
 calving via the high genetic correlations. 

 
For practical selection the two direct EBVs and the two maternal EBV are summarized into relative 
breeding indices for calving: 

- RZKd  = 50% EBV-calving ease direct + 50% EBV-still birth rate direct 
- RZKm = 50% EBV-calving ease maternal + 50% EBV-still birth rate maternal 

 
Calving traits including RZKm (maternal calving ease index) and RZKd (direct calving ease index) are 
standardised within breed to a mean of 100 and a genetic standard deviation of 12 points for all 4-6 
years old cows (2019: cows born 2013-2015). EBV above 100 indicate desirable figures i.e. less 
difficult calvings and less still born calves. 
 
 
 
 



Breeding values for direct health traits 

 
Since April 2019 breeding values for direct health traits are calculated and published for Holstein and 
Red Holstein. The data basis for direct health traits evaluation comes from animal health recording in 
herds (veterinarians, claw trimmers, farmers). For some regions additional information of several 
health disorders around calving (retained placenta, downer cows, mastitis, lamness) is available from 
the identification information system for animals (HITier). 
The data is provided by the milk recording organizations or directly by claw trimmers authorized by the 
farmers. The data from Austria, provided by the local evaluation system, contains predominantly 
records collected in connection with veterinary treatments. The data is collected in accordance with 
the ADR Recommendation 3.1.1 on the collection and use of health data in cattle. The definition of 
health traits is based on the German version of the ICAR Health Key facilitating the best possible use 
of the differentiated information on animal health. 
Before use in evaluation system, a plausibility check is carried out for the recorded data, e.g. the 
exclusion of data from uninformative farms not collecting the data according to the specifications. 

Traits 
For the evaluation, a total of 13 health traits are relevant which can be assigned to 4 complexes (see 
table below): 
- udder health, 
- claw health, 
- reproduction, 
- metabolic stability. 
The respective number of disease events within lactation is evaluated for all characteristics. An animal 
without any recorded information for a trait is defined as a healthy animal for this trait, on condition 
that it must be present in herd at least 75% of the trait specific time span without having a diagnosis 
for the corresponding trait. 
The time span for most traits includes the entire lactation, from calving to the 305

th
 lactation day. For 

mastitis, data from 10 days before calving are taken into account. For traits in early lactation, only 
records until lactation day 50 (retained placenta, metritis/endometritis) or lactation day 100 (left-
displaced abomasum, milk fever) are considered in evaluation. For ovary cycle disorders, the risk 
period is defined as lactation day 51-305. 
 
Cows with health data collected in multiple lactations are considered in the evaluation as repeated 
observations. 

Data and model 
 

Table 15: Amount of data in classical evaluation for direct health traits (April 2019)  

N cows 676,508 

N lactations 1,490,285 

N A.I. bulls with EBV 4,038 

 
For genetic evaluation multi trait animal model within the composites including repeated measures is 
applied. Only for claw health traits the breeding values are estimated based on a single trait model 
including repeated measures. The genetic parameters used (heritability and genetic correlations) are 
shown in the following table. 
 
 
 
 
 
 
 
 



Table 16: Genetic parameters used in genetic evaluation for direct health traits (heritability on 
the diagonal and genetic correlation above the diagonal)  

  MAS DDc KGS PAN WLE REH LIM ZYS MET NGV LMV MIF KET 

Mastitis-resistance  
Mastitis-Resistenz (MAS) 

0.08                         

Dermatitis Digitalis  
Dermatitis Digitalis (DDc) 

  0.12                       

Claw ulcers  
Klauengeschw¿re(KGS) 

    0.11           
 

  
  

  

Digital phlegmon 
Panaritium (PAN) 

      0.09         
 

  
  

  

White line disease  
WeiÇe-Linie-Erkrankung (WLE) 

        0.06       
 

  
  

  

Laminitis  
Klauenrehe(REH) 

          0.03     
 

  
  

  

Interdigital hyperplasia  
Limax (LIM) 

            0.11             

Ovary cycle disturbances 
Zyklusstºrungen (ZYS) 

  

            0.06 0.62 0.50   
 

  

Endometritis 
Endometritis (MET)      

    0.03 0.69   
 

  

Retained placenta 
Nachgeburtsverhalten (NGV) 

                0.03       

Displaced abomasum 
Labmagenverlagerung li. (LMV) 

  

     
        0.03 0.20 0.55 

Milk fever 
Milchfieber (MIF)      

    
 

    0.04 0.29 

Ketosis 
Ketose (KET) 

                      0.03 

 
 
The statistical model is 
 
Yijklmn = Paritªtp +  (Herde*Jahrj*Saisons) + pn + am + eijklmno 
 
Yijklmn      observation 
Paritªtp       parity (fix) 
Herde*Jahrj*Saisons     herd*year*season (fix) 
pn       permanent effect (random) 
am       breeding value (random) 
eijklmno      error (random) 
 

Additional information traits (predicting traits) 
In addition to the direct health traits, an evaluation is performed for 4 culling reasons corresponding to 
the 4 composites for direct health traits: 

- culling because of mammary infections, 

- culling because of to claw- and leg diseases, 

- culling because of infertility, 

- culling because of metabolic diseases. 

The data is based on culling reason information of all culled cows under milk recording born from 
1995 onward. 
The resulting breeding values for the probability of leaving the herd because of a particular culling 
reason are used as predicting traits resulting in higher accuracy of the corresponding direct health 
index. The genetic correlations between the direct health index and the corresponding culling reason 
are: 

- 0.85: Index RZEuterfit ė culling for udder infections  

- 0.60: Index RZKlaue ė culling for claw- and leg diseases 

- 0.55: Index RZRepro ė culling for infertility 

- 0.80: Index RZMetabol ė culling for metabolic diseases. 

 
The extent of the increase of EBV for direct health index depends, on the one hand, on the genetic 
correlation to the respective breeding value for culling reason. On the other hand, the accuracies of 
the goal trait (health) and the predicting trait (culling reason) are crucial. The contribution of culling 
reason for reliability of daughter proven bulls to the direct health trait index is smaller. For young bulls 



with genomic breeding values only the accuracy of the gEBV for the four composites increases by 4-
13 absolute percentage to 51-61%. The accuracy for the gEBV of RZGesund (total health index) is 
57% (+ 10 absolute % compared to direct health trait reliability without information from culling 
reasons). 
 
Breeding values for culling reasons are not published, but exclusively used as predictors. 

Publication of breeding values for direct health traits 
Six breeding values are published: 

- RZEuterfit (EFit): Index for mastitis resistance 

- RZKlaue (KLG): Index for claw health 

- RZRepro (REP): Index for resistance to reproduction disorders  

- RZMetabol (META): Index for resistance to metabolic disorders  

- RZGesund (GES): Index for total health 

- DDcontrol (DDc): Single breeding value for resistance to Mortellaroôs disease  

 
The composition of the 4 complexes as well as the index for total health is shown in the following 
table.  
 

Table 17: Overview of the individual traits and complexes in the genetic evaluation for direct 
health traits  

Complex Health trait hĮ 
Index-
weight 

hĮ 
Index 

total 

RZEuterfit 
(EFit) 

Mastitis-resistance 0.08 100% 0.08 40 

RZKlaue 
(KLG) 

DDcontrol (DDc) (Mortellaro) 0.12 30% 

0.11 30 

Claw ulcers (KGS) 0.11 15% 

Digital phlegmon (PAN) 0.09 15% 

White line disease (WLE) 0.06 15% 

Laminitis (REH) 0.03 15% 

Interdigital hyperplasia (LIM) 0.11 10% 

RZRepro 
(REP) 

Ovary cycle disturbances (ZYS) 0.06 50% 

0.07 20 Endometritis / Metritis (MET) 0.03 25% 

Retained placenta (NGV) 0.03 25% 

RZMetabol 
(META) 

Displaced abomasum (LMV) 0.03 40% 

0.04 10 Milk fever (MIF) 0.04 30% 

Ketosis (KET) 0.03 30% 

RZGesund (GES)     100 

 
 
The breeding values for health traits are standardized with a mean of 100 and a genetic deviation of 
12 points to a yearly rolling base of all 4-6 years old cows (base 2019: cows born in 2013-2015). 
There is a common breeding value basis for Holstein and Red Holstein. 
Higher relative breeding values mean less risk to be affected by health problems. 
 
 
 
 
 
  



Breeding value for calf survival (RZKªlberfit) 

Target trait is the survival of female calves from day 3 to day 458. This is equivalent to about 15 month 
of age just before first breeding. The time period starts with day 3 because calf losses up to 48 h after 
birth are defined as still born and already included in evaluation for stillbirth rate.   
  
Trait definition and data base 
Data are derived from the mandatory registration and traceability data for all cattle. Data for male 
calves are not used because most of them leave the dairy herd just after being two weeks old. In 
genetic evaluation are included:  

- All female animals born from 01.01.2006 onward in Germany 

- Per animal exclusively data from the herd where the calf was born 

- For each age stage (see below) there must be min. 10 observations per herd and year. 

Calf survival resp. calf mortality at different ages is genetically not the same trait because different 
reasons (diseases) are predominant at different ages. Therefore the total timespan until 15 month of 
age is divided into 5 periods (see table). For every period survival is coded yes (1) or no (0).      
 
Survival periods, amount of data and survival rates within period 

August 
2019 day 

N 
 observations 

Survival % 
within period 

period 1 3-14 9,861,525 98.2 

period 2 15-60 9,177,889 97.6 

period 3 61-120 8,666,610 98.8 

period 4 121-200 8,221,818 99.2 

period 5 201-458 7,471,346 99.1 

cumulated 3-458  93.1 

 
For genetic evaluation a corresponding multi-trait-animal-model is applied using the following genetic 
parameters. 
 
Heritabilities, genetic correlations and genetic standard deviations 

 hĮ A2 A3 A4 A5 Sg (% survival) 

period 1 0.008 0.61 0.15 0.21 0.22 1.1% 

period 2 0.005  0.58 0.45 0.49 1.0% 

period 3 0.006   0.77 0.74 0.8% 

period 4 0.009    0.87 0.8% 

period 5 0.005     0.7% 

cumulated 0.014     3.0% 

 
Within trait a herd*year(*season) effect is modelled. Season within herd*year is only modelled if min. 
10 observations remain within each of the two seasons within herd*year: December ï February 
(winter) and March ï November. 
 
Published breeding value RZKªlberfit 
Published is one relative breeding value RZKªlberfit (average 100, std dev 12). Within RZKªlberfit the 
EBV for five periods are weighted equally (each 20%). 12 points RZKªlberfit (one genetic standard 
deviation) corresponds with about Ñ 3 % calf losses/survival. The base (RZKªlberfit=100) is geared to 
current active AI bulls. 



Genomic breeding values 

Genomic information is since 2010 included in official breeding values for Holsteins and Red 
Holsteins. If genomic information is available within the vit evaluation system the direct genomic value 
(dGV) is combined with the classical breeding value, which is based on own performance and/or 
offspring performance, resulting in the official genomic enhanced breeding value (gEBV). For young 
animals without own performance or offspring performance data the classical part within the combined 
gEBV is the sire pedigree index (P.I.). All official EBV that include genomic information are signed with 
a leading ñgò in source of evaluation. Due to cooperation with the common genomic system for Red 
Dairy Cattle in Denmark/Finnland Swedeb, genomic breeding values for Angler are also available 
since 2018. 

The direct genomic value (dGV) 
To calculate direct genomic values the relationship of all marker variation to genetic based 
performance for all traits must be known. The effects are derived by comparing the SNP pattern of 
well proven animals with their classical breeding values. For details see 

Z. Liu, F. Seefried, F. Reinhardt, G. Thaller and R. Reents 
Dairy Cattle Genetic Evaluation Enhanced with Genomic Information 

 WCGALP, Leipzig August 3
rd
 2010  

 (e.g. www.vit.de, Publications) 
 
From the genomic evaluation model results a total formula for each trait that allows summing up the 
marker effects of any animal according its individual marker code to derive the direct genomic value 
(dGV). Well proven animals (i.e. genetic based performance is known) are daughter proven bulls. 
These bulls on which the genomic formula for every trait is based are called ñReference Populationò 
or ñTraining Setò. 
As more animals are included in the reference population and as more reliable their classical EBV are 
as more reliable are the genomic formulas and the direct genomic values. Because even in large and 
well organized Holstein populations like in Germany the number of daughter proven and the same 
time genotyped bulls is limited, Germany, France, The Netherlands, Viking 
(Denmark/Sweden/Finland) and Poland have joined their reference populations within 
EuroGenomics. The EuroGenomics reference population is the biggest worldwide and represents the 
complete range of European and North American Holstein bloodlines.  
 
A pure reference population consisting of daughter proven bulls only is limited by the strong pre-
selection of young genotyped bulls. Due to this selection of young bulls as candidates for AI bulls, the 
number of new daughter proven bulls for the reference population compared to number of test bulls 
before decreases every year. Because of the effective preselection the new reference bulls do not 
represent the total genomic pattern of the current population anymore. Therefore the German 
breeding organizations and vit initiated the project ñKuhVisionò. The aim of this project is the setup of 
a cow reference population representing the total genomic pattern of the actual German Holstein and 
Red Holstein population by genotyping entire herds. In the meantime, more than 100,000 cows with 
own performance data are genotyped. Since April 2019, a combined bull and cow reference 
population was implemented for the genomic breeding value estimation for all traits. The following 
table shows the actual status of the reference population. 

Table 18: Size of combined bull and cow reference population  

 
bulls milk kg cows milk kg milk kg total 

cows 
conformation 

1904 38,772 130,884 169,656 109,756 

 
 
The reference population increases with every classical breeding value estimation by the joined 
daughter proven bulls and genotyped cows with own performance data. Hence, the marker effects 
and the genomic formula are updated three times a year based on the extended reference population. 
In particular, the implementation of the young cows added in the reference population improves the 
relationship between the reference population and the current young candidates to be estimated. 
 
Genomic formulas are based on comparison of SNP pattern and classical breeding values. Therefore 
direct genomic values are available for all traits in classical evaluation, if a sufficient amount of 

http://www.vit.de/


reference animals is available. The change to a mixed bull and cow training set is a prerequisite for a 
timely introduction of genomic breeding values for newly recorded traits. The systematic data 
collection of new traits in cows provides a more efficient basis for new genomic breeding values. As an 
example, genomic breeding values for direct health traits were introduced in 2019, mainly based on 
herd genotyping and data recording started in 2016. 
 
Direct genomic breeding values for Angler are based on corresponding values from the common 
genomic evaluation system for red breeds of Denmark/Sweden/Finland. The Scandinavian direct 
genomic breeding values are converted to the scale of the German breeding values by the 
comparison of the results of daughter proven bulls in Germany with the direct genomic breeding 
values estimated in the Scandinavian evaluation system. 

Combination with classical breeding values 
To avoid that an animal has two official EBV at a time classical EBV and direct genomic value (dGV) 
are combined to the official genomic enhanced breeding value (gEBV). The combined gEBV 
includes all information and has the maximum possible reliability. Young animals without own or 
offspring performance have classical information, too, from ancestors. But for combination not the full 
parent average is used, but the sire pedigree index (İ sire + ı MGS 

1
/8 MGGS + é). The classical 

pedigree index (0.5*sire + 0.5 dam) is used, if the genotype and the classical breeding value of the 
dam of a young animall is available. The weighting of the EBV and the direct genomic breeding value 
in the combined genomic enhanced EBV is carried out by an index theory using the respective 
reliabilities of the two sources of information. 

Reliability of genomic breeding values 
Reliability of direct genomic value (dGV) is not the same for all traits. The genomic formulas are based 
on classical EBV of reference bulls and the reliabilities of these EBVs differ by trait. DGV reliabilities 
for traits with high heritability are higher than for those with low heritability like daughter fertility (see 
table). 

Table 19: Reliability of direct genomic value (dGV) compared to pedigree index (P.I.) and 
combined genomic enhanced EBV (gEBV) 

 rel. P.I. rel. dGV rel. gEBV 

production 31% 69% 73% 

SCS 31% 74% 76% 

conformation 27% 47% 56% 

longevity 25% 48% 51% 

daug. fertility 24% 42% 42% 

maternal CE 27% 55% 54% 

direct CE 32% 52% 55% 

milking speed 24% 66% 69% 

health 14% 53% 56% 

Total merit RZG 29% 60% 65% 

 
The table shows that reliability for dGV ranges from about 70% for milk production traits and somatic 
cell score to <50% for low heritable traits. The given reliabilties are realized reliabilities; i.e in 
validation tests with about 1,000 daughter proven bulls (not includes in reference population) found 
correlation between dGV and classical EBV. 
Furthermore, the combination of dGV with the low reliable sire pedigree index for young animals 
without own or offspring performance increases reliability only slightly by 1-5 %. For young animals 
official gEBV is based mainly on direct genomic information. 

Publication of genomic breeding values 
For all young animals with genomic information in vit evaluation system the genetic enhanced 
breeding value (gEBV) is the officially published EBV. GEBV for male and female animals are included 
in the herd book system. German male candidates older than 17 months and foreign male candidates 
older than 10 months which were not selected for breeding program are not included in the genomic 
evaluation system anymore (no gEBV on current base). 



A.I. bulls are published via www.vit.de (bull data base) and as BULLI-CD. This publication includes all 
bulls used in A.I. with Ó50% reliability for production traits. For Holstein and Red Holstein all 
genotyped AI bulls are in two parts/lists per breed 

1) HOL/RED HOL bulls Ădaughter provenñ 
2) HOL/RED HOL bulls Ăgenomics onlyñ 
Separation is on the base of amount of daughter information included in evaluation for milk 
production traits. 

1.) Bulls published as Ădaughter provenñ: A.I. bulls with minimum information from daughters in 
Ó10 herds for milk production traits. 

Most daughter proven bulls are in addition genotyped and their EBVs are signed with an extra ñgò, 
e.g. ñgVò for a bull with only domestic/vit daughters ( ñVò for bulls without genomics included). 

2) Bulls published as Ăgenomics only: Holstein and Red Holstein A.I. bulls with official genomics 
and no daughter information or daughters in Ò 10 herds for milk production traits.  

The classical part in the published gEBV for bulls without daughter information is the sire-pedigree 
index. If the dam is included in the reference population parent average is used. 

 

ICAR/Interbull validation of genomic evaluation system 
The genomic evaluation system of vit has passed the ICAR/Interbull validation as one of the first 
worldwide (see www.interbull.org). So gEBV and reliabilities calculated by vit fulfil the criteria of EU 
decision 2006/427. A.I. bulls with published gEBV by vit are ñproven siresò and semen can be 
marketed EU wide without limitations. 
 
 

http://www.vit.de/
http://www.interbull.org/


The total merit index (RZG) 

To achieve the maximum overall genetic gain in dairy cattle breeding, a Total Merit Index is applied to 
improve all traits according to their relative importance in the breeding goal. This Total Merit Index is 
called RZG (Relativ Zuchtwert Gesamt) and is applied to Holstein, Red Holstein, Red and White dual 
purpose and Red Cattle-Angler. Relative weights for included traits were revised in August 2002 and 
are different for Red Cattle-Angler and the other breeds (see table). 

Calculation of total merit index (RZG) 
The derivation of the Total Merit Index (RZG) is based on selection index theory. This is providing the 

optimum overall selection response in all traits. The relative breeding values (composites) are 

considered as information traits. Included traits, relative weights and genetic parameters are given in 

the table. 

 

Within the index program using this parameters and the reliability of the EBVs, for each bull RZG is 

calculated with an individual formula. All official EBVs (reliability ²50%) are included and RZN when 

based on at least daughter information for the auxiliary traits (RZS, conformation). 

 

Table 20: Parameters and relative weights of traits in RZG 

Merkmalskomplex 
composite 

Gen. Korrelationen 
 RZM   RZN    RZE*  RZS    RZR 

SBT/RBT / 
Holstein 

DN /  
R&W dual p. 

Angler / 
Red Breed 

Milchleistung 
Yield 

RZM    45 % 45 % 40 % 

Nutzungsdauer 
Functi. herd life 

RZN   0.00 20 % 20 % 20 % 

Exterieur 
conformation 

RZE*   0.00   0,30 15 % 15 % 20 % 

Zellzahl 
Somatic cells 

RZS  -0.05   0.40     0.20 7 % 7 % 10 % 

Fruchtbarkeit 
Fertility 

RZR  -0.25   0.45     0.10    0.20 10 % 10 % 10 % 

Kalbemerkm. 
Calving traits 

RZKm  -0.05   0.20     0.00    0.10    0.25 3 % 3 % -  

 
*) for HOL and RED HOL only feet&legs and udder 
 

The RZG is standardised within breed to a mean of 100 and a genetic standard deviation of 12 points 

for all 4-6 years old cows (2019: cows born 2013-2015). 

Publication of RZG 
The RZG is only published, if a bull has an official index for production (RZM), somatic cell score 

(RZS), conformation traits (RZE) and longevity (RZN). 

 

The official ranking for top bulls is by RZG. 

 

Standard deviations of evaluated breeding values for RZG and the included traits are given in the 

appendix. 



Estimation frequency 

 
Conventional breeding values are published three times per year on the first Tuesday of April, the 
second Tuesday of August and the first Tuesday of December (according to the timetable of Interbull 
for MACE). 
 
Genomic breeding values are calculated weekly and results are published every working Tuesday. 
 
 



Publishing of data 

 
All EBVs for all bulls and cows are available in the herd book data base.  
 
A.I. bulls are published if they have (g)EBV for milk production traits with >=50% reliability (genomics 
or/and information from daughters in Ó 10 herds). 
 
A.I. bulls are published in two separate lists: 

- daughter proven A.I. bulls (daughter information milk production traits from ² 10 herds) 
- genomic proven A.I. bulls (no daughter information or < 10 herds for milk production). 
 
For every main relative breeding value the source of information is given: 

¶ V = Interbull EBV based on only German daughter information 
o gV = includes in addition genomic information 

¶ M = Interbull EBV based on German and international/foreign daughter information 
o gM = includes in addition genomic information 

¶ I = Interbull EBV based on only international/foreign daughter information 
o gI = includes in addition genomic information 

¶ D = National EBV or sire pedigree index 
o gD = includes in addition genomic information 

 
Official breed toplists: 
Publication of official breed toplists is on behalve of óBundesverband Rind und Schwein e.V.ô (BRS, 
former German Holstein Association). For Holstein and Red Holstein breed toplists are split for 
daughter proven and genomics-only bulls. Since 2012 breed toplists include only active sires. 
Besides the breed toplists for active sires additional toplists with all bulls with high reliability (Ó 500 
daughters milk production traits, active + non-active bulls) are published. 
 
All official EBV for A.I. bulls are published via internet (www.vit.de; bull data base) and on the CD 
óBULLIô (subscription zws@vit.de). 
All Interbull results (MACE and GMACE) for international and domestic bulls are published via internet 
(www.vit.de). 
 
 

 

http://www.vit.de/
mailto:zws@vit.de
http://www.vit.de/


Annex 

 
Table 16: Average EBVs of used A. I. bulls (weighted by n inseminations) within year of insemination 
(EBV: Dec. 2018) 
a) Schwarzbunt (German Holsteins) 

Bes.-J N Besam. Milch-kg Fett-% Fett-kg EiweiÇ-% EiweiÇ-kg  RZM   
Ins. year n ins. Milk-kg Fat-kg Fat-% Protein-kg Protein-%  RZM   

2009 3,898,305 191 -0.04 2.5 -0.02 4.1 102.6 
2010 3,940,137 239 -0.03 5.5 -0.01 7.0 104.7 
2011 4,076,313 274 -0.03 7.6 -0.01 8.2 105.7 
2012 4,189,763 332 -0.02 10.2 0.00 11.1 107.7 
2013 4,294,515 444 -0.02 15.2 0.01 15.3 110.8 
2014 4,273,795 544 0.00 20.7 0.01 19.1 113.7 
2015 4,187,692 681 -0.01 24.9 0.01 23.4 116.7 
2016 3,831,334 798 -0.01 30.1 0.02 28.7 120.4 
2017 3,678,080 927 0.03 39.1 0.04 34.8 125.2 
2018* 2,511,735 1029 0.05 45.9 0.05 39.9 129.1 

b) Rotbunt (German Red Holstein),  

Bes.-J N Besam. Milch-kg Fett-% Fett-kg EiweiÇ-% EiweiÇ-kg  RZM   
Ins. year n ins. Milk-kg Fat-kg Fat-% Protein-kg Protein-%  RZM   

2009 496,019 157 0.02 6.7 -0.01 4.0 103.1 
2010 518,475 179 0.03 8.8 0.03 8.0 105.8 
2011 540,370 249 -0.02 7.2 0.05 12.3 108.2 
2012 575,449 258 -0.01 8.7 0.06 13.7 109.2 
2013 593,167 364 -0.03 11.5 0.04 15.5 110.5 
2014 613,369 516 -0.03 17.3 0.03 19.9 113.8 
2015 632,648 706 -0.02 25.8 0.01 24.3 117.3 
2016 584,631 832 -0.03 30.8 -0.02 26.0 118.8 
2017 534,777 912 -0.01 35.6 0.00 31.0 122.4 
2018* 372,016 1131 -0.03 43.4 0.01 39.2 128.1 

c) Rotbunt Doppelnutzung (Red and White Dual Purpose),  

Bes.-J N Besam. Milch-kg Fett-% Fett-kg EiweiÇ-% EiweiÇ-kg  RZM   
Ins. year n ins. Milk-kg Fat-kg Fat-% Protein-kg Protein-%  RZM   

2009 12,762 -139 0.07 -1.6 0.11 2.2 101.5 
2010 12,517 -176 0.06 -4.5 0.12 1.5 100.8 
2011 12,884 -221 0.15 -0.5 0.14 1.4 101.4 
2012 12,212 -178 0.09 -2.1 0.11 0.6 100.6 
2013 11,340 -154 0.07 -2.6 0.13 3.2 102.1 
2014 11,693 -131 0.07 -1.3 0.14 4.4 103.0 
2015 11,348 -101 0.07 0.4 0.13 5.4 103.7 
2016 11,159 -83 0.08 1.7 0.15 6.9 104.8 
2017 10,703 -103 0.10 2.3 0.18 8.5 106.0 
2018* 7,068 -195 0.15 1.6 0.22 7.9 105.7 

d) Rotvieh/Angler (Red Cattle/Angler),  

Bes.-J N Besam. Milch-kg Fett-% Fett-kg EiweiÇ-% EiweiÇ-kg  RZM   
Ins. year n ins. Milk-kg Fat-kg Fat-% Protein-kg Protein-%  RZM   

2009 39,753 94 -0.01 3.1 0.05 7.2 105.1 
2010 39,194 193 -0.03 6.1 0.04 9.9 107.5 
2011 40,866 169 0.00 6.8 0.02 7.5 106.3 
2012 39,191 332 -0.07 9.0 -0.02 10.3 108.6 
2013 39,251 315 -0.06 9.1 -0.01 10.5 108.7 
2014 34,426 302 -0.09 6.6 -0.01 10.2 107.8 
2015 32,429 391 -0.13 6.7 -0.01 13.2 109.6 
2016 21,518 356 -0.14 4.6 0.00 12.9 108.8 
2017 15,925 380 -0.15 5.3 0.00 13.7 109.5 
2018* 9,620 469 -0.11 12.2 -0.02 15.3 112.4 

*) Inseminations until August 



 
Table 20:     Base differences other breeds to Holstein 

April 2019 Hol. Red Hol. RDC. Dual purp. Friesian Jersey 

RZM 0 -8.1 n.v. * -21.1 -34.1 -30.4 

RZS 0 -1.8 -1.4 -4.3 0.9 -4.1 

RZE 0 -4.8 -17.9 -34.1 - ** - 

RZN 0 -0.8 0.9 -5.5 6.5 14.9 

RZR 0 2.4 10.3 14.4 24.2 0.6 

RZKm 0 0.5 4.3 3.0 9.6 -4.7 

       

Milch-kg / milk kg 0 -478 -1020 -1039 -1631 -2349 

Fett-% / fat % 0 0.10 0.49 0.19 0.31 1.28 

Fett-kg / fat kg 0 -11.5 -5.4 -29.6 -49.2 -20.4 

EiweiÇ-% / protein % 0 0.06 0.17 0.09 0.14 0.49 

EiweiÇ-kg / protein % 0 -11.2 -22.6 -29.2 -46.4 -53.1 

       

RZD / milking speed 0 -1.7 -5.2 -5.6 - ** - 

MVH / temperament 0 -0.2 0.1 -3.6 - ** - 

       

Milchtyp / dairy type 0 -5.0 -26.0 -25.0 - ** - 

Kºrper / body 0 -2.1 -15.5 -10.8 - ** - 

Fundament / feet&legs 0 -1.0 1.2 -8.0 - ** - 

Euter / udder 0 -4.9 -23.5 -44.2 - ** - 

       

GrºÇe / stature 0 -4.5 -28.9 -35.1 - ** - 

Milchcharakter/angularity 0 -4.5 -20.7 -19.0 - ** - 

Kºrpertiefe / body depth 0 -2.6 -6.0 -0.8 - ** - 

Stªrke / strength 0 -0.5 4.3 23.5 - ** - 

Beckenneig. / rump angle 0 1.4 1.7 19.3 - ** - 

Beckenbreite / rump width 0 0.2 -7.8 2.2 - ** - 

Hinterbeinwink./ RLSV 0 -0.4 2.3 -4.6 - ** - 

Klauenwinkel/foot angle 0 -0.4 -0.6 -3.8 - ** - 

Sprunggelenke / hock 0      -1.2 1.0 -13.3 - ** - 

Hinterbeinstell. / RLRV 0 -0.2 2.4 2.6 - ** - 

Bewegung / locomotion 0 -0.5 1.1 -2.9 - ** - 

Hintereuter / rear udder 0 -4.6 -19.6 -41.3 - ** - 

Zentralband / ligament 0 -5.1 -10.1 -28.2 - ** - 

Strichplatz. vorne/ TPF 0 -3.8 -10.6 -20.6 - ** - 

Vordereuter / fore udder 0 -0.9 -11.3 -19.0 - ** - 

Eutertiefe / udder depth 0 -1.5 -14.2 -25.8 - ** - 

Strichlªnge / teat length 0 -1.7 -6.1 3.6 - ** - 

Strichplatz.hinten / TPR 0 -4.7 -15.8 -30.3 - ** - 

BCS 0 4.2 14.9 33.3 - ** - 

       

Rastzeit / CFI 0 3.1 8.7 14.9 20.8 9.9 

Konzeption / conception 0 1.3 7.3 9.2 15.7 -3.4 

NR-Rinder / NR heifer 0 -1.3 1.5 3.8 5.8 -6.8 

VZ-Rinder/ 1
st
-last heif. 0 -0.6 5.5 5.8 10.2 -16.0 

NR-K¿he / NR cows 0 1.8 4.7 6.8 11.2 1.3 

VZ-K¿he/ 1
st
-last cows 0 2.3 9.6 10.7 18.9 1.6 

       

KV mat./cal. ease mat. 0 1.2 4.7 1.9 4.5 -11.9 

TG mat./still birth mat. 0 -0.1 3.9 4.1 14.6 2.5 

KV dir./cal. ease dir. 0 -5.4 -6.3 -10.1 -14.8 25.2 

TG dir./still birth dir. 0 -4.4 -6.9 -12.5 -20.2 -0.9 

RZKd/RZKd 0 -4.9 -6.6 -11.3 -17.5 12.1 

'   *) no fix base difference because of different relative weights of traits 
**) no base difference because of separate evaluation for breed 

 



Table 21:  Minimum figures a bull has to have to be ranked é% (base is youngest 10 years of 
daughter proven A.I. bulls) 

 
German Holstein (August 2019) 

rank  % RZM RZE RZS RZN RZR RZKm RZG M kg F % F kg P % P kg GES 

99 134 123 123 126 122 119 136 1662 0.67 61 0.30 47 115 

98 130 120 120 122 118 116 132 1500 0.57 53 0.25 43 113 

97 128 119 118 120 116 115 129 1387 0.53 49 0.23 39 112 

96 126 117 117 119 115 114 128 1305 0.48 45 0.21 37 111 

95 125 116 116 117 113 113 126 1231 0.45 42 0.20 35 110 

90 119 112 112 112 109 109 119 998 0.33 33 0.15 28 107 

85 116 109 109 108 107 107 115 846 0.26 27 0.12 23 105 

80 113 107 107 105 104 105 111 706 0.20 23 0.09 19 104 

75 111 104 105 102 102 104 107 602 0.15 18 0.07 16 102 

70 109 103 104 100 101 102 105 495 0.10 15 0.05 13 101 

65 107 101 102 98 99 101 102 410 0.06 12 0.03 10 99 

60 105 100 101 96 98 100 100 327 0.03 8 0.01 8 98 

55 104 98 99 94 96 98 98 248 -0.01 6 0.00 5 97 

50 102 97 98 92 95 97 96 166 -0.05 3 -0.02 3 96 

 

 

German Red Holstein (August 2019) 

rank  % RZM RZE RZS RZN RZR RZKm RZG M kg F % F kg P % P kg GES 

99 133 126 122 122 118 117 133 1743 0.80 64 0.28 49 111 

98 130 123 119 119 115 115 130 1529 0.67 56 0.27 43 108 

97 128 122 118 119 113 114 127 1425 0.59 50 0.24 40 107 

96 126 119 116 116 112 112 125 1368 0.52 44 0.22 37 107 

95 124 119 116 115 111 111 124 1262 0.51 42 0.21 35 106 

90 119 114 112 111 106 107 118 1015 0.37 34 0.15 27 105 

85 116 110 109 108 104 106 114 815 0.28 29 0.11 22 103 

80 114 107 107 105 102 104 111 684 0.23 23 0.08 18 101 

75 112 106 106 103 100 103 108 586 0.18 19 0.06 15 100 

70 109 103 104 101 99 101 106 505 0.12 16 0.04 12 99 

65 107 102 103 99 98 100 103 425 0.07 13 0.02 10 98 

60 105 101 102 97 96 99 101 345 0.02 10 0.00 7 98 

55 104 99 100 95 95 98 99 254 -0.01 7 -0.02 5 97 

50 102 97 99 94 94 96 97 175 -0.05 4 -0.03 3 96 

 
 
 

 



Table 22:     Besitzerverzeichnis (Owner address) 
 

Abbreviation: Adress 
 
BayGen Bayern- Genetik 

 Senator Gerauer StraÇe 19  
 83536  Grub 
 

Gºpel  Gºpelgenetik GmbH 
 Am Fockenberg 1 
 37193 Herleshausen 

 
Gºttinge  Besamungsgenossenschaft 
   Gºttingen 

 Gºtzenbreite 10 
 37124  Rosdorf 

 
Greif. Besamungsstation Greifenberg 

 Hochenwanger 10 
 86926  Greifenberg 

 
Hoech. Besamungsvereinigung 
   Nordschwaben eV 

 89420  Hoechstaedt / Donau 
 
 
LTR  Landesverband Th¿ringer 

Rinderz¿chter  eG  
   Stotternheimer StraÇe 19 

 99084  Erfurt 
 
MAR  Masterrind GmbH 
   Osterkrug 20 
   27283  Verden / Aller 
 
CRV-Meg. CRV-Meggle 

 Rottmoos 
 83512  Reitmehring 

 
Memming Rinderbesamungsgenossensch. 
   Memmingen eG  

 Buxheimer StraÇe 104 
 87700  Memmingen 

 
BVN  Besamungszentrale Neustadt eG 

 Karl-Eibl- StraÇe 1727 
 91413  Neustadt / Aisch 

 
OHG  Osnabr¿cker Herdbuch eG 

 Fºckinghausen 
 49324  Melle 
 

QNE  Qnetics GmbH 
 An der Hessenhalle 1 

   36304  Alsfeld  
 

RBB   Rinderproduktion  
   Berlin-Brandenburg GmbH 

 MielestraÇe 2 
 14542Werder

 
RBG A. Rinderbesamungsgenossenschaft 
   Albersdorf eG 
   BahnhofsstraÇe 15 
   25767 Albersdorf 
 
RBW Rinderunion 
 Baden-W¿rttemberg e.V. 

 Erisdorfer StraÇe 42-44 
 70599  Stuttgart 

 
 
RA  RinderAllianz  
   Am Bullenberg 1 

 17348  Woldegk   
 
Rosen. Besamungsstation Rosenheim 

 SchºnfelderstraÇe 12 
 83022  Rosenheim 

 
RSH   Rinderzucht 
   Schleswig- Holstein eG 

 Rendsburger StraÇe 178 
 24537  Neum¿nster 

 
RUW Rinder-Union West eG 

 Schiffahrterdamm 235 
 48147  M¿nster 

 
VOSt  Verein Ostfriesischer 
   Stammviehz¿chter 

 Ostfriesische Viehverwertung eG 
 Viehhof 
 26770  Leer 

 
ZBH  Zucht- und Besamungsunion 
   Hessen eG  

 An der Hessenhalle 1 
 36304  Alsfeld



Figure: Average EBVs of used A. I. bulls (weighted by n inseminations) within year of 
insemination (Holstein/SBT, Red Holstein/RBT; EBV base Dec. 2018) 
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*) Inseminations until August 
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Red Holstein 
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*) Inseminations until August 
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Figure 5:  Description of linear traits and classifiers scores 
 

 
 

 
 



 
 

 
 



 
 

 
 


