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ABSTRACT: A total of 2,480 pigs were phenotyped for 
aggressive encounters by counting skin lesions. Lesions 
were counted at 24 hours post mixing (SL24h) and once 
again 5 weeks post mixing (SL5wk). Growth traits were 
test daily gain (TDG) and lifetime daily gain (LDG). The 
aim of the study was to estimate genetic parameters be-
tween the metrics of aggression and growth. Heritabilites 
of skin lesions were higher in stable groups than at mix-
ing. Anterior and central skin lesion traits were strongly 
positively genetically correlated (0.99) and therefore 
could be considered as the same trait. SL5wk were posi-
tively genetically correlated with LDG (0.40 – 0.55), 
however this was not observed at the phenotypic level 
(0.08 – 0.10). It is likely that selection for increased LDG 
increases number of skin lesions under stable social con-
ditions.  
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Introduction 
 

Repeated mixing of pigs is common in commer-
cial farming, often resulting in aggressive interactions 
which serve to re-establish dominance relationships 
(Meese & Ewbank, 1973). Aggression has been shown to 
temporarily affect growth rate (Stookey & Gonyou, 
1994), reduce carcass (Faucitano, 2001), and meat eating 
quality (D’Eath et al., 2010) and adversely affect repro-
duction (Marchant et al., 1995) at the phenotypic level. 
Methods of reducing social aggression in growing pigs 
have been researched for several decades, with limited 
success. Selecting against aggression would provide a 
socially acceptable, long-term solution; however there are 
current gaps in the knowledge regarding how this may 
influence other production and behavioural traits.  Count-
ing the number of skin lesions caused by fighting is a val-
idated method of phenotyping aggressive encounters 
(Turner et al 2006). Skin lesions at mixing have been 
shown to have a heritable component (h2=0.21-0.26) and 
are phenotypically and genetically correlated with aggres-
sive behavior traits (e.g. genetic correlation between ante-
rior lesions and reciprocal aggressive behavior = 0.67, 
Turner et al 2009). This suggests that selecting against 
anterior skin lesions at mixing would result in a corre-
sponding decrease in mixing aggressive behaviour. A pre-
vious study incorporating data from only 658 pigs found 
no genetic correlation between total skin lesions at mixing 
and backfat depth and daily weight gain (Turner et al 
2006). In the current study, a larger dataset was used with 
skin lesions identified at different body locations and rec-
orded at different time periods (24 hours post mixing 
(SL24h) and 5 weeks post mixing (SL5wk)). In compari-

son to SL24h, SL5wk reflects the baseline aggression 
levels in individuals. This aggression in socially stable 
groups differs in form and function to aggression at mix-
ing (Bolhuis et al 2005). The main objective of the re-
search was to identify the genetic correlations between 
SL5wk and production traits, presented here as daily gain, 
and determine whether they differ from those at mixing. 

 
Materials and Methods 

 
Data were collected from 2,480 pigs (1,215 fe-

males and 1,265 castrates) in a PIC commercial herd. 
Terminal pigs were the progeny of 2 maternal lines that 
were mated to 8 sire lines, resulting in 11 different termi-
nal genotypes within this experiment. Pedigree infor-
mation as far back as the great grandparents was utilised. 
Single sex, mixed genotype groups of 18 pigs were 
formed by mixing nine pigs from two non-adjacent wean-
ing pens forming a total of 138 groups. At time of mixing, 
animals were on average 69 days old (SD 5.2) and 
weighed 28 kg (SD 4.6). 
 

Pigs were housed in slatted pens and had con-
stant access to water via a nipple drinker. Animals were 
fed dry pelleted food ab libitum. The farm was equipped 
with two feeder types: multi-spaced troughs and single-
space electronic feed intake recording equipment (FIRE; 
Osborne Industries, Osborne, KS). The two feeding types 
were rotated between pens on a fortnightly basis.      

 
A single observer counted skin lesions immedi-

ately prior to mixing, and 24 hours post-mixing. Lesions 
were grouped by location on the body: anterior (head, 
neck, front legs, and shoulders), central (flanks and back), 
posterior (rump, hind legs, and tail). Lesions counted im-
mediately prior to mixing were subtracted from lesion 
numbers taken 24 hours post-mixing for each pig. This 
was to ensure that only lesions that occurred as a result of 
mixing aggression (SL24h) were included in all analyses. 
Fresh lesions were counted in the same way again, 5 
weeks post-mixing SL5wk (average 34 days post mixing 
[SD 9.5]). A lesion was considered to be fresh if it was 
bright red in colour. Additional information gathered on 
subjects included pen identity, sex, batch number (week 
animals were mixed), breed (genotype), and unique pig 
identification (ear tag). Animals were weighed 24 hours 
post-mixing and at the end of the growing period (172 
days [SD 4.6]). 
 

All animals were weighed by farm staff prior to 
slaughter, and weighed on average 118kg (SD 12.78).  
Daily gain on test (TDG) was calculated for the growth 
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period from 70 to 172 days of age (average 0.9kg/day [SD 
0.12]) and during the entire life from birth (LDG) (aver-
age 0.69kg/day [SD 0.08]).   
 

Statistical analysis 
 

Skin lesions substantially deviated from the nor-
mal distribution and were therefore transformed using loge 
(1 + SL).  
 

The following animal model was fitted to esti-
mate the genetic and environmental variance components: 
 

y =  Xb + Za + Wc + e 
 

where: y represents the vectors of skin lesions and growth 
traits; b includes the fixed effects of line, sex, and batch 
(the week the animals were mixed); a represents the addi-
tive genetic effects; c represents the effect of the pen the 
animals were mixed into; e is the vector of residual errors. 
The covariable of weight at mixing was also fitted for skin 
lesion traits and TDG but not LDG. X, Z and W represent 
the incidence matrices for fixed, genetic, and common 
environmental (pen) effects, respectively. The following 
(co)variance structure for random effects was assumed: 
 

𝑽  
𝒂
𝒄
𝒆
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𝑨  ⊗ 𝑮 𝟎 𝟎
𝟎 𝑰⊗𝑴 𝟎
𝟎 𝟎 𝑰  ⊗ 𝑹

 

 
where G, M and R are the (co)variance matrices (2 x 2) 
due to additive genetic effects, environmental (pen) ef-
fects, and residual effects, respectively. A represents the 
additive genetic relationship matrix and I is the identity 
matrix.    
 

Results and Discussion 
 

The estimated genetic and common environmen-
tal parameters for skin lesions and growth traits are pre-
sented in Table 1. Heritabilities of skin lesions at the same 
location were higher in a socially stable group (SL5wk) 
than at mixing (SL24h). It would therefore be preferable 
to use lesion numbers in the stable group for selection 
purposes. 
 
Table 1: Phenotypic variances (Varp) and phenotypic 
fraction of pen effects (c2) and heritabilities (h2) for 
skin lesion traits recorded 24h post mixing (SL24h) 
and 5 weeks post mixing (SL5wk) and growth traits.  
  VarP c2 h2  
SL24h 

   Anterior 0.84 0.16 (0.02) 0.05 (0.03) 
Central 0.90 0.14 (0.02) 0.10 (0.03) 
Posterior 0.75 0.14 (0.02) 0.13 (0.03) 
SL5wk    Anterior 0.49 0.11 (0.02) 0.19 (0.04) 
Central 0.47 0.13 (0.02) 0.23 (0.04) 
Posterior 0.37 0.12 (0.02) 0.15 (0.04) 
Growth    LDG 4.30 0.06 (0.01) 0.64 (0.06) 
TDG 10.42 0.09 (0.02) 0.50 (0.06) 

SE values presented in parentheses 
 

Estimates for genetic correlations between lesion 
traits across body regions (anterior, central, posterior) at 
each time point were high (0.77 – 0.99) (Table 2). Corre-
lations approaching unity were obtained between anterior 
and central lesions at both time points indicating that the-
se lesions can be considered genetically as the same trait.  

 
Table 2: Estimated genetic correlations among skin 
lesion traits across 3 body regions recorded at 24h 
(above diagonal) or 3wk post mixing (below diagonal).    

 
Anterior Central Posterior 

Anterior - 0.99 (0.12) 0.77 (0.16) 
Central 0.99 (0.05) - 0.9 (0.09) 
Posterior 0.87 (0.09) 0.81 (0.09) - 

SE values presented in parentheses 
  

Table 3: Estimated genetic correlations between skin 
lesion traits recorded 24h post mixing (SL24h) and 5 
weeks post mixing (SL5wk). 

 
SL5wk 

 
Anterior Central Posterior 

SL24h 
   Anterior 0.89 (0.25) 0.96 (0.24) 0.82 (0.22) 

Central 0.73 (0.15) 0.71 (0.15) 0.54 (0.18) 
Posterior 0.57 (0.14) 0.73 (0.13) 0.62 (0.15) 

SE values presented in parentheses 
 
Skin lesion traits were positively correlated 

across time points (Table 3). The highest correlation was 
between anterior SL24h and central SL5wk (0.94 SD 
0.24) and the lowest between central SL24h and posterior 
SL5wk (0.54 SD 0.18).  Turner et. al. (2009) reported that 
anterior and central body regions are genetically correlat-
ed with reciprocal aggression while posterior regions are 
correlated with receipt of non-reciprocal aggression at 
mixing, which may explain the lower correlations be-
tween these regions. In the socially stable group, SL5wk 
across body locations were highly genetically correlated 
with anterior lesions at mixing, indicating that reciprocal 
aggression at mixing is very informative for stable social 
aggression. . From a practical perspective, it is less time 
consuming to count lesions on one body region; therefore 
it is important to identify the most informative lesion trait 
in relation to both behavior and production traits.  As ex-
pected, the genetic correlation between TDG and LDG 
was high (0.95 SD: 0.01). Considering the high genetic 
correlation between TDG and LDG and that the correla-
tions between the growth and lesion traits were also simi-
lar, for brevity, only estimates for LDG are shown in Ta-
ble 4. At mixing, genetic correlations between SL24h and 
LDG were significantly positive, except for anterior le-
sions. Turner et al (2006) found no genetic relationship 
between SL24h and growth traits, however that study only 
considered the total number of lesions across the entire 
body and was based on a smaller dataset. Phenotypically 
the correlation between SL24h and LDG was substantially 
lower and even negative for posterior lesions. In particular 
this result indicates that there are genetically and envi-
ronmentally different effects influencing the correlation 
between lesions and growth. LDG was positively genet-
ically correlated with lesions across body regions for 
SL5wk (0.40 – 0.55, SD 0.11), suggesting that in a stable 
social environment, animals with more skin lesions have a 
higher growth rate. However, phenotypically, this rela-
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tionship was low (0.08 - 0.10, SD 0.03). Correlations be-
tween corresponding skin lesions and LDG were greater 
in the stable group than those at mixing, indicating that 
aggression in socially stable groups differs in form and 
function to aggression at mixing, not only on the pheno-
typic level, but also on the genetic level. 

 
Table 4: Estimated phenotypic (rP) and genetic (rG) 
correlations between skin lesion traits recorded 24 
hours post mixing (SL24h) or 3wk (SL5wk) post mix-
ing and lifetime daily gain (LDG). 

 
LDG rP LDG rG 

SL24h 
  Anterior 0.08 (0.03) 0.22 (0.18) 

Central 0.01 (0.03) 0.35 (0.14) 
Posterior -0.15 (0.07) 0.36 (0.13) 
SL5wk 

  Anterior 0.08 (0.03) 0.42 (0.11) 
Central 0.08 (0.03) 0.40 (0.11) 
Posterior 0.10 (0.03) 0.55 (0.11) 

 SE presented in parentheses 
 

Conclusion 
 

The results of this analysis indicate that skin le-
sions to the posterior of the body are a genetically differ-
ent trait to lesions to the anterior and central region. It is 
therefore sensible to continue to consider these traits sepa-
rately in future studies. While there were moderate posi-
tive genetic correlations between skin lesion traits and 
lifetime growth, the observed phenotypic associations are 
substantially lower. This suggests that selection for 
growth might increase aggression which is only slightly 
observed on the phenotypic level.. 
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