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Executive Summary 

Traditional selection using best linear unbiased prediction (BLUP) has generated 
continuous cumulative improvements in sow performance within conventional 
production systems historically based around individually housed sows. A relatively 
recent (since 2012) change to sow management has been the implementation of 
group housing during gestation. Group housing enables both positive and negative 
interactions between sows, and therefore the possibility of reduced welfare and 
detrimental effects on production performance, particularly due to the effects of 
aggression. Apart from implementing appropriate housing and management 
strategies, we proposed that selection could also be applied to improve the 
management ease, performance and welfare for sows in these new confinement 
free systems, given identification of appropriate selection criteria. Many potential 
indicators of behaviour (eg resident-intruder test, behaviours derived from video 
images) which are currently used in behavioural research are limited in their utility 
as selection criteria for applied breeding programs by data recording issues, such as 
an inability to record large numbers of animals in groups concurrently, or the 
relevance of behavioural measurements recorded in isolation to group settings. 
Therefore, this project investigated several practical criteria that could potentially 
be implemented in Industry breeding programs to produce sow lines targeted for 
confinement free systems within the commercial industry. The project consisted of 
3 different approaches to the problem, results for which are described separately. 
 
Part 1 was to establish whether “competitive” or “social genetic” effects 
influenced sow performance, as assessed using data on reproductive outcomes for 
sows housed in known groups. Analyses of data for sows mixed into small groups 
around day 30 of gestation demonstrated small but significant heritable social 
genetic effects affecting litter size traits. Models estimating both additive genetic 
and social genetic effects revealed more genetic variation controlling reproductive 
performance for group housed sows than models which estimate only additive 
effects. It is generally thought, but often unproven, that estimates of social 
genetic effects reflect interactions between animals, such that animals with 
aggressive behaviours towards other sows would have detrimental estimates of 
social genetic effects. Group performance was more accurately predicted from 
breeding values using analytical models expanded to accommodate social genetic 
effects, implying some benefits would be gained in the accuracy of selection for 
reproductive performance under group housing with this type of model. Results 
from these analyses also supported the concept that group housed sows with more 
space (>1.49m2 in this study) were more likely to have improved reproductive 
performance, possibly due to a reduction in the extent of negative social 
interactions. 
 
However, the data structure needed for analyses to estimate social genetic effects 
is very difficult to generate, appropriate recording systems are required to avoid 
data censoring, the mechanism of the estimated effect has not been demonstrated 
(eg related to sow aggression?), the implications for sow welfare remain elusive, 
some technical questions relating to variable group size are problematical for 
implementation, and the analytical models are both demanding computationally 
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and might be difficult to implement in certain situations (eg dynamic groups, or 
concurrent with genomic analyses). Therefore, while there is some information 
gained from these more sophisticated models which might improve accuracy of 
selection for performance in group settings, further work is recommended prior to 
routine implementation of this approach in animal breeding applications. In 
particular, it should be demonstrated that models which produce estimates of 
social effect breeding values do predict daughter performance more accurately in 
group settings and that social genetic effects do create some welfare benefits to 
sows housed in groups. 
 
Part 2 was to provide “proof of concept” that proximity logging networks can 
provide an effective and efficient way to collect an alternative form of behavioural 
data on group housed sows. The trial was designed to pair automated logger data 
with video image analysis (VIA) to identify new traits derived from logger data 
which described observed behaviours. Proximity loggers were indeed able to 
automatically record contacts between specific sows in groups, and the duration of 
these contacts, in groups of up to 10 sows (larger groups were not investigated). 
However, this information alone is imprecise in the sense that both aggressive and 
neutral behaviours contribute to contacts. Subsequently, traits representing 
differential expression of behaviours amongst sows were derived from this data 
using software to process the pairwise raw data into more meaningful traits: for 
example, the count and duration of contacts with individual sows or the group of 
sows and the pattern of contacts between sows over time. 
 
A larger trial using gilts recorded post-selection (the age group of interest) showed 
that this age group was relatively less aggressive compared to sows. Moreover, the 
neck conformation typical of gilts, along with their behaviour with novel objects (ie 
the logger collars), meant that it was extremely difficult to obtain data from the 
proximity loggers over the complete 24 hour time period concurrently for all gilts 
within groups, mostly due to collar loss. Simultaneous collection of video images 
analysis was also problematical in the piggery environment, highlighting the 
technical difficulties of obtaining such data in commercial (rather than research) 
settings which are typical of nucleus herds recorded by breeding companies. 
Therefore, the current implementation of proximity loggers did not overcome the 
limitations typical of many possible selection criteria considered for behavioural 
traits, which in the first instance include a limited ability to measure large number 
of animals accurately in a group setting. Overcoming animal implementation issues 
(eg miniaturisation of loggers into multi-function low cost tags) will be a key step 
before considering use of this technology again for recording individual behaviours 
in groups. 
 
Part 3 was a study used to investigate the heritabilities of and associations 
between some novel behavioural traits, flight time and fight lesion scores recorded 
on gilts, with their later attributes as sows. Flight time and lesion score traits were 
lowly to moderately heritable behavioural measures. Line differences and 
heritability estimates demonstrated that there is a genetic contribution to the 
variability amongst gilts in their engagement in fighting post-mixing. These two 
traits were also largely uncorrelated with each other, suggesting that they also 
recorded different aspects of behaviour. Flight time was lowly heritable, less 
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heritable than previously observed in terminal lines in other studies. However, it 
was also uncorrelated with any other performance measures indicative of sow 
longevity or reproductive performance. Therefore, without clear associations 
between flight time and behavioural attributes or handling characteristics, this 
trait would appear to have little value as a potential selection criterion in maternal 
lines of pigs. 
 
In contrast to unpromising results for flight time, scoring of fight lesions 24 hours 
post-mixing was practical, heritable (h2: 0.12 to 0.15) and related to outcomes for 
sows. Lesion scores have previously been demonstrated to relate to behavioural 
types in growing animals. Selected gilts with high anterior lesion scores (considered 
aggressive gilts: 15%) post-mixing had a 4.9% (p=0.03) higher wastage and were 
more likely to leave the herd without farrowing, and this was also elevated by 2.8% 
in the larger group of gilts with moderate-high anterior scores (54% of gilts). 
Therefore, the extent of engagement in fighting post-mixing affected individual 
and also group level gilt wastage. Genetic correlations were also unfavourable in 
direction (0.09 and 0.26) between fighting post-mixing as gilts and wastage. 
Aggressive gilts which entered the herd and went on to farrow produced litters 
which also had slightly poorer birth weights, 21–day litter weights and elevated 
piglet losses, but these effects were generally not large enough to be statistically 
significant. On the other hand, gilts which avoided posterior fight lesions had 
heavier piglets at birth (41-44g/piglet heavier, p≤0.02), higher litter weight at 21 
days (up to +2.08kg, p=0.03) and less piglet mortality in the first litter. 
Accompanying genetic correlations were also favourable: 0.24 to 0.33 for average 
birthweight (p<0.05), 21-day litter weight (0.15 to 0.34) and piglet mortality (-0.20 
and -0.41). 
 
Therefore, there is good evidence to suggest that how gilts respond behaviourally 
to mixing post-selection had implications for both their welfare and later 
performance characteristics. In dam lines of pigs, with ongoing selection for 
longevity and maternal attributes, the estimates of genetic correlations obtained 
suggest that there would be slight downward pressure on fighting post-mixing, 
which should improve both welfare and reproductive performance of group housed 
sows. However, more data are required to obtain accurate estimates of these 
genetic correlations. Estimates of heritability suggest that it should also be possible 
to select against fighting behavior directly. Moreover, results suggest that 
management to reduce fighting amongst gilts at mixing could reduce gilt wastage 
and improve performance in commercial herds. 
 
In conclusion, the project demonstrated that while there was some scope to 
identify traits which are behavioural in origin and which show heritable differences 
among individuals, developing meaningful selection criteria based on behavioural 
attributes which are practical to implement specifically in commercial breeding 
programs remains difficult. The most promising results in this context were 
obtained from lesion scoring 24 hours post-mixing of gilts. Generating data 
structures to estimate social genetic effects in nucleus herds is also an opportunity 
which could be progressed. 
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1. Introduction 

Efficient recording of individual sow behavioural attributes under group housing 
is difficult. Typically studies on behaviour are either small in scale (eg individual 
video recording), use behavioural tests which are impractical to apply to 
individuals routinely in large populations (eg the resident-intruder test or other 
individual pen based tests) or recording is not performed at the individual sow 
level; only at the group level. This makes it very difficult to make genetic 
progress in improving sow welfare by influencing sow behavioural attributes and 
performance under group housing because the data or established behavioural 
tests are generally unsuitable or poorly defined. The absence of meaningful 
behavioural phenotypes on individuals also means that supplementary calibration 
of genetic tools (eg genomic selection) for these traits is not yet possible. In this 
project, we focussed on investigating strategies which already have 
demonstrated utility in other species or trait groups, but which needed further 
development for applications in group housed sows. 

Part 1. Estimating social genetic effects 

The first approach investigated was the analysis of existing individual data 
recorded within known groups using more sophisticated “social” or “competitive” 
effects models, which has become more feasible with increased computing 
power. These analyses are an expansion of traditional Best Linear Unbiased 
Prediction (BLUP) procedures which are used to generate breeding values for 
individual animals. The expanded models account for the impact an individual 
animal has on its contemporaries (ie its “social” effect) concurrent with 
estimates of its own merit independent of the group. The philosophy is that 
animals which perform better to the detriment of their pen mates would not be 
identified under “conventional” BLUP analyses, but would be identified as having 
a negative social effect under “competitive effects” BLUP models. Therefore, 
selection decisions could be altered to favour animals with good performance 
that does not result from negative influences on other animals and the overall 
performance of groups of animals would be improved more efficiently, 
particularly when competition between individuals can have severe consequences 
(eg mortality). 

The impact of selection for reduced competitive effects was first illustrated by 
Muir and Schinckel (2002) in a selection experiment using quail, and later for 
laying hens (Muir and Bijma, 2006). Apart from reduced mortality and increased 
production, the incidence of feather pecking was also reported to be negligible 
after a full production cycle in the “socially” selected hens, providing production 
independent evidence of improved welfare in these birds. In 1996, Newsham 
Choice Genetics subsequently implemented their Gentel™ group selection, which 
works under the same assumption of reduced competition between individuals. 
However, insufficient sib-groups and low selection pressure were generally 
limiting to the effectiveness of this breeding approach. Muir and Schinckel (2002) 
subsequently developed an extension of the normal BLUP genetic evaluation 
models to incorporate competitive effects, and this eliminated the need to 
operate group selection with specific group structures, since solutions for social 
effects could be derived directly from a competitive effects model provided 
individuals within groups were known. 
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The contributions of social effects to heritable variation were subsequently 
illustrated for growth and feed intake traits of finishers by Bergsma et al (2008) 
and others. Variation due to pen effects, which contains the effect of pen 
environment and the net effect of social interactions amongst individuals within 
the pen, is significant for finisher traits (eg growth rate, feed intake) in several 
studies and populations, including Australian pigs. Jones et al (2011) 
demonstrated that calmer groups (based on the average flight time of a pen of 
animals) also had less negative pen effects, consistent with anecdotal 
observations from Newsham that the Gentel™ selection process produced quiet, 
calm, easy to handle animals with low aggression towards each other. Ongoing 
research at Wageningen University in this area is now connected with research 
arms of other commercial pig breeding companies (eg TOPIGs), so the 
methodology is well accepted, even if the mechanisms behind beneficial “social 
effects” are not always demonstrable. 

While the investigation of applications for competitive effects models are 
becoming more main stream, these models had not been investigated for 
reproductive traits in pigs, mainly due to lack of data for group housed sows 
during gestation. These models require sow grouping to be identified in the data, 
which is typically not recorded. However, since behavioural characteristics are 
both inherited and learnt, it is possible that social effects estimated from 
finisher data recorded at an earlier time point would already provide information 
on behavioural attributes of sows prior to their selection as breeding 
replacements. Preliminary analyses from project APL 2009/2303 indicated that 
post-finisher behavioural attributes (such as aggression delivered or received) 
recorded in pens were correlated with the same attributes during gestation. The 
possibility of utilising earlier performance measures needs to be examined 
further, since it implies that selection of breeding herd replacements post-
finishing could already include social effects criteria, or other traits (eg fight 
lesion scores) which could be estimated from normal finisher performance data 
structures. 

Part 2. Use of proximity loggers to develop new behavioural traits in group 
settings 

The second approach was to directly examine new ways of obtaining behavioural 
characteristics of sows or groups of sows. The question then becomes exactly 
which behavioural characteristics should be measured and what traits defined, to 
indicate individual and group welfare or performance, and whether such 
behavioural measures can be efficiently recorded prior to selection on all 
selection candidates. This is because recording traits only on already selected 
sows limits response to selection. Currently researchers into animal behaviour 
favour techniques such as video-image analysis (VIA), lesion scoring of finishers 
(Turner et al, 2006, 2009), specific behavioural tests for individual sows (Lensink 
et al, 2009) or sows within groups, and physiological measures such as circulating 
cortisol. However, with the exception of lesion scoring which is a relatively 
simple procedure, such approaches are typically limited in utility by high labour 
and/or testing costs, limited field of vision and therefore restricted group size 
(eg VIA), low volumes of data collection or lack of individual identity associated 
with specific observations, and sometimes the requirement for maintaining 
specific individual “test” housing areas (eg for resident –intruder tests) which will 
have no utility for other activities, and which in any case do not represent 
recording of outcomes or behaviours within groups. 
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For genetic studies, the inability to generate complete and meaningful data for 
all individuals within groups of individuals makes it very difficult to develop 
specific selection strategies targeted directly towards improving performance 
and welfare of group housed sows through altered behaviours. Selection of sows 
which perform well under group housing will not necessarily reduce aggression, 
since the best sows may perform well at the expense of others. The “competitive 
effects” models are essentially indirect selection to meet these goals, but 
solutions from these models are generic and do not elucidate what form the 
competitive interaction took. What is required for further genetic studies is an 
approach which makes behavioural data collection feasible in all group housed 
sows, or preferably in all candidate gilts prior to selection. It was proposed that 
this could be achieved by automation of proximity data collection and recording 
for all individuals within contemporary groups. These data can then be 
associated with complementary behavioural and/or physiological observations to 
demonstrate that proximity data can be analysed to form traits which are 
representative of sow behaviours. The link to following reproductive 
performance and welfare can then be established using larger data volumes 
obtained on individual animals in group settings. 

Proximity logging devices are radio-based data loggers that record the duration 
and frequency of all close proximity encounters within a pre-defined distance. 
The loggers overcome many data collection deficiencies associated with visual 
observations as they are able to record continuously without an observer being 
present. Proximity loggers have been successfully used to determine maternal 
linkages in cattle and sheep (Swain and Bishop-Hurley, 2007; Broster et al., 
2010), wildlife disease transmission routes (Bohm et al., 2009; Hamede et al., 
2009) and relationship development in cattle (Patison et al., 2010). The 
application of proximity logging to establish the hierarchy of social interactions 
of extensively managed cattle was illustrated in the study of Handcock et al 
(2009). Proximity devices are generally considered reliable in extensive 
applications. However, refinement of hardware and software is required to get 
good data in intensive systems. Previous work (APL Project 2010/1023.342) was 
unsuccessful in an application intended to record animal visits to feeders. This 
outcome was attributed to difficulties in fitting loggers to the age class of 
animals used, difficulty in achieving distance settings, and possibly interference 
from metal feeders and housing. However, logger to logger duration events were 
highly correlated and the study did not investigate the data for animal to animal 
interactions or alternative raw data filters (to remove erroneous signals), the 
latter of which is generally required to get meaningful data from proximity 
loggers. Therefore, the potential of this technology has not yet been fully 
explored in the piggery environment. 

Part 3. Evaluating other behavioural traits 

The third part of the project investigated some already promising traits 
reflecting variation amongst individuals in their behaviours where associations 
with performance measures have been illustrated, but associations with sow 
performance and welfare had not yet been established. These traits include post-
mixing lesion scoring as proxies for the traits like delivery and receipt of 
aggression (Turner et al. 2009), and a trait known as “flight time”. Previous 
analyses indicated that measures for sow lameness and foot health arising from 
Pork CRC project 2D-115 were of limited utility for identifying sows more likely 
to be culled or with poor longevity. Given the costs of recording such measures, 
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these were not considered further within this project, and were replaced with 
data on condition score and sow locomotion scores pre- and post-farrowing, to 
better assess welfare outcomes. 

Lesion count traits are heritable and may be a relatively simple way of 
establishing some behavioural attributes of sows (Turner et al, 2009) which 
ultimately may be associated with performance outcomes. Flight time is another 
moderately heritable trait (h2~0.20) in both pigs (Hansson et al, 2005) and cattle. 
Researchers investigating this trait have suggested that slower animals (high 
flight time) are calmer, more relaxed animals with a lower fear response to 
humans. Groups of finisher pigs containing more “slow” flight time animals (ie a 
high group average) or containing more full-sibs have demonstrably higher growth 
rates (Jones et al, 2011). Such results are consistent with the positive 
implications of calm animals or a stable social structure for the end-result 
represented by performance traits. Associations between flight time or lesion 
count traits and sow reproductive performance traits had not been established 
prior to this study. 

Sow locomotion scores are associated with the number of piglets a sow weans 
and lactation feed intakes of sows (Tabuaciri, PhD thesis, UNE); while both 
lameness and lactation intake have also been associated with sow longevity in 
several studies. Sows are easily scored for the quality of their locomotion during 
the movement from gestation to farrowing housing, and locomotion scores are 
both heritable and repeatable (Tabuaciri, PhD thesis, UNE). 

2. Methodology 

Part 1. Estimating social genetic effects 

Data 

Sow grouping and management. The data used in this study were from pedigreed 

nucleus sows in a single facility located in the northern mid-west of the USA, 

group housed during gestation, with pen and date of grouping recorded. All sows 

were bred using AI and held in individual stalls until scanning to confirm pregnancy 

status at around 28 days after mating. Sows which returned to service or which 

were not pregnant at scanning were re-mated or culled according to farm 

protocols. Pregnant sows were grouped together around day 35 of gestation, 

predominantly on one date per pen only, by considering mating day, sow parity 

and sow line (maternal versus terminal lines). Sows in their first gestation were 

typically grouped separately to later parity sows, and sows closest in mating dates 

were preferentially grouped together for efficient use of the pens available. 

Overall, sixty percent of sows were in pens representing only a single parity 

grouping. 

Gestation pens were available in three sizes, to house a maximum (nmax) of 4, 8 

or 10 sows per pen. Regardless of pen size, the space allowance per sow was 

identical (1.49m2/sow) when the pen was full, and all pens had shoulder barriers 

and separate feed delivery per sow to help prevent sow displacements during 

feeding events. No pen held more sows than the maximum they were designed 

for. However, if there were not enough sows to group together on any given day 

for the pens available, the number of sows housed per pen could be lower than 



  

 5 

the defined maximum group size. Maternal line sows were generally grouped 

separately to terminal line sows, the latter of which were also typically housed in 

smaller groups. Sows could occasionally be removed from a gestation pen during 

the gestation period, but no replacement sow would be introduced into that 

group. Therefore, groups were essentially static from allocation after pregnancy 

testing to farrowing unless a sow was removed. Gestation pens were emptied over 

one to several days as individual sows were removed from the gestation pen, at 

around day 110 of gestation, for transfer to farrowing accommodation. 

Reproductive data. Reproductive data for sows which were mated included the 

total number of piglets born (TB), and the component traits number born alive 

(NBA), still born (SB) or mummified (MUM) piglets. Gestating sows which did not 

farrow were also identified with an alternative outcome for each mating event. 

Gestation length (GL) was calculated for sows which farrowed as the interval 

between mating and farrowing dates. However, trait values for farrowed and 

unfarrowed sows are both required and a small percentage of sows (0.8%) did not 

farrow after allocation to gestation pens. Sows without a farrowing record were 

allocated a phenotype of zero for TB and NBA because they represent failed-to-

farrow sows. Gestation length data for these sows was the interval between 

mating and outcome dates when the interval was ≤ 109 days (i.e. the shortest 

gestation length in the data) or set to 110 when > 109 days, since pregnancy loss 

had occurred before the time of transfer to farrowing accommodation, which 

occurs at around day 110. A similar data augmentation strategy has been used 

previously to accommodate censoring due to reproductive failure for defining 

calving interval traits in cattle (Johnston and Bunter, 1996). However, data for the 

number of stillbirths and mummified piglets could not be sensibly augmented from 

a biological perspective for sows with no farrowing outcome, and these traits were 

subsequently not analysed for this study. 

Data editing for completeness of groups. Social genetic effects (SGE) are indirect 

effects of an individual on the phenotypes of its pen mates. Therefore, to 

estimate SGE correctly, only complete groups with phenotypes can be analysed, so 

unnecessary editing for outliers or because of repeated records must be avoided. 

As an alternative, all records of the group are discarded. Based on biological 

norms, no reproductive traits for sows were identified as outliers for removal, and 

therefore only incomplete groups were identified, where possible, for removal. 

Information on the allocation of individual sows to gestation pens (N=13,747 

records) was merged with outcomes from each mating, including sows which 

ultimately failed to farrow. Dates of entry into and exit from the pens were used 

to confirm, where possible, the validity of the grouping. After editing for group 

size, there were 10,748 reproductive records from both purebred lines and a small 

proportion of line-cross matings, representing 8,444 sows in 1,827 gestation 

groups. This was about 78% of the original group data presented, demonstrating 

the difficulty of setting up data recording systems to continuously track group 

allocation for breeding sows, and the substantial impact of complete group 

removal on data volumes. 

Approximately 20.8% of sows had more than one reproductive record in the final 

data. For sows retained in the data file, additive relationships were traced back 
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for 4 generations, giving a total of 15,205 individuals in the pedigree. Sows with 

reproductive data were the daughters of 962 sires and 4,290 dams, and 1,918 sows 

had both records themselves and also daughters with data. 

Statistical Analyses and Models 

Preliminary analyses of a subset of data investigated the presence of social 

genetic effects for total born, its repeatability between different farrowing 

events, and the subsequent utility of both additive genetic and social genetic 

breeding values when predicting outcomes for groups of sows. Systematic effects 

for all traits and all models analysed in the final data set included year-month of 

mating (37 levels), line group of the sow (including piglet line cross: 10 levels) and 

parity group (5 levels). 

Random effect models. Analyses of data for all sows and all traits were firstly 

conducted using models frequently employed for reproductive traits (Model 1, 

Table 1), which excludes terms for gestation group. Random effects were fitted 

for each sow under an animal model to estimate additive genetic effects and to 

account for repeated records per sow (permanent environmental effects). 

Social genetic effects were then included in the models through fitting two 

additional random terms: 1) a non-genetic group effect, and 2) indirect social 

genetic effects (Model 4, Table 1). These models, previously applied to growth 

traits in other studies (Bergsma et al., 2008; Chen et al., 2007; Muir, 2005), 

contain the first term to remove non-genetic effects which typically affect growth 

performance of groups of animals, such as spatial shed and specific pen (location, 

disease exposure) related effects, for example. However, for reproductive traits 

these types of effects are not generally expected. Therefore, the necessity of 

fitting the additional non-genetic group term in the model was also investigated 

by substituting pen identity (312 levels) with group identity (1827 levels) to assess 

the significance of pen vs group effects per se (Models 2 and 3). 

The full animal model containing social effects (Model 4, Table 1) is therefore 

represented by y = Xb + Z1a + Z2pe + Z3g +Z4s + e, where: y is the vector of 

observations; X, Z1, Z2, Z3, and Z4 are incidence matrices relating records to 

effects b, a, pe, g and s; b is the vector of solutions for fixed effects; a and s are 

vectors of solutions for additive and social genetic effects with variances (~N(0, 

A2
a) and ~N(0, A2

s), or with non-zero covariance Aas; g and pe are non-genetic 

group and permanent environmental effects with variances (~N(0, I3
2
g) and ~N(0, 

I4
2
pe)); e is the vector of residuals (~N(0, I2

e)); A is the matrix describing 

additive genetic relationships between animals, and I3, and I4 are identity 

matrices. The random group term replaces fitting a residual covariance within 

groups (see Mrode, 2014). A reduction from the full model, excluding non-genetic 

group effects (Model 5), was also considered. 

Under the full model, the phenotypic variance was calculated post-estimation as 


2
p = 2

a + (n - 1)2
s + 2

g + 2
pe + 2

e (Bijma, 2010b) where n was assumed to be 6 

(the average of group sizes in this data), and where 2
g already contains non-

genetic covariances between pen mates (Mrode, 2014). The contribution of the 

combined additive and social effects to total genetic variance, relative to 2
p, was 
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given by T2 = (2
a + (n - 1)2


2
s + 2 × (n - 1)as)/ 2

p, where: as is the covariance 

between additive and social genetic effects. The corresponding total genetic 

merit (TGM) of an individual can be calculated (after Bijma et al., 2007) as TGMi = 

ai + (n - 1)si, using the average group size (n), even though the individual may have 

been recorded in groups of size different to n. This TGM represents the additive 

merit of the individual for the trait analysed (ai), along with its contribution (si) 

towards the phenotypes of other sows in a group for same trait, expressed in 

common trait units. However, the term si can reflect expression of a different 

trait entirely (e.g. aggression), as described by Trubenova and Hagar (2012), and 

therefore the T2 parameter can reflect multiple sources of genetic contributions 

to expression in a single trait. Homogeneous errors and an equal effect of an 

individual on performance of all pen mates, with magnitude of effect independent 

of group size, are implicit assumptions for a basic model including social genetic 

effects. Model 5 was used to test the impact of removing non-genetic group from 

the complete model, while Model 6 was used to examine if there were 

heterogeneous variances for small vs large groups ( ≤ 4 vs 4 to 10 sows, in 2 

classes) in a complete model. For Models 1-6 the covariance between additive and 

social effects was not estimated and assumed to be zero. 

Table 1. A summary of alternative random effect models applied to the data 

Model Random effects Description 

1 A + PE + E Typical repeated records model. Ignores group 

structures. 

2 A + PE + P + E Model 1 + non-genetic spatial or pen specific effects, 

estimated across groups 

3 A + PE + G + E Model 1 + non-genetic group effects. Group is 

effectively pen × subset sows housed together until 

farrowing 

4 A + PE + G + S + E Model 1 + group + social genetic effects  

5 A + PE + S + E Model 4 excluding non-genetic group effects 

6 A + PE + G + S + En Model 4 + heterogeneous residuals 

7 A + PE + S + E Model 5 + covariance (A,S) 

8 A + PE + Sd + E Model 5 + covariance (A,S) + dilution(Sd) 

9 A + PE + S + En Model 5 + covariance (A,S) + heterogeneous residuals 

10 A + PE + Sd + En Model 5 + covariance (A,S) + dilution(Sd) + 

heterogeneous residuals 

A: additive genetic; PE: sow permanent environment; P: pen; G: gestation group 

(in pen); S: social genetic; E: residual; Sd: social genetic effects modelled with 

dilution factors; En: residuals modelled to n levels, as defined by nmax 

Dilution factors and covariances between direct and social effects. The effect 

of variable group size on the variance of social genetic effects was considered by 

applying dilution factors (Bijma, 2010b) to the construction of Z4. Dilution factors 

are used to enable estimates of social effects to vary with group size. The most 

parsimonious model for each trait including social genetic effects identified from 

Models 4 to 6 was expanded to estimate both the covariance between additive 

direct and social genetic effects and to include dilution factors (Models 7 to 10). 

Dilution factors (d) were assessed in 0.2 increments from 0 to 1 at an average 

group size (�̅�) = 6, using the equation Z4 = [(�̅� - 1)/(n - 1)]d, when n was the 
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number of sows in each group, and Z4 is the coefficient used in the Z4 design 

matrix (Models 8 and 10). With this formulation, an increasing dilution factor 

modelled a decline in the magnitude of SGE with increasing group size, such that 

the magnitude of estimates for social effects was relevant to an average group 

size of 6. 

We also proposed a customised (hereafter termed custom dilution) formulation to 

describe the change in estimates of social genetic effects with group size for these 

data. This formulation was based on the proportional change to resources per sow 

with changes to group size. Values for Z4 were defined explicitly for each group 

size as the ratio of the count in the group relative to maximum pen capacity: Z4 = 

n/nmax. With this formulation, the social effects were thus assumed to decrease 

in magnitude proportional only due to reduction in the “fullness” of the pen. 

All parameters were estimated using WOMBAT software (Meyer, 2006) and model 

comparisons were made using Aikake’s information criteria (AIC) (Aikake, 1974). 

Significant changes resulting from dilution factors were evaluated by comparing 

Log-Likelihoods. All traits were treated as continuous due to the approximate 

normality of their distributions and the large number of values these traits could 

take. 

Part 2. Use of proximity loggers to develop new behavioural traits in group 
settings 

Preliminary work 
The use of proximity loggers for recording interactions between sows was first 
tested using collars in two small trials at a single piggery in Milman, QLD. Six 
mixed parity sows were each fitted with a collar prior to mixing after weaning to 
record data, and visible interactions between individual sows were concurrently 
recorded at 2 minute intervals by a human observer. Each collar recorded the 
identity of any other collars which were within receiving range (sows 0.5-1.5m 
apart) and the duration of each contact with other collars. 

Data were subsequently downloaded from each sow’s proximity logger for 
processing. The concurrently recorded data from each collar must be combined 
into a single coherent summary of contacts using appropriate software 
programming. Raw data from proximity loggers was processed at CQU to remove 
records where the duration of a contact was 1 second only, and to reduce the 
reciprocal contact information between two animals to a single record per pair. 
These reciprocal data for pairs of collars were merged based on the earliest start 
and latest end time for each pairwise contact recorded. The same data from CQU 
were then used to develop a program which filters logger data based on the time 
interval between consecutive records, and to calculate a range of variables 
describing characteristics of individual sows. This somewhat limited data was used 
to demonstrate the type of variables which can be computed form the raw data to 
describe sow interactions. 

The following variables were calculated for each sow. 
1. The total number of contacts the sow was involved in (maximum across 

sows=number of records×2, since each contact involves two animals) 

2. The total duration of the contacts per sow 
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3. The average duration of contacts per sow 

4. The total number of other sows that an individual sow had contact with 

(maximum value limited to <=number of sows-1) 

5. The interval between contact bouts 

Implementation at Rivalea 

Subsequent to the trials in Milman, a set of 10 new collars were purchased and 

calibrated (off animal) for a shorter distance of detection (See Figure 1). These 

collars were fitted to a different weight class of animal (gilts post-selection) 

which, if successfully recorded, would potentially provide suitable data for 

breeding program purposes. A single recording pen was modified to reduce the 

extent of steel surfaces, which may impact on the integrity of logger signals. 

Concurrent video recording was performed to link the observed behaviour with 

logger data. The trial design was to record 10 groups of 10 gilts for both 

behavioural and logger data over a 24 hour time period post-selection and mixing. 

 

Figure 1. Off animal calibration of proximity loggers 

Part 3. Evaluating other behavioural traits 

From January 2013 through to December 2014, gilts from maternal lines at Rivalea 

Pty Ltd were recorded for flight time (see Figure 2 for schematic, from Crump 

2004) at the completion of their performance testing, at an average age of 24 

weeks, using procedures adapted from Crump (2004). A subset of gilts selected for 

the nucleus herd and/or multiplication purposes were subsequently remixed, and 

then scored 24 hours later, separately for each quarter, for evidence of lesions 

resulting from fighting. These scores were combined to obtain scores for the 
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anterior and posterior body sections, or over the whole body. The scoring 

increments are described with the trait abbreviations. 

 

Figure 2. Flight time is recorded as the time taken (s) for a gilt to transit between 

the start and stop diodes after exit from the weigh crate (modified from Crump 

2004) 

At around weeks 28-32, gilts were moved to the boar shed at Module 5 and housed 

in groups of between 4-11 gilts/group. Gilts recorded post-selection for fight 

lesions and not successfully mated by about weeks 40-44 of age, or removed due 

to other reasons post-selection, or removed due to failed pregnancy were all 

identified as removed before parity 1. All gilts were developed on a diet used to 

restrict growth rates in this time period. Only gilts retained at Module 5 were able 

to be scored for project traits recorded post-mating. 

Following successful detection of pregnancy, sows gestating their first parity were 

housed in predominantly small static groups of mixed sizes in the boar shed. Only 

sows which required special treatment would be removed from their gestation 

groups, and new sows would not be added to these groups. However, the specific 

group allocation for individual sows was not available. On transfer to farrowing 

accommodation, at approximately day 110 of pregnancy, sows were rescored for 

the extent of lesions resulting from fighting, and for their locomotion and 

condition pre-farrowing as described below. Locomotion and condition scoring 

were repeated at weaning, as sows were transferred from their farrowing crates 

to their new groups. Sows were not scored for locomotion at weaning immediately 

upon removal from the farrowing crate, but were able to walk for a short period 

of time before scoring. 

Performance data routinely recorded at Rivalea were made available for this study 

and included weight at the end of performance testing, and the calculated 

average daily gain. Performance data for both males and females tested in 2013 

and 2014 at Module 5 were extracted to enable more accurate partitioning of 

sources of variation for these traits. Reproductive data for all gilts farrowing their 

first parity within the extended project period, from January 2013 to April 2015, 

at Module 5 only were extracted from the Rivalea database. Subsamples of sows 
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with purebred litters had additional reproductive data, such as piglet birth weight 

or weight at 21 days. 

Trait definitions and abbreviations are described as follows, with project specific 

novel traits identified by the asterisk. 

Trait abbreviations and definitions used 

 

ADG (g/day):  Lifetime average daily gain 

WT_END ( kg): Finisher weight at the end of performance 

testing 

*FLIGHT (s): Time taken to cover 0.9m?, after exit from 

the weigh crate. The log of flight time 

(LOG_FT) was also analysed. 

*FLES (score 0-6): Front lesion scores for each anterior 

quarter (see Figure 2) were assigned as 0: 

no fight lesions; 1: 1-5 lesions; 2: 6-10 

lesions; 3: 10+ lesions, and summed 

together 

*BLES (score 0-6): Back lesion scores for each posterior 

quarter were assigned as 0: no fight 

lesions; 1: 1-5 lesions; 2: 6-10 lesions; 3: 

10+ lesions, and summed together 

*TOTLES (score 0-12):  was calculated as the sum of FLES and 

BLES to indicate the extent of lesions 

observed over the whole body 

*DIFFB (potential score range -6 to +6): Difference between lesion scores was 

calculated as FLES-BLES 

REM0 (1=removed, 0=retained):  Removal before farrowing identified 

selected gilts which did not successfully 

enter the sow herd 

*PFLOCO and WLOCO (score 0-3): Locomotion scored pre-farrowing and at 

weaning with: score 0: normal locomotion; 

1-mildly lame; 2: moderately lame; 3: 

unable to walk properly. 

*PFLES (score 0-3):  Lesion score pre-farrowing (score 

categories as per FLES, but with scores 

representing the lesion count over the 

whole body 

*PFCOND and WCOND (score -1 to 1) Condition scored pre-farrowing and at 

weaning where -1: below target condition; 

0: target condition; 1: above target 

condition 

AGEFF (days): Age at first farrowing 

TB (pigs/litter):  Total born = the sum of number born alive 

(NBA, pigs/litter) and stillbirths (SB, 

pigs/litter) 

ABWT (kg): Average weight of piglets born alive, 

summed from individual piglet weights 
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LW21D (kg):  Total litter weight at 21 days = sum of 

piglet weights within nurse sow 

A21DW (kg): Average of piglet weights at 21 days 

within nurse sow 

PDEAD (%): Proportion of nursed piglets which died 

before weaning 

 

In addition to the project data, an honours student (Jemma Lumby) from Charles 

Sturt University also collected additional data on sow locomotion and condition as 

defined above, as well as lesion scores (using the same scoring system as PFLES) at 

five weeks into gestation, in mixed early parity sows. 

Statistical Analyses 

All genetic parameter estimates were obtained with linear mixed models using 

ASREML (Gilmour et al., 2006). Systematic effects were only included in final 

models for analysis when statistically significant (P<0.05). Systematic effects 

considered, when relevant, included contemporary groups, defined separately by 

trait group using recording dates, breed of sow and/or litter, dam parity group 

(1,2,3,4 or more) and gender. Heritabilities were estimated using an animal 

model, also containing additional common litter effects when significant. 

 

3. Outcomes 

Part 1. Social genetic effects 

For more detail, see the two published papers on this work along with two tables 

of parameter estimates (Appendix 1, from Bunter et al, 2015). The more pertinent 

outcomes are reported more briefly here. 

 

Parameter Estimates 

Estimates of parameters for TB, NBA and GL under models ignoring group effects 

were similar to those reported in other studies for these traits recorded under 

individual stall housing (Rothschild and Bidanel, 1998; Rydhmer et al., 2008; 

Tholen et al., 1996). For TB, NBA and GL, estimates of heritabilities (h2) were 0.11 

± 0.02, 0.12 ± 0.02 and 0.31 ± 0.02, with corresponding ratios for permanent 

environmental effects (pe2) of 0.11 ± 0.02, 0.10 ± 0.02 and 0.20 ± 0.02 (Table 3, 

Model 1). Generally estimates of h2 and pe2 were not significantly altered when 

models for analyses were expanded to include pen (Model 1 vs Model 2) or group 

(Model 1 vs Model 3) effects, nor social genetic effects (Model 1 vs Models 4 and 

5). (See Table 3, Appendix 1). 

Estimates for non-genetic pen effects were not significant for any reproductive 

trait (Table 3, Model 1 vs Model 2). This provides evidence that characteristics of 

individual gestation pens per se have no significant impact on the reproductive 

performance of sows. For a pregnancy well established prior to grouping of sows 

for gestation, as was the case here, it was not expected that the location of the 

sow or group within a gestation barn (i.e. as defined by pen) would have a direct 

influence on reproductive outcomes. Moreover, the resources supplied per pen 
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were essentially identical at this facility, in terms of the space allowed per sow, 

and their construction and design, with respect to feeders, ventilation and light. 

In contrast to results for pen, estimates of non-genetic group effects (i.e. defined 

by grouping within pen) were associated with significant improvements to the 

models for analysis for all traits (Model 3 vs Model 1) even though variation due to 

non-genetic group was very low. Proportional variance due to group effects (g2) 

for reproductive traits ranged from 0.01 to 0.02 (Table 3), in contrast to typically 

higher estimates for group effects (0.17 to 0.27) obtained for growth traits 

(Bergsma et al., 2008; Jones et al., 2011). However, the ratio of group variance to 

additive genetic variance ranged from 9 to 17% for reproductive traits. In the 

absence of significant non-genetic pen effects for reproductive traits, and with 

parity and breed already accounted for in models for analyses, the random non-

genetic group term more convincingly represents variation resulting from within 

group factors, such as interactions between sows. Thus, obtaining further 

significant improvements in model fit by adding terms for social genetic effects 

(Models 4 and 5, Table 3) was expected. 

The estimated proportional variance of social genetic effects (s2) was very small, 

ranging from 0.001 to 0.002 (Table 3). This low variance is consistent with 

estimates obtained elsewhere for other traits, such as growth, where variation 

between groups is typically also much larger (Arango et al., 2005; Bergsma et al., 

2008; Chen et al., 2007). However, because the social genetic effects are 

multiplicative relative to group size, the contribution of social genetic effects to 

total genetic variation for reproductive traits was significant. Ratios of total 

genetic variance to phenotypic variance (T2) were 0.16 ± 0.02 for TB, and ranged 

between 0.14 ± 0.02 to 0.16 ± 0.02 for NBA, or 0.33 ± 0.02 to 0.36 ± 0.02 for GL 

(Table 3). Compared to heritable variation (h2), the total genetic variation (T2) 

available for selection purposes was increased by approximately 33%, 25% and 12% 

for TB, NBA and GL using estimates from models accounting for social genetic 

effects. When the covariance between additive and social effects was also 

estimated (Table 4, Dilution 0), values for T2 were further increased to 0.20 ± 0.02 

for TB and NBA, or 0.42 ± 0.04 for GL. 

The impact of dilution factors on parameter estimates. Dilution factors applied to 

the linear functions of group size resulted in no significant improvement in the Log 

Likelihood for any of the traits analysed. In contrast, allowing estimates of social 

effects to vary proportional to the ratio of n/nmax gave a substantial 

improvement in the model fit for TB and NBA, but not GL. This indicates that the 

magnitude of social effects was reduced in all pen sizes when fewer sows were 

held in groups relative to nmax. That is, when the number of sows (n) is reduced 

relative to pen capacity, both the number of sows to interact with was reduced 

and the space allocation per sow was increased proportional to the reduction in n 

relative to nmax, and concurrently the magnitude of estimated social genetic 

effects was reduced. This model (Custom dilution, Table 4) also resulted in 

estimates of correlations between additive and social genetic effects close to 

zero. 
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A low to zero correlation between social genetic and additive genetic effects 

suggests that these estimates do not actually represent the same genes affecting 

trait expression. From a biological perspective, it is not the individual expression 

of TB itself, which is a function of ovulation rate and embryo survival, which 

directly affected the TB of pen mates. The estimated social effect for an 

individual is either a consequence of unobserved traits expressed during gestation 

(e.g. aggression, monopolisation of resources) or an indirect effect on pen mates 

for a trait correlated with TB, which then influences phenotypes of pen mates for 

TB. In this situation, it seems unlikely that genes which affect the expression of 

aggression, for example, are the same genes which affect ovulation rate and 

embryo survival, but there are no data to confirm this. This is in contrast to a trait 

like growth rate, where the actual growth rate of an individual can directly affect 

the growth rate of other individuals by altering ranking for competitive advantage 

at the feeder, thereby resulting in a negative genetic correlation between direct 

and social genetic effects, as described by Trubenova and Hagar (2012). 

Practical Implications for Genetic Evaluation 

The preliminary analyses (Bunter et al. 2014) demonstrated that social genetic 

effects affected expression of reproductive traits for group housed sows, were 

repeatable across different sow groupings, and improved the prediction of mean 

group performance. This implies that reproductive performance and welfare of 

sows housed in groups might also be improved through considering social genetic 

effects in genetic evaluation systems. In this case, the mechanism most likely is 

an unfavourable relationship between aggression of an individual and the 

reproduction of its pen mates, but data to confirm this are generally not 

available. In the presence of estimable social genetic effects, response to 

selection might be improved through the inclusion of both additive and social 

genetic effects into a selection index (Muir, 2005). 

More generally, associations between social genetic effects and behaviours 

relating to welfare, as well as the implications of an animal’s behaviour for its 

own performance, need to be better quantified (Cassady, 2007) before it will be 

widely accepted that competitive effects models can have a useful place in large 

animal breeding applications. In contrast to the clearly demonstrated results from 

selection experiments in poultry (Muir, 1996a, b) or quail (Muir 2005), where the 

impact of mortality resulting from aggression on performance is significant, results 

for recent selection experiments on social genetic effects involving growing pigs 

have been more ambiguous. Progeny groups of pigs divergently selected for social 

genetic effects estimated from growth data showed no significant differences in 

growth rate, measures of aggression or the time spent fighting, but did 

demonstrate significantly less biting behaviour in the group of animals with 

favourable social effects (Camerlink et al., 2010; Camerlink et al., 2014; 

Camerlink et al., 2013). Moreover, estimates of correlations between additive or 

social genetic effects for growth and observed fighting or bullying behaviour, or 

fight lesions, were shown to depend on the correlation between additive and 

social genetic effects. Since a wide range in the assumed underlying genetic 

correlation between additive and social genetic effects (from - 0.58 to + 0.58) can 

be underlying the phenotypes observed (Canario et al., 2012), this could suggest 

that in addition to lack of an observable response in performance traits, welfare 
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benefits will also not always be observed under selection solely for social genetic 

effects. 

It is also important to consider the implications of missing phenotypes within 

groups when estimating both initial parameters for social genetic effects and for 

subsequently estimating breeding values for individuals. Non-randomly censored 

data needs to be included in analyses or the impact of social effects and the 

magnitude of social breeding values may be underestimated. This requirement 

places a very high demand on the accuracy of performance recording systems to 

trace animals between groups. It is very likely that the databases of many 

breeding companies do not currently have this capability. The ability to identify 

phenotype censoring within groups and the appropriate data augmentation to 

create meaningful proxy phenotypes requires well-structured and complete 

recording systems where group membership and reasons for censoring are known 

or can be accurately inferred. 

It may be speculated that in herds where grouping strategies do not minimise the 

likelihood of detrimental interactions, social genetic effects on reproductive traits 

could actually be larger than was estimated in this data. Moreover, grouping sows 

at weaning or mixing around the more sensitive time of embryo implantation, as 

currently occurs in the UK and Australia, might also increase estimates of social 

genetic effects for reproductive traits due to potential contributions of social 

effects to early embryonic losses. Therefore, this study might currently 

underestimate the magnitude of social genetic effects in such systems and 

therefore the potential benefits of estimating social effect EBVs. 

These analyses also supported results from other studies on sow grouping which 

show improved reproductive performance with an increased space allowance per 

sow (Hemsworth et al., 2013). Our results suggest that in housing systems where 

resources supplied per sow are effectively equal, and group memberships are 

already structured to reduce the incidence of aggression between pen mates, the 

absolute group size was relatively less important, at least with groups of ≤10 sows. 

However, group size might be more influential on performance when resources per 

sow are not as well controlled, or with dramatically different group sizes (e.g. 10 

vs 40 sows per pen) which concurrently provide changes to pen dimensions 

enabling effective escape from protagonists. 

A complicating factor for estimating social genetic effects for any trait is the issue 

of variable group size, and the utility of such estimates for groups of different size 

(Bijma, 2010b). Interactions between sows are not necessarily competitive, so the 

number of sows to interact with is mostly pertinent when interactions are not 

neutral. Moreover, at noted above, group size is confounded with pen dimensions, 

which also has implications for a sow’s ability to escape antagonists. These factors 

may create an imperfect relationship between group size and the magnitude of 

social genetic effects which are estimated from real data. Gestation groups in this 

data were also relatively small by commercial standards in Australia, but social 

genetic effects will be much harder to estimate in large groups because of the 

rapid increase in the number of possible interactions between animals (Muir 2005). 
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Moreover, gestation groups can be dynamic, and it is unclear whether social 

genetic effects could be estimated in this scenario at all. 

The potentially dynamic nature of gestation groups provides motivation for 

investigating alternative sources of group data to estimate social genetic effects, 

such as earlier growth data in pigs. However, since social genetic effects are 

estimated as indirect effects from performance data, and are therefore expressed 

in the scale of the performance trait used, a universal scale to transform such 

estimates between traits would be required, if that is possible. Use of different 

data sources implies that the estimates of social effects for different traits could 

be due to a common, unobserved, phenotype which affects more than one trait 

recorded in social cohorts (e.g. aggressive behaviour affecting both growth of 

finishers and later, reproductive performance of sows). 

For practical applications, more work is required to obtain meaningful ranking of 

animals across a range of group sizes and to establish how different performance 

traits might provide data on social genetic effects. It will be important to assess if 

the accuracy or predicting performance of progeny in group settings is improved 

with models which include social genetic effects. Additional work is also required 

to incorporate social effect models into genetic evaluation systems where genomic 

data are also used. Implementation of more highly parameterised models in 

genetic evaluation systems can be complicated, and also requires adequate data 

recording to be effective, the latter of which is currently limiting. 

Current publications from this research 

Bunter, K.L., Lewis, C.R.G. and Newman, S. (2014) Social genetic effects for litter 

size of sows housed in groups during gestation. Proceedings 10th World 

Congress of Genetics Applied to Livestock Production. Pp4. 

Bunter, K.L., Lewis, C.R.G. and Newman, S. (2015) Social genetic effects 

influence reproductive performance of group-housed sows. Journal of 

Animal Science 93: 1-11. 

 

Part 2 Use of proximity loggers to develop new behavioural traits in group 

settings 

 
Milman Trial 1 – on animal implementation 
In trial 1 sows were observed for their behavior at 2 minute intervals concurrently 
with continuous data logging. Fights highlighted in red below were both observed 
and logged. However, the timer for observations was not accurate and had to be 
reset. Therefore, there are small discrepancies in the timing of the animal 
observation and the time recorded by the proximity logger. This highlights the 
importance of synchronizing loggers when the timing of close contacts is required. 
In addition, many fights were of short duration and occurred outside the two 
minute interval when sow behaviours were also recorded (ie all fights are not 
recorded). In addition, some interactions may have been edited out by the prior 
CQU data processing (eg keeping the reciprocal pair values might have provided 
more accurate information). 

 11:20 red-black (before proper recording) 

 11:22 blue-green (blues collar broke) 
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 11:40 blue-red (blue collar not recording – blue removed @ 11.50) 

 11:54 white-green 

 11:56 white-green; white-black 

 12:34 red-white 

 13:38 red-black x 2  

 13:40 white-green 

 14:02 & 14.04 yellow-green 

Calculated variables based on this data are shown in Tables 2 & 3. The number of 
separate interactions between each pair of sows is shown in Table 2. Frequent 
interactions between red-black are consistent with the observation of the fighting 
noted above. Yellow was also noted to be frequently fighting and had several 
contacts with green, white and black sows. Observers noted that yellow was 
possibly establishing “second in charge” status. 

Table 2. Count of contacts between pairs (trial 1) 

 yellow green blue white black 

2 (red) 8 1 1 1 7 

7 (yellow)  5 1 8 8 

103 (green)   1 1 2 

113 (blue)    0 0 

125 (white)     3 

 
Calculated trait values for sows are presented in Table 3. Sows varied in the 
number of sows they were in contact with, the total number of contacts with 
other sows made, and the duration of these contacts. Data were sufficient to 
demonstrate that sows varied in their behaviour upon mixing with respect to 
contacts with other sows, but the data are too limited to conclude anything about 
individual sows from this trial. 

Table 3. Calculated values from proximity data (trial 1) 

Sow Total contacts Total duration 
(seconds) 

Average 
duration/contact 

Number 
recips of 
contact 

2 (red) 18 469 26.1 5 

7 (yellow) 30 419 14.0 5 

103 (green) 10 173 17.3 5 

113 (blue) 3 (censored) 118 39.3 3 

125 (white) 13 206 15.8 4 

186 (black) 20 389 19.5 4 

 
The overall assessment of the piggery owner was that in trial 1: 1) the low 
stocking density reduced the relative extent of interactions observed, 2) the red 
sow was clearly dominant  and the black sow was the smallest, least dominant sow 
and was frequently approached by other sows. Interactions were also disrupted by 
the removal of the blue sow early in the trial. 

Milman Trial 2 – on animal implementation 
The main fights observed in trial 2, also at 2 minute intervals, are as listed below, 
with fights logged as contacts by the relevant pair of proximity loggers highlighted 
in red. The majority of contacts between sows were recorded in the first hour, 
with 90/125 (72%) contacts between 11:06 and 11:59am. This was followed by a 



  

 18 

rest period where sows slept around the pen perimeter, with only 8 contacts 
recorded between 12:00 -12:59, followed by 20 contacts between 13:00 and 
13:59, and 7 between 14:00 and 14:07. Serious fights occurred in approximately 
the first half hour, and the yellow sow was frequently involved in aggressive 
encounters. Five out of the 7 fights noted in the 2 minute time slots were logged 
by the proximity loggers and present in the data analysed. 

 11:13+ yellow-orange 

 11:17 red-yellow 

 11:29 to 11:31 yellow-purple 

 11:33 yellow-orange 

 11:41 red-yellow 

 11:41 to 11:43 yellow-green 

 13:37 yellow-purple 

Corresponding trait values calculated from the logger data are presented in Tables 
4 & 5. 

 
Figure 1: Red and yellow fighting 
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Figure 2. All calm. Few contacts logged in this time period. 
 
Table 4. Count of contacts between pairs (trial 2) 

 yellow green blue orange purple 

2 (red) 9 7 8 7 2 

7 (yellow)  7 6 7 6 

103 (green)   8 4 3 

113 (blue)    24 8 

125 (orange)     18 

 
Table 5. Calculated values from proximity data (trial 2) 

Sow Total 
contacts 

Total duration 
(seconds) 

Average 
duration/contact 

Number 
recips of 
contact 

2 (red) 33 552 16.7 5 

7 (yellow) 36 553 15.4 5 

103 (green) 29 458 15.8 5 

113 (blue) 54 1368 25.3 5 

125 (orange) 61 1414 23.2 5 

186 (purple) 37 857 23.2 5 

 
The increase in the time interval between pair wise interactions over the trial 
time period which can be derived from the logger data (not presented) 
demonstrated that interactions amongst sows declined quickly as time progressed 
and a hierarchy became established. Since the CQU trials were of only short 
duration, this variable has not been computed for individual sows here. However, 
the decline in frequency of contacts over time might also be an additional useful 
trait to examine the behaviour of individual sows. 
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These preliminary trials demonstrated that: 

 Specific aggressive interactions were frequently detected by logger 
contacts 

 There was variation amongst sows in their behaviour at mixing, from both 
visual observation and logger data 

 While the recording of which animals were in contact was relatively 
accurate, the duration of contact was not always as accurate 

 Proximity loggers in collars fitted to sows were well tolerated over the 
period involved and the collar implementation appeared adequate 

 

Rivalea implementation 

Preliminary work on collar calibration (off-animal) demonstrated that the new 

collars could be calibrated to record close contacts of about 1m or less. However, 

gilts repeatedly demonstrated that collar fitting was problematical for this 

weight/age class of animals. This appeared to be due to a combination of 

conformation typical of this age/weight class and the rigidity of the collar 

material, limiting the ability of collars to mold to the required shape. Gilts were 

extremely adept at removing both their own and/or other gilts collars. 

Subsequently, based on a previous study, a harness was manufactured to help 

keep collars in place (Figure 3). This failed to fully resolve issues with lost collars, 

was cumbersome to fit and appeared less comfortable for the animals. The 

additional harness material also encouraged further interference of the equipment 

by pen mates, which may have concurrently altered behavioural patterns. 

 
Figure 3. Modified collar harness and test pen 
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In addition to implementation issues associated with equipment, the initial groups 

of mixed gilts with collars failed to display many aggressive encounters, which 

while beneficial from an overall welfare perspective was limiting from a research 

perspective. Therefore, it was decided to attempt further data recording using 1st 

parity gilts mixed after weaning. First parity sows did display more detrimental 

behavioural interactions but again, collar fit was an issue because these females 

were now too large for the collar harnesses and the collar implementation 

remained inadequate. 

After numerous individual tests and 7 unsuccessful attempts to generate complete 

concurrent data from both loggers and video (including 4 trials with either partial 

or complete video failure) for groups of 10 sows, it was decided to terminate this 

study on the basis of an inability to develop a consistent and reliable 

implementation process, which is a primary requirement for developing 

automated and accurate data collection. 

While proximity loggers do have potential for automated recording of behavioural 

traits on individual animals housed in groups, the implementation using “off the 

shelf” equipment on the most useful age class of animals from the perspective of 

breeding program applications was problematical. Therefore, better ways to 

implement this technology (eg miniaturisation of loggers in tags) are required to 

further work in this area. 

 

Part 3. Evaluating other behavioural traits 

 

The primary alternative behavioural traits investigated in this experiment included 

flight time at selection and lesion scores resulting from fighting 24 hours after 

mixing, post-selection. These traits are heritable and easily recorded routinely on 

large numbers of animals in group settings, which potentially makes them suitable 

selection criteria. 

 

General trends 

For ease of illustration, lesion scores from fighting have been collapsed into fewer 

groups as outlined under Table 6. The distribution of gilts across score group 

categories demonstrated that upon mixing at selection, the majority of gilts 

(94.5%, TOTLES) had engaged in fighting post-mixing. Based on TOTLES the extent 

of lesions from fighting ranged from 5.5% of gilts with no lesions, 40.9% of gilts 

with up to 20 lesions, 44.5% with between 20-40 lesions, and 9.1% with more than 

40 lesions recorded over the whole body. However, nearing the end of gestation, 

when sows were also housed in groups, results were quite different. Based on 

PFLES, 28.7% of sows had no evidence of fight lesions, and the remaining sows 

with fight lesions had relatively few lesions: 54.2% had <5 lesions; 14.0% had 

between 5-10 lesions and 3.2% had more than 10 lesions. This supports a dramatic 

reduction in the number of sows involved in aggressive interactions in gestating 

groups, and also demonstrates that the aggression displayed occurs at a much 

lower level. Results from lesion scoring generally supported other studies 

demonstrating a decline in aggression and/or lesion scores observed within stable 

groups (eg Turner at al., 2009). However, since there were still some sows with 
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fight lesions, not all detrimental interactions were removed by sow familiarity and 

a stable grouping throughout gestation. 

Table 6: The % distribution of sows across score group categories 

Trait N -2 -1 0 1 2 3 

FLES 3238 Na Na 8.3 37.6 38.9 15.3 

BLES 3237 Na Na 15.7 52.3 27.9 4.1 

TOTLES 3237 Na Na 5.5 40.9 44.5 9.1 

DIFFB 3237 0.2 10.0 35.1 48.2 6.4 0.1 

REM0 3575 Na Na 75.3 24.7 Na Na 

        

PFLOCO 1945 Na Na 71.8 23.1 4.7 0.4 

PFLES 1929 Na Na 28.7 54.2 14.0 3.2 

PFCOND 1863 Na 6.8 85.3 8.0 Na Na 

WLOCO 1281 Na Na 59.6 33.5 5.9 1.0 

WCOND 1306 Na 14.8 81.6 3.7 Na Na 

FLES, BLES: group 0=score 0, 1=scores 1,2; 2= scores 2,3; 3= scores 3,4 

TOTLES: group 0=score 0, 1=scores 1,2,3,4; 2= scores 5,6,7,8; 3= scores 9,10,11,12 

DIFFB: group -2: scores -4,-3; -1: scores -2,-1; 0=score 0; 1=scores 1,2; 2=scores 

3,4; 3= scores 5,6 

At week 5 of gestation, 95.6% of mixed parity sows had normal (score 0) 

locomotion (Lumby et al. 2015). However, shortly prior to farrowing, only 71.8% of 

first parity sows were recorded with normal locomotion (Table 6). This reduction 

might result from a true increase in the incidence of lameness as pregnancy 

progresses. It could also indicate that the scoring method is also detecting less 

“ease of” movement during late pregnancy rather than an increase in lameness 

per se. By weaning, the percentage of sows with normal locomotion had further 

reduced to 59.6%. The relatively short confinement within farrowing crates 

combined with the accompanying demands of lactation (ie lack of exercise and 

calcium depletion) had at least a short term detrimental effect on the quality of 

sow locomotion upon transfer out of the farrowing crate, since post-mating 

locomotion scores (at 5 weeks gestation) were improved relative to post-weaning 

scores. 

At 5 weeks of gestation, 89% of sows were considered to be at target condition 

(Lumby et al., 2015) compared to 85.3% of first parity sows shortly prior to 

farrowing. By weaning, only 81.6% of first parity sows were in target condition 

(Table 6). The percentage of sows considered to be under the desired body 

condition also increased from 4.9% to 6.8% to 14.8% at the corresponding time 

points, the latter despite high levels of feed offered during the lactation period. 

The impact of fighting 

The distribution of gilts by their grouping for fight lesions on the front or rear 

(back) parts of the body is shown in Table 7. Only 5.5% of gilts avoided any lesion 

injuries within the 24 hours post-mixing. Front lesions were more frequent than 

back lesions. The most common outcomes from fighting in the first 24 hours post-

mixing, combining both familiar and unfamiliar gilts, were mild (group 1) to 
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moderate (group 2) lesion counts on the front combined with mild scores on the 

rear part of the body, totaling to 46.3% of all gilts recorded. 

Previous studies have demonstrated that anterior lesions generally indicate that 

animals are engaged in reciprocal fighting (ie head to head aggression) whilst 

posterior lesions generally result from an animal receiving non-reciprocal 

aggression (ie an animal avoids or leaves a fight)(Turner et al, 2009). A high level 

of posterior lesions was only evident for gilts also with higher anterior lesion 

scores, suggesting that gilts which did not instigate and/or avoided head to head 

fighting were rarely the recipients of a significant level of posterior swipes. 

Therefore, sows engaged in fighting were more likely to have both anterior and 

posterior lesions. 

Wang et al. (2014) suggested that high ranking sows (assigned on the basis of 

outcomes from fights) fought more, but had less lesions from injuries – particularly 

rear body injuries. However, their study was small (N=150 sows). It may be 

difficult to assign a meaningful rank for sow position in the social hierarchy solely 

on the basis of observed lesion scores from fighting. No assumption of within group 

sow ranking was used initially to estimate the associations between lesion scores 

and other traits. However, it seems intuitively clear that sows with more lesion 

scores have at least been engaged in more fighting. 

Table 7: The % distribution between anterior and posterior score groups for fight 

lesions (N=3237) 

Score Back 

Front 0 1 2 3 

0 5.5 2.7 0.2 0 

1 9.3 24.7 3.6 0 

2 0.9 21.4 15.9 0.8 

3 0.03 3.6 8.3 3.4 

 

Fighting can result in increased rates of injury and an increased potential for 

removal. In this population approximately 25% of selected gilts did not enter the 

breeding herd with a successful farrowing event. This, to some extent, reflected a 

strategy of over-selection at a relatively young age (ie end of performance test) 

with the intention of accommodating a higher percentage of removals pre-mating 

as gilts continued their development prior to transfer to the boar shed. An older 

age at selection would reduce this percentage. Removals also occurred due to 

pregnancy loss. For the subset of selected gilts recorded for fight lesions, the 

relative percentage of individual gilts which were removed without farrowing 

increased as individual scores for fight lesions increased (Table 8). This indicates 

that selected gilts which engaged in more fighting post-mixing were relatively 

more likely to fail to enter the sow herd than gilts which were less engaged in 

fighting. Over all reasons of wastage, the percentage of gilts which failed to enter 

the breeding herd increased from 25.3% to 31.4% as the lesion group increased, or 

from 18.1% to 23.5% if the impact of pregnancy loss was eliminated as a 

contributor to removal. The increase in removal rates with increasing fight lesion 

score was statistically significant (p=0.026) in a logistic regression analysis 

simultaneously accounting for selection date and sow breed (see Bunter, 2015). 
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Table 8. Breakdown of front fight lesions and removals (% of sows in each group), 

excluding (Pre-mate losses) and including (All losses) pregnancy loss as a removal 

reason (N=3238) 

Lesion Pre-mate losses* (%) Relative % All losses (%) Relative % 

Score retained removed removed retained removed removed 

0 6.8 1.5 20.5% 6.1 2.2 26.5% 

1 30.7 6.8 18.1% 28.0 9.5 25.3% 

2 31.0 7.8 20.1% 28.2 10.7 27.5% 

3 11.7 3.6 23.5% 10.5 4.8 31.4% 

*Pre-mate losses include only gilts which were not mated 

At 5 weeks into gestation, as lesion score increased the percentage of sows with 

poor locomotion scores also increased (see Lumby et al, 2015). Sows with zero or 

low lesion counts had lameness levels averaging 3.4% and 5.7%, whereas 7.6% and 

15.3% of sows with lesion scores of 2 or 3 were also scored lame (p<0.001). 

Therefore, reducing fighting amongst gilts and sows should have benefits for 

reducing injuries which affect locomotion and also potential losses within the 

breeding sow herd. 

Increased fight lesion scores recorded pre-farrowing were associated with reduced 

pre-farrowing condition score (p=0.005), poorer locomotion scores (p<0.001) and a 

slightly shorter lactation length (p=0.004), the latter implying early termination of 

the lactation (Bunter, 2015). Therefore, evidence of fighting pre-farrowing was 

also associated with some unfavourable outcomes for sows pre-farrowing and 

during lactation. However, overall, lesions scores from fighting did not explain 

much variation in gilts removals or reproductive traits even with statistically 

significant associations. Variation amongst individuals in their engagement in 

fighting is just one of many (frequently unidentified) factors contributing to 

variation in gilt and sow wastage and reproductive outcomes under group housing. 

Generally, the absolute ranking of individual sows for fight lesions recorded at 

different time points was inconsistent (see Bunter and Boardman 2015). This is 

partly because at different time points individual sows are not in the groups with 

the same pen mates (eg post-selection vs gestation groups) with the same 

hierarchical structure. Changes in an individual’s propensity to fight can also occur 

as sow hierarchy becomes established. However, at each time point, the scoring 

was indicative both of individual variation amongst sows for their engagement in 

fighting within that group, and also the extent of fighting within a group overall, 

at that time (eg post-mixing vs late gestation). Moreover, at each time point of 

scoring, an increasing number of fight lesions was generally associated with 

unfavourable outcomes or scores for other traits (eg gilt removals, poor 

locomotion) of individual sows. Therefore, while lesion scoring was not used in the 

sense of ranking sows over time, it was phenotypically associated with some 

outcomes with other traits (see Bunter, 2015). 
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Pre- and post-farrowing outcomes 

The association over time between pre- and post-farrowing locomotion and 

condition scores are shown in Tables 9 and 10. Prior to farrowing 71.8% of heavily 

pregnant sows had good locomotion (Pre-farr score 0, Table 6). For the sows also 

recorded at weaning, this percentage was reduced to 59.5% (Wean score 0, Table 

6). Unplanned censoring of sows for their locomotion at weaning generally 

increased when pre-farrowing locomotion was poor. Nevertheless, results suggest 

that sow locomotion deteriorated overall during the lactation confinement, even 

though some sows (15.4%+2.5%) improved in their locomotion scores between pre-

farrowing and weaning (Table 9). 

Table 9: The concordance between pre- and post-farrowing locomotion scores 

(N=1278) 

Score Score at weaning Number of sows 

Pre-farr 0 1 2 3 (% censored) 

0 44.1 21.3 3.6 0.5 1397 (36%) 

1 14.0 9.8 1.6 0.4 449 (27%) 

2 1.2 2.4 0.6 0.1 92 (40%) 

3 0.2 0.1 0 0.1 7 (29%) 

 

The percentage of sows in target condition was 85.3% pre-farrowing and 81.6% at 

weaning (Table 6). However, only 69.5% of sows were at target condition 

throughout their first entire pre-farrowing and lactation period (Table 10). Some 

sows gained (7.7%) or lost (18.2%) condition during lactation, while the remaining 

sows scored in the same condition category at both time points. Sows were more 

likely to be censored from weaning data if pre-farrowing condition was high, but 

the number of sows above target condition was relatively low. Moreover, sows 

removed from gestation pens due to problems with their health, locomotion or 

condition frequently became over-conditioned in the ad-libitum fed hospital pens. 

Therefore, over-conditioned sows were less likely to represent normal sows within 

gestation groups. 

 

Table 10: The concordance between pre- and post-farrowing condition scores 

(N=1307) 

Score Score at weaning Number of sows 

Pre-farr -1 0 1 (% censored) 

-1 3.5 5.1 0.1 132 (14%) 

0 11.1 69.5 2.5 1663 (35%) 

1 0.2 6.9 1.2 155 (30%) 

 

Correlations between group means 

An alternative perspective is that behavioural data can be used to assess group 

dynamics rather than individual characteristics and that considering data at the 

group level may also provide some useful information. In the results presented 

above, group mean effects were essentially accounted for when evaluating 

individual data due to their confounding with recording date, which was fitted in 

models for analyses (when significant). However, if means are established for each 
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group, the unit of comparison becomes the group, and the number of observations 

reduces from the number of individuals (3000+) to the number of groups. 

Means were calculated for each selection group (giving N=61 groups), which 

contained between 30 and 76 gilts per group (Table 11). Simple Pearson 

correlations between group means indicated that as group size increased the 

mean number of lesions from fighting (r=0.34, p=0.008) and the extent of 

removals for feet and legs (r=0.39, p=0.002) increased, while the full extent of 

removals did not significantly increase (r=0.07, p=0.59). Excess removals are 

prevented by the requirement to provide sufficient gilts for the breeding herd. 

Therefore, a lack of an increase in total removals means that sows with other 

faults were not available for removal after removal for feet and leg problems. 

Larger selection group sizes were also significantly associated with lower mean 

group weight (r=-0.64, p<0.0001) but not age. In addition, groups which were 

older at selection were heavier (r=0.45, p<0.001), had fewer lesions from fighting 

following mixing (r=-0.31, p=0.02) and were less likely to be removed from the 

herd without a farrowing event (r=-0.46, p<0.001). Therefore, group size was 

associated with gilt weight, the extent of fighting post-mixing and gilt wastage, 

whereas selection at an older average age was generally beneficial to reduce 

fighting and gilt wastage prior to herd entry. 

The correlation between mean values for posterior fight lesions and the proportion 

of removals for feet and legs approached significance (r=0.22, p=0.095) while 

correlations between group means based on whole body scores were of similar 

magnitude but were less significant (r=0.20, p=0.12). A larger number of groups 

would improve the accuracy of assessing this association. However, a correlation 

of 0.22 is equivalent to a coefficient of determination of approximately 5%, which 

means that, on average, about 5% of the difference between selected groups of 

gilts in the extent of removals for feet and legs was associated with group means 

for fight lesions post-mixing. This should provide good motivation to develop 

strategies which eliminate fighting as much as possible as a source of gilt wastage. 

Table 11. Variation amongst group means (N=61 groups) for traits recorded at 

selection 

Variable Mean SD Minimum Maximum 

FLES 2.78 0.61 1.29 3.98 

BLES 2.01 0.56 0.85 2.97 

TOTLES 4.78 1.15 2.29 6.84 

SELAGE 171 2.59 166 176 

SELWT 97.5 7.30 82.6 115 

REM0 0.27 0.08 0.06 0.47 

RCOND 0.04 0.07 0.00 0.25 

RF&L 0.20 0.15 0.00 0.57 

RCOND: removal for poor condition; RF&L: removal for feet and leg conformation 

or injury 

 

Estimates of heritabilities 

Estimates of heritability for the commonly recorded growth and reproductive (TB, 

NBA, ABWT) traits were as expected and are not discussed further. Flight time at 
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the end of performance testing was lowly heritable, but more highly heritable 

after a log transformation to improve the traits distributional properties (h2: 0.07-

0.12, Table 12). The heritability for flight time in this study was lower than 

reported from previous studies using the same protocol (h2: 0.20±0.04 in Hansson 

et al. (2005); h2: 0.14-0.17±0.02 in Jones et al (2009)) in different populations of 

animals, and also lower than previously reported from Rivalea when estimated 

from data recorded in terminal line boars using the same protocol (h2: 0.20, 

Bunter 2005). It is possible that heritability of this trait is lower in maternal line 

animals, but this result might also simply reflect sampling and the models applied. 

Table 12: The number of records available, along with estimates of heritability 

(h2), common litter (c2) effects and phenotypic variance (2p) from uni-variate 

analyses under a linear animal model 

Trait N h2 c2 
2p 

Traits at selection 

ADG 30926 0.19±0.02 0.07±0.01 4936 

WT_END 30961 0.17±0.02 0.10±0.01 141 

FLIGHT 8854 0.07±0.02 0.00±0.01  0.324 

LOG_FT 8854 0.12±0.02 0.02±0.01 0.153 

FLES 3238 0.14±0.04 0.08±0.03 2.34 

BLES 3237 0.12±0.04 0.11±0.03 1.62 

TOTLES 3237 0.15±0.04 0.10±0.03 6.49 

DIFFB 3237 0.01±0.02 0.03±0.03 1.40 

Pre-farrowing 

REM0 3575 0.10±0.03 0.06±0.03 0.180 

PFLOCO 1945 0.05±0.04 0.08±0.04 0.338 

PFLES 1929 0.10±0.04 B 0.516 

PFCOND 1950 0.09±0.04 0.02±0.04 0.139 

First parity reproductive performance 

AGEFF 5097 0.16±0.03 0.10±0.02 166 

TB 5097 0.11±0.02 - 8.38 

NBA 5097 0.10±0.02 - 7.95 

ABWT 2154 0.36±0.05 - 0.042 

LW21D 908 0.21±0.08 - 138 

A21DW 908 0.18±0.08 - 0.918 

PROPD** 1553 0.23±0.06 - 0.040 

Weaning 

WLOCO 1281 0.11±0.06 0.02±0.06 0.408 

WCOND 1306 0.20±0.06 B 0.170 

N: number of records; h2: heritability; c2: common litter effect; 2p: phenotypic 

variance 

 

The extent of engagement in fighting at mixing, post selection, was also heritable 

– as evidenced by significant heritability estimates for FLES, BLES and TOTLES 

(range h2: 0.12-0.15). In contrast, there was no evidence that the difference 

between values for front and back lesions scores was heritable. If this 

measurement represented relative engagement vs losses in aggressive encounters, 
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respectively, a ranking on this basis would not appear to be heritable. Scoring for 

lesions resulting from fighting is more practical than counting of lesion scores for 

commercial breeding programs. Therefore, the heritability estimates obtained for 

scored data is a favourable outcome, although slightly lower than the range in 

heritability estimates reported from lesion count data in other studies (h2: 0.21 to 

0.26, Turner et al., 2006a; Turner et al., 2009). 

There was some evidence for common litter effects to be significant not only for 

growth traits, as expected, but also for fight lesion scores, age at first farrowing 

(which itself is correlated with weight) and locomotion. Common litter effects are 

non-genetic in nature, and reflect how the common environment prior to 

recording influences trait values. Therefore, it can reflect within litter 

environmental factors (eg the quality of the maternal care), as well as animals 

which are socially familiar with each other and which are also potentially reared 

together over an extended time period. Gilts sharing a common litter of 

birth/rearing and placed together into the same group might fight less upon 

mixing, as was suggested by Jones et al (2007). Common litter effects were 

generally not significant for traits of gilts recorded pre-farrowing, at farrowing 

and at weaning. This is typically because variation due to maternal effects, such 

as the common litter effect, dissipate as an animal ages, but also because there 

are relatively fewer records/litter available to estimate this effect (eg recording 2 

gilts per litter selected for breeding vs recording all piglets/litter for birth 

weight). The presence of significant common litter effects for REM0 and PFLOCO 

suggests that birth litter has an impact on the expression of later traits influencing 

locomotion, fighting and longevity. 

Correlations between behavioural traits 

All traits except DIFFB were heritable and therefore genetic correlations can be 

estimated between all traits, excluding DIFFB. Estimates of correlations between 

alternative measures of behavioral traits are presented in Table 13. Flight time 

and lesion score traits are recorded very close together temporally in a gilt’s 

lifetime (ie about a week apart) but generally gilts were not in exactly the same 

groups at both time points. This change reflects the normal flow of animals 

between groups in a commercial setting, as only selected gilts are retained (and 

consolidated into a smaller group) within the breeding herd. 

Phenotypic correlations between flight time traits and lesion score traits were 

generally zero, indicating that these traits represent quite different measures of 

behavioural attributes. The direction of genetic correlations suggests that animals 

with high flight time (slow animals) were also likely to have lower front lesion 

scores (fewer fight lesions) and might therefore be less inclined to engage in 

fighting. However, the magnitude of correlations was relatively low and standard 

errors were large, indicating cautious interpretation is required. More data would 

be required to establish if these somewhat weak genetic correlations were 

significantly different from zero. Regardless, the results suggest that these 

measures are not recording the same thing, genetically or phenotypically, about 

individual behaviours. 
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Phenotypic correlations between front and back lesion scores were moderate 

(0.66) but not unity, demonstrating that individual sows will vary in the extent of 

lesions observed across different parts of their body. The higher phenotypic 

correlations between FLES or BLES with TOTLES resulted from part-whole 

correlations. However, genetic correlations between FLES and BLES did not differ 

from one, indicating that for the scoring procedures used here, scoring only 

anterior or posterior lesions would essentially provide genetically the same 

information on lesion scores. For comparison, Turner et al (2009) reported both 

lower phenotypic and genetic correlations between anterior, central and caudal 

fight lesion counts at mixing, and suggested that anterior lesion counts were a 

genetically different trait to central or caudal counts. Their procedure for scoring 

differed from that of our study and would have been considerably more labour 

intensive. Moreover, the scoring system in our study would have distributed the 

central count information to both front and back scores, making these scores more 

similar and therefore contributing to trait similarity in this study. 

Table 13. Genetic (1st row) and phenotypic (2nd row) correlations* between the 

different behavioural traits 

 FLES BLES TOTLES 

FLIGHT -0.160.16 

0.010.02 

-0.010.16 

-0.010.02 

-0.070.16 

-0.000.02 

LOG_FT -0.210.14 

-0.010.02 

-0.020.14 

-0.010.02 

-0.120.13 

-0.010.02 

FLES  0.990.05 

0.660.01 

1.000.01 

0.930.00 

BLES   1.000.01 

0.890.00 

*Correlations significantly different to zero are in blue 

 

Correlations between locomotion and lesion scores 

Correlations between sow condition scored pre-farrowing and again at weaning 

were positive but relatively low, with a genetic correlation of 0.55±0.20 and a 

phenotypic correlation of 0.23±0.03. This was to be expected, as it has previously 

been demonstrated that weight and/or fat change during the first lactation 

(reflected in condition) is a function of sow body composition attributes pre-

farrowing, along with a range of factors affecting lactation feed intake (sow 

health, heat stress) and suckled litter attributes (see Lewis and Bunter 2011). 

Comparable estimates for locomotion traits were 0.63±0.29 (genetic) and 

0.12±0.03 (phenotypic). Low phenotypic correlations support changes in ranking 

between time points in observed scores, while the higher magnitude of genetic 

correlations suggest that the genetic contributions (which are relatively small 

proportionally) to the quality of locomotion observed is retained across time 

points. 

Correlations between behavioural traits and growth performance, entry into the 

breeding herd and sow locomotion or condition 

Correlations between behavioural traits recorded at selection and later sow 

characteristics, such as sow removals or sow attributes pre-farrowing or at 

weaning after their first parity are shown in Table 14. Based on correlations 
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between traits, which reflect linear associations only, neither flight time nor 

lesion scores were associated with removals from the breeding herd. However, 

earlier analyses of observable associations between scores (Table 8 and Bunter, 

2015) showed that the relationship between lesion scores and removals was 

generally not linear, and therefore this will reduce the magnitude of estimates for 

correlations (ie. correlations reflect linear associations). 

Estimates of correlations indicated that both genetically and phenotypically, sows 

with higher growth rates pre-selection and/or higher body weight at selection had 

higher values for flight time (ie they were slower). This result was consistent with 

previous estimates of correlations between these traits (Hansson et al, 2005, 

Jones et al, 2007). Sows with higher flight time values were also more likely to be 

scored with poor locomotion shortly pre-farrowing. Phenotypically (not 

genetically), sows with high flight times had less favourable condition at weaning, 

but this association was weaker for log-transformed data. The difference in 

estimates between the raw and transformed data for flight time might indicate 

that only sows which were very slow to move had poor body condition at weaning. 

Such slow movement in a young gilt assessed by flight time could indicate more 

severe difficulties in movement which may have later interfered with standing to 

feed in the farrowing crate environment. These low phenotypic correlations to 

some extent are also the result of non-linear relationships, as noted above. 

Table 14. Genetic (1st row) and phenotypic (2nd row) correlations between 

behavioural traits recorded at selection and prior production traits (ADG and 

WT_END), post-selection removals pre-farrowing (REM0), along with fight lesions, 

locomotion and condition pre-farrowing (PFLES, PFLOCO, PFCOND) or at weaning 

(WLOCO, WCOND) in the first parity 

 ADG WT_END REM0 PFLES PFLOCO PFCOND WLOCO WCOND 

FLIGHT 0.240.10 

0.070.01 

0.240.10 

0.080.01 

0.180.17 

0.020.02 

-0.330.20 

-0.020.03 

0.420.27 

0.040.03 

0.110.21 

-0.000.03 

-0.180.23 

-0.020.04 

0.040.19 

-0.090.03 

LOG_FT 0.220.08 

0.100.01 

0.220.08 

0.100.01 

0.210.15 

-0.000.02 

-0.320.17 

0.010.03 

0.390.24 

0.060.03 

0.060.19 

0.020.03 

-0.040.20 

-0.000.03 

-0.040.17 

-0.050.03 

FLES 0.160.12 

-0.010.02 

0.130.12 

-0.010.02 

0.210.21 

0.030.02 

0.300.23 

0.020.02 

-0.020.32 

-0.000.02 

0.070.23 

-0.020.02 

-0.160.24 

-0.000.02 

0.220.20 

-0.040.03 

BLES 0.220.12 

-0.010.02 

0.220.13 

-0.010.02 

0.190.21 

0.010.02 

0.200.23 

0.010.02 

-0.200.33 

-0.010.02 

0.140.23 

-0.000.02 

-0.130.25 

0.010.03 

0.270.20 

-0.060.03 

TOTLES 0.200.12 

-0.010.02 

0.180.12 

-0.010.02 

0.200.20 

0.020.02 

0.250.22 

0.020.02 

-0.090.31 

-0.010.02 

0.100.22 

-0.010.02 

-0.150.23 

0.000.03 

0.240.19 

-0.050.03 

PFLES 0.230.15 

-0.000.02 

0.270.16 

0.000.02 

-0.150.25 

0.010.03 

na 0.920.25 

0.100.02 

-0.090.27 

-0.060.02 

0.250.28 

0.030.03 

-0.140.24 

-0.050.03 

*Correlations significantly different to zero are in blue 

 

Phenotypic correlations between lesion scores after selection or pre-farrowing 

with condition score at weaning after their first parity were all negative, 

indicating that sows which received more lesions due to fighting were also more 

likely to be observed with poorer condition score at weaning (Table 14). The 

association between lesion scores at selection and condition pre-farrowing was not 

evident. The standard errors on estimates for genetic correlations were large and 

not consistent over time, providing inconclusive results with respect to genetic 
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associations between these traits. Regardless, phenotypic correlations were 

adverse between evidence for high lesion scores and sow condition at weaning, 

despite the fact that sows were individually housed from pre-farrowing to weaning 

in farrowing crates. 

Correlations between behavioural traits and reproductive traits 

The behavioural traits recorded around the time of selection were uncorrelated 

genetically and phenotypically with age at first farrowing, litter size and 

birthweight traits (Table 15). Therefore, individual sow behavioural traits were 

not associated with litter size traits and the slightly antagonistic correlations with 

birth weights traits were not significantly different from zero. This was also the 

case for lesion scores observed prior to farrowing (Table 16). 

However, there some evidence for significant antagonistic phenotypic correlations 

between the extent of fight lesions 24 hours post-mixing after selection and the 

proportion of piglets which subsequently died in their first litter (Table 15, and 

Bunter 2015). This was accompanied by slightly antagonistic correlations between 

lesion scores and LWT21D, but not average piglet weights. Total litter weight at 

21 days is mostly driven by the number of piglets weighed (ie piglets surviving) 

rather than variation in average piglet weight. Therefore, there was some 

suggestion that the sow behavioural traits associated with fighting post-mixing had 

moderate correlations with subsequent piglet survival traits in the first parity, but 

standard errors were large such that the estimates of genetic correlations were 

not different to zero. In contrast, sow lesion score pre-farrowing was uncorrelated 

with piglet weight traits at 21 days or the proportion of piglets which survived 

until weaning (Table 16). The difference in results for lesion scoring at the 

different time points reflects the fact that correlations between TOTLES and 

PFLES were low to negligible (Table 14). Generally, lesion scores pre-farrowing 

were uninformative of sow reproductive traits compared to post-mixing scores at 

selection. 

Based on phenotypic correlations, sows which were older at first farrowing were 

more likely to be scored with poorer locomotion pre-farrowing and at weaning, 

and this was also reflected in larger positive genetic correlations between these 

traits (Table 16). Sows carrying larger litters also had poorer locomotion scores, 

but this was an environmental effect accompanied by negligible genetic 

correlations between these traits. By far the strongest phenotypic correlations 

between traits were those between sow condition at weaning, 21 day litter weight 

and piglet losses. First parity sows with heavy 21 day litter weights were in poorer 

condition at weaning, whereas sows which lost more piglets tended towards 

improved condition at weaning, as could be expected from previous studies. These 

associations will be a lot more obvious to the naked eye than associations between 

age, locomotion scores and litter size, for example. 

The lack of substantial genetic correlations between behavioural traits and 

reproductive traits indicates that selection against lesions resulting from fighting, 

were there to be any benefit in doing so, would generally not be expected to 

genetically alter litter size or piglet birthweight traits for sows. However, the 

mechanisms behind antagonistic associations between fight lesions recorded in an 
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unbred gilt and later piglet survival (which is dominated by litter size and birth 

weight issues) potentially warrants further investigation. Turner at al (2009) 

reported that genetically high caudal lesions were more indicative of sows which 

received non-reciprocal aggression (ie they received aggression but did not fight 

back), and that correlations over time were higher for caudal compared to 

anterior counts. In our data, there were positive genetic correlations between 

lesions recorded post-mixing and pre-farrowing (Table 14). Therefore, detrimental 

and phenotypic correlations between BLES and PROPD, in combination with 

positive genetic correlations between post-mix and pre-farrowing lesion scores, 

suggest that sows which were recipients of aggression in early life were also likely 

to be recipients of aggression throughout pregnancy, with an impact on 

subsequent piglet survival, at least within the first parity. Pre-natal maternal 

stress (particularly chronic stress) has been strongly implicated in both temporary 

changes to maternal immunosuppression in late pregnancy and therefore maternal 

antibody production and also to changes in the development of postnatal 

immunity in offspring (see review by Veru et al, 2014). These authors also 

suggested that reducing stress in pregnant farm animals could generally make 

their offspring less susceptible to subsequent diseases in post-natal life. 

Table 15. Genetic (1st row) and phenotypic (2nd row) correlations between 

behavioural traits recorded at selection and first parity reproductive traits 

 AGEFF TB NBA ABWT LWT21D A21DW PROPD 

FLIGHT 0.070.14 

-0.020.02 

-0.140.15 

0.010.02 

-0.110.16 

0.020.02 

0.090.13 

0.020.03 

-0.170.18 

0.010.04 

-0.310.19 

-0.010.04 

0.040.17 

-0.020.03 

LOG_FT 0.090.12 

0.010.02 

-0.020.13 

0.030.02 

-0.030.14 

0.030.02 

0.190.11 

0.030.03 

-0.070.16 

0.000.04 

-0.190.17 

-0.010.04 

0.010.15 

-0.010.03 

FLES 0.040.17 

-0.010.02 

0.150.17 

0.010.02 

0.110.18 

0.010.02 

-0.120.15 

-0.040.03 

-0.280.22 

-0.030.04 

-0.060.25 

0.020.04 

0.110.19 

0.040.03 

BLES 0.100.17 

-0.000.02 

0.100.17 

-0.020.02 

0.040.18 

-0.020.02 

-0.170.16 

-0.050.03 

-0.260.23 

-0.020.04 

-0.210.25 

0.020.04 

0.300.19 

0.050.03 

TOTLES 0.070.16 

-0.010.02 

0.140.16 

-0.010.02 

0.090.17 

-0.000.02 

-0.140.14 

-0.050.03 

-0.270.21 

-0.030.04 

-0.130.24 

0.020.04 

0.200.19 

0.050.03 

*Correlations significantly different to zero are in blue 

 

Table 16. Genetic (1st row) and phenotypic (2nd row) correlations between traits 

recorded pre-farrowing and first parity reproductive traits 

 AGEFF TB NBA ABWT LWT21D A21DW PROPD 

PFLES 0.140.20 

0.050.03 

0.010.22 

-0.000.02 

-0.050.22 

-0.000.02 

-0.300.20 

0.040.04 

0.030.28 

0.000.04 

0.020.31 

-0.010.04 

0.010.24 

-0.030.04 

PFLOCO 0.590.21 

0.030.03 

-0.130.25 

0.040.02 

-0.120.26 

0.040.02 

0.180.23 

-0.010.04 

0.020.33 

-0.010.04 

0.230.37 

-0.020.04 

0.190.27 

0.010.04 

PFCOND 0.020.21 

0.010.03 

-0.300.22 

-0.020.02 

-0.300.22 

-0.020.02 

0.110.20 

0.050.03 

0.170.28 

-0.050.04 

-0.000.31 

-0.030.04 

-0.260.23 

0.050.04 

WLOCO 0.430.22 

0.030.03 

0.250.23 

0.020.03 

0.250.24 

0.030.03 

0.430.19 

0.020.04 

0.180.29 

0.030.05 

0.280.32 

-0.020.05 

0.310.27 

-0.030.04 

WCOND -0.010.18 

0.010.03 

-0.340.18 

-0.020.03 

-0.350.19 

-0.050.03 

0.010.18 

-0.030.04 

-0.410.25 

-0.140.05 

-0.490.27 

-0.050.05 

0.140.21 

0.180.04 

*Correlations significantly different to zero are in blue 
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The presence of any non-significant phenotypic correlation between fight lesions 

scored at selection (around 170 days of age) with subsequent first parity 

reproductive performance (at 345 days of age, on average) is an interesting result. 

This is because these two events occur at very different time points of a 

gilt/sow’s life and are not clearly connected by a common event. For example, 

selected gilts go through a process of further growth (170-200 days), entry into the 

breeding shed (200 days), mating (230 days), followed by the complete gestation 

and lactation periods before obtaining their reproductive records. Significant 

phenotypic correlations are more common between associated traits recorded 

concurrently in an animal’s life (eg WCOND with PROPD in Table 16). Therefore, 

fight lesions scored post-mixing as gilts might be indicative of an animal’s intrinsic 

coping mechanism in group settings, which continues to influence them 

throughout the entire time in which they are group housed. For example, it could 

be speculated that the willingness to engage in any aggressive behaviours requires 

extra energy, which might explain why ABWT is reduced on average for sows 

which were aggressive as gilts, providing they continued to expend more energy in 

the group setting throughout gestation due to social stress. 

 

Correlations between behavioural type and reproductive traits 

Several researchers have suggested that a behavioural type can be assigned 

generally on the basis of the pattern of lesions which result from fighting post-

mixing. Aggressive animals can be identified based on a high lesion scores for the 

anterior part of the body (Desire et al, 2015), because these animals either 

initiate or participate reciprocally in fights. However, when high anterior scores 

are combined with a low score for the posterior, this suggests the animal is 

dominant, because animals which win fights tend not to receive posterior swipes. 

On the other hand, sows losing fights tend to avoid further conflict (lowering 

anterior scores) and would also receive more lesions on the posterior as they 

“escaped” from the fight where they were reciprocal participants. Some sows 

completely avoid fighting, either through clear relative advantage or through 

submission. Therefore, there is likely some overlap of behavioural types 

represented by various patterns of fight lesion scores across the whole body. 

Several thresholds for lesion scores were used to define behavioural types (see 

Appendix 3). Depending on the definition used, heritabilities for behavioural type 

varied from 0.02 to 0.18. Only assignation to a behavioural type which is at least 

moderately (>0.1) heritable is potentially useful for breeding programs. 

Therefore, of the various definitions which could be considered to define 

behavioural type, four traits based on either anterior or posterior lesions (h2 

range: 0.12-0.18) were considered further to estimate genetic correlations. These 

type traits were: 

 

AGRO1: aggressive gilts with anterior scores from 3-6 

AGRO2: more aggressive gilts with anterior scores from 5-6 

LOWBACK1: gilts with posterior scores of 0 only (no lesions) 

LOWBACK2: gilts with low posterior scores of 0 or 1 only 

 

Identifying dominant gilts based on combining high anterior with 0 posterior scores 

resulted in a very low incidence of dominant gilts (<1%, Table 17). The 



  

 34 

combination of high anterior (3-6) with low posterior (0/1) scores to define 

dominance (DOM6, Table 17 and Appendix 3) had a higher incidence (26%), but 

very low heritability (0.03). Combining high anterior scores with a non-zero 

difference between anterior and posterior scores resulted in a higher incidence 

(34%) of gilts allocated to this type, but again with very low heritability (0.05) in 

this data. 

 

Table 17: The percentage distribution between anterior and posterior scores for 

fight lesions and the allocation to behavioural type (Red: aggressive-high anterior 

scores; Blue: avoid fights-low posterior; Purple: dominant sows – high anterior, 

low posterior) 

Score Score Back  

Front 0 1-2 3-4 5-6 Total 

0 5.5 2.7 0.2 0 8 

1-2 9.3 24.7 3.6 0 38 

3-4 0.9 21.4 15.9 0.8 39 

5-6 0.03 3.6 8.3 3.4 15 

Total 16 52 28 4 100 

 

Correlations between behavioural type (0/1), which was assigned based solely on 

lesion score pattern, and average daily gain until selection, gilt wastage and first 

parity reproductive traits are shown in Table 18. Gilts assigned to an aggressive 

behavioural type (AGRO1 and AGRO2) were more likely to be removed from the 

herd without farrowing and, if farrowed, be recorded with a lower litter weight at 

21 days. This behavioural type represented any gilts that engaged in fighting (ie 

they can both initiate and/or reciprocate) rather than identifying gilts which were 

socially dominant. Gilts which were able to completely avoid receiving posterior 

lesions (LOWBACK1) were faster growing prior to selection, heavier sows in their 

selection contemporary groups and produced heavier piglets at birth with better 

survival prospects, accompanied by higher 21 day litter weights. However, a 

weight advantage was not evident for LOWBACK2, while improved piglet birth 

weight, 21 day litter weight and to a lesser extent mortality remained. In order to 

have low posterior lesions, gilts must either avoid fights altogether and/or not 

reciprocate in fights and/or not receive “losing” posterior swipes (ie a low level of 

posterior lesions are typical of dominant sows, but also of sows which have 

successfully avoided fights). For comparison, correlations are presented for the 

lowly heritable dominance (DOM6) trait, which represents sows with the 

combination of high anterior and low posterior lesions. DOM6 sows were more 

likely to be of lower weight at selection compared to their contemporaries; all 

other correlations with reproductive traits were generally insignificant. 

 

Overall, correlations suggest that: 

 Behavioural types defined by avoidance of posterior lesions had low 

phenotypic associations with ADG/WT. This supports the theoretical 

concept that an animal’s choice to fight rather than submit at least 

partially reflects its relative advantage (ie size and strength) 

 No behavioural type had significant associations with age at first farrowing 

or litter size traits 
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 Gilts with high anterior lesion scores (ie they engaged in fighting) had 

elevated levels of gilt wastage and produced lighter piglets and litters 

 Gilts which avoided posterior lesions produced heavier piglets with better 

survival and heavier litter weights 

 Gilts defined as dominant had no reproductive advantage or disadvantage 

 Since heritabilities of behavioural type were relatively low, and genetic 

correlations mostly of small magnitude, a large part of any associations 

observed were not genetic in origin. 

 

When proportionally fewer of gilts representing aggressive behavioural types 

successfully enter the herd and their maternal performance is also poorer (with 

respect to offspring weight at weaning), a relative disadvantage in fitness occurs 

for this behavioural type. This suggests that selected gilts which engage in fighting 

will subsequently have a reduced selective advantage based on their first parity 

performance, while gilts able to avoid posterior lesions would have an enhanced 

selective advantage in their first parity, with dominant sows neutral. This pattern 

suggests that within dam lines which continuously place emphasis on maternal 

attributes contributing to litter quality and longevity in the herd, there will be 

concurrent weak indirect selection against gilts which engage in significant levels 

of fighting upon mixing. However, data confirming line differences in lesion scores 

or the frequency of behavioural types based on standardized criteria have not 

been published. Moreover, in the presence of relatively weak indirect selection, 

the results also suggest that a range in behavioural types will remain in a 

population without directional selection for behavioural type specifically. It is 

unclear how selection for a specific behavioural type would affect overall 

dynamics between gilts and sows in groups. 

 

Since allocation of gilts to behavioural type can also be treated as a systematic 

effect, the impact of behavioural type on mean performance was also estimated 

as a class effect using models excluding random effects, and results are presented 

in Table 19. There was no significant difference in prior ADG for sows which 

received a high number of anterior lesions (>score 2) compared to those that 

didn’t. However, sows avoiding posterior lesions were approximately 0.656kg 

(calculated as-4g/day × 164 days) lighter than sows which received more posterior 

lesions. This could suggest that lighter sows either avoid fighting entirely or are 

more submissive to avoid posterior lesions (LOWBACK trait). Or, it could simply 

indicate that lighter gilts are more agile and can escape receiving posterior 

lesions. Gilt wastage for sows with high levels of anterior lesions were 2.8 to 4.9% 

higher than for gilts with anterior scores of <3 (Table 19). Average piglet birth 

weight was increased by 44 g/piglet for gilts avoiding posterior lesions (which 

equates to an additional 0.5kg litter weight at birth). Gilts completely avoiding 

receiving posterior lesions (LOWBACK1; 16% of all gilts) had a 5.1% improvement in 

subsequent piglet survival compared to other gilts, consistent with improved 

piglet birth weights and perhaps due to mothering ability. It is possible that gilts 

which avoid conflict are also more comfortable when subsequently restrained in a 

farrowing crate environment. 

 

Overall, consideration of behavioural types in breeding programs is a complex 

issue. If aggressive encounters are initially required to generate longer term 
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stability in a stable group through development of a hierarchy (Desire, 2015), then 

it is likely a mixture of behavioural types will always be present in animal 

populations and a reduction in aggressive sows (if it were possible) could be 

detrimental to a rapid establishment of group stability, and subsequently welfare. 

However, excessive fighting post-mixing will increase gilt wastage and is therefore 

undesirable from that perspective also. A more useful scenario would be that 

aggressive encounters still occur to establish hierachy within group, but that the 

number of pigs willing to fight reciprocally decreased, and the intensity and 

duration of reciprocal fights post-mixing was reduced. Desire (2015) suggested 

that this was the case when selection was against anterior fight lesions recorded 

24 hours post mixing. In addition to likely welfare benefits, our study further 

suggests that selection against anterior lesion scores recorded 24 hours post-

mixing would have favourable outcomes for sow entry into the breeding herd, at 

least in the current population, and for litter weight at 21 days. In addition, there 

were also performance benefits for selection against posterior lesions. Overall, 

the information provided by fight lesions recorded 24 hours post mixings appears 

to have some utility in breeding program development for dam lines. 
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Table 18. Genetic (1st row) and phenotypic (2nd row) correlations between behavioural type of gilt and first parity reproductive traits 

Type Lesions ADG REM0 AGEFF TB NBA ABWT LWT21D A21DW PROPD 

AGRO1 Front 0.110.14 

-0.010.02 

0.260.18 

0.040.02 

0.090.16 

-0.020.02 

0.100.17 

0.000.02 

0.040.19 

0.000.02 

-0.010.16 

-0.040.03 

-0.360.22 

-0.050.04 

-0.150.25 

0.000.04 

-0.030.20 

0.040.03 

AGRO2 Front -0.060.10 

-0.010.02 

0.090.17 

0.040.02 

0.140.15 

-0.000.02 

0.140.16 

-0.010.02 

0.120.17 

-0.010.02 

-0.030.14 

-0.010.03 

-0.260.22 

-0.050.04 

-0.010.24 

0.020.04 

0.090.18 

0.010.03 

LOWBACK1 Back 0.000.11 

0.050.02 

-0.090.17 

-0.000.02 

-0.030.16 

-0.010.02 

-0.170.16 

0.020.02 

-0.100.17 

0.020.02 

0.330.15 

0.050.03 

0.340.21 

0.010.04 

0.270.23 

-0.030.04 

-0.410.18 

-0.070.03 

LOWBACK2 Back -0.250.11 

-0.040.02 

-0.170.18 

-0.010.02 

-0.150.16 

-0.010.02 

-0.070.17 

-0.000.02 

-0.020.18 

-0.010.02 

0.040.15 

0.070.03 

0.240.23 

0.070.04 

0.150.25 

0.040.04 

-0.200.19 

-0.020.03 

DOM6 Front & 

Back 

-0.160.20 

-0.050.02 

0.010.31 

0.020.02 

-0.080.28 

-0.020.02 

0.120.30 

0.000.02 

0.120.31 

0.010.02 

0.010.27 

0.030.03 

-0.060.37 

0.010.04 

0.320.44 

0.030.04 

-0.300.32 

0.030.03 

See appendix 2 for estimates of heritability and variances. Common litter effect not fitted for behavioural type. 

 

Table 19. The effect of behavioural type (=1) relative to behavioural type (0) from general linear models containing no random effects (1st 

row: deviation of type 1 from type 0, 2nd row: p-value; ns: p-value>0.05 unless <0.10) 

Type Lesions ADG 

(g/day) 

REM0 

(0/1) 

AGEFF 

(days) 

TB 

N/litter 

NBA 

N/litter 

ABWT 

kg 

LWT21D 

kg 

A21DW 

kg 

PROPD 

(%) 

AGRO1 Front -0.90 

ns 

0.028 

ns 

-0.22 

ns 

0.028 

ns 

0.035 

ns 

-0.021 

ns 

-1.28 

ns 

-0.004 

ns 

0.023 

<0.10 

AGRO2 Front -1.23 

ns 

0.049 

0.03 

0.11 

ns 

-0.061 

ns 

-0.097 

ns 

-0.015 

ns 

-1.43 

ns 

0.051 

ns 

0.012 

ns 

LOWBACK1 Back +3.6 

ns 

0.002 

ns 

-0.72 

ns 

0.13 

ns 

0.13 

ns 

0.044 

0.02 

0.27 

ns 

-0.063 

ns 

-0.051 

<0.01 

LOWBACK2 Back -4.12 

0.07 

-0.0006 

ns 

-1.14 

ns 

-0.04 

ns 

-0.04 

ns 

0.041 

<0.01 

2.08 

0.03 

0.096 

ns 

-0.015 

ns 

DOM6 Front & 

Back 

-3.80 

0.10 

0.022 

ns 

-0.95 

ns 

0.06 

ns 

0.07 

ns 

0.017 

ns 

0.35 

ns 

0.066 

ns 

0.015 

ns 
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Current publications from this research 

 

Bunter, K.L. (2015) Fighting after mixing is associated with early removals, litter 

sex ratio and piglet survival. Manipulating Pig Production XV. 

Bunter, K.L. and Boardman, K.M. (2015) Ranking for fight lesions scores is not 

consistent over time. Manipulating Pig Production XV. 

Lumby, J.C., Bunter, K.L. and Wynn, P.C. (2015). Locomotion scores in early 

gestation of younger parity sows are associated with fight lesions and 

body condition. Manipulating Pig Production XV. 

 

4. Application of Research 

Estimates of social genetic effects and the information provided by fight lesion 

scores recorded for gilts 24 hours post-mixing were identified as two opportunities 

for additional selection criteria which could be considered to improve behavior, 

welfare and performance of group housed sows. Companies operating their own 

breeding programs are in a position to evaluate using additional selection criteria 

such as these, and the value placed on welfare and production benefits is 

ultimately informed by society and their commercial clients. The adoption of 

criteria such as these by breeding companies is the first step towards changing 

selection outcomes for commercial producers. However, the potential benefits of 

adding any specific selection criteria to existing breeding programs is always 

dependent on what criteria are already selected upon and the relevant breeding 

goals. Moreover, the implementation of new selection criteria frequently requires 

overcoming technical limitations to obtaining or analysing the data. 

 

In the relatively complex breeding goals of modern companies, the relative 

emphasis to be placed on selection criteria (or breeding objective traits) in part 

depends on the economic values for breeding goal traits. However, the economic 

emphases to place on selection criteria due solely to welfare benefits are 

frequently unknown. In the case of fight lesion scores, correlations between this 

criterion and other reproductive traits were generally neutral or favourable. 

Therefore, a reduction in fighting post-mixing would be consistent with breeding 

goals applied solely based on the economic benefits of improved performance of 

dam lines. However, in addition to effects on wastage and reproduction, reduced 

aggression generally is also important for feed intake of growing animals and sows, 

supports the needs of individual animals for rest and appropriate social contact 

(Kanis et al. 2004), and could reduce production costs which might be associated 

with stress and immune function (eg. see review by Veru et al. 2014). Therefore, 

additional emphasis could be placed on reducing aggression of individuals to 

improve group welfare, as assessed using breeding values for fight lesions or social 

genetic effects, if society values this improved welfare in prices paid, or if costs 

of production are also reduced. More work is required to assess what an 

appropriate emphasis is to place on traits like fight lesions and social genetic 

effects in dam line breeding goals targeted towards group housing of sows, 

through more complete understanding of the impact of these selection criteria on 

other characteristics of animals. 
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For producers, genetic gains are realized solely through obtaining breeding stock 

from companies with appropriate breeding goals. Therefore, they already should 

be obtaining benefits in performance and welfare of group housed sows from 

companies with dam line breeding goals which place selection emphasis on 

reducing gilt wastage, increasing birth weight and litter weight, and increasing 

piglet survival, all now assessed from data recorded on group housed sows. 

Additional results might be seen if emphasis was specifically increased for 

reducing aggressive behavior post-mixing in the breeding company but, as noted 

above, this needs to be quantified more thoroughly. 

 

5. Conclusion 

The project demonstrated that while there was some scope to identify traits 

which are behavioural in origin and which show heritable differences among 

individuals, developing meaningful selection criteria based on behavioural 

attributes which have welfare benefits and which are practical to implement 

specifically in commercial breeding programs will not be straight forward. In this 

context, lesion scoring 24 hours post-mixing showed the most promise as a 

potential selection criterion. However, nucleus herds with sow management 

procedures which facilitate the data structures required for estimating social 

genetic effects also have opportunities in this area which could be investigated 

further. Current dam line breeding goals are conducive to improving welfare and 

performance of group housed sows through the generally neutral to favourable 

genetic correlations between these trait sets. 

 

6. Limitations/Risks 

The work on social genetic effects demonstrates that some opportunities exist in 

this area using existing data, providing that group memberships are accurately 

known. However, inaccurate or dynamic group memberships, large groups, and 

data censoring may be very limiting for implementing this approach even in a 

single trait analysis. Most breeding programs at a minimum utilize multiple trait 

analyses which introduces an additional level of complexity for implementation of 

models extended to include social genetic effects in a complex genetic evaluation 

system. 

With respect to lesion scoring, the data were collated in only one population, and 

ideally heritabilities and correlations with other traits would also be estimated in 

other populations. However, the heritabilities obtained here are generally 

consistent (slightly lower) with other studies which have investigated lesion counts 

in younger growing animals, and score data is more practical than count data for 

recording large numbers of animals in commercial breeding operations. Currently 

there are no other studies which report on the correlations between lesion scores 

and sow reproductive performance for comparison. 
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7. Recommendations  

As a result of the outcomes in this study the following recommendations are 

made: 

 

Part 1 Estimating social genetic effects 

 Group membership is required for estimating social genetic effects. 

Breeding companies who wish to further investigate the potential use of 

estimated breeding values (EBVs) for social genetic effects (sEBVs) as an 

additional selection criterion in their breeding programs will need to 

implement recording practices which will accurately map gilts or sows to 

their gestation group memberships. It is very probable that in situations of 

large gestation group size and with dynamic group structures it will not be 

possible to estimate meaningful social genetic effects. Identifying 

membership in grower groups might provide an alternative source of data 

for estimating sEBVs in this situation, but this requires further 

investigation. Alternatively, it is possible to estimate sEBVs from smaller 

stable gestation groups when this data structure exists. 

 The mechanism(s) behind variation in sEBVs should be established (eg. are 

unfavourable estimates of sEBVs a descriptor of aggressive behavior?). This 

will assist in validating the ability of sEBVs to consistently generate 

improvements in sow welfare as well as group performance. 

 A demonstration of improved accuracy of predicting performance in group 

environments is required. This requires more extensive multi-generational 

data than was available for this study. 

 Prior to routine implementation of BLUP genetic evaluation procedures 

which accommodate estimation of social genetic effects, the implications 

of several technical issues for response to selection need to be better 

quantified. 

 Analyses suggest that the influence of social genetic effects on litter size 

traits decrease when the space per sow is increased above 1.49m2, and 

that the space per sow is more important than group size, at least in the 

group size range of 2-10 sows per group. These outcomes provide 

independent support of Australian research outcomes investigating 

optimum space allowances for sow welfare. Space allowances of more than 

1.49m2 per sow are therefore desirable from a performance perspective. 

The current Australian model code is to provide a minimum space 

allowance per sow of 1.4m2, whereas Australian research supports higher 

space allowances in the range of somewhere between 1.8 to 2.4m2 (King 

2014). 

 

Part 2 

 Observing actual behaviours of individual pigs is both time consuming and 

impractical. Therefore, developing automated data collection to describe 

behaviours in group settings remains a desirable strategy to routinely 

obtain data on selection candidates. Individual variability in patterns of 

behavior was evident in the trial studies, and loggers were successful in 

recording contacts between pairs of animals in groups of up to 10 animals. 
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However, the use of proximity loggers implemented in collar fittings to 

obtain behavioural data is not recommended for further work – 

predominantly due to issues affecting reliable on-animal implementation. 

 Miniaturization of proximity loggers may facilitate further work with this 

technology. Research into other automated data recording devices might 

also prove useful. 

 

Part 3 

 Variability amongst individuals in flight time is heritable and variable, but 

correlations were negligible to low with other reproductive and 

performance traits. Unless flight time can be used as a demonstrable 

indicator of improved behavioural attributes which benefit sow welfare 

(for ease of handling and/or aggression), current results suggest that this 

trait will not provide additional useful information towards traditional 

breeding programs in group housed dam lines. 

 There was a suggestion that slow flight time was an indirect phenotypic 

indicator of poorer locomotion pre-farrowing and poorer condition at 

weaning, observed much earlier in the gilt. However, these associations 

were not genetic and the correlations were relatively low. It would be 

more informative to screen sows directly for problems relating to 

locomotion and condition than to rely on the indirect flight time data. 

 Lesion scores provided different information to flight time data. Scoring of 

lesions from fight injuries is a way of quantifying the extent of aggressive 

encounters amongst animals within groups. Phenotypically, increased fight 

lesions scored on selected gilts post-mixing was generally associated with 

increased gilt wastage and later, for pregnant sows, reduced birth weights, 

reduced 21 day litter weights, poorer sow condition at weaning and poorer 

progeny survival. This supports previous research findings that sows which 

are the recipients of aggression, whether transient or ongoing, can have 

reduced reproductive performance. Therefore, strategies to reduce 

fighting amongst young females are desirable from both a production and 

welfare perspective, even though associations between lesion scores and 

other traits were relatively low. 

 Active selection against both anterior and posterior lesion scores is 

expected to have both improved welfare and some aspects of reproductive 

performance (birth weight and piglet survival) in dam lines of pigs, at least 

as identified through first parity performance. However, relatively low 

heritabilities combined with low to moderate (at best) genetic correlations 

indicate that correlated genetic improvements to reproductive 

performance traits through additional selection based on lesion scores 

would be low. Conversely, welfare benefits (reduced fighting post-mixing) 

might be realized in a shorter time period. Based on favourable estimates 

of correlations between traits, current selection emphasis in dam lines 

should not be detrimental for the welfare of sows mixed in groups. 
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Appendix 1: Tables from Bunter et al. (2015) 

Table 3. Model comparisons for parameter estimates assuming homogenous residual variance and zero covariance between additive and social 
genetic effects 

Model 
2a 

2pe 
2g 

2s 
2e 

2p h2 pe2 g2 s2 T2 LogL AIC 

Total born (pigs/litter) 
1 1.281 1.225 ne ne 8.76 11.3 0.11±0.02 0.11±0.02 ne ne ne -18279.70 15.5 
2 1.280 1.222 0.0153 ne 8.75 11.3 0.11±0.02 0.11±0.02 0.001±0.002 ne ne -18279.46 17.1 
3 1.266 1.203 0.156 ne 8.64 11.3 0.11±0.02 0.11±0.02 0.010±0.006 ne ne -18276.69 11.5 
4 1.220 1.212 0.0416 0.0210 8.64 11.2 0.11±0.02 0.11±0.02 0.004±0.007 0.002±0.001 0.16±0.02 -18270.78 1.70 
5 1.218 1.216 ne 0.0240 8.67 11.2 0.11±0.02 0.11±0.02 ne 0.002±0.001 0.16±0.02 -18270.93 0 
6 

1.220 1.212 0.0421 0.0210 
8.56 
8.66 

11.1 
11.2 

0.11±0.02 
0.11±0.02 

0.11±0.02 
0.11±0.02 

0.004±0.007 
0.004±0.007 

0.002±0.001 
0.002±0.001 

0.16±0.03 
0.16±0.03 

-18270.74 3.62 

Number born alive (pigs/litter) 
1 1.185 1.003 ne ne 7.92 10.1 0.12±0.02 0.10±0.02 ne ne ne -17698.19 10.2 
2 1.184 1.003 0.0178 ne 7.90 10.1 0.12±0.02 0.10±0.02 0.002±0.002 ne ne -17697.81 11.5 
3 1.168 0.985 0.1651 ne 7.78 10.1 0.12±0.02 0.10±0.02 0.020±0.006 ne ne -17694.10 4.04 
4 1.132 0.994 0.0900 0.0140 7.79 10.1 0.11±0.02 0.10±0.02 0.009±0.007 0.001±0.001 0.15±0.02 -17691.24 0.32 
5 1.127 1.002 ne 0.0201 7.84 10.1 0.11±0.02 0.10±0.02 ne 0.002±0.001 0.16±0.02 -17692.08 0 
6 

1.132 0.993 0.0885 0.0144 
8.03 
7.73 

10.3 
10.0 

0.11±0.02 
0.11±0.02 

0.10±0.02 
0.10±0.02 

0.009±0.007 
0.009±0.007 

0.001±0.001 
0.001±0.001 

0.14±0.02 
0.15±0.03 

-17690.84 1.52 

Gestation length (days) 
1 1.270 0.812 ne ne 2.07 4.15 0.31±0.02 0.20±0.03 ne ne ne -12384.43 20.6 
2 1.270 0.812 0.0002 ne 2.07 4.15 0.31±0.02 0.20±0.03 0.000±0.002 ne ne -12384.43 22.6 
3 1.257 0.818 0.0535 ne 2.02 4.15 0.30±0.02 0.20±0.03 0.013±0.005 ne ne -12380.99 15.7 
4 1.229 0.831 0.0198 0.0069 2.02 4.13 0.30±0.02 0.20±0.03 0.005±0.006 0.002±0.001 0.34±0.03 -12376.35 8.46 
5 1.228 0.833 ne 0.0084 2.02 4.13 0.30±0.02 0.20±0.03 ne 0.002±0.001 0.35±0.03 -12376.66 7.08 
6 

1.216 0.819 0.0259 0.0060 
1.73 
2.10 

3.82 
4.19 

0.32±0.03 
0.29±0.02 

0.21±0.03 
0.20±0.02 

0.007±0.007 
0.006±0.006 

0.002±0.001 
0.001±0.001 

0.36±0.03 
0.33±0.03 

-12371.12 0 


2a: additive genetic variance; 2pe: permanent environmental variance; 2g: group variance (group membership is defined by pen in Model 2 and 

pen×gestation group in Model 3); 2s: variance due to social genetic effects; 2e: residual variance; 2p: phenotypic variance; h2=2a/2p; 

pe2=2pe/2p; g2=2g/2p; s2=2s/2p; T2=(2
a +(6-1) 2


2
s)/ 2p; LogL: log-likehood; AIC: change in AIC from the best (minimum) model AIC; ne: not 

estimated; parameters are presented using both levels of residuals in calculations for Model 6. 
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Table 4. Parameter estimates from models fitting different dilution factors 
Dilution Model 

2a 
2pe 

2s as 
2e 

2p h2 pe2 s2 T2 ras AIC 

Total born (pigs/litter) 
0 7 1.229 1.220 0.017 0.056 8.69 11.3 0.11±0.02 0.11±0.02 0.002±0.001 0.20±0.03 0.38±0.22 29.2 
0.2 8 1.226 1.221 0.020 0.055 8.68 11.3 0.11±0.02 0.11±0.02 0.002±0.001 0.20±0.03 0.35±0.21 29.5 
0.4 8 1.225 1.222 0.021 0.053 8.68 11.3 0.11±0.02 0.11±0.02 0.002±0.001 0.20±0.03 0.32±0.19 30.1 
0.6 8 1.226 1.222 0.023 0.049 8.68 11.3 0.11±0.02 0.11±0.02 0.002±0.001 0.20±0.03 0.29±0.19 31.4 
0.8 8 1.230 1.221 0.022 0.045 8.68 11.3 0.11±0.02 0.11±0.02 0.002±0.001 0.20±0.03 0.27±0.19 33.5 
1 8 1.237 1.219 0.019 0.040 8.68 11.3 0.11±0.02 0.11±0.02 0.002±0.001 0.19±0.03 0.26±0.19 36.7 
Custom 8 1.201 1.306 0.059 0.002 8.43 11.2 0.11±0.02 0.12±0.02 0.005±0.001 0.24±0.03 0.00±0.12 0 

Number born alive (pigs/litter) 
0 7 1.134 1.007 0.013 0.053 7.87 10.1 0.11±0.02 0.10±0.02 0.001±0.001 0.20±0.03 0.44±0.25 28.4 
0.2 8 1.132 1.007 0.015 0.053 7.87 10.1 0.11±0.02 0.10±0.02 0.001±0.001 0.20±0.03 0.41±0.23 28.6 
0.4 8 1.130 1.007 0.016 0.052 7.86 10.1 0.11±0.02 0.10±0.02 0.002±0.001 0.20±0.03 0.38±0.22 29.1 
0.6 8 1.130 1.006 0.017 0.050 7.86 10.1 0.11±0.02 0.10±0.02 0.002±0.001 0.20±0.03 0.36±0.21 30.1 
0.8 8 1.133 1.004 0.017 0.047 7.86 10.1 0.11±0.02 0.10±0.02 0.002±0.001 0.20±0.03 0.34±0.21 31.8 
1 8 1.139 1.002 0.015 0.043 7.87 10.1 0.11±0.02 0.10±0.02 0.001±0.001 0.19±0.03 0.33±0.22 34.2 
Custom 8 1.101 1.107 0.056 0.0002 7.59 10.1 0.11±0.02 0.11±0.02 0.006±0.001 0.25±0.03 0.00±0.12 0 

Gestation length (days)* 
0 9 1.231 0.835 0.006 0.024 1.76 3.85 0.32±0.03 0.21±0.03 0.001±0.001 0.42±0.04 0.31±0.19 0.32 
0.2 10 1.217 0.823 0.007 0.026 1.75 3.85 0.32±0.03 0.21±0.03 0.002±0.001 0.42±0.04 0.29±0.17 0 
0.4 10 1.215 0.824 0.008 0.025 1.74 3.85 0.32±0.03 0.21±0.03 0.002±0.001 0.43±0.04 0.26±0.17 0.06 
0.6 10 1.215 0.823 0.008 0.025 1.74 3.84 0.32±0.03 0.21±0.03 0.002±0.001 0.43±0.04 0.25±0.16 0.8 
0.8 10 1.218 0.821 0.008 0.025 1.73 3.83 0.32±0.03 0.21±0.03 0.002±0.001 0.43±0.04 0.27±0.16 2.64 
1 10 1.226 0.816 0.006 0.026 1.73 3.83 0.32±0.03 0.21±0.03 0.001±0.001 0.43±0.04 0.32±0.18 5.64 
Custom 10 1.231 0.823 0.006 0.024 2.03 4.16 0.30±0.02 0.20±0.02 0.001±0.001 0.39±0.04 0.28±0.18 10.7 


2a: additive genetic variance; 2pe: permanent environmental variance; 2s: variance due to social genetic effects; as: covariance between additive 

and social genetic effects; 2e: residual variance; 2p: phenotypic variance; h2 = 2a/2p; pe2 = 2pe/2p; s2 = 2s/2p; T2 = (2
a + (6 - 1) 2


2
s)/

2p; ras: 

correlation between additive and social genetic effects; AIC: change in AIC from the best (minimum) model AIC.* Variances and parameter estimates 
presented for group size class < = 4 only; Entries of 0.00 indicate that the value was ≤ 0.01 
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Appendix 2. Examples of skin lesion scores resulting from fighting: front 
quarter scores 0, 1 and 3 
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Appendix 3. Using lesion scores to assign behavioural type 

Several researchers (eg Turner et al. 2009; Desire et al., 2015) have suggested 
that aggressive animals have high levels of anterior combined with low levels of 
posterior lesion scores, and therefore the pattern of lesion scores can be used to 
define behavioural type (eg aggressive, dominant etc). The heritability for 
alternative ways of defining behavioural type were investigated using grouped 
scores. 
 
Scores for front or back lesions were regrouped from scores 0-6 to 1-4 assuming: 
group 1 = score 0 
group 2 = scores 1 & 2 
group 3 = scores 3 & 4 
group 4 = scores 5 & 6 
 
Traits were defined as: 
 
AGRO1: aggression status (0/1) was assigned on the basis that front group>2 
AGRO2: aggression status (0/1) was assigned on the basis that front group>3 (ie 
top scores only) 
DIFF1: aggression status (0/1) was assigned on the basis that the front group > 
back group allocation (ie there were more lesions on the front of the animal than 
the back) 
DIFF2: aggression status (0/1) was assigned on the basis that the difference 
between front and back groups was >1 (ie there were many more lesions on the 
front than on the back of the animal) 
DOM1: assigned on the basis of AGRO1xDIFF1 
DOM2: assigned on the basis of AGRO1xDIFF2 
DOM3: assigned on the basis of AGRO2xDIFF1 
DOM4: assigned on the basis of AGRO2xDIFF2 
LOWBACK1: assigned on the basis of back group = 0 (did not receive any posterior 
lesions) 
LOWBACK2: assigned on the basis of back group = 0 or 1 (received low number of 
posterior lesions) 
DOM5: assigned on the basis of AGRO1xLOWBACK1 
DOM6: assigned on the basis of AGRO1xLOWBACK2 
DOM7: assigned on the basis of AGRO2xLOWBACK1 
DOM8: assigned on the basis of AGRO2xLOWBACK2 
 
Heritabilities were only estimated for traits where there were more than 5% of 
animals assigned to that behavioural type. This avoids numerical problems 
associated with extreme incidence, and is also consistent with reports from other 
studies which typically indicate that the percentages of animals identified as 
dominant or submissive are generally higher than 5% (Table 1). 
  



  

 51 

 
Table 1. Estimates of heritabilities for alternative traits representing behavioural 
type (more than 5% of animals must be identified in that type). 

Trait  Mean (SD) h2 
2a 

2p 

AGRO1 FG>2 0.54 (0.50) 0.12±0.03 0.027 0.235 

AGRO2 FG=4 0.15 (0.36) 0.18±0.04 0.023 0.128 

DIFF1 FG-BG>0 0.43 (0.50) 0.02±0.02 0.005 0.245 

DOM1 AGRO1xDIFF1 0.34 (0.47) 0.05±0.02 0.011 0.221 

DOM3 AGRO2xDIFF1 0.12 (0.32) 0.08±0.03 0.008 0.104 

LOWBACK1 BG=0 0.16 (0.36) 0.14±0.04 0.018 0.122 

LOWBACK2 BG<2 0.68 (0.47) 0.13±0.03 0.026 0.206 

DOM6 AGRO1xLB2 0.26 (0.44) 0.03±0.02 0.006 0.122 

 


