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ABSTRACT: The objectives were to compare costs, 
annual monetary genetic gain (AMGG) and economic 
efficiency of classic selection and GS in a meat sheep 
breed. Deterministic methods were used to model selection 
based on multi-traits indices. Decisional variables related to 
male selection candidates and progeny testing capacity were 
optimized to maximize AMGG. For GS, a reference 
population of 2,000 individuals known on own performance 
was assumed and genomic information was available for 
evaluation of male candidates only. The results showed 
that, for 123 euros genotyping cost per animal, all GS 
scenario studied were associated with higher total variable 
costs. GS scenarios displayed higher economic efficiency 
than classic scheme only when genomic and phenotypic 
information were combined, with a maximum of 15% extra 
gain. Optimizing the current use of decisional variables can 
give more benefits than including genomic information in 
optimized designs. 
Keywords: Genomic selection; Selection model; 
Profitability; Sheep 
 
 

Introduction 
 

The benefits of Genomic Selection (GS) in terms 
of genetic gains over conventional selection strategies have 
been reported, now, in many farm animal breeding 
programs and great economic gains also have been reported 
in dairy cattle (Schaeffer (2006); Konig et al., (2009)). 
These expected benefits were due, mainly, to reduction in 
generation interval, increase in accuracies of the estimated 
breeding values of young bulls and bull dams, and the 
reduction in costs for progeny testing (Schaeffer (2006)). 
The breeding structures and the inherent biological 
conditions in sheep breeding programs differ from those in 
dairy cattle in many aspects: in French suckling sheep 
breeding programs, generation interval is relatively short, 
only few males are progeny tested, joint use of AI and 
Natural Service males and use of only fresh semen affect 
progeny testing capacity, progeny testing is less expensive 
compared to cattle and costs of genotype relative to 
economic value of the selection candidate is still high in 
small ruminants. So, the expected technical and economic 
benefits could be less remarkable than in dairy cattle. A 
recent study (Shumbusho et al. (2013)) showed that there is, 
however, genetic gain benefits associated to genomic 
selection in small ruminant breeding programs. 
Nevertheless, this study did not demonstrate that, in this 
species, breeding programs with higher genetic gains are 
better in economic efficiency. Indeed, economic benefits of 

a breeding program depend on the genetic gain, but also on 
other many parameters such as the extent and timing of 
expression of those genetic gains, the economic value of 
one unit of genetic gain and the costs of all inputs. The 
objectives of this study were to compare costs, monetary 
genetic gains and revenues of classic and genomic selection 
plans, taking the example of the Mouton Ile de France 
sheep breeding program. To compare different selection 
strategies, costs and revenues were counted at the industry 
level because genetic superiority created in nuclear farms is 
diffused in both nucleus and production farms. Details 
about the model (considered variables and parameters as 
well as all equations linking these elements) are given in 
Shumbusho (2014). 

 
Materials and Methods 

 
The models simulated the French Mouton Ile de 

France breeding scheme which aims at improving meat and 
maternal traits. The details were described in Shumbusho et 
al. (2013). Briefly, the breeding unit contains 14,000 ewes, 
40 artificial insemination (AI) rams and 300 natural service 
rams. Each year, 300 young males enter central testing 
station, where they are evaluated on own meat performance. 
Among them, 20 males are progeny-tested with at least 20 
progeny records. Females are evaluated on their maternal 
performance.  

 
Selection schemes scenarios. Four scenarios have 

been studied in respect to variable costs and economic 
efficiency  

 
Classic. In this conventional selection scheme, EBV were 

based on phenotypes and pedigree information. After 
selection on parents’ average EBV, young males were 
selected based on their meat index and then, after 
progeny testing, on a global index combining meat and 
maternal traits. 

Genomic Selection (GS). In this pure genomic selection 
scenario young male selection candidates were 
genotyped and best reproducers selected on their GBV 
of meat and maternal traits at an early age.  

GS-pheno. Young male selection candidates were 
genotyped and phenotyped for the meat traits. Then, 
best reproducers were selected on index combining 
genotypes and a meat index.  

GS-PT. This scenario used the GS scenario procedures as a 
pre-selection step. After progeny testing, elite rams 
were selected using a single index that combined meat 
and maternal records of their progeny. 



Response to selection. Selection accuracy and 
genetic superiority of selection candidates were predicted 
from classical deterministic methods. The model of 
Shumbusho et al. (2013) was extended to include multiple 
traits in meat and maternal indices. The meat index was a 
combination of average daily gain, back fat depth and 
conformation score traits, and the maternal index included 
prolificacy and milk value. Genetic parameters were from 
Bibé et al. (2002) and economic values from Guerrier et al. 
(2010). Genetic progress was expressed in monetary unit 
per unit change of the index (i.e., annual monetary genetic 
gain (AMGG)). The genomic information was modeled as a 
trait with a heritability of 1.0, which was genetically 
correlated to the corresponding selection index (Dekkers, 
2007). This genetic correlation between the genomic 
information and the index was equal to the accuracy of 
genomic prediction which depends on the reference 
population. It was predicted using Daetwyler et al. (2008) 
formula. 

 
In the model used to describe the breeding plan, an 

objective function (OF=AMMG or economic efficiency) is 
defined, function of parameters and decision variables 
linked by constraints. As in Shumbusho et al (2013), three 
situations were studied for each scenario in respect to the 
decision variables: “Current” (values as observed 
practically), “Optirest” (values after OF maximization 
excluding the number of AI) and “Optifull” (full OF 
maximization). 

 
Evaluation of variable costs of different 

selection strategies. Only costs that vary among studied 
selection scenarios were considered. A first group 
corresponds to costs of genotyping spent on male selection 
candidates and on the renewal of the reference population (a 
20% proportion was supposed here). A second group is 
proportional to levels (X!) of decisional variables defined in 
Shumbusho et al. (2013) model: costs related to 
maintenance, recording and loss in slaughter of male 
selection candidates; costs of keeping male reproducers; 
costs of artificial insemination and costs related to progeny 
testing.  

 
Economic revenues and efficiency of 

different selection strategies.	   Revenues from genetic 
improvement depend on: (i) the magnitude of genetic 
change (ii) the extent of expression (where (nucleus vs 
production farms) when, how many animals, and times per 
animals). The studied selection targets to improve meat and 
maternal traits, and the genetic change is realized 
respectively by lambs and ewes in nucleus and production 
farms. For maternal traits, the expression happens more 
than once, during n − 1 lambings after their first one at	  
𝑎!   years and a factor	   𝛾 = 1 1+𝑑 !!!!!

!!!! 	  was 
considered where	   d	   is the discounting rate. (iii) the time 
lag between creation and start of expression of genetic 
superiority, here approximated, in nucleus farms, by the 
mean generation interval	   (𝐿)	   and in production farms, by 
the asymptotic mean generation interval between a selected 

cohort in the nucleus and its first descendants born in the 
production farms	   ( 𝐿! = 𝐿 𝑟! with	   𝑟! 	  the proportion of 
descendant in production farms born from rams from the 
nucleus). This approximation is rather conservative because 
it neglects erratic realizations of the first few years (Elsen 
and Mocquot, 1974; Hill, 1974). Finally, (iv) revenues 
depend on how long the genetic superiority is expressed: a 
return	  to investment period of 𝑇 = 30	  years was considered 
in this study. Total revenues from a scenario	  (𝑅 = 𝑅! +
𝑅!) 	  came from maternal traits improvement: 	   𝑅! =
𝐴𝑀𝐺𝐺!×𝛾 𝑁𝐹!𝛾! + 𝑁𝐹!𝛾! 	  and  meat traits improvement:	  	  
𝑅! = 𝐴𝑀𝐺𝐺!× 𝑁𝐿!𝛾! + 𝑁𝐿!𝛾! . The coefficients 𝛾!and 
𝛾!  are:	   𝛾! = 1 1+𝑑 !!

!!!  and	  
𝛾! = 1 1+𝑑 !!

!!!! .	   The economic efficiency was 
defined as the contribution margin (𝐶𝑀 = 𝑅 − 𝐶 ). This 
efficiency was estimated for technically optimized 
scenarios corresponding to Shumbusho et al. (2013) results, 
and by optimizing the decision variables in order to 
maximize the total annual monetary genetic gain at fixed 
levels of variable costs.  

 
Results and Discussion 

 
Variable costs of different selection strategies. 

Comparing total variable costs of scenarios at any 
optimization level (i.e., Current, Optirest or Optifull) shows 
that genomic scenarios are more expensive than classical 
selection, when a genotype costs 123euros, but less 
expensive to classical selection if a genotype could cost 
70euros (except the GS-PT). At the current use of 
decisional variables, costs related to genomic information 
were up to 89Keuros (32.7% of total variable costs of GS 
and GS-Pheno scenarios) while costs of progeny testing 
were 56Keuros (22.6% of total variable costs of the Class-
PT scenario). This means that implementing genomic 
selection in this type of breeding programs will involve 
extra costs. This is far from what is predicted in dairy cattle 
breeding programs. Schaeffer (2006) in particular found 
that costs of proving bulls would reduce by 92%. 

 
Economic returns. The revenues of different 

scenarios and optimization levels are given in Table 1. 
Revenues for the meat traits were always higher than the 
ones for maternal traits. This can partially be explained by 
the fact that meat index had high variance and selection 
accuracy compared to maternal index. Comparing scenarios 
at their contribution margins, GS-Pheno scenario gave the 
highest economic returns. All genomic scenarios were 
superior to classic selection (Classic), except the GS at the 
”Optifull” level of optimization. However, apart from the 
GS-Pheno, the benefits remain small. In non progeny 
testing scenarios the CM were higher when optimization 
was at the level of Optirest compared to Optifull, which 
means that, in our case study, increasing the quantity of AI 
doses was not economically beneficial. This was the 
opposite in progeny testing scenarios (i.e., Classic and GS-
PT). Across scenarios, optimizations increased overall 
AMGG, revenues and CM. For classic selection, optimizing 
the use of decisional variables was more beneficial than 



including genomic information to an optimized classic 
design. 

 
Table 1. Revenues (R) for meat (b) and maternal 
(m) traits and contribution margins (CM) in 
Million Euro, from different selection strategies 

Scenario Level Rb Rm R CM 
 Current 1.03 0.24 1.30 1.02 
Classic Optirest 1.19 0.27 1.46 1.24 
 Optifull 1.30 0.33 1.63 1.39	  
 Current 1.02 0.31 1.34 1.07	  
GS Optirest 1.20 0.32 1.53 1.30 
 Optifull 1.28 0.30 1.57 1.29	  
 Current 1.25 0.30 1.55 1.27 
GS-Pheno Optirest 1.47 0.30 1.78 1.54 
 Optifull 1.49 0.29 1.79 1.54	  
 Current 1.04 0.33 1.37 1.04	  
GS-PT Optirest 1.19 0.43 1.62 1.36 
 Optifull 1.38 0.44 1.82 1.48	  

Rb , Rm , R and C M are revenues on meat traits, maternal 
traits, total revenues and contribution margins, respectively, all 
in Million Euros 

 

 
 
Figure 1: Total revenues of different selection 
scenarios of the breeding program at different 
levels of total variable costs 

 
Optimized returns at given total variable costs. 

The optimized overall revenues at different levels of 
variable costs are plotted in Figure 1. Increasing 
investments via increase of variable costs increased the 
overall revenues of all selection scenarios. The plateau, a 
state where increasing costs did not increase revenues was 
reached at approximately 200Keuros for GS, 240Keuros for 
Classic and GS-Pheno scenarios and at 300Keuros for the 
GS-PT scenario. Scenarios GS-Pheno and GS-PT gave 
highest optimized returns at, almost, all investment levels. 
However, the GS-PT reached its maximum revenues at 
higher costs compared to others. Note that in GS and GS-
Pheno scenarios, the costs of genotyping can be partially 
compensated by savings of eliminating progeny testing. The 
results in Figure 2 show that in terms of economic 
efficiency (contribution margin), the scenario GS-Pheno 
was the most efficient at all levels of total variable costs 
studied. Looking at each selection scenario, there is a point 

(or at least an interval) of variable costs where it is most 
efficient to invest, with respect to total variable costs spent. 
This economic efficient peak is at lower costs for scenarios 
without progeny testing (at 180Keuros for GS and 
200Keuros for GS-Pheno) compared to progeny testing 
scenarios where the peaks are at 240Keuros and 300Keuros, 
respectively, for Classic and GS-PT. 
 

 
Figure 2: Contribution margins at different levels of 
total variable costs for different selection scenarios 
of the breeding program 
 

Conclusion 
 

This study showed that some forms of genomic 
implementation in small ruminant breeding programs, are 
somehow more profitable than classic selection. However, 
these economic gains are lower than technical gains (annual 
genetic gain) recently predicted in sheep and goats breeding 
programs. The results also point the necessity to optimize 
the use of decisional variables. The comparison was done at 
the industry level without differentiating revenues 
associated to nucleus or production farms. It would be 
interesting to analyze detailed costs and benefits of each 
shareholder of the industry (i.e., breeding organizations, 
breeders and farmers). 
 

Literature Cited 
 

Bibé, B., Brunel, J.C., Bourdillon, Y. et al . (2002). Proc. 7th 
WCGALP vol : 335-338. 

Daetwyler, H. D., Villanueva, B., and Woolliams, J. A. (2008). 
PLoS One 3: e3395. 

Dekkers, J. C. (2007). J Anim Breed Genet 124: 331-41. 
Elsen, J.M. and Mocquot, J.C. (1974). Bull. Techn. Départ. Génét. 

Anim. INRA No 17 : 30-54. 
Guerrier, J., Praud, J.P., Poivey, J.P. et al. (2010). Renc. Rech. 

Rum. 17. 
Hill, W.G. (1974). Animal Science 18, 117-139. 
Konig, S., Simianer, H., and Willam, A. (2009). J. Dairy Sci. 92: 

382-391. 
Schaeffer, LR. (2006). J Anim. Breed. Genet. 123: 218 - 223. 
Shumbusho, F; (2014). Thesis University of Toulouse, France 

(http://www.inp-toulouse.fr). 
Shumbusho, F., Raoul, J., Astruc, J. M. et al. (2013). J Anim Sci 

91: 3644-57. 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2 

140 180 220 260 300 340 

A
nn

ua
l R

ev
en

ue
s (

M
€)

 
 

Annual variable costs (K €) 

GS 
GS-Pheno 
GS-PT 
Classic 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

140 180 220 260 300 340 

C
on

tri
bu

tio
n 

M
ar

gi
n 

(M
€)

 

 

Annual	  variable	  costs	  (K	  €)	  

GS GS-Pheno 

GS-PT Classic 


