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INTRODUCTION 
In animal production, negative correlations are observed between production and traits related 
to fitness (Rauw et al., 1998). From a resource allocation point of view, negative correlations 
are expected when resource availability is limited (Beilharz et al., 1993). Knap and Bishop 
(2000) have defined a model describing the connection between resources on the one hand, and 
production and immunocompetence on the other. This paper presents a model for the long term 
consequences of artificial selection on observed production traits, based on the allocation of 
resources. 
 
MATERIAL AND METHODS 
Model. A model was developed after De Jong and Van Noordwijk (1992), describing the 
allocation of resources (R), to a production trait (P) and fitness of an animal. Resources are 
defined as energy input, which depend on both nutrition and environment (temperature, oxygen 
level). Resource allocation is controlled by an allocation factor ‘c’ so that resources for fitness 
(Rf) and for production (Rp) are : 

Rf = cR 
Rp = (1-c)R.  

So R = Rf + Rp. Note that all traits are expressed in energy units. It was assumed that animals 
have a production potential Pp that is partly genetically determined. When resource availability 
is not limiting (Rp > Pp) then production potential is fully expressed (Po = Pp). When resource 
availability is limiting (Rp < Pp) observed production was limited to the resources allocated to 
production (Po = Rp). The initial values for c, Pp, and R were assumed to be uncorrelated. 
To account for natural selection for fitness, the trait survival (0,1) was added to the model. 
Probability of survival (p) depended on the energy allocated to fitness. It was assumed there are 
two thresholds for Rf. The lower threshold (L) represents the value for Rf below which none of 
the animals survived. The upper threshold (U) represents the value for Rf above which all 
animals survive. In between both thresholds survival probability was : 
 p = (Rf - L) / (U - L) 
Survival then was determined by drawing a random number from a uniform distribution (0,1). 
The animal died (surv = 0) when the random number was larger than p. Summarising : Pp, R 
and c are causal, partly heritable parameters, U and L are set by the environment, and surv, and 
Po are resulting phenotypes. 
This model allows for the development over time of negative relationships between fitness and 
traits undergoing artificial selection that are counteracted by natural selection. The size of the 
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conflict between fitness and production will depend on the contribution of R and c to the 
variance of P ; large variance due to c will increase conflicts, whereas large variance due to R 
will avoid conflicts.  
 
Population and parameters. A population was simulated with 240 males and 240 females. 
All live animals had observations on observed production. In total 50 generations were 
simulated (100 replicates) and in each generation 24 males and 120 females were selected by 
truncation on their own performance of observed production. Each pair of parents had four 
offspring : two males and two females. Mean and phenotypic s.d. were 0.2 and 0.07 for Pp, 1.0 
and 0.1 for R, and 0.7 and 0.05 for c, respectively. The heritability for Pp and R was 0.3. The 
heritability for c was either 0.1 or 0.5 by varying the genetic variance for that trait. The initial 
values represent a low productive population at the onset of artificial selection, where the 
majority of individuals is not in metabolic stress. The lower threshold (L) was either 0.3, 
representing a good environment, or 0.5, representing a poor environment. The upper threshold 
(U) was either 0.55, representing a good environment, or 0.75, representing a poor 
environment. For example, an environment in which the animal was easily able to maintain 
body temperature and disease pressure was low was considered a good environment, whereas 
an environment in which the animal is forced to assign a large amount of energy to body 
temperature maintenance, oxygen supply or disease resistance was considered a poor 
environment. Animals were fed ad lib in both environments. 
 
RESULTS AND DISCUSSION 
Figure 1 shows results of 50 generations of selection on observed production when the 
heritability for c is either 0.1 or 0.5 and the environment is either good or poor. Resources are 
not limiting for most animals during the first generations in the good environment, and for 
some in the poor environment. In all selection schemes resource intake increased across 
generations. When heritability for c is low, survival remains high because genetic gain in 
production is caused by genetic gain in resource intake, rather than in c. Survival decreases 
when heritability for c is high because genetic gain in production is partly caused by decrease 
of c causing a decrease of Rf. Observed production does not increase at the same speed as 
production potential when heritability for c is low. When comparing performance in a good 
versus a poor environment, production remains lower in the poor environment, whereas c 
remains higher. Beilharz et al. (1993) and Knap and Bishop (2000) argue that when resources 
become limiting, this may result in a negative correlation between production traits and fitness 
related traits. This is indeed occurring in the present study. In the poor environment, natural 
selection maintains c at a high level so that there is little contributing to response in P. Results 
in this study show that the consequences of artificial selection for production on fitness 
depends on the genetic variation in R versus that in c. There is no conflict if the genetic 
variance for R is large compared to that in c.  
Thorpe and Luiting (2000) argue that selection in poor environment will result in more robust 
animals. Rauw et al. (1998) have summarised situations in practical pig, poultry and dairy 
cattle breeding where this may be the case. Results in this study indicate that it depends on the 
heritability for c whether animals selected in a good environment become more sensitive to 
their environment. To validate this, animals in generation 50 were transferred to the opposite 
environment. When heritability for c is low, animals performed equally well in both 
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environments and survival remained close to unity because selection response in P is caused by 
an increase in R. However, when the heritability for c is high, animals that were transferred 
from a good to a poor environment dropped considerably in survival (from 0.8 to 0.18 ), 
whereas animals that were transferred from a poor to a good environment showed a smaller 
increase in survival (from 0.77 to 0.99). An example of effects of selection and production in 
different environments may be observed in broiler breeding : a decrease in temperature (more 
oxygen required for maintenance, so from good to poor environment) results in a higher 
incidence of ascites and an increase in mortality from 4.5 % to 16 % (Pakdel et al., 2002). 
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Figure 1. Consequences for fitness and production when selection is on observed
production. 1a-1d: means for resource intake (triangle), production potential
(square), observed production (diamond), resource allocation factor (×), and survival
(expressed as fraction of the population that survived) (circle), following selection in a
good (1a,1c) or a poor (1b,1d) environment, and for a heritability for resource
allocation factor (c) of 0.1 (1a,1b) or 0.3 (1c,1d). In figure 1a-1d heritabilities for
production potential and resource intake capacity are 0.3 
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CONCLUSION 
Though the present model simplifies reality, it gives insight into the consequences of selection 
for production in a good or poor environment. Results show that the relationship between 
production and fitness that develop over time depends on whether genetic gain in production is 
either due to increased resource intake or to re-allocation of resources from fitness to 
production. Next it is important to validate the model with (historical) data, to quantify the 
elements (e.g. h2

c) of the model, and to assess the predictive ability of this type of models. If 
feed is the main resource, recording of feed intake, feed composition and production is 
sufficient to determine c and estimate its heritability. 
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