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About the SMARTER research project 

SMARTER will develop and deploy innovative strategies to improve Resilience and Efficiency 

(R&E) related traits in sheep and goats. SMARTER will find these strategies by: i) generating 

and validating novel R&E related traits at a phenotypic and genetic level ii) improving and 

developing new genome-based solutions and tools relevant for the data structure and size of 

small ruminant populations, iii) establishing new breeding and selection strategies for various 

breeds and environments that consider R&E traits. 

SMARTER with help from stakeholders chose several key R&E traits including feed efficiency, 

health (resistance to disease, survival) and welfare. Experimental populations will be used to 

identify and dissect new predictors of these R&E traits and the trade-off between animal 

ability to overcome external challenges. SMARTER will estimate the underlying genetic and 

genomic variability governing these R&E related traits. This variability will be related to 

performance in different environments including genotype-by-environment interactions 

(conventional, agro-ecological and organic systems) in commercial populations. The outcome 

will be accurate genomic predictions for R&E traits in different environments across different 

breeds and populations. SMARTER will also create a new cooperative European and 

international initiative that will use genomic selection across countries. This initiative will 

make selection for R&E traits faster and more efficient. SMARTER will also characterize the 

phenotype and genome of traditional and underutilized breeds. Finally, SMARTER will propose 

new breeding strategies that utilise R&E traits and trade-offs and balance economic, social 

and environmental challenges.  

The overall impact of the multi-actor SMARTER project will be ready-to-use effective and 

efficient tools to make small ruminant production resilient through improved profitability and 

efficiency. 
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1 Summary 

The deliverable involves pulling the development of a deterministic recursive gene flow model 
to determine the cost-benefit of international genetic evaluations. The model is sufficient ge-
neric to be applicable to a whole multitude of different scenarios and enables the inclusion of 
different population parameters depending on the populations under investigation. A presen-
tation was made to the SMARTER group on the model itself as well as demonstration of how 
to populate it and run the program; the results based on a case study of Ireland importing 
germplasm from New Zealand was also presented. The latter case study is published in the 
peer review scientific journal Genetics, Selection, Evolution. This model therefore, in conjunc-
tion with other tasks, enables the determination of the cost effectiveness of international ge-
netic evaluations – cost is dependent on the resources required for a separate country breed-
ing program versus the importation of germplasm from another jurisdiction.  

 

. 
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2 Introduction 

Selection in small ruminants is generally based on smaller breeding programs than that for 
cattle. The selection tools are not used as intensely as in cattle because of their cost (perfor-
mance recording, especially milk recording in dairy small ruminants) compared to the gross 
margin per animal and because of physiological limits. Moreover, the usage of AI is less in 
small ruminants with fresh semen being preferred over frozen; this all limits the international 
exchange of germplasm to create genetic linkages.  

Genomics coupled with trait harmonisation and international cooperation may be one 
strategy to accelerate genetic progress in small ruminant populations. Even if some of the 
sheep and goat breeds are more or less exclusively local breeds, some of them are bred in 
several countries, including international breeds, such as the Alpine and Saanen goat breed, 
the Lacaune or Assaf dairy sheep breed as well as some terminal sire breeds in meat sheep 
(eg., Texel, Suffolk). Consequently it was important to study the feasibility of an international 
evaluation in sheep and goats as a means of increasing both the accuracy of selection but also 
possibly the selection intensity (as well as available genetic variability). This should translate 
to accelerated genetic gain. 

Such across-country genetic evaluations were implemented in SMARTER on existing 
traits as a proof of concept for future efficiency and resilience traits. The purpose was to build 
the pipelines and estimate the parameters needed for such evaluation and to assess if the 
level of connectedness of the populations (genealogical connection across countries and char-
acterization of the populations with SNP information) was sufficient to undertake the evalua-
tion and to estimate the genetic correlations across-country. 

The different across country genetic evaluations implemented in SMARTER are the fol-
lowing: 

-in meat sheep, an international evaluation of early life weight, scan weight, muscle 
depth, fat depth (efficiency-related trait) involving Texel, Suffolk and Charollais from the UK 
and Ireland; 

-in dairy sheep, an international evaluation of milk yield involving Red-Faced and Black-
Faced Manech from France and Blond-Faced and Black-Faced Latxa from Spain (Manech and 
Latxa being two different names representing similar strains across the border. 

-in goats, an international evaluation of milk yield (efficiency-related trait) and udder 
traits (efficiency-related trait) involving Alpine and Saanen from Canada, Italy, France and 
Switzerland. 

The work presented in this deliverable is related to the development of a deterministic 
recursive gene flow model to determine the cost-benefit of international genetic evaluations 
The associated article is attached in the appendix. 
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3 Objective 

To develop a sufficiently generic model to firstly quantify the impact of importation of foreign 
germplasm into a breeding program which can later be used to derive the overall cost benefit; 
the model must be sufficiently flexible to cater for a range of different scenarios that may exist 
among SMARTER members 

4 Results & Conclusion 

A generic a deterministic recursive gene flow model was developed to predict the commer-
cial performance of lambs born across various subpopulations.  
 

Overview of the model 

A gene flow model with multiple flows of predicted genetic merit across subpopulations of a 
sheep industry was created using Microsoft Excel. The model predicted the genetic 
improvement in overall economic merit of future generations of commercial sheep as a 
consequence of the incorporation or exclusion of foreign germplasm in a proportion of ram 
breeder flocks. The model also assessed the impact of the implementation of various breeding 
strategies using multiple scenarios. 

The model can be refined to suit any species or any (group of) countries. To start, the model 
generated predictions for the genetic merit of animals within a number of subcategories 
including: ewes mated, rams born, rams mated and lambs born during a historic phase from 
the year -10 to year 0 (Figure 2). This historic phase was identical for every strategy and 
reflected the current genetic merit of subpopulations and their recent genetic trends. Year 0 
was described as the base year for the model. Thereafter, a recursive predictive phase was 
generated from year 1 onwards. This predictive phase modelled future gene flow and genetic 
trends in accordance with each breeding strategy scenario. Standard partial budgeting 
techniques were used to aggregate the benefits into present values, with a focus on the overall 
industry impact after a certain time horizon. 

Input parameters 

Depending on the scenario under investigation, the market share of each subpopulation 
varied on an annual basis. Similarly, for each subpopulation, the age structure of the ram and 
ewe population, genetic trends, genetic merit, selection proportions and selection 
differentials could also be varied. Discount factors, frequency of importation of foreign 
germplasm, the extent of genetic superiority of foreign sires over domestic sires and the 
standard deviation of the domestic index as well as the size of the national ewe population 
and weaning rate, which ultimately determined the number of lambs born alive per year, can 
be adjusted within each modelled scenario. 

Output parameters 
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Annualised cumulative (monetary) benefits were calculated to quantify and compare the 
impact of each alternative breeding strategy investigated. The final output of the gene flow 
model was the predicted average genetic merit value of commercial lambs born during a given 
year, which were then aggregated to industry-level benefits and expressed as a cumulative 
monetary value. 

A case study was developed using Ireland-New Zealand parameters. The ‘Base scenario’ 
represents the current Irish industry; ‘PRO-intense scenario’ incorporates an increase in 
selection intensity and no shift in market share; ‘PRO-market scenario’ gradually shifts the 
market share of the CON subpopulation to the PRO subpopulation; ‘PRO-intense-market 
scenario’ includes a combination of a shifting market share towards the PRO subpopulation 
and increasing selection intensity; ‘PROFOR scenario’ shifts the market share of the CON 
subpopulation between PRO, FOR and PROFOR; ‘FOR scenario’ the commercial subpopulation 
sourced FOR sires directly from New Zealand; FOR-5 and FOR-10 scenario the commercial 
subpopulation sourced FOR sires directly from New Zealand, however new shipments were 
imported every 5 or 10 years, respectively. 

The findings of the case study demonstrate that it is possible for the domestic industry, i.e. 

Ireland, to substantially increase the genetic and economic benefits without foreign sire 

contributions, i.e. from New Zealand, but through the strategic use of domestic germplasm. 

Essential to its success is a shift in the market share from conservative breeders towards 

progressive breeders. The use of foreign germplasm may play a key role in triggering this shift. 

Results are demonstrated in Table 5. This model now provides a template for other industries 

to quantify their genetic and economic benefits as a result of foreign sire contributions, 

regardless of country or species. 
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Figure 1. Market share shifts at a specified rate from one subpopulation to another from year to year, 
e.g. market share shifts from the conservative breeders (CON) towards progressive breeders (PRO) at 
a rate of 5% per year of the value in the previous year as part of the PRO-Intense and PRO-Intense-
market scenarios. 

 

 

Figure 2. Subcategories used to generate the model include ewes mated, rams born, rams mated and 
lambs born. 
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Figure 3. Genetic and economic benefits to the domestic industry as a result of the implementation of 
a given scenario are reported over a specific timeline, i.e. twenty years, and are compared to the base 
value, i.e. as of year 0. 

 
Numerous breeding strategies were evaluated by varying market share, proportions of rams 
selected for mating, genetic trend, superiority of foreign genetics over domestic genetics 
and frequency of importation. The results of the cost-benefit of a case study for Ireland and 
New Zealand (full details in https://gsejournal.biomedcentral.com/articles/10.1186/s12711-
020-00594-y) are given in the table below. 
 

https://gsejournal.biomedcentral.com/articles/10.1186/s12711-020-00594-y
https://gsejournal.biomedcentral.com/articles/10.1186/s12711-020-00594-y
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Complementary to the model developed, a survey to assess the willingness of the countries 
to share data and their expectations and concerns about an across-country evaluation was 
undertaken by all the SMARTER countries. On average, 75-80% of the respondents agree or 
strongly agree to share genotypes, phenotypes, pedigree for use in international genetic eval-
uations. The major expectations were the benefits for the domestic breeding programs and 
the breeders, far ahead of the economic benefits and the international cooperation. The ma-
jor concerns were the loss of independence on genetic evaluation process, the unbalanced 
benefits across countries, and the cost (euro and persons). 
 
In conclusion using the information for all tasks within this WP together, sufficient connected-
ness exists among some countries to enable international genetic evaluations. The use of com-
mon germplasm between some countries could strengthen genetic connectedness. There is a 
willingness among the countries surveyed to participate in international genetic evaluations. 
Also, there is a cost benefit of same. Nonetheless, depending on the population parameters, 
there is opportunity for a domestic industry to increase industry benefits without the use of 
foreign genetics but through an attempt to shift the market share away from conservative 
domestic breeders towards progressive domestic breeders. However, the importation and use 
of progressive foreign genetics may be an effective method to trigger a change in behaviour 
of conservative domestic breeders towards the use of progressive genetics. 

5  Deviations or delays 

No deviation or delay 
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7 Appendix 

 

Paper “Genetic and economic benefits of foreign sire contributions to a domestic sheep 

industry; including an Ireland-New Zealand case study” Genetics Selection Evolution.  

 

https://gsejournal.biomedcentral.com/articles/10.1186/s12711-020-00594-y#Ack1 

 

https://gsejournal.biomedcentral.com/articles/10.1186/s12711-020-00594-y#Ack1

