
7th World Congress on Genetics Applied to Livestock Production, August 19-23, 2002, Montpellier, France 

VARIANCE COMPONENTS FOR MALE FERTILITY IN CATTLE 
 
 

D. Boelling1, P. Christensen2 and J. Jensen1 
 

1Dep. of Animal Breeding and Genetics, Danish Institute of Agricultural Sciences, P.O.Box 50, 
DK 8830 Tjele, Denmark 

2Department of Clinical Studies, The Royal Veterinary and Agricultural University, 
Dyrlaegevej 68, DK 1870 Frederiksberg C, Denmark 

 
INTRODUCTION 
Fertility in cattle has become more and more important, especially as genetic gains in yield 
appears to counteract fertility. With the widespread use of artificial insemination over the last 
decades, male fertility has not received much attention. The success of an insemination can be 
measured by the non-return rate, i.e. whether the cow needs to be re-inseminated on a given 
day after first service. Several studies were conducted where different equipment in the 
laboratory or treatments of the ejaculate were tested in order to better determine or to enhance 
the fertilising ability of the sperm. In some of these studies, the laboratory results were 
compared with field results of non-return rate by simple statistical models (Anderson et al., 
1994; Correa et al., 1997; Farrell et al., 1998; Sauerwein et al., 2000). Reurink et al. (1990) 
complained that non-return rates were computed only as simple averages without taking into 
account systematic factors which may have an impact on the success or failure of an 
insemination, apart from sperm quality. They concluded that herd-season, age of cow, 
technician and season of insemination had an influence on the non-return rate and should 
therefore be included in any statistical analysis. This study attempted to determine the 
proportions of the variance of the non-return rate that can be explained by environmental and 
physiological effects and bulls themselves.  
 
MATERIAL AND METHODS 
The experiment included 157 test bulls that were kept at two AI (artificial insemination) 
stations in Denmark. These bulls, 114 Danish Holstein and 43 Jersey, were sampled four times 
with one week’s interval. These ejaculates were analysed in the laboratory, then diluted with 
three different extenders (Biociphos Plus, Triladyl with whole or with clarified egg yolk) 
before being packed in straws and frozen. These straws were used for normal artificial 
inseminations ‘in the field’, i.e. on random cows in random herds in Denmark. 
 
All the necessary information regarding the AI and the outcome – measured as the non-return 
rate 56 days after the insemination (NRR56) – were extracted from the national database. The 
data set comprised all first inseminations carried out in Denmark between December 1st, 1998 
and December 31st, 1999. In order to estimate the fixed effects appropriately, all inseminations, 
regardless whether the bulls used were test bulls or ‘normal’ bulls’, were included in the data 
set. The following data editing rules were applied: double registrations were deleted and only 
the five breeds Danish Red and White, Danish Holstein, Jersey, Danish Red, and crossbreds 
were included. Insemination records more than 300 days after calving, or in case of heifers, 
more than 800 days after birth were deleted. The minimum number of inseminations was set to 
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five per herd and to fifteen per bull. Only cows with five or less parities were considered. In 
accordance with the general editing rules in Denmark, the minimum calving interval was 200 
days accounting for abortions, and minimum age at first calving was not allowed to be under 
18 months for Jerseys and 20 months for the other breeds. 
 
The data set contained 495,171 first inseminations, of those were 49,525 observations by test 
bulls. Forty bulls were represented in both groups, they were used for the experiment as well as 
for normal inseminations. 
 
Variance components were estimated using DMU-AI (Jensen et al., 1996/97). The trait 
NRR56, though scored on a binary scale, was analysed as if normally distributed trait by the 
following model: 
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where yijklmnopqrst  is  the observation of NRR56. The model contained the following fixed 
effects: year-month of insemination (YMi  i= 1,…,13), sampling round, i.e. number of ejaculate 
for the bull (SRj, j= 1,.., 4), extender used to dilute the ejaculate (Ek, k= 1, 2, 3), parity*breed 
(P*Bl) and parity*strength of estrus (P*ESm) interactions, and AI-company (Cn, n= 1, …, 7). 
Strength of estrus was subjectively scored in five categories from ‘very weak’ to ‘very strong’. 
Herd (ho), AI-technician (tp), and ‘normal’ bull (bq) were included as random effects. Further 
random effects constituted of test bull (tbr), the interaction of test bull * sampling round, i.e. 
ejaculate (tb*SRt) and the residual (eijklmnopqrst). Variance components were estimated for the 
random effects. In a second analysis, the interaction of ‘Cow’s sire * parity’ was added to the 
above model as a random effect in order to account for the influence of female fertility.  
 
RESULTS AND DISCUSSION 
The BLU-Estimates (Best Linear Unbiased Estimates) for the four different sampling rounds 
which denote number of ejaculate for the test bulls were not significantly different from each 
other or from the common sampling for the ‘normal’ bulls which were set to zero. The 
ejaculates of the test bulls in the experiment were diluted with three different extenders. In this 
analysis, the extender did not have a significant influence on NRR56. Similar results were 
found by Anderson et al. (1994) who did neither detect a change in NRR due to different 
treatments of ejaculates nor due to different days of semen collection. 
 
There was an influence of calendar month on NRR56, as Figure 1 demonstrates. The incidence 
of an insemination not followed by a re-insemination was significantly higher in the summer 
than in the winter months. The same effect was found by Reurink et al. (1990) who concluded 
that the existence of a seasonal pattern was clear. 
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Figure 1. BLU-Estimates for NRR56 with s.e. per calendar month 
 
The variance components for the random effects are shown in Table 1. 
 
Table 1. Variance components for the random effects 
 

 Model 1 Model 2 
Effect Percentage Percentage 
Herd 3.78 3.73 
Ai-technician 0.25 0.25 
‘Normal’ bull 0.39 0.38 
Cow’s sire*parity - 0.27 
Test bull 0.18 0.18 
Test bull*sampling 
round (= ejaculate) 

0.01 0.02 

Residual 95.39 95.17 
Total 100 100 

 
Both models showed that the random effects explained only five percent of the variation in the 
trait NRR56. The herd effect had the highest influence, while the impact of a specific ejaculate 
was lowest. Female fertility (0.27%), expressed as ‘cow’s sire*parity’, had a marginally higher 
influence on NRR56 than male fertility (test bull and ejaculate, 0.19 and 0.2 % in the two 
models, respectively). This result contradicts Anderson et al. (1994), who assumed but could 
not show that the contribution of cow fertility to NRR was minimal, provided the data set was 
large enough, 19000 in their case.  
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CONCLUSION 
Biological factors, i.e. male and female fertility, explain only a small part of the variation in the 
non-return rate. In order to assess any effects of semen treatments, e.g. use of ejaculates of low 
versus those of high quality, or different extenders, experiments have to be well set up and data 
informative and well structured. Quality of bull semen plays only a minor role for a specific 
insemination, but is a relevant factor, especially in economic terms, when considered for the 
national dairy industry as a whole. Selecting semen samples of good quality based on 
laboratory tests during the semen production process will only have limited effect on NRR56. 
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