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In 2019 the Interbeef Working Group started offering a new Service: the “Interbeef Pilot run”. The 

Service, developed and provided by Interbull Centre, consists in an international genetic evaluation 

for beef breeds using pre-defined genetic parameters. In 2020, Estonia expressed interest in Interbeef 

Pilot run for the evaluation of adjusted weaning weight (aww) in Limousin and Aberdeen-Angus 

breeds. The aim of this project was to perform the Interbeef Pilot run using performances and 

pedigree information submitted by Estonia jointly with the international data available for the 

Interbeef Service. The service was expected to offer Estonia access to a wide international panel of 

animals whose EBVs were expressed on the local scale, additionally to an increase in EBV 

reliabilities of animals in Estonia. This would facilitate the selection of the bulls with best EBVs at 

national and international level. 

International EBVs and reliabilities were obtained using a multi-trait animal model where aww 

performances from different organisations are considered as different traits. Across country genetic 

correlations for Estonia were set as the average of the correlations estimated for the other 

participating organisations in the Interbeef routine aww evaluation. 

Pseudo-national EBVs were computed by setting the across country genetic correlations in the 

model to zero. The pseudo-national and international EBVs and reliabilities were compared 

assessing the theoretical benefit of joining the international genetic evaluation. 

As a result from the Pilot run, Estonia received international EBVs on its own scale for all 

animals included in the international pedigree. An average increase in international EBV reliability 

of 0.12 and 0.09 was observed for Estonian Limousin and Aberdeen Angus respectively.  

The main foreign sire countries were DFS (Denmark, Finland, Sweden) for Limousin and the  

UK in Aberdeen Angus. The number of connecting sires between Estonia and the participating 

countries in Interbeef was limited, which should be taken into account in case Estonia would join 

the international evaluations in the future.  

Based on the Pilot run results, Estonia would benefit from joining the Interbeef evaluation. 

Keywords: Estonia, reliability, Interbeef, International genetic evaluation, beef cattle, weaning 

weight 
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Technical developments in cattle reproduction increased the possibilities of the international 

exchange of genetic material by using frozen semen and frozen embryo transfer. As a result, 

cattle populations rapidly incorporated genes from other populations (Philipson, 1987; 

Eriksson et al., 2007). Countries that imported semen faced the problem of choosing between 

local bulls and bulls from a worldwide gene pool when selecting the most suitable breeding 

stock for their own breeding goals and needs; this led to the interest of finding methods to 

express bulls’ estimated breeding values (EBVs) on the scale of other countries (Fikse & 

Philipsson, 2007; Philipsson, 2011). Therefore, cattle genetic evaluation models which 

allowed the comparison of EBVs across countries were developed (Schaeffer, 1994; Venot 

et al., 2006). 

In beef cattle, farming systems and environmental conditions can be very different between 

countries and even between regions within countries (Journaux et al., 2006; Renand et al., 

2003). In 2006, the International beef evaluation service (Interbeef) was established as a 

working group of ICAR with the goal of offering international genetic evaluations for beef 

cattle breeds to members of ICAR (Journaux et al., 2006). The main benefit obtained from 

the international genetic evaluation is that breeders get access to an international panel of 

animals whose EBVs are expressed on the local scale (Renand et al., 2003; Venot et al., 

2007). In addition, sires with foreign progeny are expected to show an increase in EBV 

reliabilities (Venot et al., 2008, 2009, 2014).  

In 2019, a country pilot run service was introduced to Interbeef´s portfolio. The service offers 

the possibility to any ICAR member to try the international evaluation (using assumed 

parameters) without being an official member of Interbeef. In late 2020, Estonia expressed 

interest in assessing the benefits from joining Interbeef services and requested a pilot run for 

weaning weight in Aberdeen Angus and Limousin breeds. 

The aim of this thesis was to assess the impact that joining the international beef cattle genetic 

evaluation has on the breeding values calculated for Estonian animals. 

1. Introduction 
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2.1. Beef cattle breeding 

The beef cattle industry consists basically of seedstock and commercial producers. Generally, 

the genetic improvement (the increase in breeding values), occurs in the seedstock sectors, 

which then flows to the commercial industry through the purchase of semen or bulls. The 

selection of breeding animals can be made based on a wide range of information, however, 

breeding values or expected progeny differences (EPDs) are considered the most informative 

(Spangler, 2013).  

In beef cattle breeding, the use of artificial insemination (AI) is less common than in dairy 

cattle (Spangler, 2013). Nevertheless, it has become more frequent over the years; Fontes et 

al. (2020) reported that from 1990 to 2017 the number of dairy semen units sold in the United 

States of America increased by 84%, while the number of beef semen units increased by 

145%. 

The breeding pyramid in species like poultry or swine is much more clearly defined than in 

beef cattle, due to the formalized breeding companies that exist. However, this pyramid does 

exist also in beef cattle (Marquez et al., 2010). At the nucleus level, animals (particularly 

sires) are mainly produced for their use in the multiplier level, even though some of the 

nucleus animals could be sold directly to commercial herds (Spangler, 2013).  The drivers of 

genetic change are the nucleus herds. The multiplier herds expand the genes from the nucleus 

populations to produce animals for the commercial sector. 

According to the University of Arkansas (2021) the main performance traits of beef cattle 

that influence the productive efficiency of desirable beef are: Reproductive Performance, 

Maternal Ability, Growth Rate, Feed Efficiency, Body Measurements, Longevity, Carcass 

Merit and Conformation or Structural Soundness. 

In beef cattle, the largest portion of response to selection is directly influenced by the 

breeders’ choice of sires because of the intensive use of this bulls in the herd.  Therefore, the 

2. Literature Review 
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selection of the best sires is desirable as a way of increasing male performance for productive 

traits and also to improve the maternal performance of females (Campêlo et al., 2004). 

As the demand of beef increased, also did the need of beef cattle with better productivity 

(Smith et al., 2018). This led countries to increase the use of AI and embryo transfer (ET) 

for the wide spreading of genes from genetically superior bulls and dams (Ferraz et al., 2018; 

Magnabosco et al., 2013; Moore & Hasler, 2017). However, with the international trade of 

genetic material, it occurred that producers selected international sires that showed improved 

performance in the exporting country which was not observed in the performance of the 

offspring in the importing country (Wakchaure et al., 2016). 

2.2. Weaning weight 

Since the mid-90s, selection on growth performances have been taking place. High positive 

correlations between traits like birth weight, weaning weight and yearling weight were found. 

This was not entirely desirable as increased birth weight was also associated with dystocia 

(Mathews, 1989; Stanforth & Fralim, 1957; Lopez et al., 2020).  Additionally, the selection 

for increased weaning weight was also reported to prolong gestation length and increased 

age at first calving (Lopez et al., 2020).  

Weaning weight is one of the main traits selected for the genetic improvement of beef cattle. 

This trait (which is expressed by the calf) is often regarded as a characteristic of the dam, as 

it represents the saleable production of the cow. It is of direct economic importance and is a 

major reason for considering the culling of a cow from the herd (Chantalakhana, 1968; Szabo 

&Bene, 2013). Also,  it is considered to be a complex trait as four components are associated 

with it: direct additive genetic effect (half of the direct additive genetic value given by the 

sire and the other half by the dam), direct genetic maternal effect (influencing e.g. milk yield 

and milk quality of the dam), a permanent maternal environmental effect (specific to the dam) 

and environmental factors such as season and/or year of birth, age of the dam, age at weaning, 

etc (Quintero et al., 2007). 

2.2.1. Genetic evaluation of weaning weight 

Animal models used in the analysis of maternally influenced traits generally include direct 

and maternal effects (along with the covariance between them) and a permanent 

environmental effect of the dam (Dodenhoff et al., 1988). The presence of maternal effects 

in the models used in genetic evaluations reduces the variance of the direct genetic effects 

(Meyer, 1992). A proportion of this variance reduction is explained by the maternal genetic 

and maternal permanent environmental variances. Several studies have reported to use a 
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single or multi-trait animal model that includes maternal effects for the estimation of genetic 

parameters of weaning weights in national herds (Campêlo et al., 2004; Szabo &Bene, 2013; 

Quintero et al., 2007; Graser et al., 2005).  

Direct heritabilities for weaning weight of 0.14 and 0.17 in crossbred populations have been 

reported by Demeke et al. (2003) and Splan et al. (2002), while heritabilities in different 

pure-bred populations have been reported from 0.10 to 0.51 (Phocas & Laloë, 2004; Lopez 

et al., 2020). In regards of maternal heritabilities for weaning weight, these are generally 

reported around 0.10 and up to 0.20 (Splan et al., 2002; Lopez et al., 2020; Phocas & Laloë, 

2004). 

2.3. Genotype by environment 

Genotype by environment interaction (GxE) is defined as the change in the relative 

performance of two (or more) genotypes which are measured in two (or more) environments. 

GxE generally appears when the performance of the different genotypes is not influenced in 

the same way by the distinct environments. The difference in response of the genotypes could 

lead to the reclassification or re-ranking of the genetic values (Falconer & Mackay, 1996).  

In order to assess the effect of GxE, the same trait in two different environments must be 

treated as two separate traits and the genetic correlation between the genotypic values of trait 

in the different environments must be estimated. Low correlations between the genotypic 

values of the trait means that GxE is present, while in absence of GxE the correlation is 

expected to be close to one. The efficiency of selection programs may be affected by GxE. 

The response in the performance traits of animals that were raised under environmental 

conditions different than those of the selected ones may be reduced. Also, the economic 

performance of animals with a genotype that is not adapted to a specific environment can be 

reduced (Wakchaure et al., 2016). 

In beef cattle, De Mattos et al. (2000) investigated the presence of G×E interactions for 

adjusted weaning weight in Hereford animals of different regions of the USA and across 

USA, Canada and Uruguay. The estimated genetic correlation for direct and maternal genetic 

effects for USA – Canada, USA – Uruguay and Canada – Uruguay were all between 0.8 and 

0.9, showing that there were no strong GxE. Similar results were found for Hereford animals 

from Argentina, Canada and the USA (Lee & Bertrand, 2002). Nevertheless, the farming 

conditions and systems in beef cattle breeding can be far more heterogeneous than in dairy 

cattle (Journaux et al., 2006). In the case of dairy cattle, genetic correlations lower than 0.8 

were found between North and South America (Ceron-Munoz et al., 2004) and across some 

eastern European countries (Rekaya et al., 2001). 
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In order to be able to compare the genetic merits of an animal in different countries, an 

international genetic evaluation should also consider GxE, as this may result in scaling or re-

ranking of evaluated animals across different countries (Ahlqvist, 2010). In addition, another 

important aspect of an international evaluation is the genetic linkage (or connectedness) 

between the populations of each country (Phocas et al., 2005; Fouilloux et al., 2006; Venot 

et al., 2007; Venot et al., 2008). 

2.4. Connectedness 

“Connectedness” is a term commonly used in animal breeding associated to genetic 

evaluations and comparison of EBVs across herds.  It can be described as the measurement 

of the relationships among herds (or contemporary groups). In genetic evaluation models, the 

contemporary groups (or herds) represent the pairs of fixed factors whose differences need 

to be estimated to make it possible to compare genetic evaluations of animals from these 

groups.  The accuracy of the differences among individuals of the subclasses is affected by 

the degree of connectedness between subclasses (Mathur, 2005).  

In occasions, there is an interest of knowing if there is enough connectedness between two 

groups in order to include them in a common genetic evaluation. This is useful in the ranking 

of individuals across herds and for identifying the best individuals for genetic improvement 

and selection (Mathur, 2005; Phocas et al., 2005; Fouilloux et al., 2006). Comparisons of 

EBVs tend to be biased when low connectedness exists across groups. The lower the 

connectedness across groups is, the larger the bias and therefore, the accuracy of comparison 

of EBVs among groups is decreased (Zhang et al., 2018).  

In beef cattle, low genetic connectedness has been reported between herds of different 

countries as a consequence of the less frequent use of AI (Bonifazi et al., 2020b; Fouilloux 

et al., 2006; Berry et al., 2016). On the other hand, the situation is the complete opposite for 

dairy cattle (Berry et al., 2016). 

2.5. International genetic evaluation in cattle. 

With the international exchange of genetic material, importers and exporters grew interested 

in obtaining methods for comparing bulls’ EBVs in different countries’ scales (Dürr 

&Philipsson., 2012). Therefore, international genetic evaluations in both dairy and beef cattle 

were developed (Schaeffer, 1994; Venot et al., 2006).  

In dairy cattle, the ICAR’s sub-committee “Interbull”, performs the international genetic 

evaluation of dairy bulls through the Multi-trait Across Country Evaluation (MACE) 
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(Schaeffer, 1994). In the case of beef cattle, the ICAR’s working group “Interbeef” offers 

international genetic evaluations for 5 breeds (Charolais, Hereford, Aberdeen Angus, 

Limousin and Simmental) and three traits (weaning weight, calving ease and birth weight) 

(Interbull, 2020). 

2.5.1. ICAR, the “International Committee for Animal Recording”. 

On 9th March 1951, the “International Committee for Animal Recording” (ICAR) was 

founded. Today ICAR is the leading global provider of Guidelines, Standards and 

Certification for animal identification, recording and evaluation counting 115 members from 

57 countries all around the world (https://www.icar.org/). 

ICAR technical activities are managed by a group of technical bodies which are formed by 

subcommittees and working groups. Some of the tasks of these bodies are related to provide 

guidelines and standardize the collection of animal data, its storage and its use for a range of 

purposes that are directed to support the strategic directions of ICAR. Subcommittees are 

considered as “long term” to “permanent” ICAR entities that can have members of their own 

to whom they provide services. Working groups, on the other hand, are considered long term 

entities which will exist until the fulfilment of their task, and their activities are focused on 

the development and recommendation of new services and methodologies to ICAR members 

(https://www.icar.org/index.php/technical-bodies/instructions-for-scs-wgs-and-tfs/). 

2.5.2. Interbull 

The International Bull Evaluation Service (Interbull) is a permanent subcommittee of ICAR. 

It was founded in 1983 in a joint project among ICAR, the International Dairy Federation 

(IDF), and the European Association for Animal Production (EAAP) as a response to cover 

the desire of the dairy breeders for an accurate comparison between animals across countries. 

Interbull became a permanent member of ICAR in 1988 Today Interbull is a worldwide 

network that provides genetic information services for the genetic improvement of dairy 

cattle (https://www.icar.org/index.php/technical-bodies/sub-committees/Interbull-sub-

committee/).. 

The Interbull genetic evaluations of dairy sires started in 1994 using MACE, the multiple-

trait across country evaluation (Schaeffer, 1994). The routine evaluation considers bulls’ 

EBVs estimated from different Interbull members. EBVs submitted by each member are 

considered as a unique trait and the genetic correlations among the countries are estimated 

from common bulls that have progeny in multiple countries (Hammami & Gengler, 2009). 

The value of the correlations between countries has an effect on the re-ranking of bulls in 

other country scales. If the genetic correlations are equal to one, the ranking of the bulls will 

be the same in all countries. However, if the correlation is smaller than one, re-ranking will 

https://www.icar.org/index.php/technical-bodies/instructions-for-scs-wgs-and-tfs/
https://www.icar.org/index.php/technical-bodies/sub-committees/Interbull-sub-committee/
https://www.icar.org/index.php/technical-bodies/sub-committees/Interbull-sub-committee/
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occur. Generally, the smaller the correlation, the more re-ranking of bulls (Jakobsen et al., 

2009).   

In order for MACE to work properly, bulls need to have a unique identification number, 

unbiased national evaluations, known (co)variances and the genetic links between countries 

must be present (Schaeffer, 1994).  

2.5.3. Interbull Centre 

In 1991 Interbull founded its operational unit, Interbull Centre, with the aim of providing 

genetic information services and applied research for improvement of livestock to a 

worldwide network (https://www.icar.org/index.php/technical-bodies/sub-

committees/Interbull-sub-committee/) 

The main services offered by Interbull Centre are: 

1. Dairy international genetic and genomic evaluations. 

2. Parentage SNP Exchange (“GenoEx-PSE”): This is a service for exchanging 

standardized sets of SNPs for animals that are genotyped in order to facilitate the 

parentage analysis activities (https://interbull.org/ib/genoex_pse). 

3. European Union Reference Centre (EURC) for Zootechnics: Interbull Centre was 

designated by the European Commission to act as the centre for the “scientific and 

technical contribution to the harmonisation and improvement of the methods of 

performance testing and genetic evaluation of purebred breeding animals of the 

bovine species” (https://interbull.org/ib/eurc).  

Administratively, the Interbull Centre is a section of the Department of Animal Breeding and 

Genetics of the Swedish University of Agricultural Sciences (SLU), which has been 

contracted by ICAR to be the operational unit for both Interbull and the Interbeef working 

group (Swedish University of Agricultural Sciences (SLU), 2019; 

https://Interbull.org/ib/Interbullcentremain). 

2.5.4. Interbeef Working Group 

The Interbeef WG is the ICAR working group in charge of coordinating the development 

and provision of services for the international genetic evaluation of beef cattle breeds.  

Beginnings of the European joint beef genetic evaluation 

Since the 90s several groups of countries developed joint genetic evaluations in beef cattle 

and becuase these groups had the same rules for recording performance and had similar 

https://www.icar.org/index.php/technical-bodies/sub-committees/Interbull-sub-committee/
https://www.icar.org/index.php/technical-bodies/sub-committees/Interbull-sub-committee/
https://interbull.org/ib/Interbullcentremain
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farming conditions and systems, the existing models for genetic evaluations between 

countries assumed no genotype by country interaction (GxE), and therefore, no re-ranking of 

bulls due to GxE could happen (Journaux et al., 2006).  

In 2001, a European joint project was conducted for the genetic evaluation of beef breeds 

across countries (EUBEEVAL), which had the goal of enlarging the catalogue of breeding 

animals to choose from based on an objective method (Venot et al., 2007). The feasibility of 

an across country model that would consider, among others, the genotype by country 

interaction was positively assessed by Quintanilla et al. (2002) and Renand et al. (2003).  

The EUBEEVAL project provided a within-country ranking of bulls in France, UK and 

Ireland, but it also underlined the need of a unique international identifier for every animal 

that was exchanged (Journaux et al., 2006; Venot et al., 2006). In Phocas et al. (2005) it was 

determined that the most fitting model for beef evaluations was an animal model across-

country evaluation using raw data (AMACI model), which accounts for heterogeneous 

variances and different genetic correlation between countries. In this way, the best 

consistency between national and international ranking of animals, and the best estimates of 

genetic parameters across countries were achieved. 

Creation of Interbeef 

Through a general survey, several countries (France, Ireland, the UK, Sweden, Denmark and 

Finland) expressed their desire to ICAR of having an international beef evaluation service, 

and in June 2006 “Interbeef” was founded as a working group for ICAR, which aimed at 

developing international beef cattle genetic evaluation (Journaux et al., 2006; Venot et al., 

2007).  

Before the first official Interbeef evaluation was performed, preliminary research runs took 

place in the evaluation of adjusted weaning weight (aww) in Limousin and Charolais across 

European countries (Venot et al., 2007, 2009a, 2009b, 2014). The base for Interbeef 

evaluation protocol were reported by Venot et al (2007). The genetic model used for these 

evaluations was a multi-trait animal model which included maternal genetic effects and 

maternal permanent environment (Phocas et al., 2005). All environmental effects were 

specific to each country.  

In practice, the estimation of genetic connectedness is estimated by counting the number of 

bulls with offspring in more than one country (Venot et al., 2007, Bonifazi et al., 2020a). 

However, an alternative approach was proposed by Venot et al. (2008) based on a measure 

of the potential bias between the genetic levels of the different countries. This methodology 

was used in further research runs (Venot et al., 2009a, 2009b) as a way of facing the low 

connectedness found among countries. The low connectedness resulted in low accuracies for 

the international EBVs and in difficulties in the estimation of genetic correlations.  
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The research for the performance of an international genetic evaluation of calving traits took 

place in 2013. The model evaluated “birthweight”, “calving ease”, and “stillbirth” for 

Charolais and Limousin breeds (Vesela et al., 2013). The genetic correlations among 

countries were eventually obtained in 2014 (Interbull, 2015).  

The first Interbeef test runs for weaning weights were performed in 2013 and 2014, the 

benefits gained from the usage of the Interbeef international genetic evaluation for weaning 

weight were published. The impact of the joint genetic evaluation on each country was 

assessed through the comparison of the reliability and the ranking of sires between Interbeef 

EBVs and pseudo-national evaluations’ EBVs (Venot et al., 2014). The pseudo-national 

evaluations mimic the real national evaluations by setting covariances used in the multi-trait 

model between countries to zero, in this way, performances from other countries are not taken 

into account for the prediction of EBVs in each country (Venot et al., 2009b; Venot et al., 

2014). These evaluations are as close as possible to the real national evaluations; however, 

some particularities (e.g. multiple-breed evaluation) cannot be taken into account (Venot et 

al., 2009b). Also, the process of reliability estimation of some countries may differ, resulting 

in not comparable reliabilities. 

Interbeef today 

Among the services offered by Interbeef, through Interbull Centre, are: management of a 

pedigree, identification, and performance database; routine genetic evaluations for beef traits 

and breeds; and a Pilot run for potential new members. The management of pedigree and 

performances information is through the “Interbull Data Exchange Area” (IDEA) database, 

where Interbeef members are allowed to upload and edit their information. 

Routine genetic evaluations are performed twice a year, following ICAR’s service calendar 

(Interbull Centre, 2019b).  

The countries that participate in Interbeef routine genetic evaluations are the Czech Republic 

(CZE), Australia (AUS), DFS (Denmark , Finland and Sweden), France (FRA), Germany 

(DEU), South Africa (ZFA), Switzerland (CHE), Ireland (IRL), United Kingdom (GBR), 

Slovenia (SVN) and Latvia (LAV).  

Interbeef evaluations are available for the breeds: Charolais (CHA), Limousin (LIM), 

Simmental (SIM), Hereford (HER) and Aberdeen Angus (AAN). 

The participation of the different country members of Interbeef in aww evaluation, as well 

as the breeds they are participating with during 2020 are illustrated in Table 1.  
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Table 1. Breeds and participating countries in the international evaluation for adjusted weaning weight 

(Interbull, 2020) 

Breed Countries 

CHA AUS,CZE,DEU,DFS,FRA,IRL,ZAF,CHE, SVN,LAV 

LIM AUS,CZE,DEU,DFS,FRA,IRL,CHE,GBR,SVN,LAV 

SIM CZE,DEU,DFS,IRL,CHE 

HER CZE,DEU,DFS,IRL,CHE 

AAN CZE,DEU,DFS,IRL,CHE 

AUS= Australia; CZE = Czech Republic, DEU= Germany; DFS = Denmark, Finland and Sweden, IRL = 

Ireland, FRA = France; CHE = Switzerland; LAV=Latvia; SVN= Slovenia; ZAF= South Africa 

The participation of the different country members of Interbeef in calving traits evaluation, 

as well as the breeds they are participating with during 2020 are illustrated in Table 2. 

Table 2.Breed-trait-country groups participating in the research project for the calving traits ‘birth weight’ 

(bwt), and  ‘calving ease’ (cae) (Interbull, 2020). 

Breed Trait Countries 

CHA cae CZE,DFS,FRA,IRL, SVN 

bwt CZE,DFS,FRA,IRL,ZAF,SVN 

LIM cae CZE,DFS,FRA,IRL,GBR,SVN 

bwt CZE,DFS,FRA,IRL,GBR,SVN 

SIM cae CZE,DFS,IRL 

bwt CZE,DFS,IRL 

CZE = Czech Republic, DFS = Denmark, Finland and Sweden, GBR = Great Britain, IRL = Ireland, FRA = 

France; CHE = Switzerland; SVN= Slovenia; ZPA=South Africa  

Interbeef Technicalities 

Interbeef EBVs are currently estimated using MiX99 (Mix99 Development Team, 2017) 

software and the reliabilities are calculated using MTEDC5 (Sullivan, 2020). The variance 

components for aww are estimated using the DMU programme, and the variance components 

for calving traits are estimated using BLUPF90; variance components are estimated during 

the test runs (Interbull, 2020).  

For a country to join the international evaluation system, the national pedigree information 

should be uploaded into the Interbull Data Exchange Area (IDEA) database, for which each 

animal should have its own and unique international identification. This unique international 

identification is used in the international genetic evaluation system and is referred to as the 

“Animal International Identification” (AIID). The AIID is compounded by the breed, sex, 

country and the national registration number of each animal. Performance records for 
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crossbred animals in weaning weight evaluation should also be included in the IDEA 

database (Interbull Centre, 2019a). 

Benefits of Interbeef evaluation 

Summarising, according to Venot et al. (2014), the benefits offered by the Interbeef 

international genetic evaluation are: the possibility for the breeders to have access to a much 

larger panel of new favourable bulls selected on EBVs specific to their country scale; to 

provide objective information for exporting their breeding animals to other country members. 

Alongside, adding Interbeef information has shown to be beneficial for a large majority of 

participating countries by increasing the national reliability (Bonifazi et al., 2020a). 

2.5.5. Pilot Run 

 In 2019, the country pilot run service was introduced to the Interbeef’s portfolio.  This gives 

the possibility to any ICAR’s member which may be interested to become a member of 

Interbeef to try the international evaluation beforehand. A clone of IDEA database is 

dedicated to the run and the country joining the service can test all the functionalities 

provided by Interbeef (international pedigree, data checking, international EBVs), without 

being official member. The pilot run is similar to a test run with a few exceptions. 

Pilot runs are not scheduled in the calendar of ICAR Interbeef services, these must be asked 

for by a written request and should be accepted by ICAR.  No variance components are 

estimated during the pilot run evaluation, this means that official parameters for the Interbeef 

member organisations (obtained during the last test run), and the assumed parameters, for the 

requesting new organisation (calculated as the average of the parameters of the member 

organisations) are jointly used during the pilot run (Interbull Centre, 2019b). The requesting 

organisation should upload the pedigree information and the data (performances and the 

model used for their parameters) to the clone of IDEA database. The pilot run results are 

delivered only to the requesting organisation, also the resulting EBVs and reliabilities should 

not be published (Interbull Centre, 2019b). This service has already been used by two 

countries, SVN in late 2019 testing aww evaluation in LIM and CHA, and Italy in early 2020 

testing the aww evaluation for LIM (Interbull, 2020).  

In late 2020, Estonia (EST) expressed interest in assessing the benefits from joining Interbeef 

services and requested a pilot run for aww in Aberdeen Angus and Limousin breeds. 
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2.6. Estonia 

Estonia is located on the southern coast of the Gulf of Finland in the Baltic Sea. It has a coast 

length on the mainland of 1 242 km, and the length of coast of the islands is 2 552 km. The 

climate in Northern and Western Estonia is of the maritime type, while in Eastern and South-

Eastern Estonia it is continental. The weather changes from year to year, which makes 

agricultural crop yields unstable. For years animal husbandry provided 74 % of the total 

agricultural production, of this, cattle breeding accounts for 62-65 % (Saveli, n.d.). 

2.6.1. Beef breeding in Estonia 

In 2001, the Estonian Beef Cattle Breeders Association was established and, since then, the 

recording of beef cattle performances has been conducted. Over the years, fluctuations in the 

population of beef cattle in Estonia have been reported. In the year 2005, a decrease in beef 

cattle population occurred, however, a recovery in numbers happened during the year 2010; 

the tendency of increasing beef cattle population has continued since then (Eesti 

Põllumajandusloomade Jõudluskontrolli AS, 2020; Saveli, 2011). 

In 2001, beef breeding was performed over 14 counties, whereas more than 50% of the cattle 

were concentrated in Hiiu, Saare and Lääne counties. Over a half of the Estonian beef 

breeders keep relatively small cattle herds, which can go up to 10 individuals (Institute of 

Animal Science of Estonian Agricultural University et al., 2001). By the year 2010, 39,000 

heads of beef cattle were kept in 1108 holdings (Saveli, 2011). 

Currently, beef cattle breeding is quickly developing. A report of animal breeding in Estonia 

that covered the development of this area from the year 2004 to 2011 mentioned that the 

population of beef cattle in Estonia has been consistently rising (Saveli, 2011).  

On the 1st of January, 2019, there were 77,721 beef animals recorded in Estonia, of the 

following breeds: Aberdeen-Angus (23%), Limousin (22%), Hereford (16%), Simmental 

(14%) and Charolais (12%) (Interreg Central Baltic Programme 2014-2020, n.d.). 

2.6.2. The Estonian Livestock Performance Recording Ltd 

The Eesti Põllumajandusloomade Jõudluskontrolli AS (Estonian Livestock Performance 

Recording Ltd) has as main task the improvement of the efficiency of animal husbandry by 

performing animal recording and independent testing of the quality of raw milk. The Estonian 

Livestock Performance Recording Ltd also records the performance of beef animals, pigs 

and goats (Eesti Põllumajandusloomade Jõudluskontrolli AS, 2019).  
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Up until 2019, the Estonian Livestock Performance Recording organisation recorded the 

performance of the following breeds: Aberdeen-Angus, Hereford, Simmental, Charolais, 

among others (Eesti Põllumajandusloomade Jõudluskontrolli AS, 2020). The population size 

of pure-breds animals from previously mentioned breeds are reported in Table 3.  

Table 3. Population of beef breeds in Estonia in year 2019 (Eesti Põllumajandusloomade Jõudluskontrolli AS, 

2020). 

Breed Total Suckler cows Heifers 

CHA 2225 995 818 

LIM 2859 991 1229 

SIM 1751 788 653 

HER 2067 1014 632 

AAN 3619 1569 1280 

The beef traits recorded in Estonia are birthweight and average daily gain (until 200 and 365 

days of age). In addition, the cow’s culling reasons are also recorded (Eesti 

Põllumajandusloomade Jõudluskontrolli AS, 2020).  

By the end of 2019, Estonia reported 15,237 pure-bred beef cattle individuals under 

performance recording. Among those, 3,619 were Aberdeen Angus and 2,859 were 

Limousin. (Eesti Põllumajandusloomade Jõudluskontrolli AS, 2020). 
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3.1. Data analysis for Estonia 

Descriptive statistics of the performance data submitted by Estonia for 4565 LIM and 

4798 AAN was performed using the software R studio (RStudio Team., 2020).  

At national level, Estonia performs a multi-breed genetic evaluation fitting a model 

which considers the animal’s breed as fixed effect. In order to join the international 

evaluation, which is performed considering each breed independently, Estonia 

provided an ad-hoc version of the model used at national level, which is described 

below. 

1. The effects fitted by Estonia in the model provided for the Pilot run were 

independently analysed; a brief description of each effect is reported below: 

a. “ASEXTWIN” is the fixed effect for the animal sex and the presence of twin 

siblings. The effect was coded as: “11” (males without twin siblings), “12” 

(males with twin siblings), “21” (females without twin siblings) and “22” 

(females with twin siblings).  

b. “AACA”, fixed effect for age at calving. The levels were: “1” (youngest 

dams), “2”, “3” and “4” (oldest dams). 

c. “YEAR”, fixed effect for year of birth.  Birth years for LIM animals with 

performances ranged from year 2000 to 2020, for AAN animals from 2002 to 

2020.  

d. “HYS”, fixed effect for contemporary groups concerning herd, year, and 

season for animals with performances. There were total of 160 contemporary 

groups for LIM and 155 for AAN. 

The minimum size declared by Estonia for contemporary groups was 3. In 

Estonian LIM, more than 80% of the contemporary groups were represented 

by less than 50 animals each, while 32% of the total contemporary groups 

consisted of less than 10 animals each (Figure 1). 

3. Materials and methods 
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For Estonian AAN, more than 70% of the contemporary groups had less than 

50 animals each and 24% were formed with less than 10 animals each (Figure 

2). 

 

Figure 1. Distribution of number of animals in contemporary groups for adjusted weaning weight, Limousin. 

 

 

 

Figure 2. Distribution of number of animals in contemporary groups for adjusted weaning weight, Aberdeen 

Angus. 

2. LIM and AAN aww performances submitted by Estonia were subjected to a multi-

factor ANOVA with all the effects fitted in the model as source of variation. 

Aww performances were analysed with the “lm” R package adopting the following 

statistical model: 
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y= HYS+ AACA+ YEAR + ASEXTWIN +e 

where y is the observation of aww; HYS, YEAR, ASEXTWIN, and AACA are the fixed 

effects previously decribed and e is the random residual term to be normally  and 

independently distributed. 

Least squared means were calculated for the levels in ASEXTWIN and AACA effects 

of both breeds using “lsmeans” R package. Pairwise differences between the 

means were estimated through a Tukey HSD test using R studio (RStudio Team, 

2020). 

All calculations and analysis were performed using R studio software unless 

otherwise specified. 

3. EBVs in Estonian scale and their reliabilities were obtained for all individuals in the 

international pedigree through the pseudo-national and international evaluations 

(methodology explained in chapter 3.2.3). Pseudo-national evaluations mimicked the 

national evaluation in order to obtain national-like EBVs (pseudo-national EBVs) and 

reliabilities.  

The distribution of pseudo-national and international EBVs of 11618 Estonian LIM 

and 11751 Estonian AAN was computed and compared. Also, the difference between 

pseudo-national and international EBV reliabilities, both expressed from 0 to 1, were 

computed. 

4. To investigate the behaviour of the reliability gain within Estonian populations, the 

pseudo-national and international reliabilities for Estonian LIM and AAN were 

compared using different reliability thresholds: 0.05, 0.10, 0.30 and 0.50. 

 The correlation between pseudo-national and international EBVs within each 

reliability threshold level was calculated as a way of estimating consistencies between 

EBVs.   

5. The siring countries of Estonian LIM and AAN animals with performances within 

EST were obtained through the pedigree information submitted to IDEA, in order to 

investigate the links across countries.  

Estonian individuals were grouped according to the country of origin of their sires.  

The average pseudo-national and international reliabilities of each group were 

calculated to observe its change in both genetic evaluations.  

6. Genetic links between EST and other countries was investigated through the count of 

LIM and AAN sires shared between EST and at least one other country. Also, the 

country of origin of the common sires was obtained through IDEA’s pedigree data. 
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3.2. Interbeef workflow 

3.2.1. Data checking and editing 

The data submitted to IDEA by each participating organisation was checked and edited 

under the following criteria:  

• Pedigree pruning:  checks on the pedigree, sex of the animal, animal’s date of birth 

and its compatibility with parents’ date of birth were performed. All generations were 

extracted and kept from the animals that had performances recorded. 

• Duplicate filter: if an animal with recorded performances was duplicated a single 

record was kept; if the animal had performances in more than one country then the 

performance submitted by the Authoritative country was kept. 

• Twin filter: each organisation can choose if twins with performances are kept in the 

evaluation or not. For traits in which the twin status would affect the performance, 

either a twin effect is included in the model and twins are kept, or twins are discarded. 

• Contemporary group filter (CG): Each organisation must provide the environmental 

effect related to CG. Each organisation also must provide a minimum size (number 

of animals with performance) for the CG. The CG (and related animals) below the 

minimum size were discarded. 

• Breed filter: Only performances related to purebred animals (identified with 

international ID breed code equal to the evaluated breed) can be uploaded to IDEA 

database. To be included in the evaluation, both parents of the animal must be 

identified as purebred for the evaluated breeds. 

• Crossbred animals: In the case of aww evaluation, crossbred animals are also 

accepted. The ICBF organisation (IRL) submitted crossbred animals with breed code 

“XXX”. These animals were accepted in the evaluation if their sire was from the 

evaluated breed. It must be mentioned that if the animal with performance was not 

coded as “XXX”, but had a dam from other breeds rather than the evaluated one, the 

animal was not included in the evaluation. 

To accommodate the evaluation model with cross-bred animals, IRL submitted the 

breed percentage of the animal (a limited number of breeds were considered; non-

listed breeds were coded as “other”), the breed percentage of the dam, an estimation 

of heterosis and of recombination as fixed effects using covariates. 
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3.2.2. Input data 

The data set for aww/LIM evaluation had a total of 3,736,097 performance records, 

representing 12 populations. The data set for aww/AAN evaluation had a total of 305,111 

performance records, representing 6 populations.  

Participating organisations in the evaluation of LIM were: AUS, CHE, CZE, DEU, DFS, 

ESP, EST, FRA, GBR, IRL, LAV and SVN. The organisation with the biggest amount of 

performance records was FRA with almost 3 million recorded animals while SVN had the 

smallest amount (2,685 animals). EST participated with 4,565 performance records. 

In the case of AAN, the participating organisations were: CHE, CZE, DEU, DFS, EST and 

IRL. The organisation with the biggest amount of performance records was DEU (117,809 

animals) while the organisation with the smallest amount was EST (4,798 animals). 

 

3.2.3. Model description 

The aww performances were analysed using a multiple trait animal model with direct and 

maternal genetic effects, including a maternal permanent environmental effect (Phocas, et 

al., 2005).  This is mathematically equivalent to a bi-trait model (Renand et al., 2003), that 

is used due to extensive memory requirements, low convergence speed and the CPU time 

needed, therefore, the matrices of genetic parameters are constructed by successive 2 by 2 

estimations (Venot et al., 2009a): 

y = Xb + Zdud + Zmum + Wmem + e 

where y is the vector of performance ordered by country y’= (y1’, y2’); b is the vector of 

fixed effects for each country, ud and um are the direct and maternal genetic effects, 

respectively; and em is the permanent environmental effect provided by the dam.  

It allows to consider heterogeneous genetic, maternal permanent environment and residual 

variances, additional to genetic correlations between countries. The whole set of parameters 

for two countries can be described as (Venot et al., 2006): 
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G being the genetic variance matrix among countries and A being the relationship matrix of 

the animals.  

The model is based on performance data and considers the trait evaluated in each country as 

a different trait. The effects fitted for each country-trait in the evaluation were chosen by the 

submitting organisations.  

For the LIM evaluation, 78 effects were fitted in the multi-trait model (12 traits), 44 were 

fixed effects (Table 4), 26 covariates (Table 5) and the rest were random effects (Table 4). 

For AAN 48 effects in total were fitted to the multi-trait model (6 traits), being 21 fixed 

effects (Table 4), 24 covariates (Table 5) and the rest random (Table 4). 

Random effects also consider the maternal permanent environment provided by the dam. 

Covariances between countries for environmental random effects were fitted to zero, as they 

were considered independent of each other. A maternal permanent environmental effect was 

fitted for the following organisations: AUS, CHE, CZE, DFS, ESP, FRA, GBR, IRL.  

DEU, LAV, SVN and EST did not fit a maternal permanent environmental effect in their 

model. For EST, the direct maternal genetic effect was not fitted in the model. 

In order to obtain both pseudo-national and international breeding values, two different 

evaluations were performed: 

1. The International evaluation represented the official Interbeef pilot run for aww. 

Table 6 and Table 7 present the correlations between countries (estimated in the last 

test run) used for LIM and AAN evaluations, respectively. The correlations between 

EST and other countries were set as the average correlation among the rest of the 

countries.  

2. The pseudo-national evaluation was performed setting all the genetic covariances 

among countries to zero. This prevented international data from influencing the 

estimation of EBVs and their reliabilities. However, a common international 

pedigree was used. 

Mix99 software was used for the computation of EBVs; the variance components assumed 

for each organisation are presented in Table 8, heritabilities of the trait for each organisation 

can be found in the diagonals of Table 6 and Table 7. 

The MTEDC5 software was used for the computation of reliabilities in both evaluations, 

following the methodology developed by Sullivan et al. (2006). 
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Table 4. List of fixed and random effects per population, Limousin and Aberdeen Angus. 

Breed Country1 Fixed2 Random2 

LIM 

CZE 
 

ASEXTWIN AACA AACA2 YEAR 
     

CG MPE 

DFS HYS ASEXTWIN AACA 
 

SEAS TWIN 
     

MPE 

ESP H-BC ASEX AACA 
        

MPE 

GBR HYS _mgt ASEX 
  

Birth Month 
 

ET Status Fostered Birth type w_Dam_b 
 

MPE 

IRL HYS Sex paridamage 
        

MPE 

FRA HY-asex-mgt pari_aaca 
 

SEAS 
    

Individual 
 

MPE 

DEU 
 

ASEX parity 
 

Birth Month TWIN 
    

HY 
 

CHE 
 

ASEX 
  

yearmonth 
    

alpine HY MPE 

AUS CG 
          

MPE 

SVN CG SEX pari_class 
       

Herd 
 

LVA 
 

SEX agedam 
 

yearseason 
     

HY 
 

EST HYS ASEXTWIN AACA 
 

YEAR 
       

AAN 

CZE 
 

ASEXTWIN AACA AACA2 YEAR 
     

CG MPE 

DFS HYS ASEXTWIN AACA 
 

SEAS TWIN 
     

MPE 

DEU 
 

ASEX parity 
 

Birth Month TWIN 
    

HY 
 

IRL HYS Sex PARIDAMAGE 
       

MPE 

CHE 
 

ASEX 
  

yearmonth 
 

alpine 
   

HY MPE 

EST HYS ASEXTWIN AACA 
 

YEAR 
       

 
 

1CZE = Czech Republic, DFS = Denmark, Finland and Sweden, ESP = Spain, GBR = Great Britain, IRL = Ireland, FRA = France, DEU = Germany, CHE = Switzerland; AUS= 
Australia; SVN = Slovenia, LVA = Latvia, EST= Estonia. 
2AACA = age at calving; AACA2 = age at calving squared; alpine= access to alpine grazing for calves; asex= sex of the animal; asextwin = interaction between asex and twin; 
Birth Month= month of birth; CG= Contemporary group; fostered= foster yes/no; H_BC= contemporary group defined based on the herd and birth date; HY= Herd-Year; HY-asex-
mgt = contemporary group defined based on HY, asex and management group; HYS = Herd-Year-Season; HYS_mgt= contemporary group defined by herd, management group 
and year of birth; individual = individual situation;  parity= parity number; pariaaca= interaction between parity and aaca; paridamage= interaction between parity and agedam; 
MPE= maternal permanent environmental effect; SEAS= season; SI= Simmental breed percentage; twin= twinning; UN= Unknown breeds percentage; w_Dam_b= breed of the 
weaning dam; YEAR= year of birth; yearmonth=interaction between year and month of birth.  

 



35 

 

 

Table 5. Covariate effects per population, Limousin and Aberdeen Angus. 

Breed Country1 Covariates2 

LIM 

CZE 
                      

DFS 
                      

ESP 
                      

GBR agedam agedam2 
                    

IRL agedam2 AAWG HET REC AA BB CH HE HO SI UN OB OD DAA DBB DCH DHE DHO DSI DUN DOB DOD 

FRA 
                      

DEU 
                      

CHE agedam agedam2 
                    

AUS 
                      

SVN 
                      

LVA 
                      

EST 
                      

AAN 

CZE 
                      

DFS 
                      

DEU 
                      

IRL agedam2 AAWG HET REC AA BB CH HE HO SI UN OB OT DAA DBB DCH DHE DHO DSI DUN DOB DOD 

CHE agedam agedam2 
                    

EST 
                      

 
1CZE = Czech Republic, DFS = Denmark, Finland and Sweden, ESP = Spain, GBR = Great Britain, IRL = Ireland, FRA = France, DEU = Germany, CHE = Switzerland; AUS= 
Australia; SVN = Slovenia, LVA = Latvia, EST= Estonia. 
2AA= Aberdeen Angus breed percentage; AAWG= age at weighting; agedam= age of the dam; agedam2 = age of the dam squared; BB= Belgian Blue breed percentage;CH= 
Charolais breed percentage; DAA= Aberdeen Angus percentage in the dam; DBB= Belgian Blue percentage in the dam; DCH= Charolais percentage in the dam; DHE= Hereford 
percentage in the dam; DHO= Holstein percentage in the dam; DSI= Simmental percentage in the dam; DUN= percentage of unknown breeds in the dam; DOB= percentage of 
other breed bulls in the dam; DOD= percentage of other breed dams in the dam;  HE= Hereford breed percentage; HET= heterosis estimation; HO= Holstein breed percentage; 
HY= Herd-Year;  HYS = Herd-Year-Season; OB= Other breed bull percentage; OD= Other breed Dam percentage; SI= Simmental breed percentage; UN= Unknown breeds 
percentage. 
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CZE = Czech Republic, DFS = Denmark, Finland and Sweden, ESP = Spain, GBR = Great Britain, IRL = Ireland, FRA = France, DEU = Germany, CHE = Switzerland; AUS= Australia; 

SVN = Slovenia, LVA = Latvia, EST= Estonia. Heritabilities of the trait for each organisation is shown in bold on the diagonals. 

 

Table 6. Direct and Maternal correlations within and across participating organisations and heritabilities in aww evaluation, Limousin. 
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Table 7. Direct and Maternal correlations within and across participating organisations and heritabilities in aww, Aberdeen Angus. 

    Direct      Maternal    

  CZE DEU DFS IRL CHE EST CZE DEU DFS IRL CHE EST 
 CZE 0.42            

 DEU 0.8 0.21           

Direct DFS 0.77 0.77 0.22          

 IRL 0.7 0.7 0.7 0.35         

 CHE 0.7 0.75 0.76 0.7 0.29        

 EST 0.74 0.74 0.74 0.74 0.74 0.46       

 CZE 0.12 -0.04 -0.01 0 0.01 0 0.13      

 DEU -0.02 0.18 -0.01 0 -0.01 0 0.64 -     

 DFS 0 -0.01 0.17 0 0 0 0.68 0.67 0.14    

Maternal IRL 0 0 0 0.15 0 0 0.7 0.69 0.71 0.04   

 CHE 0.01 -0.01 0 0 0.07 0 0.71 0.69 0.71 0.7 0.06  

 EST 0 0 0 0 0 - 0 0 0 0 0 - 

CZE = Czech Republic, DFS = Denmark, Finland and Sweden, IRL = Ireland, DEU = Germany, CHE = Switzerland. Heritabilities of the trait for each organisation is shown 

in bold on the diagonals. 
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Table 8. Variance components for direct genetic effect (d), maternal genetic effect (m), maternal permanent environmental effect (em) and residual (e) for each participating 

organisation, Limousin and Aberdeen Angus. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

LIM AAN 

Country σ2
d

 σ2
m

 σ2
em

 σ2
e Country σ2

d σ2
m σ2

em σ2
e 

AUS 125 71 81 546 CHE 380 94 76 587 

CHE 381 96.9 76 587 CZE 686 197 208 377 

CZE 689 203 208 377 DEU 383 326 - 719 

DEU 390 331 - 719 DFS 128 99.1 81 302 

DFS 278 127 90 547 EST 351 - - 412 

ESP 138 70.6 43 294 IRL 450 194 45 647 

EST 372 - - 412 
     

FRA 245 67.2 63 354 
     

GBR 273 60.8 63 421 
     

IRL 452 199 45 647 
     

LVA 194 34.5 - 590 
     

SVN 944 531 - 626 
     

CZE = Czech Republic, DFS = Denmark, Finland and Sweden, ESP = Spain, GBR = Great Britain, IRL = Ireland, FRA = France, DEU = Germany, CHE = Switzerland; 

AUS= Australia; SVN = Slovenia, LAT = Latvia, EST= Estonia. 
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4.1. Descriptive statistics of performances in all 

participating organisations 

Descriptive statistics for LIM and AAN populations of the participant organisations are 

presented in Table 9. The average aww for Estonian LIM was 260 kg (± 43kg) while the 

average aww of Estonian AAN was 253 kg (± 48kg). 

Table 9.  Descriptive analysis of aww for Limousin and Aberdeen Angus per country. 

Breed Country No. animals Mean SD Minimum Maximum 

LIM 

CZE 15,547 277.88 40.88 81 454 

DFS 97,654 227.16 41.72 43 408 

ESP 33,191 257.00 42.59 147 376 

GBR 134,987 272.11 43.98 69 496 

IRL 170,090 289.45 53.75 110 535 

FRA 2,982,700 264.71 40.57 130 466 

DEU 117,947 255.98 43.60 101 499 

CHE 39,117 221.37 39.36 61 471 

AUS 68,762 246.71 42.93 56 468 

SVN 2,547 255.04 41.23 137 410 

LAV 6,142 247.74 41.15 122 379 

EST 4,565 260.33 43.47 108 450 

AAN 

CZE 35,848 274.27 44.29 77 454 

DEU 117,683 249.08 42.22 97 490 

DFS 56,593 226.90 45.23 44 424 

IRL 18,126 267.05 53.88 108 505 

CHE 57,869 218.06 39.67 60 456 

EST 4,798 253.63 48.34 100 470 

CZE = Czech Republic, DFS = Denmark, Finland and Sweden, ESP = Spain, GBR = Great Britain, IRL 

= Ireland, FRA = France, DEU = Germany, CHE = Switzerland; AUS= Australia; SVN = Slovenia, LVA 

= Latvia, EST= Estonia. 

Participating organisations with relatively small populations have been previously 

reported to be those that benefited the most from joining the international genetic 

evaluation because of the addition of international information. These organisations 

4. Results and Discussion  
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obtained a larger panel of international breeding animals to choose from, as well as access 

to the best ranked international bulls ordered according to the local scale (Bonifiazi et al., 

2020a; Venot et al., 2014). This was expected to also be the case for EST, considering 

the amount of submitted performances compared to other organisations. 

In previous studies for LIM, FRA was reported to be the organisation with the highest 

impact in the international evaluation; in these studies, this fact was related to its number 

of performances (Bonifazi et al., 2020a, Venot et al., 2008). Therefore, French animals 

were expected to represent important genetic links between organisations in the present 

evaluation. 

Following the mentioned trend of FRA, in the case of AAN, DEU was expected to have 

an important impact in the evaluation. 

4.2. Analysis of variance in Estonian performances. 

4.2.1. All effects 

All effects fitted in Estonian model showed to have levels with a similarly significant 

effect over aww in both breeds (Table 10). The linear models showed an R2 for Estonian 

LIM and AAN of 0.39 and 0.53, respectively.  

Table 10. Summary of multi-factor ANOVA test for all simultaneous effects in Estonian Limousin and 

Aberdeen Angus. 

Breed Effect Df F value P value 

LIM 

ASEXTWIN 3 181.28 < 0.001 

HYS 159 12.61 < 0.001 

YEAR 19 13.04 < 0.001 

AACA 3 114.78 < 0.001 

Residuals 4,380 
  

AAN 

ASEXTWIN 3 269.28 < 0.001 

HYS 154 28.97 < 0.001 

YEAR 18 8.91 < 0.001 

AACA 3 67.08 < 0.001 

Residuals 4,619 
  

In the case of Estonian LIM, the inclusion of YEAR effect did not contribute to the R2 of 

the model. HYS and YEAR effects were found to overlap, resulting in YEAR being 

confounded with HYS (data not shown). This can explain why the observed R2 for 

Estonian LIM was lower than the one for Estonian AAN, and also suggested that YEAR 

could be excluded from Estonian LIM model. 
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4.2.2. Sex of Animal and presence of twins (ASEXTWIN) 

The trend shown by the effect’s levels according to each one’s average aww for Estonian 

LIM and ANN are presented in Figure 3 and Figure 4, respectively.  

In Estonian LIM the level with the highest average aww was: “single males” (2519 

individuals) with 258kg (± 43kg) while the level with the lowest average aww was 

“females with twins” (40 individuals) with 207kg (± 38kg) (Figure 3). In Estonian AAN 

the levels were: “single males” (2460 individuals) with 252kg (± 48kg), and “females 

with twins” (117 individuals) with 206kg (± 40kg) (Figure 4). 

In beef cattle rearing, female calves generally reach a lower weaning weight than male 

calves (Szabó et al., 2006), this is true even in the presence of twins. In addition, calves 

from twin pregnancies also generally reach a lower weaning weight than calves from non-

twin pregnancies (Suzuki et al., 1998).  

However, the size of the sample can have an effect on the estimates. If it is too small this 

could add variability or bias (Fosgate, 2009). The effect of the group size could explain 

why in the average aww of males with twin siblings did not show a significant difference 

to that of females with no twin siblings. 

 

 

Figure 3. Adjusted weaning weight by Sex, Estonian Limousin. Least square means of the levels sharing a 

letter are not significantly different (Tukey- adjusted comparisons). 

 

a 

b *

*

11 = male, single 
12= male, twin 
21 = female, single 
22= female, twin 

b 

 c 
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Figure 4. Adjusted weaning weight by Sex, Estonian Aberdeen Angus. Least square means of the levels 

sharing a letter are not significantly different (Tukey- adjusted comparisons). 

 

4.2.3. Age at calving (AACA) 

The effect of age at calving on aww for Estonian LIM and ANN are presented in Figure 

5 and Figure 6, respectively.  

In Estonian LIM the level with the highest average aww was “oldest dams” group (3610 

individuals) with 253kg (± 43kg) while the level with the lowest average aww was 

“youngest dams” (152 individuals) with 219kg (± 41kg) (Figure 5). In the case of 

Estonian AAN, the levels were: “oldest dams” (3811 individuals) with 242kg (± 47kg), 

and “youngest dams” (324 individuals) with 219kg (± 48kg) (Figure 6). 

 

Figure 5. Adjusted weaning weight by Age at calving, Estonian Limousin. Least square means of the levels 

sharing a letter are not significantly different (Tukey- adjusted comparisons). 

 

a 

b 

* 

c 

11 = male, single 
12= male, twin 
21 = female, single 
22= female, twin 

b 

c 
1= youngest dams; 2= 2 to 3 years old 
3= 3 to 4 years old, 4= 4 or more years 

a 

b 

a 
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Figure 6. Adjusted weaning weight by Age at calving, Estonian Aberdeen Angus. Least square means of 

the levels sharing a letter are not significantly different (Tukey- adjusted comparisons). 

In previous studies primiparous cows have been reported to produce less milk than 

multiparous cows, this has an impact on the growth of the calf which results in achieving 

a lower weaning weight. As the dam grows older, the milk production improves, and 

consequently, calves achieve a higher weaning weight (Swali & Wathes, 2007). This 

tendency is followed by Estonian LIM (Figure 5). 

Environmental factors have been reported to have an effect over the volume of milk 

produced by the dam that can result in differences between the expected milk production 

and the observed one (M’hamdi et al., 2012), therefore, decreased milk production of the 

dam could result in a lower weaning weight of the offspring. This could explain why there 

was no significant difference between the average aww of cows in group 2 and group 3 

of Estonian AAN. 

 

4.2.4. Year of Birth (YEAR) 

Figure 7 and Figure 8 show the distribution of aww within each year of birth for Estonian 

LIM and AAN, respectively.  

For Estonian individuals of both breeds, there was no clear behaviour of average aww for 

the considered period. 

Birth years are generally considered as environmental fixed effects in genetic evaluations 

(Swali & Wathes, 2007; Venot et al., 2009a; Lopez et al., 2020). This is because there 

are different environmental conditions every year, and these conditions could have an 

effect over the individuals. For example, droughts and rainfalls affect the pastures and 

their availability, this in turn has a repercussion on the dam´s nutrition. In consequence, 

there is an effect on the offspring’s birth weight related to the uterine environment present 

during the gestation (Assan, 2013).  

* * 

* 
a a, b 

c 
1= youngest dams; 2= 2 to 3 years old 

3= 3 to 4 years old, 4= 4 or more years 
b 
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Figure 7. Adjusted weaning weight by year of birth, Estonian Limousin.  

 

 

 

Figure 8. Adjusted weaning weight by year of birth, Estonian Aberdeen Angus. 

4.3. International and pseudo-national EBVs on Estonian 

Scale  

In the international evaluation, EST obtained EBVs on its own scale for all animals in the 

international pedigree for both breeds. As the international pedigree for LIM was larger, 

a greater amount of EBVs were obtained for LIM than for AAN (Table 11).  

The correlation between international and pseudo-national EBVs was 0.67 (p < 0.001) 

for the 11,618 Estonian LIM animals and 0.79 (p < 0.001) for the 11,751 Estonian AAN. 

* 

* 

* 

* * 

* 

* 
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The level of the correlations showed a good consistency between the international and 

the pseudo-national EBVs, with some expected variation considering the different 

approaches used in the evaluations.  

The higher correlation found for AAN suggested a lower impact of international 

information over Estonian EBVs as it was expected to observe a lower variation of EBVs 

thanks to the international evaluation. This could be related to a smaller number of 

international performance records related to Estonian AAN, that in turn would have less 

effect over international EBVs and, therefore, the resulting correlation between pseudo-

national and international EBVs would be higher. 

Table 11. Number of International and pseudo-national EBVs in Estonian scale for Limousin and Aberdeen 

Angus. 

LIM  AAN 

Evaluation No. EBVs  Evaluation No. EBVs 

International 4,292,204  International 376,347 

Pseudo-national 11,618  Pseudo-national 11,751 

In the international evaluation, pedigree information of each participating organisation is 

merged into a common pedigree. Therefore, when an organisation participates in an 

international genetic evaluation, a larger spectrum of breeding animals in the domestic 

scale is provided (Venot et al.,2014). Upon joining the international evaluation, EST 

received a substantial amount of international EBVs for foreign animals for both LIM 

and AAN breeds (Table 11), from which breeding animals could be selected. 

4.4.  Descriptive analysis of EBVs and Reliabilities. 

Descriptive statistics for Estonian LIM and AAN EBVs and reliabilities are presented in 

Table 12 and 13, respectively. In Estonian LIM, an increase of 8 kg in the average 

international EBV was observed along with a 0.12 increase in the average international 

reliability (Table 12) while Estonian AAN showed an EBV average increase of 4 kg and 

of 0.09 in reliability (Table 13). 

Table 12. Descriptive statistics of Pseudo-national and International EBVs and Reliabilities in Estonian 

Limousin (No. Animals 11,618). 

Evaluation Estimates Mean SD Min. 1st 
Quartile 

Median 3rd 
Quartile 

Max. 

Pseudo-
national 

EBVs -1.39 12 -66.51 -6.27 -1.58 3.66 72.8 

Reliability 0.28 0.23 0 0.02 0.3 0.51 0.96 

Int. 
EBVs 6.72 13.64 -62.22 -1.83 6.26 15.17 80.83 

Reliability 0.4 0.15 0 0.29 0.41 0.53 0.96 
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Table 13. Descriptive statistics of Pseudo-national and International EBVs and Reliabilities in Estonian 

Aberdeen Angus (No. Animals 11,751). 

Evaluation Estimates Mean SD Min. 1st 
Quartile 

Median 3rd 
Quartile 

Max. 

Pseudo-
national 

EBVs -1.81 11.64 -70.96 -6.91 -0.4 3.38 64.84 

Reliability 0.27 0.23 0 0.02 0.27 0.51 0.94 

Int. 
EBVs 2.67 13.2 -65.28 -5.14 2.34 10.79 69.61 

Reliability 0.36 0.18 0 0.22 0.39 0.52 0.94 

These results confirmed the expected variation of EBVs and reliabilities comparing 

pseudo-national and international genetic evaluations. The change in EBVs and 

reliabilities depend on the data and the pedigree associated to each individual and its 

relatives; considering the performance of foreign progeny, for example, in the case of AI 

(Venot et al., 2008; 2009b). Increase in reliabilities of Estonian individuals was expected 

to come from the inclusion of foreign progeny performance, affecting directly the 

reliability of the sires, or improving the individual’s reliability by having a sire with 

improved reliability due to its progeny abroad. 

4.5. Reliabilities 

Reliability is an important parameter in animal breeding. It measures the precision of 

EBVs (Gorjanc et al., 2015). This precision is related to the amount of information used 

for the estimation of breeding values (Harris & Johnson, 1998). For example, a sire with 

numerous progenies, will have a highly reliable EBV (DairyNZ, 2021). Therefore, with 

the addition of international information, the increase in reliability of Estonian individuals 

with genetic links abroad was expected. 

With an increase of reliabilities, the increase of the number of bulls suitable for 

international use could take place, and thus, offer an economic incentive to Estonian 

breeders through the commercialization of semen doses. 

4.5.1.  Distribution of Pseudo-national and International reliabilities 

in Estonian individuals. 

The distribution of Estonian LIM and AAN reliabilities in pseudo-national and 

international evaluations are presented in Figures 9 and 10, respectively. As expected, 

marked differences were found between the reliabilities of EBVs in both breeds.  

In Estonian LIM almost 40% of pseudo-national EBVs had a reliability between 0 and 

0.10. In the international evaluation, a marked decrease of more than 30% of this category 

of EBVs was observed. Also, the EBVs with a reliability between 0.20 and 0.30 showed 

the largest proportion increase, going from almost 10% of the total EBVs in the pseudo-

national evaluation to 20% in the international evaluation (Figure 9).  
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The largest proportion of Estonian LIM EBVs (30%) showed a reliability between 0.40 

to 0.50 owing to the international evaluation, while more than 60% of the EBVs showed 

a reliability between 0.10 to 0.50. More than 10% of the international EBVs had a 

reliability over 0.50 (Figure 9).  

In Estonian AAN, the proportion of EBVs with 0 to 0.10 reliability dropped more than 

30% in the international evaluation, while EBVs with 0.20 to 0.30 reliability were 

doubled. 70% of Estonian AAN’s EBVs showed a reliability between 0.20 to 0.50 in the 

international evaluation (Figure 10).  

 

Figure 9. Pseudo-national and International reliability distribution, Estonian Limousin 

 

 

Figure 10. Pseudo-national and International reliability distribution, Estonian Aberdeen Angus. 

The marked reduction in the proportion of EBVs with low reliabilities in international 

evaluation is consistent with previous studies. There, organisations with a small 

proportion of entries in the international evaluation had substantial benefits for 
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individuals with low reliability. These organisations went from having individuals in the 

first quartile with a reliability of 0 to having the same individuals with a 0.40 reliability 

(Bonifazi et al., 2020; Venot et al., 2009b). According to Venot et al. (2014) this is due 

mainly to bulls with progeny abroad. However, with a good direct genetic correlation 

between countries, the domestic bulls’ reliabilities can also benefit (Venot et al., 2009b). 

4.5.2. Reliability differences between International and pseudo-

national EBVs in Estonian individuals. 

The distribution of the proportion of Estonian LIM and AAN that showed reliability 

differences between 0.01 and 0.70 are presented in Figure 11 and 12. A total of 5633 

Estonian LIM (48%) and 6028 Estonian AAN (51%) showed no difference between 

pseudo-national and International reliabilities. These individuals were primary animals 

without any connection to foreign animals.  

For the individuals that showed reliability improvement, Estonian AAN had a larger 

proportion of EBVs with a reliability differences between 0.01 and 0.10 (Figure 12) than 

EBVs showing the same improvement in Estonian LIM (Figure 11). Similarly, the 

proportion of EBVs with a difference between 0.10 and 0.20 was larger in Estonian AAN 

(Figure 12). However, proportions of EBVs with a reliability improvement over 0.20 

were larger in Estonian LIM (Figure 11). Estonian LIM had an average difference of 12%, 

while Estonian AAN’s was 9%. 

For the individuals showing reliability differences in Estonian LIM, 767 were individuals 

with performance records in Estonia; 763 of them benefited from sires with performances 

and progeny abroad, while 4 individuals had progeny abroad. The remaining 5218 were 

individuals that had performance records abroad. In addition, 1501 foreign individuals 

were sired by the latter.  

 

Figure 11. Reliability differences between International and Pseudo-national EBVs for Estonian Limousin. 

The total percentage of the population represented by each bin is written in text in the Figure. 
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Comparably, in Estonian AAN 737 individuals had performance records in Estonia; 5 

had progeny abroad while the rest benefited from sires with foreign performances and 

progeny. The remaining 4986 individuals had performances abroad and 1393 foreign 

individuals were sired by these. 

 

 

Figure 12. Reliability differences between International and Pseudo-national EBVs for Estonian Aberdeen 

Angus. The total percentage of the population represented by each bin id written in text in the Figure. 

The observed distributions of reliability differences in Figure 11 and Figure 12 resemble 

those found by Bonifazi et al. (2020a), where the largest proportion of EBVs in all 

evaluated organisations showed a reliability difference between 0 and 0.10. Also, the 

average reliability estimated for Estonian LIM ranged between those found by Bonifazi 

et al. (2020a) where the highest direct EBVs average reliability difference was 0.24 and 

the lowest 0.02. 

In an international evaluation, across-country estimated correlations are necessary for the 

calculation of international EBVs (Phocas et al., 2005). The correlations are calculated 

from the genetic links between countries, which are generally sires with progeny in 

different countries (Bonifazi et al., 2020b; Venot et al., 2009b). Good genetic correlations 

between countries is expected to result in the increase in reliability (Bonifazi et al., 2020a; 

Venot et al., 2014).  

The overall larger proportion of improved reliabilities and higher reliability differences 

of Estonian LIM can be explained by the correlations set in the matrix used for the 

evaluation, as well as the larger number of populations and performances within each 

population. This is because the larger the population size, the higher the number of 

possible genetic links; additionally, the assumed correlation guarantees a good connection 

between EST and the other participating organisations.  

Furthermore, in agreement with previous published results (Venot et al., 2008; Venot et 

al., 2014), it was observed that the individuals on both breeds which benefited the most 
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from the international evaluation were foreign animals used as sires or dams, along with 

bulls which had foreign progeny. In the previous studies average increase in reliabilities 

ranged between 0.12 to 0.46 for individuals with no local progeny (Venot et al., 2008; 

Venot et al., 2014) 

However, it must be mentioned that the pseudo-national EBVs and reliabilities obtained 

in the present study, were estimated using the full international Interbeef pedigree, which 

has more information compared to the one used for EBVs estimation in Estonia during 

real national evaluations (Bonifazi et al., 2020a; Interbull Centre, 2019b). This could 

result in pseudo-national EBVs with higher reliability than national EBVs. 

The possible difference between real and pseudo-national EBVs’ reliability, due to the 

use of the international pedigree, could also influence the proportion of EBVs found with 

no improvement, reducing the number of individuals achieving a 0.01 reliability 

difference. 

 

4.5.3. Comparison of pseudo-national and international EBVs by 

different levels of reliability in Estonian individuals. 

As the reliability threshold level increased, the correlation between pseudo-national and 

international EBVs within each threshold level also increased. This was the case in both 

Estonian LIM and AAN (Table 14). 

Table 14. Number of EBVs of both evaluations in both breed after a joint reliability (REL) threshold filter 

 LIM  AAN 

Threshold No.Animals Correlation  No.Animals Correlation 

5% REL 8,057 0.79  7,897 0.88 

10% REL 7,412 0.89  7,257 0.93 

30% REL 5,809 0.98  5,638 0.99 

50% REL 3,062 0.99  3,056 0.99 

High correlations among international and pseudo-national EBVs have been reported 

previously as the low possibility of sires being re-ranked when moving to the international 

evaluation (Phocas et al., 2004; Venot et al., 2008). This can be explained by the sires’ 

EBVs being less affected by the inclusion of international information.  

Similarly, in the case of Estonian animals, as the reliability level increased, the individuals 

within those levels had EBVs which were less affected by international data, and therefore 

the correlation between pseudo-national and international EBVs increased. 

As the reliability level increased, the individuals whose reliabilities benefited the most 

from the international evaluation were progressively left out. The remaining individuals, 

(those with already high reliabilities) were expected to be individuals with local progeny 
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and no links abroad, whose reliability was not expected to increase with the introduction 

of international information (Venot et al., 2008), along with individuals with local 

progeny but also links abroad. This last group was expected to show some differences in 

reliability in the international evaluation. 

4.5.4. Reliability differences for different levels of reliability 

As expected, as the reliability threshold level increased, the proportion of individuals that 

showed no reliability differences also increased. On the other hand, as the reliability 

thresholds increased, the reliability differences showed by the EBVs were smaller. This 

occurred in both Estonian LIM and AAN. 

In the case of Estonian LIM, 67% of the individuals within the at least 0.05 reliability 

level showed no reliability improvement (data not shown). The remaining 32% showed 

reliability differences between 0.01 and 0.60, the distribution of differences in reliabilities 

between EBVs of these individuals are presented in Figure 11A. 

In the group of at least 0.10 reliability Estonian LIM, 27% of the group showed reliability 

differences between 0.01 and 0.50 (Figure 11B). A larger proportion of EBVs with 

reliability differences between 0.01 and 0.10 was observed in this group. The remaining 

72% of the individuals showed no reliability improvement (Not shown in the graph). 

The at least 0.30 reliability Estonian LIM had a proportion 81% of individuals with no 

improvements (data not shown). The reliability differences of the remaining 19% of the 

individuals are shown in Figure 11C; most of these individuals had a reliability difference 

between 0.01 and 0.10. 

Finally, 86% of Estonian LIM with at least 0.50 reliability had no reliability improvement 

in the international evaluation. The differences of the remaining 14% are shown in Figure 

11D, nevertheless, almost 100% of these had an improvement between 0.01 and 0.10.  
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Figure 13.Reliability differences between International and Pseudo-national EBVs for Estonian Limousin 

in different reliability levels (A-D). The total percentage of the population represented by each bin is written 

in text in the Figure. The reliability is expressed from 0 to 1. 

A similar trend was followed by Estonian AAN. In the group of at least 0.05 reliability 

(Figure 12A), 30% of individual showed reliability differences between 0.01 to 0.60. The 

remaining 70% of the individuals did not show improvements in reliabilities (data not 

shown).  

73% of the at least 0.10 reliability Estonian AAN showed no reliability improvements. 

The rest had differences between 0.01 and 0.60. This group achieved a higher range of 

reliability differences than the 0.10 Estonian LIM group. Also, there was a larger 

proportion of EBVs with differences between 0.01 to 0.10 compared to Estonian AAN 

with 0.05 reliability (Figure 12B). 

In the 0.30 Estonian AAN group, 80% of the individuals did not show improvement (data 

not shown). Reliability differences ranged between 0.01 and 0.30 (Figure 12C).  

In the last group (0.50 reliability), 84% of the individuals showed no improvement (data 

not shown) while the remaining individuals showed reliability differences between 0.01 

and 0.20 (Figure 12D). Almost 100% of the individuals with reliability differences had 

an improvement between 0.01 and 0.10. 

A 

D C 

B 
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Figure 14. Reliability differences between International and Pseudo-national EBVs for Estonian Aberdeen 

Angus in different reliability levels (A-D). The total percentage of the population represented by each bin 

is written in text in the Figure. The reliability is expressed from 0 to 1. 

Lower correlations between EBVs suggest that re-ranking of individuals within a data set 

can occur and as the correlation increases, the possibility of re-ranking decreases (Phocas 

et al., 2004; Venot et al., 2008). This also suggests that with a lower correlation, a larger 

impact of the international evaluation on the EBVs can be seen and therefore a larger 

difference in reliability could occur.  

As it was seen in Figure 11A and 12A, with a lower correlation between EBVs a wider 

range of reliability differences was achieved. This range decreased as the reliability level 

increased. The latter could be related to the decreased impact of the international 

evaluation on EBVs with already high reliability, such reduced impact is suggested by 

the increased correlations between EBVs within high reliability levels.  

In previous studies, FRA was the least affected organisation in regards of reliability 

increase when moving to an international evaluation in LIM. This was associated to the 

already large national French data which was not highly affected with the introduction of 

international data (Bonifazi et al., 2020a; Venot et al., 2008). A similar behaviour was 

observed by Estonian individuals with already high reliabilities in the pseudo-national 

evaluation. These individuals showed however some increase in reliability when moving 

to the international evaluation. 

Also, as the reliability level increased, so did the proportion of animals with no 

improvement. This could also be related to the lower impact that international data have 

A 

D C 

B 
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over animals with higher reliabilities. Additionally, individuals with local progeny and 

no links abroad can also be included in this propotion. 

4.6. Sires used in Estonia 

4.6.1.  Country of origin of the sires used in Estonia 

According to IDEA´s pedigree, Estonian LIM that had local performances were sired by 

195 different bulls from 10 different countries of origin. Local Estonian AAN had 206 

different sires from 11 different countries of origin. The siring countries of individuals 

along with the number of sires original from each country and the number of sired 

offspring in both breeds are presented in Tables 15 and 16, respectively.  

In Estonian LIM 2297 individuals (50% of total) were sired by 95 Estonian bulls (48% 

of total). The second most common siring country was DNK with 691 sired calves and 

the third most common siring country was FRA with 503 sired calves (Table 15). 

However, if FIN, DNK and SWE are considered as one (as it is done in Interbeef), DFS 

would have sired 1112 calves with 48 bulls, placing DFS as the second most common 

siring country. 

Slight differences in average reliabilities of individuals grouped according to their siring 

country were found for Estonian LIM. The difference between the lowest pseudo-national 

average reliability and the highest was 0.07 while it was 0.08 in the case of average 

international reliability (Table 15).  

Nevertheless, Estonian LIM with the highest average pseudo-national and international 

reliability were sired by bulls from FIN (Table 15). However, if FIN is considered as part 

of DFS, then, the individuals sired by LTU bulls would have had the highest average 

pseudo-national and international reliabilities.  

During the pseudo-national evaluation, the siring countries with the three highest average 

reliabilities in Estonian LIM were:  LTU, DFS, FRA, DEU and CAN. There was a 

difference of 0.03 between the reliability of CAN and LUT. The siring country with the 

lowest average pseudo-national reliability were: LAV and EST (Table 15).  

In the international evaluation the second and third highest average reliabilities changed. 

In this case the order was: LTU, DFS, FRA, DEU, CAN and HUN (Table 15). DEU, 

DFS, FRA and CAN gained 0.01 average reliability in the international evaluation. EST 

and LAV showed the lowest average international reliabilities, however, EST also gained 

0.01 average reliability in the international evaluation. 
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Table 15. Siring Countries with average reliabilities in both evaluations, Estonian Limousin 
   

Average Reliability 

Country No. Sires No. Calves Pseudo-

national 

International 

EST* 95 2297 0.48 0.49 

DFS* 48 1112 0.52 0.53 

DNK* 30 691 0.51 0.51 

FRA* 27 503 0.52 0.53 

DEU* 17 301 0.52 0.53 

SWE* 14 312 0.52 0.53 

FIN* 4 109 0.54 0.55 

LTU 3 255 0.54 0.54 

CAN 2 3 0.51 0.53 

LVA* 2 42 0.47 0.47 

HUN 1 52 0.5 0.5 

In the case of Estonian AAN, 103 Estonian bulls (63% of total) sired 2952 individuals 

(61% of total), the second most common siring country was GBR with 687 sired calves 

and the third was DNK with 356 sired calves (Table 16). However, DFS sired 771 

individuals with 30 bulls, turning into the second most common siring country. 

A difference of 0.28 between the lowest and highest average reliabilities in both 

evaluations was observed for Estonian AAN (Table 16). The individuals with the highest 

pseudo-national and international average reliability were sired by bulls from GBR. The 

siring country with the lowest average reliabilities was CZE. 

However, also in Estonian AAN, slight differences among the top average reliabilities 

were observed. A difference of 0.02 was observed between the average reliabilities of the 

siring countries in the case of pseudo-national evaluation. In this case, the order of siring 

countries was: GBR, DEU and a tie between IRL and USA.  

In the international evaluation IRL and DEU had the second highest average reliability 

followed by USA. A 0.01 difference in average reliability was observed between the latter 

siring countries while a difference of 0.02 between IRL, DEU and GBR was observed. 

 

 

CAN= Canada; DEU = Germany; DNK = Denmark; EST= Estonia; FIN= Finland; FRA = France; 

HUN= Hungary; LTU= Lithuania; LVA = Latvia; SWE= Sweden- * Participating organisations in aww 

evaluation. 
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Table 16. Siring Countries with average reliabilities in both evaluations, Estonian Aberdeen Angus. 
   

Average Reliability 

Country No. Sires No. Calves Pseudo-

national 

International 

EST* 130 2952 0.49 0.49 

DFS* 30 771 0.48 0.48 

GBR 25 687 0.55 0.56 

DNK* 17 356 0.5 0.51 

DEU* 10 324 0.53 0.54 

SWE* 10 257 0.47 0.47 

CAN 4 14 0.48 0.48 

USA 4 28 0.51 0.53 

FIN* 3 158 0.46 0.46 

AUS 1 1 0.49 0.51 

CZE* 1 2 0.27 0.3 

IRL* 1 5 0.51 0.54 

Insemination doses of sires with at least 0.50 reliability could be offered in the 

international market if they have at least 25 offspring (Venot et al., 2014). The number 

of eligible local Estonian sires according to these regulations were 11 for Estonian LIM 

and 29 for Estonian AAN (data not shown). The export of semen from these bulls could 

represent an extra income for EST. 

It has been thoroughly mentioned in the literature that for international evaluations the 

connectedness between countries is very important, as the quality of the joint genetic 

evaluation depends greatly on the joint genetic link (Vesela et al., 2013; Venot et al., 

2009a; 2009b). These connections are generally given by sires with progeny in different 

countries (Bonifazi et al., 2020b; Venot et al., 2009b). In view of the number of bulls 

from the most common siring countries in Estonian individuals of both breeds and the 

increase of the average reliabilities achieved when moving to the international evaluation, 

the hypothesis of a good genetic connection between EST and the participating 

organisations FRA and DFS in the evaluation for LIM and between EST and the 

organisations DFS and DEU in AAN arose. 

4.6.2. Common and non-common sires between Estonia and other 

countries. 

The highest number of common sires for Estonian LIM was with DEU (24 bulls) (Table 

17). The bulls shared with LVA (12 bulls) sired the highest percentage of Estonian LIM 

(8%) (Table 17). A total of 1043 Estonian LIM (23% of the total) were sired by common 

AUS= Australia; CAN= Canada; CZE= Czech Republic; DEU = Germany; DNK = Denmark; EST= 

Estonia; FIN= Finland; GBR = Great Britain; IRL=Ireland; SWE= Sweden, USA= United States of 

America. * Participating organisations in aww evaluation. 
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bulls. Moreover, 152 sires were not shared among EST and any other participating 

organisation. These bulls sired 3522 individuals (77% of Estonian LIM). 

Table 17. Common bulls among Estonia and other participating organisations for Limousin. 

Country No. sires No. Calves 
Calves 

Percentage 

DEU 24 86 2% 

FRA 17 263 6% 

DFS 17 129 3% 

LVA 12 375 8% 

GBR 9 28 1% 

CHE 8 49 1% 

CZE 8 40 1% 

AUS 6 29 1% 

ESP 6 22 0% 

IRL 6 21 0% 

SVN 1 1 0% 

The highest number of shared sires for Estonian AAN were from DEU (19 bulls) (Table 

18). The highest percentage of individuals sired by common bulls in Estonian AAN was 

2%, achieved by DEU and DFS (12 common bulls) (Table 18). A total of 326 Estonian 

AAN (7% of the total) were sired by common bulls, while 4458 individuals (93% of the 

total) were sired by 143 bulls which were not shared among EST and any other 

participating country. 

Table 18. Common bulls among Estonia and other participating organisations for Aberdeen Angus. 

Country No. sires No. Calves 
Calves 

Percentage 

DEU 19 97 2% 

DFS 14 73 2% 

CZE 12 55 1% 

CHE 10 64 1% 

IRL 8 37 1% 

In previous international evaluations, the number of common bulls between participating 

organisations were reported to be between 9 and 300 for breeds like CHA and LIM (Venot 

et al., 2009a) or even over 1000 in LIM (Bonifazi et al., 2020a). Nevertheless, in beef 

CZE = Czech Republic, DFS = Denmark, Finland and Sweden, ESP = Spain, GBR = Great Britain, IRL 

= Ireland, FRA = France, DEU = Germany, CHE = Switzerland; AUS= Australia; SVN = Slovenia, LVA 

= Latvia. 

CZE = Czech Republic, DFS = Denmark, Finland and Sweden, IRL = Ireland, DEU = Germany, CHE = 

Switzerland. 
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cattle low genetic connections between populations have frequently been reported as an 

issue during international evaluations due to the infrequent use of AI (Venot et al., 2008, 

Bonifazi et al., 2020b; Renand et al., 2003), resulting in trouble when calculating the 

genetic correlation across countries (Phocas et al., 2005; Bonifazi et al., 2020b; Venot et 

al., 2006; Fouilloux et al., 2006).  

In this study, it was shown that EST and the other participating organisations shared a 

limited number of sires. This aspect should be taken into account during the estimation 

of genetic correlations in case of further participation of Estonia in Interbeef test runs. 

4.6.3. Country of origin of common sires 

There was a total of 43 common bulls that were used as sires for Estonian LIM (Table 

19), these bulls were simultaneously shared among the organisations: AUS, BEL, CHE, 

CZE, DEU, DNK, ESP, EST, FIN, FRA, GBR, IRL ,ITA, LTU, LUX, LVA, NLD, SVN 

and SWE. These 43 common bulls sired over 40,000 individuals among all mentioned 

organisations. The country of origin of the common sires are shown in Table 19, the main 

country of origin for LIM bulls was FRA (16 sires), followed by DEU (10 sires). 

There was a total of 21 common sires used in Estonian AAN (Table 19), these bulls were 

simultaneously shared among the organisations: AUS, AUT, BEL, BGR, CAN, CHE, 

CZE, DEU, DNK, EST, FIN, FRA, GBR, HUN, IRL, ITA, LTU, LUX, LVA, 

NLD, NOR, NZL, POL, SWE, URY and USA. Over 50,000 individuals among all 

organisations were recorded as offspring of these 21 common sires. The main country of 

origin for the mentioned common bulls in AAN was GBR (12 sires) (Table 19).  

Table 19. Country of origin for common sires in both breeds. 

LIM  AAN 

Country No. Sires  Country No. Sires 

FRA* 16  GBR 12 

DEU* 10  USA 3 

DNK* 8  CAN 3 

EST 4  DNK* 1 

CAN 2  IRL* 1 

FIN* 1  SWE* 1 

LVA 1  

  

SWE* 1  

  

The genetic links between EST and other participating organisations were less than 50 

bulls in both breeds, and some of these bulls were shared by several organisations 

simultaneously. FRA was the country of origin for the largest proportion of common sires 

CAN= Canada; DEU = Germany; DNK = Denmark; EST= Estonia; FIN= Finland; FRA = France; 

GBR = Great Britain; IRL=Ireland; LVA = Latvia; SWE= Sweden, USA= United States of America. * 

Participating organisations in aww evaluation. 
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in LIM, which was expected due the large size of French LIM population along with the 

international renown of French sires (Bonifazi et al., 2020a; Venot et al., 2008).  The 

most frequent country of origin for the common sires in Estonian AAN was GBR, which 

was not part of the evaluation. Nevertheless, FRA and GBR seemed to be key links for 

Estonian LIM and Estonian AAN, respectively. 

FRA has shown to be the main genetic link in previous studies for international beef cattle 

genetic evaluations (Phocas & Lalöe, 2003; Venot et al., 2014; Venot et al., 2008), 

however, these studies were performed using CHA or LIM, which are breeds of French 

origin and have larger populations.  

Regarding AAN, this breed was included in the Interbeef genetic evaluation recently 

(Interbull, 2019), which is a reason why scientific literature lack of studies regarding 

international evaluations of AAN aww. 
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The pilot run performed using performances from Estonia confirmed the expected 

benefits of the international beef evaluation from Interbeef for the participating country. 

Both the increase of EBV reliability on the local scale and the access to EBVs of large 

number of foreign animals had been observed. 

Estonia received international EBVs for more than 4 million LIM and 300,000 AAN 

animals. Additionally, there was an average increase in EBV reliabilities, compared to 

the pseudo-national ones, of 12% and 9%, for LIM and AAN respectively. Also, the 

animals’ reliabilities that were shown to have improved the most from the international 

evaluation were those related to animals reared in foreign countries. 

Thanks to the international EBVs expressed on the local scale, foreign sires could be 

ranked according to Estonian specificities, facilitating the selection of the best bulls 

according to Estonian objectives. Furthermore, local Estonian sires could be found to be 

of interest for international market representing a possible economic incentive for 

Estonian breeders. 

Although the benefit previously reported, limited genetic links were found between 

Estonian breeds and other populations, especially in AAN. It would be advisable to create 

additional connections exchanging semen of internationally used bulls to increase the 

value of international genetic evaluation results. 

5. Conclusion 



61 

 

Ahlqvist, J. (2010). International and national genetic evaluation of beef cattle. 

https://stud.epsilon.slu.se/887/1/ahlqvist_j_100302.pdf 

 

Assan, N. (2013). Various factors influencing birth weight in animal production. 

Scientific Journal of Review, 2(7), 156-175. 

 

Beef Breeders Association. (2016). Beef Breeding in Estonia. [Tartu]. 

https://media.voog.com/0000/0029/9885/files/2016%20ELKS_voldik_A4_ENG

_2016_low.pdf 

 

Berry, D. P., Garcia, J. F., & Garrick, D. J. (2016). Development and implementation of 

genomic predictions in beef cattle. Animal Frontiers, 32-38. 

 

Bonifazi, R., Vandenplas, J., ten Napel, J., Cromie, A., Veerkamp, R. F., & Calus, M. P. 

(2020a). Impact of Interbeef on national beef cattle evaluations. Acta 

Fytotechnica et Zootechnica, 23(5). 

 

Bonifazi, R., Vandenplas, J., Ten Napel, J., Matilainen, K., Veerkamp, R. F., & Calus, 

M. P. (2020b). Impact of sub-setting the data of the main Limousin beef cattle 

population on the estimates of across-country genetic correlations. Genetics 

Selection Evolution, 52(1), 1-16. 

 

Ceron-Munoz, M. F., Tonhati, H., Costa, C. N., Rojas-Sarmiento, D., & Echeverri, D. 

E. (2004). Factors that cause genotype by environment interaction and use of a 

multiple-trait herd-cluster model for milk yield of Holstein cattle from Brazil 

and Colombia. Journal of dairy science, 87(8), 2687-2692. 

 

DairyNZ. (2021). Reliability. https://www.dairynz.co.nz/animal/animal-

evaluation/interpreting-the-info/reliability/ 

 

De Mattos, D., Bertrand, J. K., & Misztal, I. (2000). Investigation of genotype× 

environment interactions for weaning weight for Herefords in three countries. 

Journal of Animal Science, 78(8), 2121-2126. 

 

Demeke, S. F. W. C., Neser, F. W. C., & Schoeman, S. J. (2003). Variance components 

and genetic parameters for early growth traits in a mixed population of purebred 

Bos indicus and crossbred cattle. Livestock Production Science, 84(1), 11-21. 

 

6. References 

https://media.voog.com/0000/0029/9885/files/2016%20ELKS_voldik_A4_ENG_2016_low.pdf
https://media.voog.com/0000/0029/9885/files/2016%20ELKS_voldik_A4_ENG_2016_low.pdf


62 

 

Dodenhoff, J., Van Vleck, L. D., Kachman, S. D., & Koch, R. M. (1998). Parameter 

estimates for direct, maternal, and grandmaternal genetic effects for birth weight 

and weaning weight in Hereford cattle. Journal of animal science, 76(10), 2521-

2527. 

 

Dürr, J., & Philipsson, J. (2012). International cooperation: The pathway for cattle 

genomics. Animal Frontiers, 2(1), 16-21. 

 

Eesti Põllumajandusloomade Jõudluskontrolli AS (Estonian Livestock Performance 

Recording Ltd). (2019). EPJ - Home. Eesti Põllumajandusloomade 

Jõudluskontrolli AS. https://www.epj.ee/jkk/en.html 

 

Eesti Põllumajandusloomade Jõudluskontrolli AS. (2020). RESULTS OF ANIMAL 

RECORDING IN ESTONIA 2019. 

https://www.epj.ee/assets/tekstid/aastaraamatud/aastaraamat_2019.pdf 

 
Eriksson, J-Å., Eriksson, S., Näsholm, A., & Roth, A. 2007. Genetic evaluation of beef 

cattle in Sweden. Proceedings of the Interbull Technical Workshop, Bulletin 

number 36, 13-18. Paris, France. 

 

Falconer, D. S., & Mackay, T. F. C. (1996). Introduction to Quantitative Genetics. 4th 

ed.Longman Group Ltda., Harlow, UK. 

 

Ferraz, J. B. S., Eler, J. P., & Rezende, F. M. (2018). Impact of using artificial 

insemination on the multiplication of high genetic merit beef cattle in Brazil. 

Animal Reproduction (AR), 9(3), 133-138. 

 

Fikse, W. F., & Philipsson, J. (2007). Development of international genetic evaluations 

of dairy cattle for sustainable breeding programs. Animal Genetic Resources 

Information, 41, 29. 

 

Fikse, W. F., and Georgios Banos. "Weighting factors of sire daughter information in 

international genetic evaluations." Journal of Dairy Science 84.7 (2001): 1759-

1767. 

 

Fontes, P. L., Oosthuizen, N., & Lamb, G. C. (2020). Reproductive management of beef 

cattle. In Animal Agriculture (pp. 57-73). Academic Press. 

 

Fosgate, G. T. (2009). Practical sample size calculations for surveillance and diagnostic 

investigations. Journal of veterinary diagnostic investigation, 21(1), 3-1 

 

Fouilloux, M. N., Minery, S., Mattalia, S., & Laloë, D. (2006). Assessment of 

connectedness in the international genetic evaluation of Simmental and 

Montbéliard breeds. Interbull Bulletin, (35), 129-129. 

 

Garrick, D., & Ruvinsky, A. (Eds.). (2014). The genetics of cattle. CABI. 

https://www.epj.ee/jkk/en.html
https://www.epj.ee/assets/tekstid/aastaraamatud/aastaraamat_2019.pdf


63 

 

 

Gorjanc, G., Bijma, P., & Hickey, J. M. (2015). Reliability of pedigree-based and 

genomic evaluations in selected populations. Genetics Selection Evolution, 

47(1), 1-15. 

Graser, H. U., Tier, B., Johnston, D. J., & Barwick, S. A. (2005). Genetic evaluation for 

the beef industry in Australia. Australian Journal of Experimental Agriculture, 

45(8), 913-921. 

 

Hammami, H., Rekik, B., & Gengler, N. (2009). Genotype by environment interaction 

in dairy cattle. Biotechnologie, Agronomie, Société et Environnement, 13(1), 

155-164. 

 

Harris, B., & Johnson, D. (1998). Approximate reliability of genetic evaluations under 

an animal model. Journal of dairy science, 81(10), 2723-2728. 

 

Institute of Animal Science of Estonian Agricultural University, Estonian Animal 

Breeding Association, & Estonian Animal Breeding Inspectorate (Eds.). (2001). 

Proceedings of the 7th Baltic Animal Breeding Conference. 

http://ph.emu.ee/~alo/pdf/babc/babcVII.pdf 

 

Interbull Centre. (2019a, October 20). Interbeef Guidelines. Interbeef. 

https://wiki.Interbull.org/public/beef_guidelines?action=print&rev=64#A3.2.4_

ET_file_.28604.29 

 

Interbull Centre. (2019b, November 18). Interbeef Code of Practice. Interbull Centre 

Wiki. https://wiki.Interbull.org/public/wholeBCoP_toPrint?&rev=2 

 

Interbull. (2015, July). Interbull Centre Activity Report 2014/2015. 

https://Interbull.org/static/web/5_ITBCreport2014_2015v3.pdf 

 

Interbull. (2019). Interbull Centre Activity Report 2018/2019. 

https://Interbull.org/static/web/ITBC_Activity_Report_2018-2019.pdf 

 

Interbull. (2020). Interbull Centre Activity Report 2019/2020. 

https://Interbull.org/static/web/Interbull_Centre_Activity_Report_2019_2020_F

V.pdf 

 

Interbull. (n.d.-a). EURC for Zootechnics - Interbull Centre. Retrieved March 1, 2021, 

from https://interbull.org/ib/eurc 

 

Interbull. (n.d.-b). GenoEx-PSE - Interbull Centre. Retrieved March 1, 2021, from 

https://interbull.org/ib/genoex_pse 

 

Interbull. (n.d.-c). Interbull Centre. Interbull Centre. Retrieved December 3, 2020, from 

https://Interbull.org/ib/Interbullcentremain 

 

http://ph.emu.ee/~alo/pdf/babc/babcVII.pdf
https://wiki.interbull.org/public/beef_guidelines?action=print&rev=64#A3.2.4_ET_file_.28604.29
https://wiki.interbull.org/public/beef_guidelines?action=print&rev=64#A3.2.4_ET_file_.28604.29
https://wiki.interbull.org/public/wholeBCoP_toPrint?&rev=2
https://interbull.org/static/web/5_ITBCreport2014_2015v3.pdf
https://interbull.org/static/web/ITBC_Activity_Report_2018-2019.pdf
https://interbull.org/static/web/Interbull_Centre_Activity_Report_2019_2020_FV.pdf
https://interbull.org/static/web/Interbull_Centre_Activity_Report_2019_2020_FV.pdf
https://interbull.org/ib/eurc
https://interbull.org/ib/genoex_pse
https://interbull.org/ib/interbullcentremain


64 

 

International Committee for Animal Recording. (n.d.-a). | Introduction. ICAR. The 

Global Standard for Livestock Data. Retrieved November 18, 2020, from 

https://www.icar.org/ 

 

International Committee for Animal Recording. (n.d.-b). » Instructions for SCs, WGs, 

and TFs. ICAR. Retrieved December 3, 2020, from 

https://www.icar.org/index.php/technical-bodies/instructions-for-scs-wgs-and-

tfs/ 

 

International Committee for Animal Recording. (n.d.-c). » Interbull Sub-Committee. 

ICAR. Retrieved December 3, 2020, from 

https://www.icar.org/index.php/technical-bodies/sub-committees/Interbull-sub-

committee/ 

Interreg Central Baltic Programme 2014-2020. (n.d.). Breeding animals from Estonia, 

Finland and Latvia. Zemnieku Saeima. Retrieved November 26, 2020, from 

https://zemniekusaeima.lv/wp-content/uploads/2019/09/BreedExpo.pdf 

 

Jakobsen, J. H., Dürr, J. W., Jorjani, H., Forabasco, A., Loberg, A., & Philipsson, J. 

(2009). Genotype by environment interactions in international genetic 

evaluations of dairy bulls. Proc 18th Assoc Advmt Anim Breed Genet, AAAGB, 

Roseworthy, Australia, 133-142. 

 

Journaux, L., Wickham, B., Venot, E., & Pabiou, T. (2006). Development of routine 

international genetic evaluation services for beef cattle as an extension of 

Interbull’s services. Interbull Bulletin, 35, 146–152. 

https://journal.Interbull.org/index.php/ib/article/view/964 

 

Lee, D.H., & Bertrand, J.K. 2002. Investigation of genotype x country interactions for 

growth traits in beef cattle. Journal of Animal Science 80, 330-337. 

 

Lopez, B. I., Santiago, K. G., Seo, K., Jeong, T., Park, J. E., Chai, H. H., ... & Lim, D. 

(2020). Genetic Parameters of Birth Weight and Weaning Weight and Their 

Relationship with Gestation Length and Age at First Calving in Hanwoo (Bos 

taurus coreanae). Animals, 10(6), 1083. 

 

M’hamdi, N., Bouallegue, M., Frouja, S., Ressaissi, Y., Brar, S. K., & Hamouda, M. B. 

(2012). Effects of environmental factors on milk yield, lactation length and dry 

period in Tunisian Holstein cows. In Milk Production-An Up-to-Date Overview 

of Animal Nutrition, Management and Health. IntechOpen 

 

Magnabosco, C. U., Lopes, F. B., Mamede, M., & Sainz, R. D. (2013). Use of genetic 

evaluation as a tool to improve the productivity of beef cattle bulls systems. 

Revista Colombiana de Ciencias Pecuarias, 26(Suplemento), 284-291. 

 

https://www.icar.org/
https://www.icar.org/index.php/technical-bodies/instructions-for-scs-wgs-and-tfs/
https://www.icar.org/index.php/technical-bodies/instructions-for-scs-wgs-and-tfs/
https://www.icar.org/index.php/technical-bodies/sub-committees/Interbull-sub-committee/
https://www.icar.org/index.php/technical-bodies/sub-committees/Interbull-sub-committee/
https://zemniekusaeima.lv/wp-content/uploads/2019/09/BreedExpo.pdf
https://journal.interbull.org/index.php/ib/article/view/964


65 

 

Marquez, G. C., Speidel, S. E., Enns, R. M., & Garrick, D. J. (2010). Genetic diversity 

and population structure of American Red Angus cattle. Journal of animal 

science, 88(1), 59-68. 

 

Mathur, P. K. (2005). Importance of connectedness between herds for effective across 

herd genetic evaluation. JS China Agric Univ, 26, 61-68. 

 

Matthews, N. J. (1989). Evaluating Growth and Maternal Traits of Beef Cattle. 

 

Meyer, K. (1992). Variance components due to direct and maternal effects for growth 

traits of Australian beef cattle. Livestock Production Science, 31(3-4), 179-204. 

 

MiX99  Development  Team.  2017.  MiX99:  A  software  package  for  solving  large  

mixed  model equations.  Release  XI/2017.  Natural  Resources  Institute  

Finland  (Luke).  Jokioinen, Finland. URL: http:///www/luke.fi/mix99. 

 

Moore, S. G., & Hasler, J. F. (2017). A 100-Year Review: Reproductive technologies in 

dairy science. Journal of dairy science, 100(12), 10314-10331. 

 

Philipsson, J. (1987). Standards and procedures for international genetic evaluations of 

dairy cattle. Journal of Dairy Science, 70(2), 418-424. 

 

Philipsson, J. (2011). Interbull developments, global genetic trends and role in the era of 

genomics. Interbull bulletin, (44). 

 

Phocas, F., Donoghue, K., & Graser, H. (2004). Comparison of alternative strategies for 

an international genetic evaluation of beef cattle breeds. Interbull Bulletin, (32), 

18-18. 

 

Phocas, F., Donoghue, K., & Graser, H. (2005). Investigation of three strategies for an 

international genetic evaluation of beef cattle weaning weight. Genetics 

Selection Evolution, 37(5), 361. https://doi.org/10.1186/1297-9686-37-5-361 

 

Phocas, F., & Laloë, D. (2003). Evaluation models and genetic parameters for calving 

difficulty in beef cattle. Journal of Animal Science, 81(4), 933-938. 

 

Phocas, F., & Laloë, D. (2004). Genetic parameters for birth and weaning traits 

in French specialized beef cattle breeds. Livestock Production Science, 89(2-3), 

121-128. 

 

Quintanilla, R., Laloë, D., & Renand, G. (2002). Heteroskedasticity and genotype by 

environment interaction across European countries for weaning weight in 

Charolais breed. Proceedings of the 33rd Biennial Session of ICAR, 147–150. 

Interlaken, Switzerland: EAAP publication N. 107, 2003. 

 

https://doi.org/10.1186/1297-9686-37-5-361


66 

 

Quintero, J. C., Triana, J. G., Quijano, J. H., & Arboleda, E. (2007). Influence of 

maternal effect in estimating genetic parameters for weaning weight in a beef 

cattle herd. Revista Colombiana de Ciencias Pecuarias, 20(2), 117-123. 

 

Rekaya, R., Weigel, K. A., & Gianola, D. (2001). Application of a structural model for 

genetic covariances in international dairy sire evaluations. Journal of dairy 

science, 84(6), 1525-1530. 

 

Renand, G., Laloë, D., Quintanilla, R. & Fouilloux, M.N. 2003. A first attempt of an 

international genetic evaluation of beef breeds in Europe. INTERBULL meeting 

Rome, Italy.August 28-30. Interbull Bulletin 31, 151-155. 

 

RStudio Team (2020). RStudio: Integrated Development for R. RStudio, PBC, Boston, 

MA. http://www.rstudio.com/. 

 

Saveli, E. O. (2011). Animal Bredding in Estonia 2004-2011 (H. Vinalass, Ed.). Tartu. 

https://issuu.com/etll/docs/breeding_2011 

 

Saveli, O. (n.d.). Breeding strategies for cattle, sheep and pigs in Estonia - O. Saveli. 

FAO. Retrieved November 26, 2020, from 

http://www.fao.org/3/AD250E/ad250e0b.htm 

 

Schaeffer, L. R. (1994). Multiple-country comparison of dairy sires. Journal of Dairy 

Science, 77(9), 2671-2678. 

 

Schultz, B., Serão, N., & Ross, J. W. (2020). Genetic improvement of livestock, from 

conventional breeding to biotechnological approaches. In Animal Agriculture 

(pp. 393-405). Academic Press. 

 

Smith, S. B., Gotoh, T., & Greenwood, P. L. (2018). Current situation and future 

prospects for global beef production: overview of special issue. Asian-

Australasian journal of animal sciences, 31(7), 927. 

 

Spangler M.L. (2013) Breeding in Beef Cattle. In: Christou P., Savin R., Costa-Pierce 

B.A., Misztal I., Whitelaw C.B.A. (eds) Sustainable Food Production. Springer, 

New York, NY. https://doi.org/10.1007/978-1-4614-5797-8_339 

 

Splan, R. K., Cundiff, L. V., Dikeman, M. E., & Van Vleck, L. D. (2002). Estimates of 

parameters between direct and maternal genetic effects for weaning weight and 

direct genetic effects for carcass traits in crossbred cattle. Journal of Animal 

Science, 80(12), 3107-3111. 

 

Stanforth, T. A., & Fralım, R. R. (1975). Selection For Increased Weaning Weight and 

Yearling Weight In Hereford Cattle. Misc Publ Agric Exp Stn Okla State Univ 

USDA. 

 

http://www.rstudio.com/
https://issuu.com/etll/docs/breeding_2011
http://www.fao.org/3/AD250E/ad250e0b.htm
https://doi.org/10.1007/978-1-4614-5797-8_339


67 

 

Sullivan, P. G. (2020). EDC Software. MT-EDC Software. 

https://www.cdn.ca/software/mtedc.html 

 

Sullivan, P. G., Liu, Z., Jakobsen, J. H., & Fikse, W. F. (2006). More on weighting 

factors for complicated models. Interbull Bulletin, (35), 112-112. 

 

Sullivan, P. G., Wilton, J. W., Schaeffer, L. R., Jansen, G. J., Robinson, J. A. B., & 

Allen, O. B. (2005). Genetic evaluation strategies for multiple traits and 

countries. Livestock Production Science, 92(3), 195–205. 

https://doi.org/10.1016/j.livprodsci.2004.07.020 

 

Suzuki, O., Aoki, M., & Kimura, K. (1998). Twin production by embryo transfer in 

Japanese Black-Holstein crossbred cows. Japan Agricultural Research 

Quarterly, 32, 131-138. 

 

Swali, A., & Wathes, D. C. (2007). Influence of primiparity on size at birth, growth, the 

somatotrophic axis and fertility in dairy heifers. Animal Reproduction Science, 

102(1-2), 122-136. 

 

Swedish University of Agricultural Sciences (SLU). (2019, December 4). Interbull 

Centre. SLU. Department of Animal Breeding and Genetics. 

https://www.slu.se/en/departments/animalgenetics/about-the-

department/Interbull/ 

 

Szabó, F., Nagy, L., Dákay, I., Márton, D., Török, M., & Bene, S. Z. (2006). Effects of 

breed, age of dam, birth year, birth season and sex on weaning weight of beef 

calves. Livestock science, 103(1-2), 181-185. 

 

Torsell, A. (2007). Prospects of performing multiple-country comparison of dairy sires 

for countries not participating in Interbull international genetic evaluations. 

 

University of Arkansas. (2021). Beef cattle selection and genetics. Cooperative 

Extension Service. https://www.uaex.edu/farm-ranch/animals-forages/beef-

cattle/breeding-genetic-selection.aspx 

 

Venot, E., Fouilloux, M. N., Forabosco, F., Fogh, A., Pabiou, T., Moore, K., ... & Laloë, 

D. (2009a). Beef without borders: genetic parameters for Charolais and 

Limousine interbeef genetic evaluation of weaning weights. Interbull Bulletin, 

(40), 55-55. 

 

Venot, E., Fouilloux, M. N., Forabosco, F., Fogh, A., Pabiou, T., Moore, K., ... & Laloë, 

D. (2009b). Interbeef genetic evaluation of Charolais and Limousine weaning 

weights. Interbull Bulletin, (40), 61-61. 

 

https://www.cdn.ca/software/mtedc.html
https://doi.org/10.1016/j.livprodsci.2004.07.020
https://www.slu.se/en/departments/animalgenetics/about-the-department/interbull/
https://www.slu.se/en/departments/animalgenetics/about-the-department/interbull/
https://www.uaex.edu/farm-ranch/animals-forages/beef-cattle/breeding-genetic-selection.aspx
https://www.uaex.edu/farm-ranch/animals-forages/beef-cattle/breeding-genetic-selection.aspx


68 

 

Venot, E., Fouilloux, M. N., Sullivan, P., & Laloë, D. (2008, June). Level of 

connectedness and reliability in international beef evaluation. In Interbull 

Meeting (Vol. 38, pp. 3-7). 

 

Venot, E., Pabiou, T., Fouilloux, M. N., Coffey, M., Laloë, D., Guerrier, J., ... & 

Wickham, B. (2007). Interbeef in practice: example of a joint genetic evaluation 

between France, Ireland and United Kingdom for pure bred Limousine weaning 

weights. In Interbull technical workshop (pp. 1-volume). International Bull 

Evaluation Service. 

 

Venot, E., Pabiou, T., Hjerpe, E., Nilforooshan, M. A., Launay, A., & Wickham, B. 

(2014, August). Benefits of Interbeef international genetic evaluations for 

weaning weight. 10th World Congress of Genetics Applied to Livestock 

Production, Vancouver, Canada. 

 

Venot, E., Pabiou, T., Laloë, D., Wickham, B., Fouilloux, M. N., & Journaux, L. 

(2006). First steps towards a European joint genetic evaluation of the Limousine 

breed. Interbull Bulletin, (35), 141-141. 

 

Vesela, Z., Vostry, L., & Bucek, P. (2013). International genetic evaluation of calving 

traits in beef cattle. Interbull Bulletin, 47, 176. 

https://journal.Interbull.org/index.php/ib/article/view/1317 

 

Wakchaure, R., Ganguly, S., & Praveen, K. (2016). Genotype x environment interaction 

in animal breeding: a review. Biodivers. Conserv. Chang. Clim, 3, 60-73. 

 

Zhang, S. Y., Olasege, B. S., Liu, D. Y., Wang, Q. S., Pan, Y. C., & Ma, P. P. (2018). 

The genetic connectedness calculated from genomic information and its effect 

on the accuracy of genomic prediction. PloS one, 13(7), e0201400. 

 

 

https://journal.interbull.org/index.php/ib/article/view/1317


69 

 

Special acknowledgments to my supervisors Dr. Simone Savoia, Dr. Alexis Michenet and 

Dr. Birgit Zumbach for the guidance and patience. 

Also, I would like to thank Interbull Centre for providing the license and data 

necessary for this project. 

 

Acknowledgements 


