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INTRODUCTION 
Selection for performance traits is assumed to influence underlying physiological mechanisms, 
although these changes are not always fully understood. Knowledge about physiological 
changes may be used to optimise selection strategies for different production and market 
systems. One way in achieving this is by incorporating information on growth models into 
breeding programs. The concept of the linear-plateau model has been used in a number of 
growth models for some time (eg. De Greef, 1992). This concept provides an explanation why 
pigs differ in growth performance at a given feed intake level depending on their potential for 
lean meat growth (eg Whittemore, 1986). 
 
Selection experiments comparing ad libitum versus restricted feeding systems indicate that 
restricted feeding improves feed efficiency by favouring lean meat deposition over fat 
deposition. In addition, pigs selected under restricted feeding had higher growth rate, larger 
feed intake and lower backfat measurements under ad libitum feeding (e.g. McPhee et al., 
1988; Cameron and Curran, 1995). Genetic parameters obtained from commercial pig 
populations provide partial support for these genetic relationships (Hermesch et al., 1999). The 
development of electronic feeders allows testing of siblings on different feeding levels in the 
same environment. This data structure enables estimation of heritabilities for performance 
traits over varying feed intake levels. It also allows investigation of the effect of different 
feeding levels on genetic parameters for performance traits.  
 
MATERIAL AND METHODS 
Description of data. The data included 3104 entire boars from three terminal sire lines, which 
were recorded between May 1999 and January 2001 at Bunge Meat Industries (BMI). During 
this period approximately 60 pigs were group housed in two pens each week. Feed intake was 
recorded with electronic feeders, described in detail by McSweeny et al. (2001), that allowed 
allocation of pigs to one of three feeding levels. Littermates were allocated to different feeding 
levels providing genetic links between feeding level groups. After an adjustment period of one 
week, pigs were tested over seven weeks starting with an average live weight of 74.4 kg. The 
average feed allowance per day over this seven-week test period was 2.02 kg (Restrict), 2.37 
kg (Semi-Adlib) and 2.73 kg (Adlib). The traits analysed included average daily feed intake 
(DFI), growth rate over test (ADG), backfat at the P2 site recorded at the end of test (BF) and 
feed conversion ratio (FCR). The pedigree included 5310 animals in total with 172 sires and 
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1227 dams having progeny recorded from 1893 litters. The number of pigs recorded for the 
three feeding levels was 907, 1113 and 1084. 
 
Statistical analyses. The fixed effect model was derived using PROC GLM (SAS, 1988) and 
included line, weekly batch and pen. Average DFI and FCR were adjusted for the pig's weight 
at start of test while BF was adjusted for the weight at end of test. Variance components were 
estimated from a bivariate animal model using ASREML (Gilmour et al., 1999). 
 
RESULTS AND DISCUSSION 
Heritability estimates and phenotypic variation. The phenotypic variation in feed intake 
increased with larger feed allowance (Table 1) reflecting the proportions of pigs that were not 
able to eat the full feed allowance in each feeding level group. The mean feed intake per day 
was 1.91, 2.10 and 2.24 kg for Restrict, Semi-Adlib and Adlib, respectively. Average DFI was 
still a heritable trait in Restrict although heritability was largest for DFI in Adlib. Feeding level 
did not influence heritability estimates for ADG, BF and FCR significantly. Mean heritability 
estimates summarised by Clutter and Brascamp (1998) for ad libitum and restricted feeding 
were similar for ADG and FCR for both feeding levels but lower for BF under restricted 
feeding in comparison to BF under ad libitum feeding. 
 
Table 1. Estimates of heritabilities (h2) along with standard errors (se) and phenotypic 
variances (σ2

p) for performance traits recorded in three feeding levels 
 
 Restrict Semi-Adlib Adlib 
Traits h2 ± se σ2

p  h2 ± se σ2
p  h2 ± se σ2

p  
DFI 0.13±0.08 0.0087 0.10±0.06 0.0272 0.23±0.08 0.0516 
ADG 0.21±0.08 13094 0.13±0.07 13929 0.15±0.08 16970 
BF 0.35±0.09 3.80 0.35±0.08 3.76 0.37±0.09 4.39 
FCR 0.19±0.08 0.1860 0.12±0.06 0.1785 0.15±0.07 0.1824 
 
Genetic correlations - within feeding levels. At low feeding levels, genetic correlations 
between DFI and performance traits were close to zero (Table 2). At higher feeding levels, 
genetic correlations of ADG and BF with DFI increased to 0.30 and 0.34 for Semi-Adlib and 
0.55 and 0.54 for Adlib. Hermesch et al. (1999) also found a lower genetic correlation between 
ADG and DFI recorded under restricted feeding  (rg: 0.41) in comparison to ad libitum feeding 
(rg: 0.70). These differences in the absolute magnitude may be due to differences in variation 
in feed intake. Phenotypic variances for restricted and ad libitum were 0.022 and 0.097, 
respectively (Hermesch, et al. 1999). These results indicate that genetic correlations between 
feed intake and growth rate are larger when the feeding regime allows greater expression of the 
feed intake capacity of the pig. Genetic correlations between ADG and BF were lower in lower 
feeding level groups, similar to mean estimates presented by Clutter and Brascamp (1998) 
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Table 2. Estimates of genetic (above diagonal in bold) and phenotypic correlations 
between performance traits within each feeding level. 
 

 Traits DFI ADG BF FCR 
Restrict DFI  0.04±0.36 0.03±0.35 0.12±0.35 

 ADG 0.43±0.03  -0.18±0.27 -0.99±0.02 
 BF 0.06±0.03 0.04±0.04  0.40±0.25 
 FCR -0.19±0.03 -0.94±0.03 0.03±0.04  

Semi-Adlib DFI  0.26±0.36 0.34±0.25 0.12±0.43 
 ADG 0.54±0.02  0.01±0.27 -0.88±0.07 
 BF 0.31±0.03 0.18±0.04  0.18±0.28 
 FCR -0.10±0.03 -0.88±0.01 0.00±0.04  

Adlib DFI  0.55±0.19 0.54±0.15 0.17±0.30 
 ADG 0.63±0.02  0.12±0.25 -0.73±0.13 
 BF 0.42±0.02 0.23±0.04  0.47±0.24 
 FCR -0.10±0.03 -0.82±0.01 0.10±0.04  

 
Genetic correlations - across feeding levels. Overall, genetic correlations between the same 
performance trait defined as a different trait for each feeding level were not significantly 
different from one (range 0.74 to 0.99, not shown in Tables). However, genetic correlations 
were lowest for FCR. This is similar to the results of Hermesch et al. (1999) indicating that a 
physiologically different pig is selected when selection is based on restricted feeding rather 
than ad libitum feeding. Genetic correlations between FCR recorded on either Restrict or 
Semi-Adlib and DFI recorded on a higher feeding level were negative (Table 3), which 
supports the low negative genetic correlation shown by Hermesch et al. (1999). Selection for 
FCR under restricted feeding therefore increases feed intake capacity of pigs when feed intake 
can be expressed on higher feeding levels. Further, genetic correlations between FCR recorded 
under a lower feeding level and ADG on higher feed allowance had high magnitudes (-0.77,  
-0.89 and -0.99) higher than the genetic correlation of -0.73 between ADG and FCR for Adlib 
in Table 2. These stronger genetic correlations may support the hypothesis that selection based 
on FCR recorded under restricted feeding favours pigs with higher lean meat potential. 
 
Whittemore (1986) stated that "animals with higher tissue lean growth potential can consume 
greater amounts of food with consequentially improved feed efficiency and no increase in 
fatness" which was subsequently supported by selection experiments (McPhee et al., 1988; 
Cameron and Curran, 1995). The challenge for breeding programs is to develop testing 
procedures in commercial environments that are able to identify those animals with higher lean 
meat potential. Genetic correlations in this study show that selecting pigs for FCR when feed 
intake is limited causes a correlated response of increased feed intake on less restricted feeding 
levels. Depending on the magnitude of this increase in feed intake, genetic correlations 
between FCR and BF were either lowly favourable (rg: 12 between FCR - Restrict and BF - 
Semi-Adlib) or slightly unfavourable (rg: -0.25 between Semi-Adlib and BF-Adlib). Overall, 
these genetic correlations were not significantly different from zero. Variation in feed intake 
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was reduced in Restrict in comparison to the two higher feeding levels which may be crucial 
for identifying pigs with a high potential for lean meat growth. The challenge for recording 
procedures in commercial environments is to eliminate variation in feed intake. The electronic 
feeders used in this study provide the opportunity to limit feed intake which reduces the 
variation in feed intake in group-housed pigs enabling breeding programs to make use of 
alternative selection procedures for lean meat growth. 
 
Table 3. Estimates of genetic correlations (with standard errors) between FCR recorded 
under restricted feeding and performance traits recorded on a higher feeding level 
 

FCR A Other traits A DFI ADG BF FCR 
Restrict Semi-Adlib -0.21±0.35 -0.77±0.26 0.12±0.24 0.81±0.29 
Restrict Adlib -0.30±0.29 -0.89±0.26 -0.03±0.24 0.74±0.24 
Semi-Adlib Adlib -0.72±0.29 -0.99±0.28 -0.25±0.25 0.90±0.22 

A Feeding level for FCR and performance traits 
 
CONCLUSION 
Restriction of daily feed intake in group-housed pigs with electronic feeders influenced genetic 
correlations between performance traits. Genetic correlations show that feed conversion ratio 
under restricted feeding levels were associated with an increased feed intake and growth rate 
under less restricted feeding levels and had no significant relationship with backfat. 
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