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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

• Using economic values increases genetic 
progress in breeding programs. 

• Statistical estimation of weights for in-
dexes does not guarantee genetic 
progress. 

• The use of bio-economic models opti-
mizes making selection decisions.  
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A B S T R A C T   

The use of selection indexes optimises genetic and economic gains in a population. The objective of this study 
was to propose and compare selection indexes built with economic and statistical methodologies in Colombian 
Creole Blanco Orejinegro breed. Genetic, phenotypic and economic information of the breed were used to design 
and test the selection indexes. The weights of each selection criteria (weight at 24 months of age, age at first 
calving, calving interval) were estimated using phenotypic variances, eigenvectors from a principal component 
analysis and economic values obtained through a deterministic bio-economic model. The selection criteria with 
the highest weight was weight at 24 months of age, with values of 0.56 and 0.034 USD using eigenvectors and 
phenotypic variance, respectively. The calving interval had the highest weight using the bio-economic model, 
with a value of -1.3 USD. The greatest profit due to genetic selection was obtained using the economic values as 
weights, which increased the average expected profit to a value of 18.76 USD/cow/year. The selection indexes 
calculated from phenotypic and eigenvectors do not rank animals similarly to the economic selection index. It 
could generate less genetic and economic progress in the national selection programme for the Blanco Orejinegro 
breed.   

1. Introduction 

The linear combination between weights and estimated breeding 
values (EBV) is widely used and recommended worldwide to identify 

selection candidates (Zhang & Amer, 2021). This combination is known 
as selection indexes and has been tested to be the best methodology for 
decision making in genetic selection programmes (Hazel & Lush, 1942; 
Hazel, 1943). The weights used to estimate the index are defined as 
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economic values (EV) and represent the marginal increase or decrease in 
enterprise profit per unit phenotypic change in each trait, keeping all 
other traits constant (Golden et al., 2000; Garrick, 2002). Consequently, 
EV are key parameters in guiding a breeding programme because they 
determine how selection pressure and response will be distributed 
among traits to maximise profit in production systems (MacNeil et al., 
1997; Nielsen et al., 2005; Shook, 2006; Krupová et al., 2020). 

In developing countries, these EV are not always obvious and easy to 
estimate, especially for production systems based on Creole breeds 
where there is a lack of productive and economic information. 
Currently, selection decisions in Colombian cattle is mostly based on 
weights derived from phenotypic, genetic variances or empirical meth-
odologies such as discussion with expert panels or farmers (Agude-
lo-Gómez et al., 2016; Ramírez et al., 2021; Amaya et al., 2021). 
Statistical methodologies based on the principles of multivariate statis-
tics have also been evaluated to estimate weights for selection index 
(Baker, 1974; Godshalk & Timothy, 1988), but those weights provided 
unsatisfactory results. In addition, their estimations may be sensitive to 
genetic correlations between breeding objectives and selection criteria. 
In the previous scenarios, genetic changes in the selection criteria could 
be achieved, but the maximization of profit is not guaranteed, and it 
could be less than expected, or even negative after selection (Amaya 
et al., 2020). 

In Colombian Creole, Ramírez et al. (2021) proposed selection in-
dexes for Blanco Orejinegro cattle (BON), however, it has two disad-
vantages; the first one is that they did not consider EV, and the second 
problem is all the growth traits included in the indexes are not 
economically relevant traits, which could generate wrong decisions to 
select animals. The first problem can be overcome estimating EV 
through bio-economic models, which allow breeders to consider vari-
ability in phenotypic performance, system management, incomes, ex-
penses and marketing strategies (Krupová et al., 2020). The second 
problem is solved by considering only economically relevant traits, 
which directly affect profitability by being associated with a specific cost 
of production or an income stream (Golden et al., 2000). In BON cattle, 
this trait is usually the weight at which the animals are sold. 

The BON breed is recognized for its adaptation to tropical environ-
ments, and constitutes a promising alternative to improve the compet-
itiveness of Colombian livestock industry. Therefore, there is an 
immediate need to compare expected genetic progress made by the 
traditional selection scheme and the economic selection index proposed 
in this study. This will allow breeders and researchers to reconsider the 
impact of ignoring EV in breeding programmes, which is a very common 
practice in tropical countries. The objectives of this study were: 1) to 
derive EV for weight at 24 months of age (W24M), age at first calving 
(AFC), and calving interval (CI), and 2) to know if the current selection 
indexes based on phenotypic variance and eigenvectors rank the animals 
similarly to an economic selection index for the national breeding pro-
gramme in the BON cattle. 

2. Materials and methods 

2.1. Base production system 

A beef cattle production system of 100 breeding cows was simulated. 
The beef cow calf system markets steers and surplus heifers at a fixed 
standard age of 24 months, and culled cows. Table 1 shows the bio-
logical input parameters used to develop the bioeconomic model. 
Although production, geographic and climatic circumstances are similar 
between BON farmers, a database that considered 26 farms (distributed 
throughout the Colombian territory) was used to define the base pro-
duction parameters, herd structure and economic information. This 
database was provided by the Colombian Agricultural Research Corpo-
ration (AGROSAVIA). 

The nutrient requirements for maintenance, gestation, growth and 
lactation were calculated using the equations reported by the National 

Research Council (2001). The number of kilograms of dry matter (DM) 
was calculated by dividing the total net energy lactation (NEL) and net 
energy for growth (NEG) of the herd, by the content of NEL and NEG per 
each kg of DM of forage. For this, a Brachiaria-based grazing system was 
considered in the model, with a biomass production of 0.064 kg DM/m2, 
an energy content of 0.95 NEL and 0.57 NEG Mcal/kg of DM. A rest 
period between grazing of 63 days and a 30% grazing loss was assumed. 
Regarding economic information, Table 2 shows the main income and 
expenses for the base production system. Income was calculated from 
the sale of slaughter animals, surplus replacement females and culled 
cows. On the other hand, expenses took into account veterinary costs 
(vermifugation, deworming, biosecurity) and feeding (forage, 
concentrates). 

2.2. Derivation of economic values 

The EV were calculated as the partial derivatives of the base pro-
duction profit with respect to the partial derivative of each selection 
criteria. All the traits shown in Table 1 were considered to estimate total 
farm profit, but the EV were only calculated for W24M, AFC and CI 
because they are the current selection criteria for the BON cattle. These 
partial derivatives were calculated according to the approach proposed 
by Garrick (2002) as follows: 

∂π/∂i = ((F + x) / I)⋅∂(B)/∂i − P⋅((F + x) / I)⋅∂I/∂i  

where π (USD) is profit per hectare (ha), F (kg DM) is the forage utilized 
per ha, x (kg DM) is additional feed per ha bought into the farming 
system, I (kg DM/cow/year) is the total feed intake per cow, B (USD) is 
the per cow revenue from beef sales and P (USD) is the price per kg of 
DM of additional feed. The EV on a cow basis were calculated by 
dividing ∂π/∂i by the stocking rate. 

2.3. Breeding values and selection indexes 

A multivariate distribution of true breeding values (TBV) for the 
selection criteria (W24M, AFC, CI) was simulated to avoid bias in 

Table 1 
Biological input parameters for the base production system.  

Biological parameters Values 

Birth weight 31 kg 
Weaning age 240 d 
Weaning weight 171 kg 
Weight at 24 months of age 328 kg 
Age at first calving 1095 d 
Weight at first calving 372 kg 
Live weight mature cows 460 kg 
Survival rate birth to weaning 95% 
Survival rate in cows 98% 
Average cull rate 32% 

Data from the Colombian Agricultural Research Corporation 
(AGROSAVIA). 

Table 2 
Annual income and expenses for the base Colombian Creole Blanco Orejinegro 
production system.  

Economic description Values (USD) 

Expenses  
Forage (0.027 USD/kg dry matter) 9555.45 
Veterinary cost 3192.85 
Mineral supplementation 1654.49 
Total 14402.79 
Incomes  
Males and females at slaughter (1.49 USD/kg) 26116.5 
Culled cows (0.95 USD/kg) 9206.74 
Total 35323.24  
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comparing the selection indexes due to the accuracy of estimated 
breeding values. The simulation was performed with the “mvtnorm” 
library of the R-project software and using a (co)variance matrix of TBV. 
The (co)variance matrix of the TBV was estimated following the meth-
odology proposed by Schneeberger et al. (1992) as follows: 

Var(u) = B
′

P11B,

where Var(u) is the (co)variance matrix of the TBV, P11 is the phenotypic 
(co)variance matrix for the selection criteria. B is the matrix of weights 
for the indexes to predict the breeding values, which was calculated as: 

B = P− 1
11 G11,

where P11 and G11 are the phenotypic and genetic (co)variance matrix 
for the selection criteria. The P11 and G11 used in this study for the es-
timations were obtained from Ramírez et al. (2020, 2021) for the BON 
breed, which were: 

G11 =

⎡

⎣
W24M
AFC
CI

⎤

⎦ =

⎡

⎣
339.54 − 331.12 41.35
− 331.12 1659.30 − 244.5

41.35 − 244.5 923.8

⎤

⎦

P11 =

⎡

⎣
W24M
AFC
CI

⎤

⎦ =

⎡

⎣
857.76 552.66 129.31
552.66 12304 − 3578.6
129.31 − 3578.6 11547

⎤

⎦

Once the TBV for the selection criteria were simulated, three selec-
tion indexes were built as the sum of the products of the TBV for each 
trait times its corresponding weight. The weights for W24M, AFC and CI 
in the selection indexes were calculated from: 1) the EV derived from the 
partial derivatives, 2) the phenotypic variance and 3) the eigenvectors 
for the first principal component. 

The three selection indexes were estimated as follows: 

ESI = EBVW24MbW24M + EBVAFCbAFC + EBVCIbCI ,

FSI = EBVW24McW24M + EBVAFCcAFC + EBVCIcCI ,

PCSI =
∑I

i=1
eigi⋅EBVik,

where, ESIis the economic selection index, FSIis the Falconer selection 
index and PCSI is the principal component selection index. b(EV) and c(1 
/σP; Falconer & Mackay, 1996) are the weights for each trait in the 

ESIand the FSI, respectively. σP is the phenotypic variance for each trait, 
Iis the total number of traits, eigi is the eigenvector of the ithtrait and 
EBVik is the true breeding value for the ithtrait in the kthselection 
candidate. Spearman correlations for the three selection indexes (ESI, 
FSI, PCSI) were estimated to determine the similarity in the ranking of 
the animals. 

2.4. Genetic and economic progress 

The expected genetic progress was estimated using a function 
developed in R-project. The function selected the best 70 and 10% fe-
males and males, respectively and according to the ranking in the three 
selection indexes. Subsequently, a random mating was simulated among 
selected candidates following a uniform distribution, which means all 
animals had the same probability to be mated. The estimated breeding 
values of the progeny were equal to the average breeding value of their 
parents for each selection criteria. The function generated 1000 repli-
cates per selection index to compute the mean and standard deviation of 
the expected genetic progress in the next generation. 

Additionally, a duality diagram relating the profit to both selection 
criteria and selection indexes was used to compare the expected eco-
nomic progress (Fig. 1). It allowed to visualise the differences in the 
economic contribution of each selection index (columns) due to the 
improvement in profit from each selection criteria (rows). Selection 
based on considering only one trait at time was also included to estimate 
the expected economic progress. The duality diagram was made using 
the “ade4” library (Dray & Dufour, 2007) of the R-project software (R 
Core Team, 2018). 

3 Results 

In the base system, the phenotypic performance for each selection 
criteria were: W24M=328 kg, AFC=1095 days and CI=426 days. The 
herd consisted of an average number of 100 females, distributed from 
first to tenth lactation. Cull rates between successive lactations ranged 
from 0.18 in the first lactation to 0.52 in the eighth lactation. The 
average cull rate was 0.32. The grazing system produced 2595 kg of DM/ 
ha/year for each animal and 136.4 ha were necessary to supply the 
energy requirements of the whole herd. The DM requirement per cow 
year, including calf requirements, was 3539 kg DM. 

The profit per ha in the base system was 223.5 USD. The costs 
associated with the feeding and health plan (forage, minerals, bio-
security, veterinary treatments) per cow by year were 157.6 USD. The 

Fig. 1. Expected profit (USD) for each selection 
criteria (rows) after one generation using six 
selection indexes (columns) in Colombian 
Blanco Orejinegro cattle (W24M: Weight at 24 
months of age, AFC: Age at first calving, CI: 
Calving interval, PCSI: Principal component 
selection index, FSI: Falconer selection index, 
ESI: Economic selection index, SW24M: Selec-
tion only for weight at 24 months of age, SAFC: 
Selection only for age at first calving, SCI: Se-
lection only for calving interval).   
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total income in the system for beef production per year was 26116.5 
USD and the sale of culled cows amounted to 9206.7 USD. The price of 
the additional feed due to the increase in the phenotypic performance 
for the three selection criteria had a cost of 0.2 USD/kg DM. 

Heritabilities for W24M, AFC and CI used in the present study and 
reported by Ramírez et al. (2020, 2021) were 0.39, 0.13, and 0.08, 
respectively. The weights for the ESI for W24M, AFC and CI were 0.16, 
-0.31 and -1.3, respectively. AFC and CI had negative values and a 
greater impact on the profit, compared to W24M, which was the selec-
tion criteria with the lowest effect. Table 3 shows the estimated weights 
calculated by the EV, phenotypic variances and eigenvectors for the 
three traits. W8M had the highest relative economic importance (REI) in 
the FSI, with a value of 66%. The highest REI for CI was estimated in the 
ESI, with a value of 73%. In contrast, the lowest REI for CI was in the 
PCSI with a value of 21%. Regarding AFC, it had the highest REI (37%) 
in the PCSI, but lower in ESI and FSI with values of 18 and 17%, 
respectively. 

The highest correlation in the ranking from the three indexes was for 
PCSI-FSI with a value of 0.98. The lowest correlations were estimated 
when comparing ESI-PCSI and ESI-FSI, with values of 0.52 and 0.47, 
respectively. Table 4 shows the expected genetic progress for the three 
selection indexes after one generation with a selection intensity of 70% 
and 10% for females and males, respectively. The expected genetic 
progress of the three selection indexes was favourable for all traits, 
which means W24M increased and AFC and CI decreased. The expected 
genetic gain for W24M was similar in the PCSI and FSI indexes with 
values between 13 and 14 kg. Likewise, those two indexes had similar 
genetic gains for AFC, with values of -21 and -22 days. For the CI, the 
expected genetic progress in PCSI and FSI was from -0.6 to -0.8 days. In 
contrast, the expected genetic progress obtained for CI in the ESI was the 
highest, with a value of -11.7 days. In that same index, the genetic gain 
for the W24M was the lowest, with a value of 4 kg. Finally, the expected 
genetic progress for AFC in the ESI was lower (-9 days) than the other 
two indexes. 

4. Discussion 

4.1. Economic values 

The EV are specific to each environment, population and production 
system. However, some comparisons can be made between populations 
with similar productive and market conditions. In this study, the highest 
EV was for the CI, with a value of -1.3. This result agrees with that re-
ported by Chegini et al. (2018), who estimated a value of -1.46 for CI in 
dairy cattle. Although BON cattle have an aptitude for beef production, 
the EV for CI shows that traits associated with reproductive performance 
in beef cattle also have a considerable economic effect. Moreira et al. 
(2019) reported the weaning rate as one of the traits with the greatest 
economic importance in a population of Nelore cattle. The weaning rate 
could also be an indicator parameter for CI by relating the number of 
weaned animals and the number of cows suitable for reproduction. In 
BON cattle, despite the fact that CI had a low heritability (0.08), the EV 

suggests a greater emphasis should be considered in the selection de-
cisions in this population. 

The AFC in BON cattle allows farmers to evaluate the reproductive 
and growth rates. The negative EV for AFC is explained because a higher 
AFC implies a greater number of replacement heifers, increasing pro-
duction costs (Brumatti et al., 2011). Although AFC is more related to 
reproductive performance, its EV was approximately 4 times lower than 
the EV for CI. Safari et al. (2019) showed similar economic relationships 
between those two traits, with EV of -1.87 and -0.36, respectively. 
Although both traits directly influence the number of animals available 
for sale per year, CI has a greater impact by increasing or decreasing the 
number of calves in all cows, while AFC affects only the number of 
replacement heifers, which constituted 26% of the whole herd. In 
Colombia, Amaya et al. (2020) reported a lower EV for AFC (-0.18), but 
with an input parameter for AFC of 765 days. This could indicate that as 
the AFC improves, its economic importance decreases due to a 
non-linear relationship between the number of replacement heifers 
required and the costs of rearing them. 

The W24M generates direct income due to the sale of kilograms of 
beef. However, their EV was lower compared to the reproductive 
component. These results are consistent with the evidence reported by 
Pravia et al. (2014) under grazing conditions in Uruguay, where 
reproductive traits had higher EV compared to growth traits. In Brazil, 
Fernandes et al. (2018) also reported a REI of 6.7% for slaughter weight. 
This could indicate that, in tropical cattle production systems, the 
improvement of reproductive parameters would allow farmers obtain-
ing a greater number of calves per year and consequently more kilos of 
beef to sell, which would increase profitability more than increasing 
directly the phenotypic performance of growth traits, such as weights at 
different ages. These results confirm that genetic improvement of 
growth from weights at different ages is not always sufficient to optimise 
profit in a beef breeding programme. However, traits associated with 
carcass and beef quality should also be considered to avoid ignoring 
important traits associated with beef production (Koch et al., 2004). 

4.2. Selection indexes 

A common interest that exists in any breeding programme is the 
ability to identify genetically superior animals, even if breeding goals 
have unfavourable correlations and selection intensities are low (Berry 
et al., 2019; Zhang & Amer, 2021). In this study, the three proposed 
selection indexes generated favourable responses for the three selection 
criteria despite the antagonistic correlations between AFC-CI and 
W24M-CI. Although the selection indexes were evaluated with simu-
lated TBV, their implementation could be restricted by the accuracy of 
the estimates, mainly by the breeding values of traits with low herita-
bility (Aby et al., 2014). Hence, the use of these selection indexes in BON 
cattle should be analysed with caution, due to the current low re-
liabilities in the national genetic evaluation for AFC and CI. This sce-
nario limits a high selection pressure by considering these traits, which 
woukd reduce the expected genetic progress (Zhang & Amer, 2021). 

Although genetic gains for all traits were favourable in the three 
indexes, the PCSI and FSI do not optimise genetic and economic progress 
simultaneously due to the low correlations with the ESI (less than 0.55). 

Table 3 
Weights for three selection criteria derived from three different methodologies 
in Colombian Blanco Orejinegro cattle.  

Trait  Weights   

PCA 1/σ EV 
W24M 0.56 0.034 0.16 
AFC -0.51 -0.009 -0.31 
CI -0.29 -0.0093 -1.3 

W24M: Weight at 24 months of age, AFC: Age at first calving, CI: Calving in-
terval, PCA: Principal component analysis, EV: Economic value, σ: phenotypic 
variance.  

Table 4 
Expected genetic progress per each selection criteria using three different se-
lection indexes in Colombian Blanco Orejinegro cattle.   

PCSI FSI ESI 

W24M 13.2 kg 13.9 kg 4 kg 
AFC -22.4 d -21.2 d -9.2 d 
CI -0.8 d -0.6 -11.7 d 

W24M: Weight at 24 months of age, AFC: Age at first calving, CI: Calving in-
terval, PCSI: Principal component selection index, FSI: Falconer selection index, 
ESI: Economic selection index. 

A. Amaya et al.                                                                                                                                                                                                                                 
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In the ESI, the genetic gain for W24M was certainly lower when 
compared to the other indexes, but it had the highest expected genetic 
gain for CI, due to its economic importance. These results coincide with 
the indexes proposed in continental breeds by Aby et al. (2014), where 
the greatest emphasis on reproductive traits reached the expected ge-
netic progress for production traits. Chegini et al. (2018) also concluded 
that the inclusion of reproductive traits in selection resulted in consid-
erable genetic gains, which indicates that these traits play an important 
role in the profitability of production systems. 

The highest correlation (0.98) between the indexes was for FSI-PCSI. 
This is because both weight according to the magnitude of the variance 
and the structure of correlations of the traits included in the index. It 
leads to calculate proportional weights between the two methods 
(Godshalk & Timothy, 1988; Amaya et al., 2021; Domínguez -Castaño 
et al., 2021). On the contrary, the bio-economical model weights ac-
cording to the productive and market conditions of the production 
system, which are not dependent on the structure of (co)variances of the 
three selection criteria. Although some studies such as the one con-
ducted by Godshalk & Timothy. (1988) reported that multivariate 
techniques generated a similar ranking to the net merit index estimated 
by economic weights, they also showed that these correlations were very 
sensitive to the (co)variance structure of the traits included in the index. 
This is a very important restriction in any genetic improvement pro-
gramme, because selection is constantly changing the genetic constitu-
tion of the population and the (co)variance structure. 

Another system of weighting the traits is the discussion with expert 
panels, however, studies carried out in Mexico have shown that the 
correlations between this system and the productive evaluation have 
been close to zero, varying from 0.10 to 0.17 (Ramírez-Valverde et al., 
2016). These results highlight the need to include economic analyses to 
evaluate breeding objectives and implement them in the short, medium 
and long term in the national genetic improvement programme in BON 
cattle. In Colombia, the selection decision-making is usually based on 
the magnitude of the heritability and how easy to measure is the trait. It 
determines the emphasis in selection indexes (Vergara & Iriarte, 2002; 
Montes et al., 2008; Betancur-Zambrano et al., 2012; Agudelo -Gómez 
et al., 2016; Amaya et al., 2021). However, this practice could reduce 
the profit of the system, despite generating apparently favourable 
phenotypic progress. 

4.3. Genetic progress 

The BON farmers typically use a single decision-making criteria in 
selection programmes. Hence, three additional selection scenarios were 
also simulated, one per each trait. Selection for W24M generated the 
greatest genetic change for this trait, decreased AFC, but increased CI, 
which would have a negative impact on herd productivity and affect the 
main advantage of the breed, its reproductive component (Rocha et al., 
2012). The selection by CI decreased W24M, which could affect the 
purchase intention to introduce the BON breed in livestock systems, 
both in crossbreeding and purebred herds, where one of the greatest 
zootechnical interests is to offer animals with heavier weights for the 
current market. 

In contrast, the use of the proposed selection indexes showed 
favourable genetic progress for all traits. These results show the need to 
implement the methodology of selection indexes in Colombian BON 
cattle. Ramírez et al. (2020) also highlighted the importance of incor-
porating selection index methodology in this population. Although it is 
clear that selection indexes must be implemented, some difficulties must 
be overcome, such as a better record keeping practice for reproduction 
traits. Additionally, it is important to consider new traits associated with 
adaptation and product quality that optimise the competitiveness of the 
BON breed. 

In economic terms, Fig. 1 shows the expected profit per trait in each 
selection index. The selection indexes generated a positive economic 
response for all traits (grey box). There, the greatest profit (15.27 USD) 

was generated by the ESI index, where CI had the greatest contribution. 
On the other hand, CI in the PCSI and FSI indexes had also positive 
economic contributions, but much lower compared to the ESI. PCSI and 
FSI generated a greater economic impact for AFC and W24M than the 
ESI. Although the expected profit varied between the different selection 
strategies, the most important trait to consider is CI, because its 
improvement represents a greater number of calves per year and lower 
costs associated with herd maintenance. The greatest profit was ob-
tained with the ESI and can be explained because it was the index that 
generated a greater CI phenotypic response to selection. This agrees with 
Krupova et al. (2020) and Amaya et al. (2020), who showed the positive 
economic importance of reducing CI in cattle production. 

In Colombia, despite the fact that farmers do not have a structured 
economic information system, they have identified reproductive traits to 
have a high economic impact, which means the implementation of the 
ESI would be easy to adopt by farmers in the national breeding pro-
gramme. This is more important to consider in the current production 
scenario because farmers select based on growth traits, without 
considering reproductive performance, possibly due to a lack of reliable 
genetic evaluations for these traits (Ramírez et al., 2020). However, 
efforts on estimating genetic correlations with growth traits is impor-
tant, because associations could be detrimental to economic progress. 
This is of greater relevance because most authors have usually reported 
negative correlations between reproduction and growth traits (Ali et al., 
2019). 

5. Conclusions 

The proposed selection indexes simultaneously improve the pheno-
typic and economic performance for the three selection criteria 
considered in the national breeding programme for the BON breed. The 
weights to build selection indexes in the BON cattle must be estimated 
from methodologies that include economic and productive information. 
Statistical and empirical methodologies to build selection indexes could 
generate phenotypic changes in a breeding programme, but the increase 
of profit by genetic selection is not guaranteed. Although the economic 
selection index is implemented, the economic values must be updated if 
productive, genetic and market conditions change significantly. The 
economic values can be used as decision tools by local farmers if they do 
not implement the selection indexes due to the current issues with ac-
curacy of the estimated breeding values for reproductive traits. 
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