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Abstract: A profit function was designed for an industrial commercial rabbitry with the most common 
management in industrial rabbit production. The incomes, costs, and profit function were calculated and 
economic weights of the traits were estimated. The variable costs (feeding, artificial insemination, health 
and replacement) represented 62% of the total costs, and the fixed costs (labour, utilities, amortisation 
and administration) represented 38% of the total costs. Major costs were feeding of fattening kits and 
labour cost, at 26% and 18% of the total cost, respectively. The economic weights were feed conversion 
rate during fattening (–20.2 €/[g feed/g liveweight]), number of kits born alive (15.7 €/kit), pregnancy rate 
(1.7 €/percentage unit), weaning survival (1.7 €/percentage unit), fattening survival (2.0 €/percentage unit), 
daily feed intake (–0.50 €/(g feed/d)), daily gain during fattening (1.33 €/(g weight/d)), and replacement rate 
(–0.29 €/percentage unit). When varying the prices of kg of fattening feed and kg of liveweight, only the 
economic weights of feed conversion rate during fattening in the first case and the number of kits born alive 
in the second case changed considerably. Changes in labour cost produced appreciable changes in the 
whole production cost. Although economic weights are robust to changes in prices, these weights should be 
recalculated after some generations of selection, because changes in the mean of the traits due to selection 
can also change economic weights.
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Introduction

The breeding goals in an animal breeding programme are commonly established according to the economic 
importance of the traits. In a selection index, the economic weights are defined as the economic value of a unit of the 
trait (Falconer and Mackay, 1996), although more accurate definitions can be proposed for specific cases (see Blasco, 
1995, for a full review on economic weights1). In the simplest case, economic weights can be computed from a profit 
function, depending on a set of traits, a set of market prices, the variable costs and the fixed costs of production. 
Normally the prices and the costs (both fixed and variable costs) are considered constant whatever the size of the 
farm; i.e., there is no scale factor on costs and prices. This means, for example, that a farm of 1500 does will have 
twice the costs of a farm with 750 does and the prices of food and live rabbits will be the same. In a very large scale 
production operation, this is not always the case; for example, a very large company may obtain better prices for food; 
but the assumption of no scale factor on costs and prices works well for most of the common industrial farms. The 
profit function is, under these assumptions, a function of only the traits considered.

Another common hypothesis is that the profit function is a linear combination of the traits. In this case, the profit 
can be calculated as the difference between income and costs per unit of trait. As this is not often the case, an 
approximation can be done by linearising the profit function using Taylor series; i.e.: if  P=ƒ(x1,x2, … ,xn) is the profit 
function and x1,x2, … ,xn are the traits. 
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1 An English translation of this paper is available from the author by request.	

W o r l d
R a b b i t 
Sc ience

World Rabbit Sci. 2014, 22: 165-177
doi:10.4995/wrs.2014.1747

© WRSA, UPV, 2003

Correspondence: A. Blasco, ablasco@dca.upv.es. Received October 2013 - Accepted February 2014.
http://dx.doi.org/10.4995/wrs.2014.1747

mailto:ablasco@dca.upv.es
http://dx.doi.org/10.4995/wrs.2014.1747


Cartuche et al.

166 World Rabbit Sci. 22: 165-177

Where xir  is the average of the trait i at the moment of selection and ,x xi i i6= r  means that the partial derivative is 
calculated at the means of all traits. It seems logical to call ‘economic weights’ the quantities that multiply the traits, 
since the profit is proportional to them. They are approximately equal to an increment in profit when a small increment 
of the trait is produced; this is usually correct because increments due to selection are small (Smith, 1984). This way 
of computing economic weights entails that they should be recalculated after few generations of selection, since the 
approximation may not work well if the means of the traits have changed too much by selection.

Economic weights can be computed in different ways. For example, the ratio income/costs can be considered instead 
of considering the difference between income and costs, but both perspectives lead to the same results under certain 
assumptions (Smith et al., 1986). Other more complex approaches need market studies; for example, Amer and 
Fox (1992) derive economic weights from marginal costs curves, and De Vries (1989) considers the market quota 
of a breeding company. These approaches need information that is not usually available in rabbit production, so the 
economic weights were derived using the more classical approach discussed above.

Economic weights will be used later in selection indexes. A selection index predicts the economic value of the 
offspring of a candidate for selection. This economic value, often called “aggregate genotype” is, for each animal: 

…A w A w A w AE n n1 1 2 2 +$ $ $= + +  where wi is the economic weight of trait i and Ai is the breeding value of trait 
i; i.e., the prediction of the value of the offspring of the candidate of selection for this trait. The units in which the 
economic weights are expressed should be the same as the units of the breeding values; for example, if A1  is the 
breeding value of slaughter weight expressed in kg, the economic weight w1 should be expressed in €/kg; if A2 is 
the breeding value for food conversion rate expressed in (kg food / kg liveweight), w2 should be expressed in €/(kg 
food / kg liveweight), so that AE is expressed only in €. By doing this, we select the animals that will have descents 
producing the highest profit, independently on whether they do that because they are particularly good in trait 1 or in 
trait 2. The breeding values Ai are often estimated simultaneously by means of an index, and they are not necessarily 
the same as the traits measured; for example, food conversion rate can be included in the aggregate genotype due 
to its economic interest, but not measured due to the high cost of recording; in this case the trait is improved through 
the genetic correlations with other traits actually measured. The procedure can be found, for example, in Falconer 
and Mackay (1996).

Economic weights of the main traits have been calculated by Armero and Blasco (1992) and Prayaga and Eady 
(2000) in rabbit meat production. However, industrial rabbit production has changed considerably in recent decades. 
Advances in management, nutrition, genetics, reproduction and marketing have modified the prices and costs of 
the profit function, and have also introduced new traits into the function; for example, nowadays the use of artificial 
insemination and reproduction management in batches is common in industrial production. Manual labour has 
changed, since one person can manage more than twice the number of does as 20 yr ago. Investments are also 
different nowadays, as farms are technically better. The aim of this study is to compute the economic weights in 
modern rabbit industrial production.

MATERIALS AND METHODS

Production system

A simulation was performed considering a typical industrial rabbitry that can be managed by one person. The 
rabbitry had 750 does housed in 2 bays. Each bay had 750 multipurpose cages for does and fattening animals 
plus 105 replacement cages. The management characteristics were based on of the national Spanish rabbit survey 
(MAGRAMA, 2008). The rabbitry was environmentally controlled and, as mentioned above, was managed by one 
person. Crossbreed does for replacement were purchased from a multiplier at 9 wk of age. The reproductive does 
had their first artificial insemination at 18 wk of age and were managed in a single batch. All does were artificially 
inseminated 11 d post-partum, i.e., with subsequent cycles of 42 d. The suckling kits were weaned at 35 d and 
sold to the slaughterhouse at 2.2 kg of liveweight. Replacement and reproductive does were fed with feed made 
for reproductive dams. Replacement does were feed-restricted. Reproductive does were fed ad libitum during the 
lactating, overlapping (both lactating and gestating) and gestating periods, and restricted during the empty periods. 
Kits consumed the doe feed ad libitum from 17 to 35 d of age, and a feed for fattening ad libitum until slaughter. The 
mean values assumed for the variables of the profit function are shown in Table 1.
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Profit function

The profit function was expressed as P= R−C  where, P, R, C were the profit, returns and costs, respectively. The profit 
was expressed per doe and per year. Details of the profit function are shown in Annexes 1, 2 and 3. The only return 
considered was the income from selling fattening kits. Prices and costs assumed are shown in Table 2.

The fixed costs were the sum of labour, utilities, administration and amortisation costs. These costs were divided per 
doe, replacement doe or litter weaned per year. The labour cost was established as twice the Spanish national minimum 
agricultural salary (MEYSS, 2012). This labour cost was increased 36% to cover holidays and weekends, according to 
the working calendar in Spain, in which 270 working days are considered in a contract.

Table 1: Mean values assumed for the variables of the profit function.
Parameter Source
Pregnancy rate (%) 78.2 bdcuni1

Number of kits born alive per kindling 9.4 bdcuni 1

Lactation survival (%) 88.1 bdcuni 1

Fattening survival (%) 92.9 bdcuni 1

Replacement rate (%) 120 Ramon and Rafel, 2002
Replacement mortality (%) 9.3 Rosell and de la Fuente, 2009
Feed intake of the replacement doe (kg/period) 8.8 Cervera and Pascual, 20062

Daily feed intake of lactating doe (g/d) 282 Adapted from Pascual et al., 1999
Daily feed intake of overlapping doe (g/d) 339 Adapted from Pascual et al., 1999
Daily feed intake of empty doe (g/d) 167 Adapted from Pascual et al., 1999
Daily feed intake of pregnant doe (g/d) 199 Adapted from Pascual et al., 1999
Daily feed intake of suckling kit (g/d) 22 Blas E., personal communication
Daily feed intake during the fattening period (g/d) 105 Orengo et al., 2009
Daily gain during lactation (g/d) 35.0 Alagón, 2013
Daily gain during the fattening period (g/d) 40.1 Orengo et al., 2009
Weight at 17 d (kg) 0.31 Alagón, 2013
Weaning weight at 35 d (kg) 0.9 Alagón, 2013
Slaughter weight (kg) 2.2 bdcuni 1

1Mean for rabbitries with a single batch management and insemination 11 d post-partum; bdcuni (database of technical management 
in Spanish rabbit sector), personal communication.
2Assuming 140 g/d from 9 to 18 wk of age.

Table 2: Prices and costs used in the profit function.
Parameter Source
Price per kg of liveweight (€ ) 1.81 ASESCU, 20122

Price of replacement doe (€/crossbreed doe) 9.00 Sector companies
Price per kg of fattening feed (€/kg) 0.29 COAVRE, 20123

Price per kg of doe feed (€/kg) 0.30 COAVRE, 20123

Price of artificial insemination1 (€/dose) 1.00 Sector companies
Health costs of doe (€/doe) 11.33 Rosell and Fluvià, 2008
Health costs of replacement doe (€/replacement doe) 0.50 Sector companies
Fixed cost of the doe (€/doe yr) 42.46 Own estimation 
Fixed cost of the replacement (€/doe yr) 13.05 Own estimation 
Fixed cost of the offspring (€/doe yr) 22.62 Own estimation 
1Hormonal treatment included. 

2Average of 2012. 
3Average of 2012, coccidiostats and value added tax (10%) included; no antibiotics, transport and bonuses included.
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The utilities costs, which included water, power, phone, maintenance and nesting material were estimated from restricted 
data from 2012 provided by 21 typical industrial farms included in the bdcuni2 management programme (database of 
technical management in Spanish rabbit sector). The administrative costs considered were clerical costs, agricultural 
insurances (ENESA, 2012) and contributions to rabbit producers associations (BOE, 2010).

The investment cost was estimated as the cost of the building plus the cages. The depreciation period of this capital 
was 30 yr for the building and 15 yr for the cages. It was assumed that in real situations the farmer will need a loan for 
the investment, so the cost of a loan was added to the investment costs. Based on actual data, a loan with a constant 
interest rate of 6% repayable in 10 yr was assumed. An average inflation rate of 3% was also considered when 
calculating the annual payments of the loan, so that the actual amount returned was lower than the amount obtained 
when considering these quantities at constant monetary value. The opportunity cost was calculated, on current bank 
data, as the return obtained when investing the costs of the investments in a fixed term at 2.5%.

Economic weights

The absolute economic weights of the different traits were estimated as in formula (1), calculating the partial 
derivate of the profit function with respect to the traits, and substituting the traits by their average values. The traits 
considered were pregnancy rate (percentage of kindlings with respect to inseminations), number of kits born alive 
(kits born alive per kindling), lactation survival (percentage of kits weaned with respect to kits born alive), fattening 
survival (percentage of growing rabbits at slaughter age with respect to kits weaned), replacement rate (percentage 
of replacement does with respect to reproductive does per year), daily feed intake during fattening, daily gain during 
fattening and feed conversion rate during fattening. The relative economic weights of all traits were expressed with 
respect to the economic weight of the highest of all of them, which was the feed conversion rate during fattening. 
Prices and costs were assumed to be constant because no scale effect on the size of the farm was expected; however, 
changes of prices of the main inputs and outputs could modify the economic weights. In order to assess whether this 
was the case, a sensitivity analysis was performed by changing feed and rabbit liveweight prices. Economic weights 
were recalculated taking the means of the minimum and maximum prices between 2009 and 2012, which were in 
Spain 0.22 and 0.33 €/kg of feed (COAVRE, 2012), and 1.50 and 2.17 €/kg of rabbit liveweight (ASESCU, 2012). 
Economic weights were also recalculated varying the labour costs between one and three times the national minimum 
agricultural salary in Spain (BOE, 2011).

RESULTS

Profit function

Tables 3 and 4 show the costs per doe and year and per kg of liveweight, and the percentage of each item with 
respect to the total cost. Feeding represents almost half of the total costs. Feeding the offspring takes almost 30% of 
the total costs, showing the importance of feed conversion rate during fattening in the profit.

2	 Data provided by the Valencia Institute of Agricultural Research (IVIA).

Table 3: Distribution of the feeding costs of the rabbitry.
€/doe and year €/kg liveweight sold % total1

Replacement doe 3.5 0.03  1.7
Reproductive doe 29.2 0.25  14.2

Pregnancy  2.8  0.02 1.4
Overlapping 16.5  0.14 8.0
Lactation  6.3  0.05 3.1
Empty period  3.6  0.03 1.8

Offspring 60.5 0.53  29.4
Lactation kits  7.2  0.06  3.5
Fattening kits 53.3  0.46 25.9

1Percentage of the cost with respect to the total cost of production.
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Labour is an important cost due to the size of the enterprise, because total income of the products managed by a 
single man for a year is only 154,500 € (Table 5). If rabbits are slaughtered at heavier liveweights, as in France or in 
the North of Italy, this effect is mitigated because labour cost is approximately the same and the return increases. In 
total, fixed costs (labours, amortisations, utilities and administrative) represent 38% of the cost.

It is interesting to note that the costs of replacement and feeding the replaced doe account for only 7.4% of the 
costs, which implies that longevity is not going to be an important economic trait. In general, all costs affecting the 
reproductive stock are divided by the total litter produced, and they represent a small part of the cost of the product, 
i.e. the rabbit sold to the slaughterhouse. In the present study we considered a replacement rate of 120% and a 
pregnancy rate of 78.2% (Table 1), which implies an average of 5.7 parities per doe. Having 9.4 kits born and with the 
survival rates shown in Table 1, each doe will have 7.7 rabbits sold per parity, which means that each doe produces 
about 44 rabbits in its productive life. Therefore, all costs on the doe should be divided by 44 to obtain the cost per 
rabbit sold. Notice that these figures are real data and not theoretical proposals; they are averages of actual results of 
the farms included in the bdcuni management programme.

Amortisation costs are relatively high. There are several reasons for this. First, a rabbit farm is a relatively expensive 
investment per doe for the same reason that fixed costs are higher in rabbit (38%) than in other intensive animal 
production (22% in swine, SIP, 2012; 24% in broiler, ENESA, 2009). Apart from this, it was considered a real situation 
in which the farmer has no savings and needs to ask for a loan to build up the farm. To reproduce as accurately as 
possible real situations, the loan was considered to be returned within 10 yr, although the cost was divided by the 
whole period of amortisation (30 yr for the building and 15 yr for the cages), which means that in practice the farmer 
will apparently have less profit at the beginning of this period and more profit later.

Only sold rabbit liveweight from fattening rabbits was considered as returns. Manure is almost not paid; its return is 
compensated by the cost of collection, transport and elaboration. The same happens with the income from culled 
does. Rabbit fur has some value, but slaughterhouses pay for the live rabbit, without dividing fur and carcass. 
Corrections of the liveweight price have occasionally been proposed according to carcass yield, but it is not a common 
practice, so liveweight is finally the only return in rabbit meat production.

Table 5 shows the total costs, income and benefits of the rabbit farm. It is noticeable that the benefits are near zero, a 
common situation in small animal production industries, in which the farmer obtains the benefits through self-employment.

Economic weights

The economic weights of the traits are shown in Table 6 expressed in €/unit of the trait. Not surprisingly, the highest 
economic weights were the feed conversion rate during fattening and the number of kits born alive. Note that, as 

Table 4: Distribution of the rabbitry costs.
€/doe and year €/kg liveweight sold % total1

Feeding 93.2 0.81 45.2
Utilities 14.4 0.13 7.0
Artificial insemination 8.69 0.08 4.2
Replacement 11.8 0.10 5.7
Health 14.3 0.12 6.9
Labour 37.3 0.32 18.1
Administration 6.3 0.06 3.1
Amortisation 20.2 0.18 9.8
1Percentage of the cost with respect to the total cost of production.

Table 5: Costs, returns and profit of the rabbitry.
€/doe yr €/kg liveweight sold €/yr

Costs 206 1.79 154,500
Returns 208 1.80 156,000
Profit  1.69 0.01 1,500
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shown in Figure 1, if the profit function is linear, the economic weights are the same independently of the amount 
of the increase of the trait; for example, the economic weight is the same if the increment of food conversion rate is 
0.1 or is 1 because in the first case the benefit will be 10 times lower than in the second case. As profit functions 
are not always linear and the increment of a trait expected by genetic improvement is low, observing the profit 
increment when a unit of the trait increases can help to understand the meaning of the economic weight, as shown 
in Table 7. This table also shows the increment in profit when the trait increases one phenotypic standard deviation. 
Profit changes considerably, but response to selection depends on several factors such as genetic parameters and 
intensity of selection, and it is much more difficult to improve 3.4 young rabbits than 0.25 g/g of food conversion rate.

Economic weights of survival and replacement rate were small. This does not mean that survival or mortality are not 
important traits, but it should be taken into account that these traits are near their optimum, so only small increments 
can be expected. Whereas one rabbit more is near to a 10% increase in litter size, achieving this increase would put 
the survival rate of young rabbits at close to 100%. As these figures are the average of real farms from a management 
programme, it can be concluded that when a farm is far from these values, this farm has a management problem that 
should be solved by means other than genetics.

The economic weight of replacement rate was low compared to the economic weights of other traits. This economic 
weight can be considered as an estimation of the economic weight of longevity. It may be argued that the reproductive 

doe has an unproductive period before it is culled 
whose cost (feeding, sanitary costs, etc.) should be 
considered, but this unproductive period represents 
only 1.8% of the total cost of the doe, and apart from 
this, in our case it is actually included in the costs of 
the reproductive doe, because we considered all costs 
throughout the reproductive life of the doe. Some 
authors considered the economic weight of longevity as 
the period between first mating and death or culling 
time (Eady and Garreau, 2007), but this is equivalent 
to including the replacement rate in the profit function. 

Sensitivity analysis

The sensitivity analysis of absolute and relative economic 
weights is shown in Tables 8 and 9. Economic weights 
look quite robust, but appreciable changes occur in the 
economic weight of food conversion rate when there is 
a large variation in the price of fattening feed, and the 
same happens to the economic weight of the number 

Table 6: Absolute (EW) and relative (REW) economic weights of the main traits of the profit function in €/unit of the 
trait.
Trait EW EW1 REW REW1

Pregnancy rate 1.7 - –0.09 -
Number of kits born alive 15.7 30.7 –0.78 –0.89
Lactation survival 1.7 3.6 –0.08 –0.10
Fattening survival 2.0 4.2 –0.10 –0.12
Replacement rate –0.3 –0.8 0.01 0.02
Daily feed intake during fattening –0.5 –0.7 0.02 0.02
Daily gain during fattening 1.3 2.7 –0.07 –0.08
Feed conversion rate during fattening –20.2 –34.3 1.00 1.00
1Economic weights according to Armero and Blasco (1992) adjusted to constant Euros (Base 100=2012).

Figure 1: Linear profit (P) function. Economic 
weight=∆P1/∆x1=∆P2/∆x2  are the same using any 
increment of the trait.

P

Trait x

∆x1

∆P1

∆P2

∆x2
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of kits born alive when large changes occur in the sold liveweight price of the rabbit, independently of whether we 
consider the absolute or relative economic weight.

When varying the salary between one and three times the national minimum agricultural salary, the labour cost, 
which is 18.1% of the production costs in our model (Table 4), ranged from 10.7% to 23.5% and the production cost, 
1.79 €/kg of liveweight in our model (Table 5) varied between 1.65 and 1.94 €/kg of liveweight. This shows that the 
production cost is sensitive to large changes in the labour cost.

DISCUSSION

Profit function

Our model represents a typical modern industrial farm managed by one person. The number of does managed per 
person has increased in the last years due to advances in reproduction and management such as the implementation 
of artificial insemination or management in batches. Some processes have become mechanised, like the feeding 
and manure elimination systems (Muguerza et al., 1995; Rodríguez, 2007). At present, one person is considered to 
manage between 675-750 does (Jentzer-Azard, 2009; Serrano et al., 2012; Rafel et al., 2013). As explained in the 
Introduction section, we assumed that there is no scaling factor in prices and costs, so our results can be applied to 
rabbitries of different sizes.

The variable costs (feeding, artificial insemination, replacement and health) were 62.1% of the total cost, while fixed 
costs (labour, amortisations, utilities and administrative) were 37.9%. These results were within the range obtained in 
2010 by Pascual et al. (2011) and Serrano et al. (2012).

Table 7: Increase in profit (€/doe yr) derived from a change in the mean value of a trait. A: Change of profit caused 
by the improvement of one unit of the trait. B: Change of profit caused by the improvement of one phenotypic s.d.

Mean s.d. A(€) B(€)
Pregnancy rate (%) 78 7.71 1.7 13
Number kits born alive (kits) 9.4 3.41 15.7 53
Lactation survival (%) 88 3.41 1.7 6
Fattening survival (%) 93 4.51 2.0 9
Replacement rate (%) 120 291 0.3 8
Fattening daily feed intakea (g/d) 105 212 0.5 10
Fattening daily gain (g/d) 40 7.92 1.3 10
Feed conversion rate during fatteninga (g/g) 2.6 0.252 20.2 5
1bdcuni (database of technical management in Spanish rabbit sector), personal communication.
2Orengo et al., 2009.
aEstimated from the whole consumption of the cage.

Table 8: Economic weights in €/unit of the trait obtained with minimum and maximum price of fattening feed and 
sold liveweight.

Trait
Fattening feed price Liveweight price

Min Max Min Max
Pregnancy rate 1.9 1.6 1.4 2.3
Number of kits born alive 17.1 15.0 13.0 20.2
Lactation survival 1.9 1.6 1.4 2.2
Fattening survival 2.0 1.9 1.7 2.4
Replacement rate –0.3 –0.3 –0.3 –0.3
Daily feed intake during fattening –0.4 –0.5 –0.5 –0.5
Daily gain during fattening 1.0 1.5 1.3 1.3
Feed conversion rate during fattening –15.0 –22.5 –20.2 –20.2



Cartuche et al.

172 World Rabbit Sci. 22: 165-177

Labour cost was considered as twice the national minimum agricultural salary (28,543 €/yr, including taxes) because 
the producer is supposed to have background and experience in rabbit production management, so it is not possible 
to apply a salary of an unqualified worker. This salary is within the range considered by other technical management 
programmes in Spain and France (Jentzer-Azard, 2007; Jentzer-Azard, 2009; BOE, 2011; ITG, 2012).

Longevity has been proposed as a trait of strong economic interest by some authors (Piles et al., 2006; Sánchez 
et al., 2008), but according to our results it is of low importance, and the same result was found by Eady and Garreau 
(2007). All costs placed on the reproductive stock are divided by the number of rabbits produced, leading to low 
economic weights and low profits when increasing the traits related to these costs. All costs on the doe should be 
divided by the 44 kits produced in their reproductive life to obtain the cost per rabbit sold. The same reasoning can 
be applied to all costs related to artificial insemination or related to males; they will always be low and will have no 
interest for selection, despite the claims of some authors based only on the heritabilities of these traits (Lavara et al., 
2011; Tusell et al., 2012).

Benefits are near zero. This is common in small sized agricultural industries due to competence, and the farmer 
obtains the return on capital invested after costs by self-employment with a reasonable salary, as we have seen 
before.

Economic weights

There are only 2 former studies on economic weights in rabbit, Armero and Blasco (1992) and Prayaga and Eady 
(2000). In a context of restricted feeding, Eady and Garreau (2008) also calculate economic weights for some traits 
of rabbit meat production. Table 6 shows the results of Armero and Blasco (1992) in €/unit of trait, corrected for 
inflation. The relative economic weights look remarkably similar, but there are obvious differences for the absolute 
economic weights. Number of kits born alive halved its economic weight in the last 20 yr, and even at its maximum 
price (Table 8) it was far away from the weight given by Armero and Blasco (1992). As the economic weight of 
number of kits born alive is directly related with the price of sold rabbit liveweight, prices 20 yr ago should have 
been higher, and indeed they were. Correcting for inflation, the price of rabbits in 1992 was 3.27 €/kg liveweight 
compared to the current 1.81 €/kg liveweight. The decrease in fattening food prices has been much less dramatic, 
from 0.33 to 0.29 €/kg, but here comparison is more difficult, since Armero and Blasco (1992) considered weaning 
at 28 d; nevertheless, a reduction in the economic weight is expected if the price of food decreases (Table 8). The 
reduction of liveweight price has been compensated by reducing labour costs through a great increase in the number 
of females managed by one person. In the 1990s one person was assumed to be able to manage 300  females 
(Baselga and Blasco, 1989), whereas now one person manages more than twice this figure. Rabbit production has 
become an intensive farming industry similar to swine or poultry. In Australia, the economic weights of litter size and 
food conversion rate were also important, although the infant industry is much less productive than European systems 
(Prayaga and Eady, 2000; Eady, 2003). In France, Eady and Garreau (2008) stress that using restricted feeding will 
reduce feeding costs more than feeding ad lib. Restricted feeding is used generally for a better control of enterocolitis, 
but it can be an interesting trait in rabbit production per se. Research is needed to determine whether the genetic 
progress under restricted feeding would be more efficient for decreasing food conversion rate than ad libitum feeding, 

Table 9: Relative economic weights obtained with minimum and maximum price of fattening feed and sold liveweight.

Trait
 Fattening feed price  Liveweight price

Min Max Min Max
Pregnancy rate 0.13 0.07 0.07 0.11
Number kits born alive 1.14 0.67 0.64 1.00
Lactation survival 0.12 0.07 0.07 0.11
Fattening survival 0.13 0.09 0.08 0.12
Replacement rate 0.01 0.01 0.01 0.01
Daily feed intake during fattening 0.02 0.02 0.02 0.02
Daily gain during fattening 0.07 0.07 0.07 0.07
Feed conversion rate during fattening 1.00 1.00 1.00 1.00
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and whether this would compensate a lower growth. An experiment of selection under restricted feeding is now being 
carried out (Drouilhet et al., 2013).

The economic weights of lactation and fattening survival had a low value, agreeing with results reported by Prayaga 
and Eady (2000). In spite of this, Eady (2003) suggested that pre-weaning mortality can be an important trait to be 
included in a selection index in these conditions. However, the reason for the importance of this trait was its high 
phenotypic deviation (σP=22.7%), much higher that the value obtained in the Spanish industry (3.37%; bdcuni, 
personal communication). This means that mortality was much higher than it should be on many farms, and this 
should not be solved by selection. One condition for the estimation of the economic weights is that the resources have 
to be used efficiently (Smith et al., 1986), as genetic progress is slow and changing management is a much more 
efficient solution when the performances are suboptimal.

Although economic weights have shown some sensitivity to changes in the extremes of some prices, a result observed 
before (Vandepitte and Hazel, 1977; Bright, 1991), selection indexes are quite robust to variations in the values of 
economic weights (Smith, 1983), thus the normal fluctuation of prices should not affect the results of selection 
indexes when the economic weights are included. It is nevertheless recommended to re-estimate them after some 
generations of selection in order to see how the changes in the means produce changes in the economic weights. 
We have seen how in the last 20 yr great changes have taken place in the economic weights of litter size and feed 
conversion rate during fattening.

Which traits should be considered for inclusion in a selection index? There is no straightforward answer to this 
question. Some traits have a direct effect on the profits (e.g. litter size), but if the heritability of a trait is very low, no 
economic progress will be obtained by selection. Intensity of selection is not the same for all traits. Some traits are 
highly variable and some are not, and the selection response is proportional to variability. Some traits have no effect 
on the profit function, but may be included in it for other reasons, for example future expectations (e.g. meat quality). 
Some traits are recorded in both sexes and some in only one sex (e.g. pregnancy rate), some traits are expressed 
before animals should go the slaughter house (e.g. growth rate) and some are not observed until adult life (e.g. 
litter size) so no data of the candidate for selection is available at the moment of selection and it should be selected 
using information of relatives. Some traits are difficult and expensive to be measured (e.g. food conversion rate) but 
are correlated with traits that are easier to gauge (e.g. slaughter weight), so they can be considered in the breeding 
objective but not measured in the selection index. Some traits allow repeated measurements (e.g. litter size) and some 
traits do not (e.g. daily gain). 

Ponzoni and Newman (1989) have stressed that in practice selection will not necessarily be carried out based on 
indices, but economic weights identify the relevant traits to be included in the breeding objective. In our case, it seems 
clear that food conversion rate and litter size are the main objectives in rabbit breeding. Current breeding systems 
consider selection for litter size in dam lines and improvement of food efficiency through selection for growth rate 
in terminal sire lines, for practical reasons. If dam lines were also selected for growth rate, their adult weight would 
increase (Blasco et al., 2003), their maintenance costs would also increase and their management would be more 
complex; moreover, the need for individual identification and recording of the offspring will also raise the costs of the 
programme. Direct measurement of the conversion index looks attractive, as it seems that the genetic correlation 
between food conversion rate and growth rate is lower than in other species (Piles et al., 2004), but it is expensive 
and the industry has been reluctant to use this measurement.

Litter size and food conversion rate are still the most important traits in rabbit meat production. Litter size is difficult 
to improve by selection and intensive research is being carried out to increase it. Food conversion rate is expensive 
to measure, but further research is needed about implementing records of this trait in selection programmes; for 
example, food consumption may be measured only in males and in some preselected families, reducing the high 
cost involved.
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ANNEXES

Annex 1: Glossary of symbols.
Symbols Description Symbols Description Symbols Description
A Alive Fd Feeding Pn Perinatal
Ac Acquisition Ft Fattening Pr Price
An Annual Fx Fixed Pt Parities
AI Artificial insemination G Gain R Returns
B Born H Health Ra Rate
C Cost I Intake Re Replacement
Ci Reproductive cycle La Lactation Sl Slaughter
D Day N Number Su Survival
Do Doe O Overlap To Total
Em Empty Of Offspring W Weight
En Entrance P Profit We Weaning
F Feed Pg Pregnancy

Annex 2: Abbreviations.
Symbols Description Symbols Description
AcCRe Acquisition cost of replacement HAnCRe Health annual cost of replacement 
AIC Artificial insemination cost HCDo Health cost of the doe 
AnReRa Annual replacement rate HCRe Health cost of replacement 
C Cost LaCOf Lactation cost of offspring 
DFI17-35 Daily feed intake between 17-35 days LaD Lactation days 
DFIFt Daily feed intake during fattening LaSu Lactation survival 
DFIO Daily feed intake during overlap NBA Number of kits born alive per kindling
DFIPg Daily feed intake during pregnancy NCi Number of reproductive cycles 
DFILa Daily feed intake during lactation ND17-35 Number days between 17-35 d
DGFt Daily gain during fattening NPt Number of parities 
DGLa Daily gain during lactation OD Overlap days
DoC Doe cost P Profit
EmD Empty days per year PgD Pregnant days 
EnRa Entrance rate PgR Pregnancy rate
FdCDo Feeding cost of the doe PnSu Perinatal survival 
FdCEm Feeding cost of empty Pr1 Price of kg of liveweight
FdCLa Feeding cost of lactation Pr2 Price of replacement 
FdCO Feeding cost of overlap Pr3 Price per kg of doe feed
FdCPg Feeding cost of pregnant Pr4 Price of artificial insemination 
FdCRe Feeding cost of replacement Pr5 Price per kg of fattening feed
FIRe Feed intake during replacement R Returns 
FtC Fattening cost ReC Replacement cost 
FtD Fattening days ReSu Replacement survival 
FtSu Fattening survival SlW Slaughter weight 
FxCDo Fixed cost of the doe ToNB Total number of kits born per kindling 
FxCFt Fixed cost of fattening W17 Weight at day 17
FxCRe Fixed cost of replacement WeW Weaning weight 
HAnCDo Health annual cost of the doe WG35-SlW Weight gain 35 d to slaughter
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Annex 3: Development of the profit function.
Profit=Returns–Costs

Returns (R):

R=34.51×PgR×NBA×LaSu×FtSu

R=8.69×PgR×NBA×LaSu×FtSu×2.2×1.81 

R=NCi×PgR×NBA×LaSu×FtSu×(WeW+WG35-SlW)×Pr1

R=NCi×PgR×NBA×LaSu×FtSu×SlW×Pr1 

R=NPt×ToNB×PnSu×LaSu×FtSu×SlW ×Pr1

Costs:

Replacement costs (ReC)

ReC=13.05+AnReRa×13.39

ReC=13.05+AnReRa×(1.10)×(12.15)

ReC=13.05+AnReRa×(1/0.907)×([9.0+8.82×0.3+0.50])

ReC=FxCRe+AnReRa×(1/ReSu)×([Pr2+FIRe×Pr3+HCRe])

ReC=FxCRe+AnReRa×EnRa×([Pr2+FIRe×Pr3+HCRe])

ReC=FxCRe+AnReRa×EnRa×Pr2+AnReRa×EnRa×FIRe×Pr3+AnReRa×EnRa×HCRe

ReC=FxCRe+AcCRe+FdCRe+HAnCRe

Doe costs (DoC)

DoC=69.44+11.33×AnReRa+14.64×PgR

DoC=42.46+8.69+AnReRa×11.33+3.63×PgR+21.21×PgR+8.08×PgR+18.29×(1–PgR)

DoC=42.46+8.69×1+AnReRa×11.33+7×8.69×PgR×0.199×0.3+24×8.69×PgR×0.339×0.3+ 
	 +11×8.69×PgR×0.282×0.3+365×(1–PgR)×0.167×0.3

DoC=FxCDo+NCi×Pr4+AnReRa×HCDo+PgD×NCi×PgR×DFIPg×Pr3+OD×NCi×PgR×DFIO×Pr3+ 
	 +LaD×NCi×PgR×DFILa×Pr3+EmD×DFIPg×Pr3

DoC=FxCDo+AIC+HAnCDo+PgD×NPt×DFIPg×Pr3+OD×NPt×DFIO×Pr3+ 
	 +LaD×NPt×DFILa×Pr3+EmD×DFIPg×Pr3

DoC=FxCDo+AIC+HAnCDo+FdCPg+FdCO+FdCLa+FdCEm

DoC=FxCDo+AIC+HAnCDo+FdCDo

Lactation costs of offspring (LaCOf)

LaCOf=0.52×PgR×NBA+0.52×PgR×NBA×LaSu

LaCOf=1.04×PgR×NBA×(0.5+0.5×LaSu)

LaCOf=8.69×PgR×NBA×(0.5+0.5×LaSu)×0.022×([0.93-0.31]/0.035)×0.30

LaCOf=NCi×PgR×NBA×(0.5+0.5×LaSu)×DFI17-35×([WeW-W17]/DGLa)×Pr3

LaCOf=NPt×NBA×([1+ LaSu]/2)×DFI17-35×ND17-35×Pr3

LaCOf=NPt×ToNB×PnSu×([1+LaSu]/2)×DFI17-35×ND17-35×Pr3

Fattening costs (FtC):

FtC=22.62+(1.62×PgR×NBA×LaSu×(DFIFt/DGFt)+1.62×PgR×NBA×LaSu×FtSu×(DFIFt/DGFt))

FtC=22.62+(2.55×PgR×NBA×LaSu×(0.5+0.5×FtSu)×(DFIFt×(1.27)/DGFt))
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FtC=22.62+(8.69×PgR×NBA×LaSu×(0.5+0.5×FtSu)×(DFIFt×(2.2−0.93)/DGFt)×0.29)

FtC=FxCFt+(NCi×PgR×NBA×LaSu×(0.5+0.5×FtSu)×(DFIFt×(SlW−WeW)/DGFt)×Pr5)

FtC=FxCFt+(NCi×PgR×ToNB×PnSu×LaSu×([1+ FtSu]/2)×DFIFt×FtD×Pr5)

FtC=FxCFt+(NPt×ToNB×PnSu×LaSu×([1+FtSu]/2)×DFIFt×FtD×Pr5)

Alagón G. 2013. Use of barley, wheat and corn distiller’s dried 
grains with soluble in diets for growing rabbits: nutritive 
value, growth performance and meat quality. Ph.D. Thesis, 
Universitat Politècnica de València, Valencia, Spain.

Amer P.R., Fox G.C. 1992. Estimation of economic weights in 
genetic improvement using neoclassical production theory: 
an alternative to rescaling. Anim. Prod., 54: 341-350. 
doi:10.1017/S0003356100020791

Armero Q., Blasco A. 1992. Economic weights for rabbit selection 
indices. J. Appl. Rabbit Res., 15: 637-642.

ASESCU. 2012. Asociación Española de Cunicultura Histórico 
de precios de lonja. Available at: http://www.asescu.com/. 
Accessed December 2012.

Baselga M., Blasco A. 1989. Mejora genética del conejo de 
producción de carne. Ed. Mundi Prensa, Madrid, Spain.

Blasco A. 1995. Los pesos económicos en mejora genética 
animal. ITEA 91A: 59-79.

Blasco A., Piles M., Varona L. 2003. A Bayesian analysis of the 
effect of selection for growth rate on growth curves in rabbits. 
Genet. Sel. Evol., 35: 21-41. doi:10.1186/1297-9686-35-1-
21

BOE. 2010. Agencia Estatal Boletín oficial del Estado. Boletín 299. 
Available at: http://www.boe.es/boe/dias/2010/12/09/pdfs/
BOE-B-2010-42156.pdf. Accessed December 2012.

BOE. 2011. Agencia Estatal Boletín oficial del Estado. Boletín 19. 
Available at: http://www.boe.es/boe/dias/2011/11/25/pdfs/
BOE-A-2011-18534.pdf. Accessed December 2012.

Bright G. 1991. Economic weights from profit equations: appraising 
their accuracy. Anim. Prod., 53: 395-398. doi:10.1017/
S0003356100020419

Cervera C., Pascual J.J. 2006. Manejo de la alimentación de 
las conejas reproductoras. In Proc.: XXXI Symposium de 
Cunicultura ASESCU. 24-26 May, 2006. Murcia, Spain, 211-
227.

COAVRE. 2012. Cooperativa de Avicultores y Ganaderos 
Valenciana. Available at: http://coavre.blogspot.com.es/. 
Accessed February 2013.

De Vries A.G. 1989. A method to incorporate competitive position 
in the breeding goal. Anim. Prod., 48: 221-227. doi:10.1017/
S0003356100003937

Drouilhet L., Gilbert H., Balmisse E., Ruesche J., Tircazes A., 
Larzul C., Garreau H. 2013. Genetic parameters for two 
selection criteria for feed efficiency in rabbits. J. Anim. Sci., 
91: 3121-3128. doi:10.2527/jas.2012-6176

Eady S.J. 2003. Farmed Rabbits in Australia RIRDC Publication 
No 02/144. Rural Industries Research and Development 
Corporation, Canberra, ACT.

Eady S.J., Garreau H. 2007. Functional traits - can we find 
practical measures to quantify them and how important are 
they? Proc. Adv. Anim. Breed. Gen., 17: 495-498.

Eady S.J., Garreau H. 2008. An enterprise gross margin model 
to explore the influence of selection criteria for breeding 
programs and changes to management systems. In Proc.: 
9th World Rabbit Congress, June 10-13, 2008, Verona, Italy,  
61-66.

ENESA. 2009. Informe sobre la situación del sector del pollo de 
carne en España. Available at: http://aplicaciones.magrama.
es/documentos_pwe/seminarios/pollo_carne_u_lleida.pdf. 
Accessed January 2012.

ENESA. 2012. Entidad Estatal de Seguros Agrarios. Available at: 
http://enesa.magrama.es/. Accessed January 2013.

Falconer D.S., Mackay T.F.C. 1996. Introduction to quantitative 
genetics. 4th ed. Addison Wesley Longman Limited, Edinburgh 
Gate, Harlow, U.K.

ITG. 2012. Gestión Económica Porcino y Cunícola 2011. Boletín 
informativo Ganadería INTIA-Navarra. Available at: http://
www.itgganadero.com/itg/portal/documentos.asp?id=303. 
Accessed April 2013.

Jentzer-Azard A. 2007. Principaux résultats issus du réseau de 
fermes de références cunicoles au cours de la campagne 
2005-2006. In Proc. 12èmes Journées de la Recherche 
Cunicole, 27-28  Novembre, 2007. Le Mans, France, 171-
174.

Jentzer-Azard A. 2009. Principaux résultats issus du réseau de 
fermes de références cunicoles au cours de la campagne 
2007-2008. In Proc. 13èmes Journées de la Recherche 
Cunicole, 17-18 Novembre, 2009. Le Mans, France, 95-103.

Lavara R.,  Vicente J.S., Baselga M. 2011. Genetic parameter 
estimates for semen production traits and growth rate of a 
paternal rabbit line. J. Anim Breed. Genet., 128: 44-51. 
doi:10.1111/j.1439-0388.2010.00889.x

MAGRAMA. 2008. Ministerio de Agricultura, Alimentación y Medio 
Ambiente: Memoria de la Encuesta Nacional de Cunicultura. 
Available at: http://www.magrama.gob.es/es/estadistica/
temas/estadisticas-agrarias/2008_cunicultura_memoria_
tcm7-14332.pdf. Accessed November 2012.

MEYSS. 2012. Ministerio de Empleo y Seguridad Social de 
España. Available at: http://www.empleo.gob.es/index.htm. 
Accessed April 2013.

Muguerza M. A., Iruretagoiena X., Leyun M. 1995. Costos de 
producción en cunicultura variaciones del manejo producidas 
por los márgenes. La banda única. Boletín de Cunicultura, 79: 
16-21.

Orengo J., Piles M., Rafel O., Ramon J., Gómez E.A. 2009. 
Crossbreeding parameters for growth and feed consumption 
traits from a five diallel mating scheme in rabbits. J. Anim. 
Sci., 87: 1896-1905. doi:10.2527/jas.2008-1029

Pascual J.J., Tolosa C., Cervera C., Blas E., Fernández-Carmona 
J. 1999. Effect of diets with different digestible energy content 
on the performance of rabbit does. Animal Feed Sci. Tech., 81: 
105-117. doi:10.1016/S0377-8401(99)00052-8

REFERENCES

http://dx.doi.org/10.1017/S0003356100020791
http://www.asescu.com
http://dx.doi.org/10.1186/1297-9686-35-1-21
http://dx.doi.org/10.1186/1297-9686-35-1-21
http://www.boe.es/boe/dias/2010/12/09/pdfs/BOE-B-2010-42156.pdf
http://www.boe.es/boe/dias/2010/12/09/pdfs/BOE-B-2010-42156.pdf
http://www.boe.es/boe/dias/2011/11/25/pdfs/BOE-A-2011-18534.pdf
http://www.boe.es/boe/dias/2011/11/25/pdfs/BOE-A-2011-18534.pdf
http://dx.doi.org/10.1017/S0003356100020419
http://dx.doi.org/10.1017/S0003356100020419
http://coavre.blogspot.com.es
http://dx.doi.org/10.1017/S0003356100003937
http://dx.doi.org/10.1017/S0003356100003937
http://dx.doi.org/10.2527/jas.2012-6176
http://aplicaciones.magrama.es/documentos_pwe/seminarios/pollo_carne_u_lleida.pdf
http://aplicaciones.magrama.es/documentos_pwe/seminarios/pollo_carne_u_lleida.pdf
http://enesa.magrama.es
http://www.itgganadero.com/itg/portal/documentos.asp?id=303
http://www.itgganadero.com/itg/portal/documentos.asp?id=303
http://dx.doi.org/10.1111/j.1439-0388.2010.00889.x
http://www.magrama.gob.es/es/estadistica/temas/estadisticas-agrarias/2008_cunicultura_memoria_tcm7-14332.pdf
http://www.magrama.gob.es/es/estadistica/temas/estadisticas-agrarias/2008_cunicultura_memoria_tcm7-14332.pdf
http://www.magrama.gob.es/es/estadistica/temas/estadisticas-agrarias/2008_cunicultura_memoria_tcm7-14332.pdf
http://www.empleo.gob.es/index.htm
http://dx.doi.org/10.2527/jas.2008-1029
http://dx.doi.org/10.1016/S0377-8401(99)00052-8


Economic weights in rabbit meat production

177World Rabbit Sci. 22: 165-177

Pascual M., Serrano P., Torres C., Gómez E.A. 2011. Algunos 
conceptos para la mejora de la rentabilidad en las 
explotaciones cunícolas. Boletín de Cunicultura, 166: 19-25.

Piles M., Gómez E.A., Rafel O. , Ramon J., Blasco A. 2004. 
Elliptical selection experiment for the estimation of genetic 
parameters of the growth rate and feed conversion ratio in 
rabbits. J. Anim. Sci. 82: 654-660.

Piles M., Garreau H.,  Rafel O.,  Larzul C,  Ramon J., Ducrocq V. 
2006. Survival analysis in two lines of rabbits selected 
for reproductive traits. J. Anim. Sci. 84: 1658-1665. 
doi:10.2527/jas.2005-678

Ponzoni R., Newman S. 1989. Developing breeding objectives for 
Australian beef cattle production. Anim. Prod., 49:35-47.

Prayaga K.C., Eady S. 2000. Rabbit farming for meat production 
in Australia: Preliminary estimates of economic values for 
production traits. Asian-Australasian J. Anim. Sci., 13: 357-
359.

Rafel O., Ramon J., Piles M. 2013. Estrategias productivas en 
el sector cunícola ante la situación de crisis. Capacidad de 
reacción frente a mercados inestables. In Proc.: XXXVIII 
Symposium de Cunicultura ASESCU, 30-31  May, 2013. 
Zamora, España, 86-93.

Ramon J., Rafel O. 2002. 1991-2000. Diez años de gestión global 
en España. In Proc.: II Congreso Internacional de Producción y 
Sanidad Animal. Expoaviga. 5-8 November, 2002. Barcelona, 
Spain, 113-117.

Rodríguez G. 2007. Tiempos de cambio para la cunicultura. 
Agricultura familiar en España. Available at: http://www.upa.
es/anuario_2007/pag_262-266_rodriguez.pdf. Accessed: 
April 2013.

Rosell J.M., de la Fuente L.F. 2009. Culling and mortality in 
breeding rabbits. Prev. Vet. Med., 88: 120-127. doi:10.1016/j.
prevetmed.2008.08.003 

Rosell J.M., Fluvià M. 2008. Economía: Análisis técnico económico 
de explotaciones cunícolas. Cunicultura, 192: 9-13.

Sánchez J.P., Theilgaard P., Mínguez C., Baselga M. 2008. 
Constitution and evaluation of a long-lived productive rabbit 
line. J. Anim. Sci., 86: 515-525. doi:10.2527/jas.2007-0217

Serrano P., Pascual M., Gómez E.A. 2012. Estimación de costes 
de producción de la carne de conejo. Boletín de Cunicultura, 
168: 44-53.

SIP. 2012. Informe consolidado. Available at http://www.
sipconsultors.com/images/stories/articles/Cons/2012/
coste2012a.pdf. Accesed January 2014.

Smith C. 1983. Effects of changes in economic weights on the 
efficiency of index selection. J. Anim. Sci., 56: 1057-1064.

Smith C. 1984. Rates of genetic change in farm animals. Res. Dev. 
Agric., 1: 79-85.

Smith C., James J.W., Brascamp E.W. 1986. On the derivation of 
economic weights in livestock improvement. Anim. Prod., 43: 
545-551. doi:10.1017/S0003356100002750

Tusell L, Legarra A., García-Tomás M., Rafel O., Ramon J., Piles 
M. 2012. Genetic basis of semen traits and their relationship 
with growth rate in rabbits. J. Anim. Sci., 90: 1385-1397. 
doi:10.2527/jas.2011-4165

Vandepitte W.M., Hazel L.N. 1977. The effect of errors in the support 
economic weights on the accuracy of selection indexes. Ann. 
Genet. Sel. Anim., 9: 87-103. doi:10.1186/1297-9686-9-1-
87

http://www.journalofanimalscience.org/search?author1=M.+Piles&sortspec=date&submit=Submit
http://www.journalofanimalscience.org/search?author1=H.+Garreau&sortspec=date&submit=Submit
http://www.journalofanimalscience.org/search?author1=O.+Rafel&sortspec=date&submit=Submit
http://www.journalofanimalscience.org/search?author1=C.+Larzul&sortspec=date&submit=Submit
http://www.journalofanimalscience.org/search?author1=J.+Ramon&sortspec=date&submit=Submit
http://www.journalofanimalscience.org/search?author1=V.+Ducrocq&sortspec=date&submit=Submit
http://dx.doi.org/10.2527/jas.2005-678
http://www.upa.es/anuario_2007/pag_262-266_rodriguez.pdf
http://www.upa.es/anuario_2007/pag_262-266_rodriguez.pdf
http://dx.doi.org/10.1016/j.prevetmed.2008.08.003
http://dx.doi.org/10.1016/j.prevetmed.2008.08.003
http://dx.doi.org/10.2527/jas.2007-0217
http://www.sipconsultors.com/images/stories/articles/Cons/2012/coste2012a.pdf
http://www.sipconsultors.com/images/stories/articles/Cons/2012/coste2012a.pdf
http://www.sipconsultors.com/images/stories/articles/Cons/2012/coste2012a.pdf
http://dx.doi.org/10.1017/S0003356100002750
http://dx.doi.org/10.2527/jas.2011-4165
http://dx.doi.org/10.1186/1297-9686-9-1-87
http://dx.doi.org/10.1186/1297-9686-9-1-87

