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Abstract 
The objective of this study was to estimate breeding values (EBV) and genetic and phenotypic 

trends for female fertility traits derived from artificial insemination (AI) records. Data were collected from 
automated milk recording systems: 64464 records from 18 South African (SA) Holstein herds. Breeding 
values were estimated for heifer traits, i.e., age at first service (AFS), age at first calving (AFC), number 
of services per conception (SPCh); and for cow traits, i.e., calving to first service (CFS), number of days 
open (DO), number of services per conception (SPC), first service within 80 days post-partum (FS80d), 
and whether cows were confirmed pregnant within 100 days post-partum (PD100d) or within 200 days 
post-partum (PD200d) using THRGIBBSF90. Trends were estimated for the period 1984 to 2011. There 
was no clear trend on average breeding values for heifer traits. However, phenotypic trends for heifer 
traits showed a desirable downward trend, with a decrease of 0.14 and 0.13 months/year for AFS and 
AFC, respectively. Phenotypic trends for cow fertility traits appeared to increase at the rate 0.16 and 
0.83 days/year for CFS and DO, respectively, with animals requiring 0.02 more services per year for 
SPC. The average EBV for binary traits FS80d, PD100d, and PD200d, showed no distinct trend. In 
general, there was no clear genetic and phenotypic trend for all traits defined. The trends that appeared 
to follow trait improvement could have been coincidental. Thus, efforts have to be made towards the 
improvement of heifer and cow fertility traits explored in this study. 
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Background 
Until the 1990s, the main breeding objective of many dairy-producing countries was to increase 

yields of milk, protein, and fat (Miglior et al., 2005). This resulted in a deterioration of overall fitness, 
including health and fertility, because of the antagonistic association between fertility and milk yield 
(Van Arendonk et al., 1989; Bagnato & Oltenacu, 1994; De Jong, 1998; Kadermideen, 2004; Pryce et 
al., 2004). The decreasing reproductive performance in dairy cattle has a negative impact on the 
profitability of dairy herds (Britt,1985; Dijkhuizen et al., 1985), where high producing cows require more 
veterinary treatments and more AI services per conception, i.e., increasing input costs of production 
thereby extending the days open and the intercalving period. Owing to its economic importance, 
producers moved towards more balanced breeding programmes, which integrated genetic 
improvements in health, longevity, and fertility with production (Miglior et al., 2005). 

In South Africa, genetic evaluations of fertility are based on age at first calving (AFC) and calving 
interval (CI) (Makgahlela et al., 2008). Although this is a good step towards the improvement of fertility, 
cows that do not have subsequent calving dates or are culled for not falling pregnant are excluded in 
genetic evaluations (Muller et al., 2018). This limits the potential use of CI as a selection criterion for 
fertility in the genetic evaluation of dairy cows, as information on the perceived least fertile group of 
cows is excluded; AFC is problematic as it is highly influenced by the breeder’s decision to start 
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breeding. Artificial insemination records provide information on additional reproductive performance that 
can be useful for inclusion in genetic evaluations. In any genetic improvement program, it is important 
to track the results and monitor the progress and effectiveness of a genetic selection program by 
evaluating the changes in genetic trends over time. A genetic trend is defined as a change in 
performance per unit of time due to a change in mean breeding value (Canaza-Cayo et al., 2016). A 
phenotypic trend is defined as a change in performance per unit time due to change in a phenotypic 
mean. The change indicates an improvement or deterioration in the desirable qualities of the animal, 
depending on the direction of the trend.  

In animal improvement, it is important for breeders and farmers to assess genetic trends in order 
to monitor whether breeding objectives are achieved and are trending in the intended direction. Studies 
of genetic and phenotypic trends for fertility traits reported an increasing trend of 1.90, 1.25, and 1.34 
days per year for calving intervals in the South African Holstein population (Makgahlela et al., 2008; 
Mostert et al., 2010; and Ramatsoma et al., 2014; respectively). These increasing trends in CI indicate 
a deterioration in post-partum fertility in the South African Holstein population.  

The objective of the current study was to estimate phenotypic and genetic trends for fertility 
measures derived from AI service records in South African Holstein cattle. 
 
Materials and Methods 

 Data consisted of artificial insemination records (n = 64 464) of heifers and cows, which were 
collected from 18 South African Holstein herds using on-farm automated milk recording system 
(DIMSSA). These data were used to derive the following AI service-based heifer and cow fertility traits: 
age at first service (AFS), age at first calving (AFC), number of services per conception for heifers 
(SPCh), calving to first service (CFS), number of days open (DO), number of services per conception 
for cows (SPC), first service within 80 days post-partum (FS80d), whether cows were confirmed 
pregnant within 100 days post-partum (PD100d), and whether the cows were confirmed pregnant within 
200 days post-partum (PD200d).  

Non-interval CFS80d, PD100, and PD200 traits were recorded as binary traits coded as 1 = no 
and 2 = yes. Data editing was carried out using the R-CRAN program (R Core Team, 2017). Two 
subsets were extracted from the edited dataset for heifer (1st parity only) and cow (2nd parity and 
above) traits. The datasets were edited to remove outliers and to meet an acceptable threshold for each 
trait. After editing, the final data available for statistical analysis consisted of 10 019 and 24 909 records 
for heifers and cows, respectively. The pedigree consisted of information on 18 592 animals born 
between 1981 and 2013. Pedigree data included individual animal birth dates, service and calving 
dates, lactation numbers of dams, and dam and sire identification numbers. These data were edited to 
remove animals with unknown birth dates, leaving 14 323 records for statistical analysis. 

 Descriptive statistics were computed and histograms were plotted using the Hist function in R 
(R Core Team, 2017). The lme4 package of Bates et al. (2015) implemented in R-CRAN was used to 
test non-genetic factors associated with heifer and cow fertility traits. The analysis of variance (ANOVA) 
function in R was used to test the most significant effects associated with the traits. The effects tested 
were HYS of birth or calving, age of insemination or calving, and the lactation number, which all affected 
fertility traits (P <0.05). The effects were included in the multivariate analysis to estimate heritabilities 
and EBV using THRGIBBS1F90 and POSTGIBBSF90 of BLUPF90 (Misztal et al., 2016). The following 
animal models were fitted for heifer (SPCh, AFS and AFC) and cow (SPC, CFS, DO, CFS80d, PD100d 
and PD200d) traits: 
      

    y = Xb + Za + ey = Xb + Za + Wpe + e     (1) 
 

where: 𝐲 is the vector of observations; 𝐛 is the vector of fixed effects, which consists of herd-

year-season of birth (for heifer traits), herd-year-season of calving (for cow traits), parity fitted only (for 
cow traits), age at insemination fitted only for (SPCh), and age at calving fitted (for cow traits) as a 

covariate; 𝐚 was the vector of additive genetic effects; 𝐩𝐞 was the vector of random permanent 

environmental effects (fitted only for cow traits); 𝐞 was the vector of residual effects; and 𝐗, 𝐙, and 𝐖 

were the corresponding incidence matrices. It was assumed that the expectation 𝐸 of the variables was: 

𝐸(𝑦) = 𝑋𝑏; 𝐸(𝑎) = 𝐸(𝑒) = 0       (2) 

var (𝑎) = 𝑨𝜎 𝑎
2  = G,        (3) 

var (𝑝𝑒) =  𝑰𝜎  𝑝𝑒
2 , where A is the numerator relationship matrix  (4) 
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var (𝑒) =  𝑰𝜎  𝑒
2 = R;        (5) 

thus, var (𝑦) = 𝑍𝐴𝑍′𝜎  𝑎
2  +  𝑊𝐼𝜎 𝑝𝑒

2 𝑊′  +  𝑅     (6) 

The genetic trends were then determined using the regression of EBV of the animals on the year 
of birth using the dplyr package and plotted using the ggplot2 package in R CRAN (Wickham, 2016; 
Wicklam et al., 2018). The phenotypic trends were estimated using average of phenotypic values over 
the birth years, and visualized in R using ggplot2 (Wicklam, 2016). 

 
Results and Discussion 

Descriptive statistics of the data, heritability estimates, and standard errors are presented in 
Table 1. The average SPCh in heifers was lower (1.54) than in cows (2.18), indicating that young 
females require fewer inseminations per conception than lactating cows. This is somewhat expected as 
reduced fertility in older animals could probably be due to lactation stress (Badinga et al., 1985); 
lactating cows are in a state of negative energy balance, which has subsequent effects on fertility, 
leading to poor conception rates (Wathes et al., 2007). On average, it took 90 days for the cows to be 
ready for first service after calving. High CFS intervals lead to greater DO, which averaged at 137 days 
in this study. This subsequently extended CI beyond the recommended 365 days, even though heat 
detection was good and high pregnancy rates followed.  

Heritability estimates for all traits ranged from low (0.02 ± 0.00) to moderate (0.24 ± 0.00). 
Previously reported heritability estimates for AFS were 0.24 in Dutch Friesians (Jansen et al., 1987) 
and 0.12 in Canadian Holsteins (Raheja et al., 1989), whereas the estimate for AFC (0.08) was 
comparable to that of 0.09, obtained for the Kenyan Ayrshire (Amimo et al., 2006), although higher than 
0.03 reported for Iranian Holstein cows using a single trait animal model (Eghbalsaied, 2006).  

The SPC was defined for both heifers and cows, and the heritability estimate of SPC in heifers 
was slightly lower (0.02) than the corresponding cow trait (0.04). Differences between the estimates of 
heritability observed in this study and estimates from other studies could be due to the genetic variation 
among the populations, different statistical models used for analysis, varying reactions of the same 
breed to different environmental conditions, or differences in farm management strategies.  

The heritability estimate for first service within 80 days post-partum was 0.07 and for the two 
binary traits (indicating whether cows were confirmed pregnant within 100 or 200 days post-partum) 
were 0.13 and 0.24, respectively. The low to moderate heritability of the traits indicates that heifer and 
cow fertility traits in this study are underlined by the genetic mechanisms, thereby warranting their 
genetic improvement through objective selection programmes. 
  

Table 1 Number of service records (n), mean, standard deviation (SD), minimum (Min), maximum (max) 
values, heritability (h2), and Standard error (Se) for fertility traits derived from service records in 18 
South African Holstein herds 

AFS: age at first service; AFC: age at first calving; SPCh: heifer services per conception; SPC: cow services per 
conception; CFS: calving to first service; DO: days open; FS80d: first service within 80-days post-partum; PD100d 
and PD200d; cows confirmed pregnant within 100- or 200-days post-partum. 

A sound dairy breeding objective should include all traits that are economically relevant in dairy 
production. The Nordic countries (i.e., Denmark, Sweden, and Finland) were the first to include health 
and fertility traits into selection programmes in the mid 1990’s. whereas other countries, such as New 

Groups Variable Mean SD Min Max h2± Se 

Heifers  
(n = 10017) 

AFS, months 16.8 3.5 10 30 0.02 ± 0.04 
AFC, months 26.7 3.9 20 48 0.08 ± 0.01 
SPCh 1.54 0.98 1 8 0.02 ± 0.00 

 SPC 2.18 1.57 1 8 0.04 ± 0.00 
       
Cows  CFS, days 90 37 21 250 0.06 ± 0.00 
(n = 24909) DO, days 137 72 21 435 0.05 ± 0.01 
 FS80d 1.45 0.50 1 2 0.07 ± 0.02 
 PD100d 1.38 0.48 1 2 0.13 ± 0.00 
 PD200d 1.82 0.38 1 2 0.24 ± 0.00 
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Zealand, followed in 1998, and the USA, in 2001 (Wesseldijk, 2004). The inclusion of fertility traits in 
South African selection programs was recommended in 2007 (Makgahlela et al., 2007). Genetic 
parameters for calving intervals were estimated and published in 2010 for use as an indicator trait for 
fertility in South African dairy breeds (Mostert et al., 2010). The key indicator traits for fertility in South 
African selection programs are calving interval (CI) and age at first calving (AFC); this may be one of 
the reasons for the observed results in this study, which showed little to no genetic improvement for the 
studied fertility traits.  

The average EBV for the studied traits generally showed no distinct trends, with the exception of 
cow linear traits, CFS and DO, which showed decreasing trends of small magnitudes. There were slight 
improvements in phenotypic means over the period 1984–2011. The genetic average in all the heifer 
fertility traits; AFS (0.002 ± 0.00), AFC (0.001 ± 0.00) and SPCh (-0.001 ± 0.00) was close to zero, 
indicating no particular trend. The example is illustrated in Figure 1(a) of a genetic trend of AFS. The 
mean EBV shows an increase from 1984 (-0.45) to 1985 (1.22), then decreases to -0.90 in 1986. In 
most years the mean EBV was negative with the lowest being (-1.51,-1.63, and -1.18) in 1990, 1997, 
and 2011, respectively. The average EBV fluctuated, indicating that there was no genetic improvement 
in the trait, AFS.  

 

 
 
Figure 1 The genetic (a) and phenotypic (b) trends for age at first service (AFS) for heifers in 18 South 
African Holstein herds 
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The phenotypic trend (Figure 1b) for AFS generally decreased over the years. There was a slight 
decrease of 1 month/year from 1984 to 1993, and an annual increase of 2 months/year from 1993 to 
1994. The average decrease of (-0.14 months/year) was observed over the years for the phenotypic 
trend. The decrease was also observed in the phenotypic trend of AFC (-0.14 months/year). However, 
the phenotypic trend for SPCh was close to zero (0.003), indicating no particular trend. The phenotypic 
decrease in AFS and AFC was desirable; however, this could be due to improvement of the 
environmental conditions of the farm and a management decision to breed animals early. The 
decreasing trend might also represent earlier maturity from better calf rearing and good nutrition 
because feeding level in young animals affects the age at which they reach puberty (Shortle, 2014). 
 
The genetic trends for cow linear traits showed a decrease of a small magnitude for CFS (-0.01 ± 0.00) 

and DO (-0.06 ± 0.00) days/year, while for SPC there was no particular trend as the slope of regression 

was zero (0.00). An example is illustrated in Figure 2(a) of a genetic trend in CFS whereby the average 

EBV of CFS tended to decrease from 1984 to 2011. The genetic trend of CFS is going in a favourable 

direction, although the decrease is very close to zero (-0.01) days/year. The current results are in 

agreement with report of Ghiasi et al. (2016), who reported a decrease of (-0.062) days/year for interval 

to first service. This genetic trend indicates that there is a genetic potential for reducing CFS following 

selection in the direction favouring the trait. In Nordic countries (Sweden, Finland, and Denmark), 

including traits such as CFS and SPC in the Total Merit Index (TMI) has resulted in improved fertility, 

which has saved input costs (Kargo et al., 2014).  

Economic value is defined as the effect of a unit change in the phenotypic level of the trait in question, 

ceteris paribus, on profit. An unfavourable phenotypic trend was observed in all the linear cow traits, 

with average increases of 0.16 days/year for CFS, 0.83 days/year for DO, and 0.02 per year for SPC. 

This indicates that cows required more services to conceive and the length of days from calving to 

conception increased over the study period. This may be due to management delaying first service 

post-partum to overcome the detrimental effects of negative energy balance on fertility (Niozas et al., 

2019). However, this strategy has a negative impact on the economics of dairy enterprises because DO 

is directly linked to CI due to the common physiological mechanisms controlling these traits (Ayalew et 

al., 2017). Banga et al. (2009) calculated the cost of one extra day in ICP as R5.75. The unfavourable 

phenotypic trend can be counter-acted through improved management strategies. 
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Figure 2 The genetic (a) and phenotypic (b) trends for the interval calving to first service (CFS) for dairy 
cows in 18 South African Holstein herds 
 
The genetic average in all the binary traits; FS80d (0.001 ± 0.00), PD100d (0.001 ± 0.00), and PD200d 
(0.001 ± 0.00) was close to zero, indicating a very slow increase. Figure 3a indicates the genetic trend 
for PD100d, whereby the rate of increase was very slow (0.0008). This shows that not much has been 
done to improve the traits through genetic selection. There was no distinct phenotypic trend for FS80d, 
indicating that there has not been much change in the number of cows returning to service within 80 
days after calving. The phenotypic average of PD100d and PD200d showed a decrease of -0.006 and 
-0.003 days/year, respectively, indicating that more cows became pregnant later than 100 and 200 days 
postpartum (Figure 3b). 
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Figure 3 The genetic (a) and phenotypic (b) trends for whether cows were confirmed pregnant within 
100 days post-partum (PD100d) for dairy cows in 18 South African Holstein herds 
 
The studied traits showed no distinct genetic trends over the years as the EBV was fluctuating, whereas 
there were some observed phenotypic changes Hence, good nutrition and improved management 
strategies can cause a phenotypic improvement in fertility, while no impactful improvement is made 
genetically. The current results indicate that there is little to no genetic improvement in the studied 
Holstein population.  
Banga & Rautenbach (1999) indicated that the primary focus of breeding programs in South Africa has 
been on increased milk production, which could be one of the reasons for the observed genetic trends 
in the current study. Several studies on the genetic relationships between fertility and production traits 
found that correlations between milk yield and fertility traits were antagonistic and statistically significant. 

An observation of 0.69 (Makgahlela et al., 2007), 0.59 (Toghiani, 2012), and 0.68 (Sahin et al., 2014) 
on the correlation between 305-d milk yield and calving interval could have negative long-term effects 
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on the economics of dairy production as the economic importance of fertility has been demonstrated in 
previous studies (Visscher et al., 1994; Holmes et al., 2000; Banga et al., 2009; Toghiani, 2012).  
Selective animal breeding ensures a continuous improvement in farm animals, generation after 
generation. In the countries that include functional traits earlier in their breeding objectives, trends in 
functional traits have now improved in recent years (Berry et al., 2014). The use of genomic tools for 
selection of low heritable traits, such as fertility, in developed countries has resulted in rapid genetic 
gains in dairy cattle (Hutchison et al., 2014). 

 
Conclusion 

The average EBV for heifer traits in the studied population showed no distinct trend, whereas for 
cow traits there were some observed, favourable trends of small magnitude. Favourable phenotypic 
trends were observed for heifer fertility traits. This may not lead to an improvement in heifer fertility due 
to the overall undesirable genetic trends. The phenotypic improvement might have been from good 
management and environmental conditions, while the problem still lies genetically. Eighteen South 
African Holstein herds showed no genetic gains for fertility over the study period. Heritability estimates 
indicate that there is some genetic aspect of the fertility traits that could facilitate improvement through 
genetic selection, which is imperative for long-term benefits. The studied fertility traits could be used in 
addition to AFC and ICP to serve as basis for selection of reproduction in dairy cattle to minimize 
selection bias and improve fertility in the South African Holstein population. A balanced breeding 
program that includes all traits of economic importance could accelerate the improvement of fertility in 
South African dairy herds.  
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