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ABSTRACT: Connectedness is advantageous for Best 
Linear Unbiased Prediction (BLUP). Coefficients of deter-
mination (CD) for connectedess were estimated under an 
animal model (AM) using single and repeated records per 
animal with a computer intensive method for a real goat 
breeding case. The average CDs of animals using a repeata-
bility animal model was 65%, higher than with single rec-
ords, suggesting that although more complex, this model 
has improved the accuracy by close to 25%. Dependent on 
the decision problem, various CD-values can be calculated, 
e.g. on a flock level basis, for young bucks etc. 
Keywords: Breeding value estimation; Accuracy of esti-
mate breeding values; Connectedness of flocks; Animal 
model 
 
 

Introduction 
 

Best linear unbiased prediction (BLUP) is standard 
method for predicting breeding values in livestock, both to 
evaluate genetic and environmental components. However, 
for BLUP to separate components, a prerequisite is suffi-
cient connectedness (Laloë et al, 1996).  

 
Although several methods have been proposed to 

evaluate connectedness (Kennedy and Trus (1993)), the 
coefficient of determination (CD) (Laloë et al. (1996)) has 
been found advantageous because of the direct relation 
between the CD-value and bias (Kuhn et al, 2007). Thus, a 
low CD value, e.g. low accuracy of breeding value, may 
also come from confounding of genetic and environmental 
components. Calculation of CD may be based on the in-
verse of the coefficient matrix used in Mixed Model Equa-
tions (Henderson (1975)), but is not possible to calculate 
explicitly for real life breeding programs. 

 
The CD has been used under a sire model 

(Fouilloux et al. (2008)), and further developed for an ani-
mal model (Tarrés et al. (2010); Osorio-Avalos et al. 
(2013)). To find the CD a given breeding structure is con-
sidered, but observations are simulated based on assumed 
variance components, and BLUP values predicted, for ex-
ample 1000 times, yielding pairs of true and predicted 
breeding values that are used to find CDs. So far such CD 
have not been calculated with a repeatability model, alt-
hough repeated measurements obviously will improve ge-
netic evaluations: the CD value of an animal is just the 
squared correlation between true and predicted breeding 
value, equal to reliability. Hence the aim of this work was 

to examine the improvement of reliability of breeding val-
ues using repeated records in an AM.  

 
 

Materials and Methods 
 

Data. The data was from The Norwegian Goat Re-
cording System including all flocks participating in the milk 
recording, involving both flocks within and outside the 
buck circle system (Ådnøy et al. 2000). A total of 531035 
records from the first parity of 125209 dairy goats, for 589 
farms from 1988 to 2003 were used. For daily milk yield 
(DMY) average number of records per animal was 4.24. 
The pedigree file contained a total of 165262 animals, out 
of them 43738 defined as base animals. The genetic evalua-
tion model that defined the basis of this study was the fol-
lowing repeatability animal model (Andonov et al. 2007) 
described as:  

 
DMYijkl	  =	  YSi	  +	  DIM3l	  +	  ftdj	  +	  ak	  +	  pek	  +	  eijkl.	  

 
where observations are for goat k within year-season of 
kidding i in flock test-day j; YSi is fixed year-season of 
kidding effect, with 3 levels in each of 16 years; DIM3l a 
fixed effect of stage of lactation, defined in 3-day intervals 
starting from day 5 (where l = 1, ..., 101); ftdj is random 
effect of flock test-day; ak is random animal genetic effect; 
and pek and eijkl are random effects of the permanent envi-
ronment of the animal and residual, respectively. Variance 
components were those estimated by Andonov et al. (2007); 
with 𝜎!!= 0.0439, 𝜎!"! = 0.0543 and, 𝜎!!= 0.0701. This corre-
sponds to a heritability of 0.26. 

 
Estimation of CD. In this study the method pro-

posed by Fouilloux and Laloë (2001), for estimation of CD 
for predicted breeding values in sire model, was  adapted to 
single and multiple records of DMY in an animal model.  

 
For the single record per animal model the proce-

dure described by Tarrés et al. (2010) was followed:  
 

Starting from the pedigree file, animals were sorted by 
age; 

The direct genetic value ui of animal i was calculated 
on the basis of the status (know/unknown) of its 
parents, having 3 possible combinations: both par-
ents unknown leading to ui = ϕi where ϕi was 
drawn from N[0, 𝜎!!]; only one parent known (j) ui 



= 0.5uj + ϕi, where uj was the predicted breeding 
value of animal j,  the parent of animal i and ϕi was 
drawn from N[0, 0.75𝜎!!]; both parents known (j 
and k) ui = 0.5(uj +uk) + ϕi, where uj and uk were 
the predicted breeding values of the animal j and k 
– parents of animal i and ϕi was drawn from N[0, 
0.5𝜎!!]; 

Records for each performance tested animal yi = fl + ui 
+ ei was simulated using the generated breeding 
value ui, a residual ei drawn from N[0, 𝜎!!] and 
flock effect fl generated from a random draw in 
U[0,1] and multiplying by twice the phenotypic 
standard deviation. All other fixed effects were set 
to 0. 

 
For the repeatability animal model, also an effect 

of the permanent environment effect was drawn from N[0, 
𝜎!"! ].  

 
Simulation work is still in progress, and results are 

preliminary. 
 

The vector of simulated y’s was BLUP’ed using 
PEST (Groeneveld (1990)), with convergence criterion less 
than 10-6. The process was repeated 1000 times; resulting in 
1000 vectors of true (simulated) {u}, and predicted breed-
ing values {𝒖}. 

 
The CD values of animals were estimated by solv-

ing their empirical (co)variances (denoted by *) as de-
scribed by Fouilloux et al. (2008): 

 

𝐶𝐷 ∗ 𝑐!𝑢 =
(𝑐𝑜𝑣 ∗ (𝑐!𝑢, 𝑐′𝑢)!

𝑣𝑎𝑟 ∗ 𝑐!𝑢   𝑣𝑎𝑟 ∗ 𝑐!𝑢
 

with:  𝑐𝑜𝑣 ∗ (𝑐!𝑢, 𝑐′𝑢) = (   /𝑛!
!!! ) ∗ [(𝑐′𝑢!)(𝑐′𝑢!)];  

 𝑣𝑎𝑟 ∗ (𝑐!𝑢) = (   /𝑛!
!!! ) ∗ (𝑐′𝑢!)! and  

 𝑣𝑎𝑟 ∗ (𝑐′𝑢) = (   /𝑛!
!!! ) ∗ (𝑐′𝑢!)!. 

 
For the estimation of the CD of a single animal, c’ 

vector consisted of zeros but with a 1 in the position of the 
corresponding breeding value. The CD of management 
units (flocks) was calculated by having c’ vector consisting 
of zeros and 1/ml for positions corresponding to the animals 
of flock l. The number of animals in herd l was ml. 

 
Results and Discussion 

 
In both single record and repeatability models, 

mean CD for individuals ranged from 0 to 1, with the aver-
age reliability increasing from 0.32 with single observations 
to 0.50 with repeated records (Table 1). The standard devia-
tion of CD was almost equal in the two models leading to a 
reduction in coefficient of variation from 70.7% to 47.8%, 
with repeated records.  

 

Table 1. Individual animals’ average coefficients of 
determination (CD) in single and repeated record ani-
mal model sampled from 125209 animals 

 
Single rec-

ord AM 
Repeatability 

AM 
Average CD 0.323 0.499 
SD 0.228 0.238 
CV 70.66 47.77 

 
 
The average reliability of animals in the repeatabil-

ity animal model was close to 0.5, suggesting that this mod-
el has improved the individual accuracy of estimated breed-
ing value of animals by almost 24%.  
 
Table 2. Flocks’ average coefficients of determination 
(CD) in single and repeated record animal model 
(n=589) 

 
Single rec-

ord AM 
Repeatability 

AM 
Average CD 0.327 0.502 
SD 0.111 0.150 
CV 34.05 29.88 

 
 
Further, the average CD of flocks (n=589) with the 

two models are shown in Table 2. For the single record 
model, an average mean flock CD value of 0.33 (SD=0.11) 
was estimated, while adding repeated records per animal 
increased the average mean flock CD value to 0.50 
(SD=0.15).  

 
We followed the Tarres et al. (2010) approach and 

modeled flock as fixed rather than as a random effect of 
flock-test day, which was proposed by Andonov et al 
(2007). The latter would have generated smaller sub-classes 
for the contemporary group effect, but the model would 
have been closer to reality. It is our opinion that in future 
developments the model used for simulation should be at 
least as complex as the breeding value prediction model. 

 
Dependent on the decision problem, various CD-

values can be calculated. If the decision is related to wheth-
er the flock-owners should use more AI, it would be valua-
ble to calculate CD’s between herds, and preferably expose 
the result to a cluster analysis. However, if the decision 
problem relates to determining which young bucks that 
should be selected, CD-values could be calculated amongst 
them, as a mean for further inference. Another decision 
problem covered by Laloe et al (1996) relates to how AI-
bucks should be used within herd in combination with local 
sires, which could also be studied by use of CD values. 

 
 
 
 



Conclusion 
 

A computer intensive method of evaluation of the 
Coefficient of Determination (CD), equal to reliability of 
estimated breeding values, based on BLUP, was carried out 
for field data recorded goats in Norway. As expected, re-
peated records for daily milk yield increased reliability  of 
evaluation when compared to use of the first record for 
goats in first lactation (by some 65% for this dataset with 
4.2 records per animal on average), although more complex 
in computation. CD-values across herds can also be calcu-
lated and be the basis for search of connected herds, and for 
advising farmers on use of AI. Selection decisions can be 
obtained by calculating CDs among selection candidates as 
a means for further inference.  
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