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ABSTRACT: Selection on indirect genetic effects for pro-
duction traits may contribute to selection response, but val-
idation through selection experiments is required. Our ob-
jective was to determine the consequences of selection for 
‘IGE on growth rate’ (IGEg) on production traits and be-
havior of pigs. Sires (n=24) and dams (n=64) were selected 
to create a high vs. low contrast for IGEg in the offspring 
(n=480). The contrast was 2.8 g average daily gain (ADG) 
per group mate. Offspring were studied in a 2×2 arrange-
ment with IGEg (high/low) and housing conditions (con-
ventional/enriched) to examine genotype-by-environment 
interactions. Selection did not alter production traits, in-
cluding ADG. Behavior showed consistent changes, where-
by high IGEg pigs showed less biting behavior towards 
group mates and objects. There were no G×E interactions, 
but enrichment had a positive additive effect to selection. 
Despite the lack of response in ADG, behavior improved. 
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Introduction 
 

Indirect genetic effects (IGEs) are heritable effects 
of an individual on trait values of another. For example, 
highly aggressive animals may reduce the growth rate of 
their group mates through their behavior, whilst aggressive-
ness is partly inherited. By including IGEs in the breeding 
criterion, the environmental variance attributed to the social 
environment is partly captured, and this may improve re-
sponse to selection (e.g. Griffing 1967). Genetic parameter 
estimates showed that this is true for poultry (e.g. Muir 
1996; Peeters et al. 2012; Muir et al., 2013), mink (Alemu 
et al. 2014), pigs (Bergsma et al. 2013), and fish (Nielsen et 
al. 2014), but selection experiments to validate this are rare.  

 
Behavioral interactions may underlie the observed 

IGEs. IGEs have been related to amongst others cannibal-
ism in laying hens and aggression in pigs (Muir 1996; Ro-
denburg et al. 2010; Camerlink et al. 2013). In pigs, IGEs 
have been estimated to contribute to the heritable variation 
in growth rate, expressed in ADG (Bergsma et al. 2013). 
IGEs on growth rate are hereafter abbreviated as IGEg. In 
commercially kept pigs, aggression and damaging biting 
behavior such as ear- and tail biting may reduce growth of 
group mates (e.g. Wallgren and Lindalh 1996; Sinisalo et 
al. 2012). These behaviors could potentially underlie the 
impact of IGEg in pigs. If that would be true, inclusion of 
IGEg in the breeding criterion may have beneficial effects 
for both production and animal welfare. Both the estimates 
for IGEg, and the relationship between IGEg and behavior, 
require confirmation by selection experiments. 

 

The first objective was to determine the effects of 
selection for IGEg regarding production traits and behavior 
in pigs. Genotype by environment (G×E) interactions may 
exist for production traits in pigs (e.g. Schinckel et al. 
1999), and therefore it is important to consider the effect of 
selection across environments. The second objective, there-
fore, was to examine possible G×E interactions for pigs 
housed in conventional barren pens and straw-enriched 
pens. Hereto, a one-generation selection experiment was 
conducted, including 480 pigs with either high or low IGEg 
and housed in two contrasting environments. 

 
Materials and Methods 

 
Selection method. Estimated breeding values for 

IGE on growth rate (IGEg) are expressed in g ADG during 
the finishing phase (from 25–110 kg). IGEg were estimated 
following Bergsma et al. (2013). Twenty-four boars (Tem-
po) and 64 sows (Topigs 20) were divergently selected for 
IGEg to create a contrast in the offspring for IGEg whereas 
average direct breeding value (DBV) was kept equal be-
tween groups. The contrast was 2.8 g ADG per group mate, 
corresponding to 14 g more ADG in high IGEg offspring 
compared to low IGEg offspring when housed in groups of 
6.	   This corresponds to an expected difference in body 
weight of 2.2 kg between the high and low group at the end 
of the 23-wk trial (on ~110 kg). For further details see 
Camerlink et al. (2013).  

 
Animals and housing. A total of 480 female and 

castrated male pigs (Topigs 20×Tempo) with intact tails 
were studied from birth till slaughter (23 wk of age), divid-
ed over 5 batches of 96 pigs each. From weaning on, a 2×2 
experimental arrangement was applied with IGEg classifi-
cation and housing condition as treatments on pen level. 
Pigs were kept with 6 per pen, either in barren pens with a 
half-slatted concrete floor (conventional), or in pens en-
riched with a deep litter layer of straw and wood shavings. 
Both housing conditions offered ~1.1 m2/pig and contained 
a ball with chain as toy. A jute sack was added in each pen 
(from wk 8) to limit harmful tail biting behavior. When the 
jute sack was for 2/3 “consumed” due to being chewed, the 
sack was replaced. Pigs received ad lib feed and water, and 
were daily checked for general health and tail wounds. Tail 
wounds were smeared with aversive substance to limit fur-
ther biting by group mates.  

 
Behavioral and physiological observations. A 

full behavioral repertoire (described in Camerlink et al. 
submitted) was observed at wk 4, 5, 8, 12, 16, and 21 of 
age, using 2-min instantaneous scan sampling for 6 h/day. 
Body weight was recorded at wk 0, 1, 5, 10, 17, and 23. 



Tail damage due to tail biting was recorded weekly by a 1 – 
4 score with 1 for no visible tail damage up to 4 for a severe 
wound. Carcass weight, back fat thickness, and meat-, and 
muscle percentage were obtained at slaughter.  

 
Statistical analyses. Data were analyzed in SAS. 

Production performances (ADG, body weight, slaughter 
data) and tail damage scores were analyzed in mixed mod-
els including IGEg classification, housing condition, the 
interaction between both, sex, and batch as fixed class ef-
fects. For production performances, the weaning age, litter 
size, and a correction factor for reduced number of pen ma-
tes (due to animals being removed from the trial for health 
reasons) were added as fixed effects. Pen was a random 
effect nested within IGEg, housing, and batch.  

 
Behavioral observations and the number of jute 

sacks that were consumed were averaged over wk 8-23, and 
analyzed on pen level (n=80) in a general linear model that 
included IGEg, housing, their interaction, and batch as 
fixed class effects.  

 
Results and Discussion 

 
Effects on production. One generation of diver-

gent selection for IGEg in pigs did not result in notable 
changes in the production performances. ADG during the 
finishing phase, which was expected to be higher in high 
IGEg pigs, did not differ between groups (high 934 ± 8 g; 
low 951 ± 8 g; P=0.16). In contrary, high IGEg pigs tended 
to have a lower body weight throughout the finishing period 
(P<0.10) and a lower ADG from weaning to slaughter (high 
867 ± 6 g; low 884 ± 7; P=0.08). High IGEg pigs had a 
lower carcass weight (high 92.0 ± 0.7; low 94.3 ± 0.7; 
P=0.02) and less muscle depth than low IGEg pigs (high 
58.4 ± 0.5; low 60.6 ± 0.5; P=0.003), but similar back fat 
thickness and meat percentage. Pigs in barren pens had a 
higher ADG during finishing than pigs in enriched pens 
(barren 955 ± 8 g; enriched 930 ± 8 g; P=0.03). The unex-
pected results may have several causes. One generation of 
divergent selection might have been insufficient to reveal 
potential effects on ADG, although power calculations indi-
cated sufficient power with the current sample size (Camer-
link et al. submitted). Estimates of IGEg in pigs, however, 
are difficult due to complex data structure. More likely, 
social interactions might not have been prominent enough 
to reveal full effects of selection (Arango et al. 2005). The 
ad lib feeding may have reduced aggression and competi-
tion, and the extensive measures to limit harmful biting 
behavior (to comply to animal welfare standards) may have 
suppressed the full expression of these behaviors. Tail bit-
ing can reduce ADG up to 11% (e.g. Wallgren and Lindalh, 
1996; Sinisalo et al., 2012), and limiting this behavior may 
thus have mitigated the effects on ADG. 

 
Effects on behavior. High IGEg pigs, which were 

selected for a positive effect on the growth rate of their 
group mates, showed systematically less biting behavior. 
This became apparent from the potentially harmful biting 
behavior towards conspecifics, i.e. aggressive biting and ear 
biting, as well as biting or chewing on objects in the envi-

ronment, i.e toy and jute sack (Fig. 1; Fig. 2). High IGEg 
pigs had less tail damage (Fig. 2), which indicates less or 
less severe tail biting behavior. Tail biting behavior did not 
differ in the behavioral observations (Fig. 1), which might 
be due to the scan sampling method which may miss short 
lasting behaviors. Selection on high IGEg reduced the bit-
ing behavior directed to the social environment, but also the 
physical environment. This suggests that selection altered 
an underlying state rather than separate behaviors. These 
results, in combination with observations on fear tests and 
stress related physiology, suggested a higher stress toler-
ance of high IGEg pigs (Reimert et al. 2013, 2014). En-
riched housing altered almost all behaviors compared to 
conventional barren housing, in a positive direction for pig 
welfare. Pigs in enriched pens were more active, but 
showed less ear- and tail biting. Instead, they spent more 
time on play, comfort behavior, and nosing and rooting the 
pen. Figures 1 and 2 clearly indicate that through the com-
bination of genetic selection and enriched housing condi-
tions a considerable reduction of harmful behavior can be 
realized. 

 
Figure 1. Biting behaviors directed towards conspecifics 
(aggressive biting, tail biting, ear biting) and the envi-
ronment (chewing object, incl. jute sack) for low IGEg 
and high IGEg pigs in barren pens (B), and enriched 
pens (E). Values are untransformed LSmeans of the % 
of behavioral scans spent on the behavior. 
 

 
Figure 2. Tail damage score and number of jute sacks 
consumed for low IGEg (Low) and high IGEg (High) 
pigs in barren and enriched pens. 

 
Genotype-by-environment interactions. There 

were no significant G×E interactions between IGEg classi-
fication and housing condition. For tail damage and the 
number of jute sacks that were used up, the effects of hous-
ing conditions were additive to the effect of selection for 



IGEg, resulting in the least tail damage and chewing on jute 
sacks in high IGEg pigs in enriched pens (Fig. 2).  

 
Overall image and future perspective. One gen-

eration of divergent selection did not reveal the expected 
changes in ADG, but did reduce biting behavior. Biting 
behavior may reduce ADG, and it might therefore be that 
effects of selection on ADG do appear under commercial 
circumstances were biting behavior is more likely to esca-
late. This would require further investigation. The potential 
link with stress tolerance, and the additive rather than inter-
acting effect of housing conditions, might suggest a certain 
robustness of high IGEg pigs. Overall, pigs selected for a 
positive effect on the growth rate of their group mates 
showed behavioral changes which may contribute to im-
proved animal welfare. Economic values attached to animal 
welfare related traits are difficult to determine compared to 
traits such as ADG. As no clear effect on ADG are shown 
till now, pig breeding programs may be hesitant to include 
IGEg in their breeding programs for productivity, even 
though the results seem promising for the improvement of 
several pig behaviors. 
 

Conclusion 
 
A single generation of genetic selection for IGEg 

did not influence the major production parameters in pigs, 
but did consistently alter behavior related to biting conspe-
cifics and biting on objects in the environment. Control 
measures to limit harmful biting behavior might have re-
duced the expression of IGEg in this trial. Research under 
commercial circumstances would therefore be required. 
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