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Executive Summary 

Loose housing sows and their litters after an initial period of confinement may be a viable 

alternative to housing sows in farrowing crates for the entire lactation period. The uptake 

of loose sow lactation housing for part of the lactation period by pork producers may be 

enhanced if throughput of sows is maximised by the utilisation of a “two stage farrowing 

system” in which sows and their litters are transferred to group lactation pens after being 

temporarily confined post-farrowing. Such systems could improve sow welfare by increasing 

the opportunity for sows to move around and interact with other sows and litters as well as 

with their own litters while still protecting piglets when they are at the greatest risk of 

crushing. In order for two-stage farrowing systems to be commercially viable alternatives to 

the farrowing crate, it is imperative that our understanding of the behaviour and welfare of 

lactating sows and piglets in these systems is enhanced.  

 

In two experiments, this research examined the effect of housing sows and their litters in 

group lactation pens from day 7 (experiment 1), 10 (experiment 2), or 14 (experiments 1 

and 2) post-partum until weaning on sow and piglet behaviour and welfare, in comparison 

to conventional farrowing crate housing. This research is presented in two parts. Part 1 

examines the effects of group lactation housing from 7 or 14 days post-partum on sow and 

piglet behaviour. Part 2 examined the effects of group lactation housing from (a) 7 or 14 

days post-partum and (b) 10 or 14 days post-partum, on sow and piglet welfare and 

productivity.  

 

The farrowing crates used were composed of a crate of 2.3 × 0.6 m with a total floor area 

of 2.3 × 1.7 m. We used four  group lactation pens in the present project. Two of the group 

lactation pens had the capacity to house five sows and their litters at 8.4 m2/sow (6.0 × 7.0 

m), while the other two group lactation pens had the capacity to house seven sows and their 

litters at 8.1 m2/sow (6.0 × 9.5 m).The group lactation pens were located in an adjacent 

shed, without heating. Each group lactation pen had a solid partition with sloped walls, two 

heated creep areas with rice hulls for bedding, and a piglet access only zone with creep feed 

and a piglet water trough. The flooring of group lactation pens were partially slatted and 

rice hulls were scatted on the solid portion of the flooring weekly.  

 

Part 1 of this research utilised 1,593 piglets and 112 multiparous (range 1-8) sows over four 

time replicates. In each replicate, 28 sows and their litters were allocated to one of three 
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lactation-housing treatments. They were studied from day 7 post-partum until weaning. The 

treatments were (1) group lactation from 7 days post-partum, (2) group lactation from 14 

days of post-partum, (3) farrowing crate housing throughout lactation. The behaviour of two 

focal sows per treatment (one high and one low parity) and two focal piglets per focal sow 

(one average sized male and one average sized female) were used for observations of sow 

nursing and aggressive behaviours over 1 hr post-mixing, on the day after mixing and on the 

day prior to weaning. Sow and piglet behavioural time budgets (posture, investigatory and 

social behaviours) were also observed on the day following mixing and the day prior to 

weaning. For one replicate, the aggressive behaviour of 198 piglets from 30 sows was 

recorded for 3.5 h post-mixing at weaning. In general, there was no effect of litter age at 

mixing (i.e., 7 or 14 days) on sow or piglet behaviour. Irrespective of day post-partum, 

unfamiliar sows engaged in fights after being mixed during lactation and this could put 

piglets at risk of injury. Compared to farrowing crate housing, sows and piglets in-group 

lactation pens were more active and interacted more frequently, and piglets showed less 

harmful manipulative behaviour directed towards other piglets. However, nursing was 

disrupted in group lactation pens, possibly due to high occurrence of cross-suckling. Piglets 

reared in farrowing crates delivered more aggression, fought more frequently and had longer 

fights post-weaning than either group lactation treatment. Therefore, piglets in group 

lactation had better developed social skills post-weaning.  

  

The second part of this research presents the data from two experiments. Experiment 1 

utilised 180 sows and 1887 piglets over five time replicates (February to August, 2016). Sows 

and their litters were allocated to one of the following treatments at 6 days post-partum:  

(1) group lactation from 7 days post-partum, (2) group lactation from 14 days post-partum, 

(3) farrowing crate housing throughout lactation. Experiment 2 comprised 108 sows and 1179 

piglets over 3 time replicates (September to December, 2016). Sows and their litters were 

allocated to (1) group lactation from 10 days post-partum, (2) group lactation from 14 days 

post-partum, or (3) farrowing crate housing throughout lactation. For both experiments, sow 

feed intake and reproduction, piglet mortality and sow and piglet weight changes, cortisol 

concentrations and injuries (post-mixing and pre-weaning) were studied. Post-weaning 

observations were also conducted for two replicates of piglets (n=670 piglets) in experiment 

1 (until 28 days post-weaning) and 1 replicate of piglets (n=315 piglets) in experiment 2 

(until 63 days post-weaning). For these replicates, post-weaning growth (experiments 1 and 

2) and food conversion ratio (experiment 2) was recorded. In both experiments, piglet 

growth during lactation was lower, sow and piglet cortisol and post-mixing injuries were 
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higher, and piglet mortality from day 6 post-partum until weaning was higher in group 

lactation pens compared to farrowing crates. Piglets mixed at 7 days of age had the highest 

mortality (17%) and were lighter at weaning than piglets mixed at 14 days (8%) or reared in 

farrowing crates (3%). While mixing piglets at 10 days of age reduced the impacts on piglet 

growth, piglet mortality was higher when mixed at 10 days of age (12%) than when mixed at 

14 days of age (8%). Lactation housing had no effect on sow feed intake, subsequent 

reproductive performance, and post-weaning measures of piglet FCR, growth or mortality.  

 

The removal of sow confinement and increased social and environmental complexity of group 

lactation pens which allows for sow-piglet interactions, supports the development of social 

behaviour in piglets, and provides an enriched environment resulting in a reduction in the 

prevalence of harmful manipulative piglet behaviours. However, this comes at a cost as cross 

suckling disrupts sow nursing resulting in reduced milk intake, and possibly piglet hunger and 

sow distress. Further, aggression leads to injuries and possibly social stress. Finally, piglet 

mortality was higher in group lactation pens, due to a higher incidence of crushing.  

 

Mixing piglets at 7 days of age offered no significant benefits for piglet behaviour or welfare 

compared to mixing at 14 days of age, but increased their risk of mortality and resulted in a 

lighter piglet at weaning, which appeared to persist post-weaning. While mixing piglets at 

10 days of age reduced the impacts on piglet growth and mortality compared to mixing 

piglets at 7 days of age, nonetheless more piglets died when mixed at 10 days of than at 14 

days of age. Based on piglet mortality alone, 7-day-old piglets appear too young to for a 

group lactation pen in the current design. However, with experienced stock people, and 

modifications to the pen design that increases attractiveness of the creep (warmth, distance 

from sow, number of creeps, creep brightness); mortality of piglets mixed at 10 days of age 

may decline to levels comparable to piglets mixed at 14 days of age.  

 
As a result of the present findings and recent overseas research, it is recommended that the 

mixing of piglets into group lactation pens should be avoided before 10 days of age. Research 

that increases understanding whether cross suckling is motivated by hunger, reduced 

maternal bonds over time, or both, is required so that interventions can be designed to 

reduce the incidence of cross-suckling in group lactation pens. The inclusion of a sow 

accessible only zone in the pen, particularly later in lactation, may provide sows with more 

control over their environment. Further pen designs and tighter environmental control over 

the group-lactation building require further investigation.  
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1. Introduction 

Internationally, the majority of sows are confined in farrowing crates during 

parturition and lactation (Johnson and Marchant-Forde, 2009). The primary purpose 

of farrowing crates is to minimise piglet death by reducing the risk of the sow 

overlaying piglets in the first few days after birth. However, increased public 

concern for the welfare of pigs (see Coleman, 2008) has seen farrowing crates 

criticised on the basis that they restrict sow’s movements and natural behaviours. 

Consequently, there is increasing interest in alternative farrowing and lactation 

systems.  

 

Loose housing sows and their litters after an initial period of confinement may be a 

viable alternative to housing sows in farrowing crates for the entire lactation period. 

The uptake of loose sow lactation housing for part of the lactation period by pork 

producers may be enhanced if throughput of sows is maximised by the utilisation of 

a “two stage farrowing system” in which sows and their litters are transferred to 

group lactation pens after being temporarily confined post-farrowing. Such systems 

are thought to improve sow welfare by increasing the opportunity for sows to move 

around and interact with other sows and litters as well as with their own litters 

while still protecting piglets when they are at the greatest risk of crushing. There 

is also evidence of improved maternal behaviour in group-housed sows (Arey and 

Sancha, 1996). However, nursing behaviour is disrupted at grouping (Wattanakul et 

al., 1997a). Further, high levels of aggression are commonly observed when 

unfamiliar gestating sows are mixed (Velarde, 2007) although little is known about 

the behaviour of grouped lactating sows. For example, sows may be hyposensitive 

to stress and aggression when mixed during early lactation.  

 

Group lactation housing may have welfare benefits for piglets. Piglets that could 

socialise with non-litter mates during the suckling period were less aggressive when 

mixed post-weaning (Weary et al., 1999, 2002; Newberry et al., 2000; D’Eath, 2005; 

Kanaan et al., 2008; Kutzer et al., 2009) and the positive effects of social 

experience in the rearing period of production may be long lasting (Olsson et al., 

1999). On the other hand, Wattanakul et al. (1997a) found that piglets gained less 

weight and were crushed more frequently in multi-suckle group lactation system 

(mixed at day 14 of lactation) compared to those that remained in farrowing crates. 

However, piglets from the multi-suckle treatment experienced a greater reduction 
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in growth post-weaning, and overall growth between the two housing treatments 

was comparable (Wattanakul et al., 1997a). Cross suckling occurs in group lactation 

pens (see review by Van Nieuwamerongen et al., 2014) and consequently the 

smallest and most vulnerable piglets may have reduced milk intake in these systems. 

While the study by Wattanakul et al. (1997a) suggests that piglets reared in group 

lactation pens may cope better at weaning than those reared in farrowing crates, 

further research using more objective measures of welfare, such as stress physiology 

and positive piglet behaviour (e.g. play).  

 

Under natural conditions, sows begin to integrate their piglets socially between 7 

and 14 days of age (D’Eath and Turner, 2009). Commercial group lactation systems 

in Australia that utilise a two stage farrowing system currently transfer sows and 

their litters to group lactation pens at 14 days post-partum. In addition to 

experiencing unfamiliar sows and piglets in the suckling period, the age at which 

piglets first experience unfamiliar sows and piglets may an important factor 

influencing the development of social behaviour in pigs (e.g. Clark and D’Eath, 

2013). Indeed early development is a time when interactions between the 

environment and genotype may be critical for establishing the mature individual in 

terms of physiology and behaviour (Sokolowski and Levine, 2010). Further, younger 

pigs may have a predisposition to tolerate strangers and thus mixing pigs at a 

younger age may reduce aggression between unfamiliar piglets (Pitts et al., 2000). 

On the other hand, there may be greater risk of mortality if piglets are mixed too 

young.  To date, only one other study (Thomsson, 2016) has examined the effect of 

age at mixing/grouping during lactation on sow and piglet behaviour and welfare.  

 

In order for two-stage farrowing systems to be commercially viable alternatives to 

the farrowing crate, it is imperative that our understanding of the behaviour and 

welfare of lactating sows and piglets in these systems is enhanced. There are very 

few studies published in the literature, which have examined the effects of group 

lactation housing on the welfare of piglets, and only one study has examined the 

implications for sows and piglets simultaneously (Wattanakul et al., 1997a). This 

experiment investigated the effects of a two-stage farrowing system, in which sows 

and their litters are transferred from farrowing crates to a multi-suckle group 

lactation pen at either day 7 or day 14 of lactation, on sow and piglet behaviour, 

welfare and productivity during lactation and around weaning. 
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This project aimed to determine the implications of grouping sows during lactation 

for sow and piglet welfare, as well as the best age at which to mix sows and their 

litters. 

 

The hypotheses were as follows: 

 

1. Sow and piglet injuries will be higher, and sow and piglet body condition and 

stress will be lower, in the group lactation treatments.  

2. The welfare of sows and piglets, in terms of behaviour (sow aggression, 

piglet play and suckling behaviour), stress and injuries will be improved 

when mixed at 7 rather than at 14 days of lactation.  

3. Group lactation piglets will deliver less aggression in the 1-hour after mixing 

post-weaning and gain more weight post-weaning than farrowing crate 

piglets, with group lactation piglets mixed at 7 days of age showing the most 

significant improvement.  
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2. Group lactation housing from 7 or 14 days post-

partum – effects on sow and piglet behaviour 

 

2.1 Materials and methods 

 

2.1.1 Ethical note 

 

All animal procedures were conducted with prior institutional ethical approval 

under the requirement of the New South Wales Prevention of Cruelty to Animals 

Act (1979) in accordance with the National Health and Medical Research 

Council/Commonwealth Scientific and Industrial Research Organisation/Australian 

Animal Commission Australian Code of Practice for the Care and Use of Animals for 

Scientific Purposes (NHMRC, 2013).  

 

2.1.2 Animals and experimental design 

 

This part of the study was conducted over 4 months in a farrowing and lactation 

unit at a large commercial piggery in southern New South Wales (NSW), Australia. 

The experimental building had a galvanised roof and thermostatically controlled 

blinds that maintained an optimum internal shed temperature of 21◦C in the 

farrowing shed. The group lactation shed was in an adjacent room in the building 

with no supplementary heating, meaning the temperature was more variable. The 

maximum and minimum mean daily ambient temperatures (ͦ C) for the period of 

experimentation were 27.3 and 12.4, respectively.  

 

This experiment utilised a total of 1,791 piglets and 112 multiparous (parity range 

1-8) sows (Large White × Landrace, PrimeGroTM Genetics, Corowa, NSW) over 4 

time replicates. In each replicate, 28 sows and their litters were allocated to one 

of three lactation housing treatments and studied from day 7 post-partum (mean ± 

s.d., 7.6 ± 1.49 days) until weaning. The 28 sow and litter units used in each 

replicate were selected from a larger cohort of an average of 39 sows (range 37-41 

sows) that had farrowed in the same shed and had approximately 10 healthy 

piglets (piglets were not excluded based on size; but piglets that were not thriving 

or were lame were excluded from the experiment). Sows and their litters were 
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allocated to one of three lactation-housing treatments (see below). Sows were 

selected to ensure that, within replicates, treatments were balanced for sow 

parity (mean ± SEM per treatment, 3.2 ± 0.20), sow weight (mean ± SEM per 

treatment, 276 ± 2.6 kg) and litter size (mean ± SEM per treatment, 10.5 ± 0.13 

piglets/sow).  

 

All sows farrowed in standard FCs. At 7 days post-partum, 12 sows per replicate 

(and their litters) were transferred from their FC to one of two group lactation 

(GL) pens (one pen of 5 sow/litter units and one pen of 7 sow/litter units). 

Similarly, at 14 days (mean ± s.d.: 13.5 ± 1.5 days) post-partum, 12 sows per 

replicate (and their litters) were transferred from their FCs to one of the 

remaining two GL pens (one pen of 5 sow/litter units and one pen of 7 sow/litter 

units). After mixing, GL sow and litter units remained in their respective group 

pens until weaning. The remaining four sows per replicate (and their litters) 

remained in their FCs until weaning. The same stock people managed animals in 

FCs and GL pens. All had previous experience managing sows and piglets under 

both housing systems. All GL pens were in the same room. The average age at 

weaning was 25.5 days (range 23-30 days). After weaning, sows and piglets 

continued on the farms commercial production system. 

 

Thus, from day 7 post-partum until weaning, there were three housing 

treatments. These were (1) Farrowing crate (FC); sows and litters in farrowing 

crates until weaning, (2) Farrowing crate and then GL from 7 days post-partum 

(GL7); and (3) Farrowing crate and then GL from 14 days post-partum (GL14).  

 

For one of the four replicates, 198 piglets (n=70 FC piglets, n=62 GL14 piglets and 

n=66 GL7 piglets) from 30 litters (10 litters per treatment) were mixed into post-

weaning pens. The post-weaning groups were comprised of 2 unfamiliar litters 

from the same treatment (see 2.1.3 for further details). Piglets were selected to 

ensure that the two unfamiliar litters mixed post-weaning were matched for 

average piglet weight at weaning (mean ± s.d.: 6.5 ± 1 kg per piglet), coefficient 

of variation in piglet weight at weaning (mean ± s.d.: 17 ± 6.7%), litter age (mean 

± s.d.: 26.8 ± 1.5 days) and sex ratio (mean ± s.d. male to female sex ratio: 1.3 ± 

0.82 per litter).  

 

2.1.3 Housing and management of animals 
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Lactation housing 

 

Pregnant sows were moved from group gestation housing to FCs 7 days before 

expected parturition. The bottom bars of FCs (crate 2.3 × 0.6 nm, total area 2.3 × 

1.7 m) operated on a hydraulic ram so that the sides swing in when the sow stands 

and slowly slide out when the sow lies down (proctor crate). FCs contained a 

creep area that was heated using a mat below (1.1 × 0.40 m) and a lamp 

overhead. Piglets were tail docked and received an iron injection within 24 h of 

birth, as per standard commercial practice. Minimal cross fostering was 

conducted, and, when it was required, mostly occurred within 2 days of birth. At 

day 7 of lactation, each sow and litter unit was allocated to either the FC, GL7 or 

the GL14 treatment group as described in section 2.1.2. 

 

The four GL pens were located in one room, adjacent to rooms in the same unit 

that contained the FCs (Fig 1A). Two of the GL pens had the capacity to house 5 

sows and their litters at 8.4 m2/sow (6.0 × 7.0 m), while the other two GL pens 

had the capacity to house 7 sows and their litters at 8.1 m2/sow (6.0 × 9.5 m). 

Each GL pen had a solid partition with sloped walls, two heated creep areas with 

lids and rice hulls for bedding, and a piglet access only zone with creep feed and a 

water trough (Fig 1B). From replicate 1 to 3 the creep area was protected from 

sows using vertical bars along the entrance (with distance between bars large 

enough for piglets to pass through) and a horizontal anti-crush bar along the 

bottom of the creep (10-15 cm from ground level). In replicates 4 and 5, the creep 

entrance was solid with an entry and exit doorway for piglets. The vertical 

protection bars and horizontal anti-crush bar remained. The flooring of GL pens 

were partially slatted and rice hulls were scatted on the solid portion of the 

flooring weekly. Within replicates and treatments, GL pens were balanced for sow 

parity, weight and litter size.  

 

At mixing in the GL pens, piglets were transferred from their crates and confined 

in one of the two creeps located in their lactation pens. The lid of the creep was 

left opened so piglets would not over heat. Once all the piglets had been moved, 

sows were transferred from their crates to the pen. Mixing of sows and litters into 

GL pens occurred with the hours of 0730 and 0930, and was completed within 

approximately 30 min. Pens were mixed sequentially and the allocation of GL 
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treatments to pens alternated per replicate. Attempts to confine piglets to the 

creeps for 1 h post-mixing of sows were unsuccessful as sows moved the boards to 

gain access to the piglets, even though a number of board size/designs were 

trialed without success. As such, researchers monitored sows and piglets for 1 h 

post-mixing. Interventions to prevent piglet injury or death due to crushing in this 

period were made if required (only on one occasion). Researchers did not 

interrupt aggressive behaviour between sows.    

 

Cool drippers over the FCs as well as over the dunging area of the GL pens were 

activated (3 min on and 15 min off) when the internal temperature exceeded 

26ºC. Creep heat lamps were deactivated when the temperature exceeded 24 ºC. 

During lactation, sows were fed a standard pelleted lactation diet ad libitum (14.9 

MJ DE/kg and 16.2% crude protein). For sows in FCs, this was provided up to three 

times daily, based on individual sow intake. The GL pens were fitted with a single 

ad libitum feed hopper that catered for six sows. Water was supplied ad libitum 

via one nipple drinker and one water trough per GL pen. Piglets in all housing 

treatments were offered creep feed from 14 days of age. 
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Fig 1. Positioning of group lactation pens within the lactation unit and video cameras (×) over lactation pens (A). Layout of group 
lactation pens (B). 1Length was 9.5 m for pens of 7 sow/litter units and 7 m for pens of 5 sow/litter units. 2Creep dimensions were 2.0 × 
1.2 m for pens of 7 sow/litter units and 2.1 × 0.85 m for pens of 5 sow/litter units. Position of hack rack in pens of 35 sow/litter units and 
pens of 47 sow/litter units. CF = creep feed, WR = water trough, L = heat lamp, ND = nipple drinker.   
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Post-weaning housing 

 

In the morning of the day of weaning, sows were removed from FCs and GL pens 

and taken to dry sow housing. The piglets from three of the four replicates then 

continued on the farm’s commercial production system. For the fourth replicate, 

198 piglets from 30 litters (10 litters per treatment) were moved via a walkway to 

the weaner facility that was located in a neighbouring shed (~ 50 m).  

 

At the weaner facility, pens of 10-14 piglets were formed by mixing 5-7 piglets 

from each of 2 unfamiliar litters from the same treatment. For GL7 and GL14 

treatments, 5-7 piglets of a litter from one GL pen was mixed with 5-7 piglets of a 

litter from the other GL pen. Pens were randomly assigned to treatments using the 

“RANDOM” function in excel (Microsoft Excel, Microsoft Office Professional Plus, 

2016). Piglets were selected prior to mixing so that the two litters mixed were 

similar in average piglet weight at weaning, variation in weight, age and sex ratio 

(see section 2.1.2). Piglets from one litter were marked with stock paint 

immediately prior to mixing to allow differentiation between familiar and 

unfamiliar pigs in the pen. It took approximately 30 minutes to move, sort and 

complete the mixing of each treatment. Treatments were mixed in the following 

order and approximate times: FC 0900, GL14 0930, GL7 1000.  

 

The 15 post-weaning pens (3.6 × 1.5 m) were located over two rows in the 

weaning shed. Pens had 75% slatted flooring and included a feeding trough with 

five feeding spaces located on the solid flooring and a nipple drinker over the 

slatted flooring. Both water and food was provided ad libitum. A manipulable 

chain was shared between adjacent pens and fence line contact was permitted. 

No bedding or other materials were provided.  

 

The number and group size of post-weaning pens was limited by the number of 

litters available in the smaller of the GL pens (i.e., that housed 5 sow/litter 

units), and the number of healthy piglets available at weaning per litter. Verdon 

et al. (2016a) recommended that treatment not be confounded by the number of 

familiar piglets in a pen when studying post-weaning aggression, while increases in 

group size between 10 and 60 weaned pigs has no effect on aggression for 24 h 

post-mixing at weaning (O’Connell et al., 2004). As such, in the present study, the 

decision was made to tightly control for familiarity rather than group size. This 



 10 

meant that 5 pens of 14 piglets were mixed for the FC treatment; the GL14 

treatment mixed piglets into 2 pens of 14, 2 pens of 12 and 1 pen of 10 animals; 

and the GL7 treatment mixed piglets into 4 pens of 14 and 1 pen of 10 animals. 

While this meant that group size varied (10-14 piglets per pen) and consequently 

space allowance (0.39 – 0.54 m2/piglet), importantly, an equal proportion of pigs 

in each pen were familiar (i.e., familiar meaning that pigs were from the same 

litter and crate/pen).  

 

2.1.4 Data collection 

 

Video cameras with built-in infra-red lights were positioned above each GL pen 

and recorded for 1 h on the day of mixing (post-mixing), and from 0700 to 1700 on 

the day after mixing (day 2) and the day prior to weaning (pre-weaning). One 

camera captured the area of the small GL pens (n=5 sow/litter units per pen) but 

2 cameras were required to capture the area of the large GL pens (n=7 sow/litter 

units per pen). Piglets could not be seen while inside the creep of the GL pens. At 

day 2 and pre-weaning, a GoPro camera (GoPro model Hero 3 white edition, GoPro 

Inc., San Mateo, CA, USA) was fixed above each FC and also recorded from 0700 to 

1700 h. The same GoPro models were placed above the weaning pens for one time 

replicate and recorded piglet aggressive behaviour for 3.5 h starting immediately 

post-mixing at weaning.  

 

Prior to mixing each replicate, four focal sows per treatment (one of high and one 

low parity; mean parity ± s.d. of 4.8 ± 1.3 and 1.7 ± 0.6, for high and low parities, 

respectively) and two focal piglets per focal sow (one male and one female of 

average weight; mean start weight ± s.d. of 3.0 ± 0.7 and 2.8 ± 0.5, for males and 

females, respectively) were selected for behaviour observations. Of the four FC 

sows per replicate, two were video recorded on the same days as GL7 (labelled FC7 

cohort) and two on the same days as GL14 (labelled FC14 cohort). Details on 

treatments, experimental units, the number of focal animals per experimental 

unit and day of pre-weaning behavioural observations are summarized in Table 1. 

Post-weaning aggressive behaviour of 198 piglets from 30 litters was also 

recorded. To allow for individual identification, different symbols were marked on 

the back of focal piglets and sows using stock paint. Stock paint was re-applied 

before each recording day. The same focal sows were observed throughout 

lactation. A similarly sized littermate of the same sex replaced focal piglets that 
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died or were removed. All behaviours were recorded from video records by a 

single observer. 

 

Table 1. Summary of treatments1, number of focal animals, experimental unit, and days 

of recording pre-weaning behaviour2.  

 GL7 GL14 FC 

 FC7 FC14 

 FC 1 FC 2 FC 1 FC 2 

N focal sows/rep 2 2 2 2 1 1 1 1 

N focal piglets/rep 4 4 4 4 2 2 2 2 

Experimental unit GL pen GL pen GL pen GL pen FC7 cohort FC14 cohort 

Expression of data  Per focal sow or 

focal piglet 

Per focal sow or 

focal piglet 

Per sow or 

focal piglet 

Per sow or 

focal piglet 

Behaviour      

1 hr post-mixing  A, N A, N - - 

Day 2 GL7 A, N, BT - A, N, BT - 

Day 2 GL14 - A, N, BT - A, N, BT 

Pre-weaning A, N, BT A, N, BT A, N, BT A, N, BT 
1GL7 and GL14 treatments were mixed into GL pens at 7 and 14 days post-partum, 

respectively, whereas FC treatment remained in farrowing crates throughout lactation. 

FC7 and FC14 cohorts were observed at the same days at GL7 and GL14 treatments, 

respectively.  
2Behaviours recorded include A = sow aggression; N = sow nursing; TB = sow and piglet 

behavioural time budgets. 

 

 

Nursing behaviour  

 

Nursing frequency, latency to letdown, inter-nursing interval, total duration of 

nursing, sow terminated nursing bouts and the success of nursing bouts were 

continuously observed for 1 h post-mixing (GL7 and GL14 pens only), and from 0700 

to 1700 h the day after mixing and the day before weaning (GL7, GL14 pens and 

FC7, FC14 cohorts). Table 2 provides a full description of behaviours recorded 

around nursing. Nursing behaviour was recorded for each focal sow and then 

averaged, per focal sow per pen/FC cohort.  
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Table 2. Description of sow and piglet behaviours observed around nursing Adapted from 

Singh et al. (2017) and Fraser (1980). 

Nursing bout A bout of nursing where the sow is lying recumbent and at least 75% 

of the litter in farrowing crates, or 7 piglets in group lactation 

pens1, gather at udder and massaging and/or nursing occurred for 

at least 90 seconds. 

Start of nursing 

bout 

75% of piglets in farrowing crates, or 7 piglets in group lactation 

pens, gather at udder and begin massaging. 

End of nursing bout 75% of piglets in farrowing crates have stopped massaging (became 

still or moved away from the udder), less than 7 piglets in group 

lactation pens are massaging the udder, or sow terminates 

massage/nursing by changing posture (sow terminated nursing 

bout). 

Letdown At approximately the same time for all suckling piglets, udder 

massaging ceases. The heads of piglets become still, ears flattened, 

and bodies draw back from the udder and extend noticeable. This 

lasts for approximately 10-20 s, after which piglets begin to dart 

from teat to teat.   

Successful nursing A nursing bout in which letdown was observed. 

Inter-nursing 

interval 

The time between the beginning of one successful nursing bout and 

the beginning of the next successful nursing bout.  

1Average of 1 sow per 10.6 piglets in group lactation pens 

 

Sow aggressive behaviour 

 

Aggression delivered and aggression received by focal sows in the GL pens (i.e., 

GL7 and GL14 treatments only) was continuously observed from video records for 1 

h post-mixing, and from 0700 to 1700 h on the day after mixing and the day prior 

to weaning. The frequency and intensity of sow aggression declines approximately 

20 minutes after mixing (Mount and Seabrook, 1993), with 85% of aggression 

delivered in the first 1 hr post-mixing occurring within 40 minutes (Verdon et al., 

2017), and so an observation period of 1 h provides an appropriate sample of 

aggression post-mixing. The frequency of aggressive bouts, and the frequency and 

duration of fights and bullying events, were recorded, and these included any one 

or combination of pushes, head knocks and bites (see Samarakone and Gonyou, 

2009). Bouts of aggression were defined as reciprocal and/or non-reciprocal bouts 

that did not exceed 5 s duration. For focal sows, bouts of aggression delivered or 

received were recorded. This decision was based on the premise that aggression 

delivered and received provides a more relevant indication of aggression in the 

pen when focal animals are being observed, in comparison to observations of 
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aggression delivered only. Fights were defined as bouts of reciprocal aggression 

that exceeded 5 s during which both sows in the fight were delivering aggression. 

Bullying events were defined as non-reciprocal aggression that exceeded 5 s 

duration. Sow aggressive behaviour was recorded per focal sow, and then 

averaged per focal sow and pen. A criteria of 5 s was used to separate one bout of 

fighting/bullying from the next (Hemsworth et al., 2013). 

 

Sow and piglet behavioural time budgets 

 

Sow and piglet behavioural time budgets were obtained on the day after mixing 

and the day prior to weaning. Behaviour for individual focal animals was recorded 

using instantaneous point sample at 5-min intervals from 0700 to 1700 h (121 

sample points/day), recording sow and piglet activity, exploratory and social 

behaviours, as described in Table 3. Piglets in GL pens could not be observed 

while in the creep, but piglets in FCs could be observed while in the creep. To 

provide a valid comparison, for both housing treatments piglet behaviour was only 

recorded when outside of the creep. If at least 70% of the piglet was lying on the 

heat mat under the creep it was recorded as “in the creep” and the specific 

behaviour being performed was otherwise not recorded. Behavioural time budgets 

were calculated as a proportion of total observations for individual focal sows and 

focal piglets. Data for GL treatments were then averaged per focal sow/piglet and 

pen. Data for FC treatments were averaged per focal sow/piglet per GL pen or FC 

cohort. 
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Table 3. Description of the behaviour observed in studying the time budget of behaviour 

of the piglets (adapted from Singh et al., 2017).  

Inside the creep1 Group lactation piglet known or reasonably suspected as being 

inside one of the two group lactation creeps per pen. At least 

70% of the body of farrowing crate piglet lying on the heat mat 

located underneath the heat lamp. No specific behaviours 

were recorded when piglets were in the creep.  

Activity (outside of the 

creep) 

 

Lying/inactive2 Sow/piglet lying or sitting, not engaged in activity. 

Walking/standing2 Sow/piglet standing or walking but not otherwise engaged in 

activity (includes urinating and defecating). 

Nursing3 Sow lying recumbent with at least 75% of litter (in farrowing 

crates) or 7 piglets (in group lactation pens) massaging udder 

and/or nursing. 

Suckling/udder 

massage1 

Piglet mouth on teat or nose contact to udder with vertical 

head movements. For piglets in group lactation pens, it was 

also recorded whether or not a piglet was suckling its dam or 

another sow.  

Investigatory behaviours  

Investigating 

pen/floor2 (or sow 

body1) 

Sow/piglet sniffing, touching, biting, rooting, pawing or 

rubbing any part of the pen or floor (or sow’s body other than 

head for piglets). 

Investigating 

food/water2 

Sow/piglet sniffing, touching, pawing, eating or drinking food 

or water. 

Social behaviours  

Nosing piglet2 

 

Sow/piglet touching or sniffing any part of the head or nose of 

a/another piglet.  

Nosing sow2 Sow (in group lactation pens)/piglet touching, sniffing or 

nuzzling any part of the head or nose of another/a sow. For 

piglets in group lactation pens, it was also recorded whether 

the piglet was nosing its dam or another sow.  

Aggression2 Sow (in group lactation pens)/piglet pushing, knocking or 

biting another sow/piglet. 

 

Play2 Sow (in group lactation pen)/piglet shaking head, pivoting, 

jumping, or running with bouncy or jerky movements. 

Manipulative 

behaviour1 

Piglet nibbling, sucking, chewing or rubbing with nose any part 

of the body of another piglet. 

1Behaviour recorded for piglets only. 
2Behaviour recorded for sows and piglets.  
3Behaviour recorded for sows only. 

 

 

Piglet aggression post-weaning 

 

Piglet aggressive behaviour was continuously observed, at the pen level, for seven 

consecutive 30 min time periods (a total of 3.5 h) commencing immediately 
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following mixing post-weaning. This period was deemed suitable because, when 

young pigs are mixed, the majority of aggression associated with the formation of 

a hierarchy occurs within 2 h of mixing (Meese and Ewbank, 1973; Schmolke et al., 

2004; Parratt et al., 2006). For each pen, bouts of aggression delivered as well as 

fighting and bulling events (frequency, average length and total time fighting or 

bullying) were recorded. The definitions of aggressive behaviours were the same 

as those used for the sow (see previous), but only aggressive bouts delivered 

(rather than aggressive bouts delivered and received) were recorded. Whether 

each bout of aggression delivered, fighting or bullying involved familiar or 

unfamiliar piglets was also recorded. Measurements were conducted per pen, and 

then averaged per piglet. For the variables of frequency of aggressive bouts and of 

fights, the total time fighting and the average fight length, a ratio of interactions 

involving unfamiliar piglets to those involving familiar piglets was calculated. A 

ratio greater than 1 indicates that aggressive interactions involved more 

unfamiliar than familiar dyads and vice versa. The closer the ratio is to 1, the 

more evenly the aggressive behaviour is distributed between unfamiliar and 

familiar dyads.  

 

2.1.5 Statistical analysis 

 
All statistical analyses were carried out using the SPSS statistical software package 

(SPSS 22.0, SPSS Inc., Chicago, Illinois, USA). For all variables, observations were 

made on individual focal sows and focal piglets and then averaged for each pen or 

FC cohort (i.e., FC7 or FC14 cohorts, see Table 1). Variables were assessed for 

normality using visual methods (quantile-quantile plots and histograms) in 

combination with Shapiro-Wilkes normality tests. Data that were not normally 

distributed were transformed prior to analysis so that residual variation was 

homogenous between time replicates, pens and treatments. Specific 

transformations are indicated in the results. Non-parametric tests were used when 

data could not be normalised. Data are presented as least square means and 

pooled standard errors. For the transformed variables, transformed least square 

means and pooled standard errors are presented with back transformed means 

presented in parenthesis. 

 

Separate LMM were utilised to ensure that the coefficient of variation in sow 

parity and weight, as well average litter weight and litter sex ratio, were 
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balanced between (1) treatments and (2) group lactation pens. Time replicate was 

included in both LMMs as a random effect and GL pen as a fixed effect. LMM were 

used to ensure that post-weaning treatments were balanced (per pen) for the 

following variables: piglet weight, variation in piglet weight, sex ratio and age at 

weaning.  

 

Due to a technical problem in the first replicate, no day 2 behaviour data could be 

collected for one of the crates in the FC7 cohort. Eight focal piglets had to be 

replaced with a similarly sized littermate of the same sex: six GL7 (4 female, 2 

male) and one GL14 (female) focal piglets died, while one GL7 piglet (female) was 

removed for lameness. Play behaviour was only recorded in one sow at day 26, so 

will not be analysed or further discussed. 

 

The behaviours recorded in the present study were analysed as one of four sets of 

data. These were (1) comparisons of sow social behaviour and piglet interactions 

with other sows between GL7 and GL14 treatments; (2) the effects of housing (GL 

or FC), litter age at mixing (7 or 14 days) and day of observation (day after mixing 

of GL pens, ‘D2’, or day prior to weaning, ‘PW’) on nursing behaviour and 

behavioural time budgets; (3) comparisons between lactation treatment (GL7, GL14 

or FC) and time post-mixing (seven, 30-minute time periods) on piglet aggression 

following weaning; and (4) comparison of lactation treatment (GL7, GL14 or FC) on 

post-weaning aggression involving familiar or unfamiliar conspecifics. The 

different statistical models utilised are detailed below.  

 

(1) The aggressive and nursing behaviour of sows over 1 h post-mixing was 

examined using LMMs. These analyses included treatment (GL7 or GL14) as a 

fixed factor and controlled for time replicate and GL pen as random 

blocking factors. Sow aggression (recorded continuously as well as a 

behavioural time budget), sow interactions with other sows (recorded as a 

behavioural time budget) and piglet interactions with sows other than their 

dam (recorded as a behavioural time budget) were analysed using LMM. 

Each model included treatment (GL7 or GL14), day (the day after mixing, 

D2; day prior to weaning PW) and their interaction as fixed factors. 

Repeated observations of the same groups over days were accounted for 

with a first order autoregressive correlation structure, while time replicate 

and GL pen were included in the model as random factors. Non-significant 
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interactions were removed from the model if P>0.05 so that the main 

effects could be more reliably interpreted.  

 

(2) All other data related to sow behavioural time budgets, as well as data 

related to piglet behaviour time budgets and sow nursing behaviour, were 

analysed using LMM. For these analyses, fixed effects of lactation housing 

(FC or GL), litter age at mixing (7 or 14 days), observation day (D2, PW), 

and their 2- and 3-way interactions, were included in the model. Each 

analysis accounted for repeated observations of the same groups/FC 

cohorts over days with a first order autoregressive correlation structure, 

while time replicate and GL pen were included in the model as random 

factors. Where there were significant main or interactive effects (P≤0.05) 

the LSD test determined where least square means differed. Non-

significant interactions were removed from the model if P>0.05 so that the 

main effects could be better interpreted. 

 

(3) The frequency of aggressive bouts, fights and bullying events, as well as 

the total duration fighting/bullying and the average fight/bully duration, 

over the seven consecutive 30-minute time blocks (total of 3.5 h) was 

analysed using LMM. Treatment (GL7, GL14 or FC), time block (seven 30-min 

periods) and their interaction were fitted to the model as fixed factors. 

Repeated observations on the same pen over time blocks were accounted 

for using an auto-regressive correlation structure. Where there were 

significant main or interactive effects (P≤0.05) the LSD test determined 

where least square means differed. 

 
(4) The relationships between dyadic familiarity and post-weaning piglet 

aggression were examined using a univariate ANOVA or Kruskal-Wallis 

(specific test indicated in the results). Both sets of analysis included GL7, 

GL14 or FC lactation housing treatment as a fixed factor. For bullying 

behaviour, a ratio of events involving unfamiliar to familiar piglets could 

not be calculated for six of the post-weaning pens, as no bullying events 

were recorded in those pens (3 GL14, 1 FC, 2 GL7). Hence, the relationship 

between familiarity and bullying behaviour was not analysed.  

 
 

2.2 Results 
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There was no difference between FC, GL7 or GL14 treatments, or GL pen/FC 

cohort, on the coefficient of variation (a standardised measure of variability 

around the mean) for sow parity (grand mean ± SEM was 52 ± 7.6 %; Treatment 

F2,18=0.22, P=0.81; Pen/cohort F5,15=0.55, P=0.74) or sow weight (grand mean ± 

SEM was 15 ± 1.8 %; Treatment F2,18=0.07, P=0.93; Pen/cohort F5,15=2.2, P=0.11) 

nor for the average piglet weight per litter (grand mean ± SEM was 2.64 ± 0.16 

kg/pig and litter; Treatment F2,18=0.28, P=0.76; Pen/cohort F5,15=1.34, P=30). The 

male to female piglet sex ratio was higher in FC than in GL7 treatments, but GL14 

treatment did not differ from either FC or GL7 (mean ± SEM for FC, GL7 and GL14 

treatments were, respectively, 1.7 ± 0.21, 0.91 ± 0.21 and 1.2 ± 0.21, F2,21=3.9, 

P=0.035). However, there was no effect of pen/cohort on male to female sex ratio 

(grand mean ± SEM was 1.3 ± 0.13, F5,18=1.5, P=0.24). Piglet weight at weaning 

(mean ± SEM was 6.5 ± 0.22, F2,12=2.4, P=0.13), the coefficient of variation in 

piglet weight (mean ± SEM was 17 ± 1.3 %, F2,12=0.65, P=0.54), sex ratio (mean ± 

SEM was 1.24 ± 0.21, F2,12=0.1, P=0.91) and age at weaning (mean ± SEM was 26.8 

± 0.30, F2,12=0.47, P=0.64) did not differ between post-weaning treatments.  

 

 
Table 4. General linear mixed models for the effects of GL7 and GL14 treatment, in which 
sows were mixed into group lactation pens at 7 or 14 days post-partum, on sow aggressive 
and nursing behaviours for 1 h post-mixing. Data are least square means per focal sow and 
pen. 

 GL7 GL14 SEP
1 Test 

statistic 
P 

value 

Aggressive behaviours       
Frequency of aggressive bouts1,2 4.7 6.1 1.6 F1,11=0.68 0.43 
Frequency of fights 1.0 1.2 0.31 F1,11=0.15 0.71 
Total time fighting (s) 30 51 14 F1,14=0.57 0.46 
Average fight length (s) 33 43 10 F1,5.9=0.86 0.39 

Nursing frequency       
Successful bouts 0.00 0.00 N/A N/A N/A 
Unsuccessful bouts 0.50 0.63 0.12 F1,11=0.41 0.54 

1Pooled standard error of the mean. 
2Aggressive bouts delivered or received by focal sows.  

 

 

 

2.2.1 Post-mixing sow aggression and nursing behaviour 

 
Means and significance for the analysis on the aggressive and nursing behaviours of 

GL sows (i.e., GL7 and GL14) observed for 1 hr following mixing into pens are 

presented in Table 4. GL7 and GL14 treatments did not differ in the frequency of 

aggressive bouts (P>0.05), the frequency of fights (P>0.05), the total time fighting 
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(P>0.05) or average fight length (P>0.05). There were no successful nursing bouts 

in the 1 hr period post-mixing, and there was no effect of GL treatment on the 

frequency of unsuccessful nursing bouts (P>0.05).  

   

2.2.2 Sow aggression during lactation 

 
Table 5 presents the effects of litter age at mixing (7 or 14 days) and day post-

mixing (day after mixing, ‘D2’; day prior to weaning, ‘PW’) on sow aggressive 

behaviours, continuously observed from 0700 to 1700 h. There were no significant 

treatment × day interaction (P>0.05), so this term was removed from the model. 

Age at mixing had no effect (P>0.05) on the frequency of aggressive bouts or 

fights, the total time fighting or the average fight length. The frequency of 

aggressive bouts (F1,15=4.5, P=0.05) was higher at PW than D2, but the frequency 

of fights, the total time fighting and average duration of fights were not affected 

by day (P>0.05). 

 

 

Table 5. General linear mixed models examining the effects of litter age at mixing (7 days, 
GL7; 14 days, GL14) and day post-mixing (day 2 post-mixing D2; day prior to weaning PW) on 
sow aggressive behaviours recorded from 0700 to 1700. Data are presented as least square 
means (per focal sow and pen) ± pooled SEM (SEP). For transformed variables, back transformed 
means are presented in parenthesis.  

 
Age Day P-value 

 7 14 D2 PW Age Day 

Log10(Frequency of aggressive bouts 
+ 1)1 

0.98 
(8.5) 

1.1 
(11.6) 

0.93 
(7.5) 

1.1 
(11.6) 

0.06 0.45 0.05 

Frequency of fights  0.22 0.25 0.13 0.34 0.67 0.75 0.22 

Total time fighting (s) 
1.7 2.2 1.4 2.5 0.91 0.62 0.47 

Log10(Average fight length +1 ) (s) 0.18 
(0.53) 

0.27 
(0.84) 

0.19 
(0.55) 

0.27 
(0.82) 

0.10 0.34 0.63 

1Aggressive bouts delivered or received by focal sows.  
 

 

2.2.3 Sow nursing behaviour during lactation 

 
Probability values and means for the main and interactive effects of housing (GL 

or FC), litter age at mixing (7 or 14 days) and observation day (D2, PW) on sow 

nursing behaviour are presented in Table 6. There was no effect (P>0.05) of 

housing on nursing frequency (P>0.05). However, GL sows had fewer successful 

nursing bouts (Housing: F1,9.5=18.4, P<0.05), spent less total time nursing 

successfully (Housing: F1,21=10.1, P<0.05), terminated more nursing bouts 
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(Housing: F1,21=16.2, P<0.05) and had a higher inter-nursing interval (Housing: 

F1,21=18.9, P<0.05) than FC sows. The length of unsuccessful nursing bouts were 

longer for FC than GL sows at D2, but at PW FC sows had shorter unsuccessful 

nursing bouts (Housing × Day: F1,22=5.1, P<0.05) and spent less total time nursing 

unsuccessfully (Housing × Day, F1,21=5.7, P<0.05) than GL sows. There was also a 

housing × day interaction on the length of successful nursing bouts: FC sows had 

longer successful nursing bouts than GL sows at PW, but not at D2 (F1,22=7.2, 

P<0.05). FC7 sows took longer to letdown than GL7 sows, but the same difference 

was no evident between the GL14 and FC14 sows (Housing × Age: F1,16.8=4.8, 

P<0.05).  

 

A number of variables were affected by litter age at mixing. FC7/GL7 treatments 

nursed more frequently (Age: F1,10.9=32, P<0.05), terminated fewer nursing bouts 

(Age: F1,10.9=32, P<0.05) and tended to have a shorter inter-nursing interval (Age: 

F1,21=3.9, P=0.061) than FC14/GL14 sows. However, fewer of the FC7/GL7 nursing 

bouts were successful (Age: F1,13.5=4.7, P<0.05). Age at mixing did not affect 

(P>0.05) total time nursing successfully or the average length of successful nursing 

bouts. GL7/FC7 sows had longer unsuccessful nursing bouts than GL14/FC14 sows at 

D2, but there was no difference PW (Age × Day: F1,21=4.3, P<0.05). Nursing 

frequency (F1,23=11.2, P<0.05) and total time nursing successfully (F1,23=16.6, 

P<0.05) declined over days, while the proportion of successful nursings (F1,23=9.2, 

P<0.05), sow terminated nursings (F1,23=22.6, P<0.05) and inter-nursing interval 

(F1,23=4.6, P<0.05) increased over time.  
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Table 6. General linear mixed models examining the effects of lactation housing (Housing, H: group lactation, GL; farrowing crate, FC), litter age at mixing (Age, 
A: 7 or 14 days) and observation day (Day, D: the day after mixing of group lactation pens, D2; day prior to weaning, PW) on sow nursing behaviour. Data is presented 
as least square means (per focal sow and pen or FC cohort) ± pooled SEM (SEP). When relevant, back transformed means are presented in parenthesis.  

 Day 2 Pre-weaning  P-value1 

 FC7 FC14 GL7 GL14 FC7 FC14 GL7 GL14 SEP Housing Age Day H × D H × A D × A 

Nursing frequency 14.6 13.8 15.1 11.6 11.8 10.4 12.1 11.0 0.71 0.82 <0.001 0.003 NS NS NS 

Proportion successful 
nursing bouts  

0.75 0.81 0.63 0.71 0.94 0.92 0.71 0.75 0.03 0.002 0.048 0.006 NS NS NS 

Proportion sow terminated 
nursing bouts 0.27 0.46 0.52 0.62 0.57 0.64 0.74 0.90 0.03 0.001 0.014 <0.001 NS NS NS 

Total time nursing (min)                

Successful nursing 49 44 43 38 43 38 27 22 1.75 0.004 0.18 <0.001 NS NS NS 

Unsuccessful nursing  7.3 7.3 10.7 5.2 0.77a 2.8a 7.7b 7.0b 1.2 0.048 0.16 0.007 0.026 NS NS 

Mean nurse duration (min)                 

Successful nursing 4.4 4.3 4.8 4.6 4.0a 3.9a 3.1b 3.0b 0.20 0.30 0.62 <0.001 0.014 NS NS 

Unsuccessful nursing 2.2ac 2.8bc 2.1ad 1.2bd 0.52 2.0 2.4 1.7 0.12 0.80 0.57 0.23 0.034 NS <0.001 

Latency letdown (min) 2.1a 2.0 1.7b 2.0 2.1a 1.8 1.7b 1.8 0.07 0.13 0.92 0.34 NS 0.043 NS 

Inverse INI (min) 0.02 
(50) 

0.018 
(56) 

0.016 
(63) 

0.015 
(67) 

0.018 

(56) 

0.016 

(67) 

0.014 

(71) 

0.013 

(77) 
0.0004 <0.001 0.061 0.042 NS NS NS 

Within a row, means with different superscript letters differ at a,b or c,d P≤0.05.  
1Interactions were removed from the model at P>0.05. There were no significant H × A × D interactions. 
GL7 = group lactation housing from litter age of 7 days. GL14 = group lactation housing from litter age of 14 days. FC7 = Farrowing crate housing, cohort recorded 
at the same days as GL7. FC14 = Farrowing crate housing, cohort recorded at the same days at GL14. NS = not significant.  
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2.2.4 Sow behavioural time budgets 

 

The effects of housing (GL or FC), litter age at mixing (7 or 14 days) and 

observation day (D2, PW) on sow behavioural time-budgets are presented in Table 

7. There were no significant housing × day (P>0.05) or housing × age (P>0.05) 

interactive effects on sow behavioural time budgets. FC sows spent more time 

lying (Housing: F1,12.3=8.5, P<0.05) and less time walking/standing (Housing: 

F1,18=59.5, P<0.05), investigating the pen (Housing: F1,18=23.4, P<0.05) and 

interacting with piglets (Housing: F1,11.3=6.3, P<0.05) than GL sows. There were no 

effects of housing (P>0.05) on the time sows spent sitting, nursing or investigating 

food.  

 

GL14 sows spent more time nosing pen mates than GL7 sows (Age: F1,14=8.7, 

P<0.05), but aggressive behaviour did not differ between the two GL treatments 

(P>0.05). Regardless of day, FC7/GL7 sows spent more time lying (Age effect: 

F1,14.8=7.1, P<0.05) and nursing (Age: F1,10.9=32, P<0.05) and less time sitting (Age: 

F1,18=4.9, P<0.05) than FC14/GL14 sows. Time spent lying (Day: F1,13=5.0, P<0.05) 

and nursing (Day: F1,23=11.2, P<0.05) were lower at PW than D2, while time 

walking/standing was higher (Day: F1,23=13.5, P<0.05). Day did not affect (P>0.05) 

behavioural time budgets for sitting, investigating the pen, delivering aggression, 

interacting with piglets or nosing conspecifics. On day 2, FC7/GL7 sows spent less 

time investigating food or water than FC14/GL14 sows, but there were no 

differences PW (Day × Age: F1,22=10.3, P<0.05).  
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Table 7. General linear mixed models examining the effects of lactation housing (Housing, H: group lactation, GL; farrowing crate, FC), litter age at mixing (Age, 
A: litter age of 7 or 14 days) and observation day (Day, D: the day after mixing of group lactation pens, D2; day prior to weaning, PW) on sow behavioural time 
budgets. Data is presented as least square means (per focal sow and pen or FC cohort) ± pooled SEM (SEP). 

 Day 2 Pre-weaning  P-value1 

 FC7 FC14 GL7 GL14 FC7 FC14 GL7 GL14 SEP Housing Age Day H × D H × A D × A 

Lying 0.73 0.68 0.66 0.61 0.70 0.64 0.63 0.58 0.011 0.013 0.018 0.035 NS NS NS 

Walk/stand 0.002 0.008 0.038 0.051 0.016 0.010 0.052 0.071 0.003 <0.001 0.057 0.001 NS NS NS 

Sit 0.019 0.024 0.008 0.021 0.013 0.021 0.016 0.036 0.003 0.86 0.040 0.12 NS NS NS 

Nursing 0.106 0.091 0.091 0.076 0.078 0.064 0.063 0.049 0.009 0.182 0.013 0.001 NS NS NS 

Investigating 
food/water 0.073a 0.151b 0.074a 0.10b 0.128 0.144 0.124 0.105 0.007 0.08 0.034 0.003 NS NS 0.004 

Investigating 
pen/floor 0.004 0.015 0.035 0.047 0.010 0.021 0.041 0.052 0.003 <0.001 0.077 0.259 NS NS NS 

Sow-piglet interaction 0.064 0.071 0.085 0.092 0.074 0.081 0.095 0.102 0.004 0.028 0.325 0.147 NS NS NS 

Nosing sow2 N/A N/A 0.002 0.006 N/A N/A 0.003 0.010 0.001 N/A 0.011 0.19 N/A N/A NS 

Aggression2 N/A N/A 0.002 0.001 N/A N/A 0.004 0.003 0.001 N/A 0.61 0.058 N/A N/A NS 

Within a row, means with different superscript letters differ at a,bP≤0.05.   
1There were no significant H × A × D interactions. Non-significant interactions were removed at P>0.05. 
2Comparison of GL7 and GL14 only. 
GL7 = group lactation housing from litter age of 7 days. GL14 = group lactation housing from litter age of 14 days. FC7 = Farrowing crate housing, cohort recorded 
at the same days as GL7. FC14 = Farrowing crate housing, cohort recorded at the same days at GL14. NS = not significant.  
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2.2.5 Piglet behavioural time budgets 

 
The effects of housing (GL or FC), litter age at GL mixing (7 or 14 days) and 

observation day (D2, PW) on piglet behavioural time budgets are presented in 

Table 8. GL piglets spent less time lying (Housing: F1,8.8=11.6, P<0.05) and more 

time walking/standing/sitting (Housing: F1,7.6=6.3, P<0.05) outside of the creep 

than FC piglets. There were housing × day interactive effects on the time piglets 

spent in the creep (F1,22=4.3, P<0.05), investigating the pen (F1,21=6.8, P<0.05) and 

manipulating other piglets (F1,22=9.8, P<0.05). While there were no effects of 

housing at D2 for any of these variables, at PW GL piglets spent more time in the 

creep and investigating the pen, and less time manipulating other piglets, than FC 

piglets. There was a significant housing × day × age interactive effect on the time 

piglets spent investigating food (F1,20=13.2, P<0.05). At D2, FC14 piglets spent more 

time investigating food than FC7, GL7 or GL14 piglets, but at PW FC7 piglets spent 

the most time investigating food. Lactation housing had no effect (P>0.05) on the 

time piglets spent suckling, interacting with the sow, nosing other piglets, playing 

or delivering aggression. 

 

FC7/GL7 piglets were observed suckling more frequently than FC14/GL14 piglets 

(Age: F1,14=0.19, P<0.05). FC7/GL7 piglets spent more time investigating the pen at 

D2 than PW, but FC14/GL14 piglets did not differ between days (Day × Age: 

F1,21=5.9, P<0.05). There were no other effects of litter age at GL mixing on piglet 

behaviour (P>0.05, Table 5). Walking/standing (Day: F1,23=16.5, P<0.05) and lying 

(Day: F1,23=6.5, P<0.05) outside of the creep decreased over days, and there was a 

tendency for playing (Day: F1,23=4.1, P=0.054) to also decrease over days. While 

interactions with the sow increased over time (Day: F1,23=4.5, P<0.05), there were 

no effects (P>0.05) of day on the time piglets spent suckling, nosing other piglets 

or engaging in aggression. The time GL7 and GL14 piglets spent suckling (Day: 

F1,15=20.9, P<0.05) and nosing (Day: F1,15=13.9, P<0.05) sows other than their dam 

increased from D2 to PW.  
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Table 8. General linear mixed models examining the effects of lactation housing (Housing, H: group lactation, GL; farrowing crate, FC), litter age at mixing (Age, A: litter 
age of 7 or 14 days) and observation day (Day, D: the day after mixing of group lactation pens, D2; day prior to weaning, PW) on piglet behavioural time budgets. Data is 
presented as least square means (per focal piglet and pen or FC cohort) ± pooled SEM (SEP). 

 Day 2 Pre-weaning  P-value 

 FC7 FC14 GL7 GL14 FC7 FC14 GL7 GL14 SEP H A D H × D H × A D × A H × D × A 

In creep 0.44 0.42 0.42 0.49 0.38a 0.46a 0.57b 0.65b 0.05 0.02 0.10 0.08 0.049 NS NS NS 

Out of creep                 

Lying 0.30 0.28 0.27 0.22 0.31 0.26 0.14 0.10 0.05 0.008 0.16 0.018 NS NS NS NS 

Walk/stand/sit 0.051 0.054 0.065 0.068 0.037 0.039 0.051 0.053 0.003 0.038 0.45 <0.001 NS NS NS NS 

Suckling (total) 0.16 0.14 0.18 0.16 0.14 0.12 0.17 0.12 0.007 0.16 0.02 0.11 NS NS NS NS 

Suckling other 
dam N/A N/A 0.042 0.035 N/A N/A 0.10 0.095 0.008 N/A 0.67 <0.001 N/A N/A NS N/A 

Investigating 
food/water2 0.003a 0.01b 0.003a 0.004a 0.02c 0.006d 0.003d 0.004d 0.001 0.03 0.59 0.048 NS NS 0.003 0.002 

Investigating 
pen/floor 0.03a 0.066 0.04a 0.058 0.02bc 0.04c 0.03bd 0.031d 0.005 0.006 0.50 0.78 0.016 NS 0.025 NS 

Nosing sow 
(total) 0.009 0.007 0.011 0.009 0.013 0.011 0.015 0.013 0.001 0.18 0.38 0.046 NS NS NS NS 

Nosing other 
dam N/A N/A 0.038 0.039 N/A N/A 0.11 0.091 0.001 N/A 0.64 0.001 N/A N/A NS N/A 

Manipulating 
piglet1 0.006 0.008 0.006 0.002 0.015a 0.024a 0.003b 0.003b 0.003 0.057 0.48 0.002 0.005 NS NS NS 

Nosing piglet 0.005 0.007 0.005 0.005 0.009 0.010 0.006 0.005 0.001 0.12 0.94 0.25 NS NS NS NS 

Play1 0.006 0.006 0.004 0.003 0.003 0.002 0.002 0.004 0.001 0.49 0.89 0.054 NS NS NS NS 

Piglet aggression1 0.011 0.009 0.008 0.006 0.009 0.007 0.006 0.004 0.001 0.13 0.08 0.14 NS NS NS NS 

Within a row, means with different superscript letters differ at a,b or c,d P≤0.05.   
1Comparison of GL7 and GL14 only. 
GL7 = group lactation housing from litter age of 7 days. GL14 = group lactation housing from litter age of 14 days. FC7 = Farrowing crate housing, cohort recorded at the 
same days as GL7. FC14 = Farrowing crate housing, cohort recorded at the same days at GL14. NS = not significant.  
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2.2.7 Post-weaning piglet aggression  
 
There was a significant lactation housing × time interaction for the number of 

aggressive bouts delivered post-weaning (F12,53=3.1, P<0.05; Fig. 2A). Aggressive 

bouts delivered by all piglets declined over time, but that delivered from GL7 and 

GL14 piglets were less frequent and reached baseline levels more quickly than 

piglets from FC. FC piglets fought more frequently (Housing: F2,84=11, P<0.001; 

Fig. 2B) and fights were longer (Housing: F2,84=9.3, P<0.001; Fig. 2C) than GL7 or 

GL14 piglets, which did not differ. The frequency of fights was higher (Time: 

F6,84=6.0, P<0.001) and the average length of fights was longer (Time: F6,84=4.1, 

P<0.001) for all piglets in the first 1 h post-mixing than for the remaining 2.5 h 

(Fig. 2B, 2C). Piglets reared in FC spent more total time fighting from 30-60 min 

post-mixing than GL7 and GL14 piglets, but there were no differences between the 

housing treatments at any other time period (Housing × Time: F12,84=2.2, P<0.05; 

Fig. 2D). There were no effects (P>0.05) of housing or time post-mixing on the 

frequency of bullying (Fig. 2E), the average duration of bullying bouts (Fig. 2F), or 

total duration bullying (Fig. 2G).  

 

The effects of lactation housing on the ratio of aggressive interactions involving 

unfamiliar piglets to those involving familiar piglets are presented in Table 9. 

Similar levels of aggressive bouts were delivered to unfamiliar as to familiar 

conspecifics. Aggressive bouts were delivered to unfamiliar and familiar 

conspecifics at similar frequencies, as indicated by a ratio close to 1, and there 

were no effects of lactation housing on this ratio (P>0.05). There were effects of 

lactation housing on the frequency of fights between unfamiliar or familiar dyads, 

however. GL7 and GL14 piglets had a similar number of fights with unfamiliar 

piglets as they did with familiar piglets, but FC piglets had almost 3 times as many 

fights with unfamiliar than familiar conspecifics (P<0.05). There were no effects 

of treatment of lactation housing on the ratio of total time fighting or the average 

length of fights involving unfamiliar dyads to familiar dyads (P>0.05, Table 9).  
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Table 9. The effect of housing piglets in farrowing crates (FC) or in group lactation pens 
from 7 (GL7) or 14 (GL14) days of age on the ratio of aggressive interactions involving 
unfamiliar piglets to those involving familiar piglets (U:F) when mixed post-weaning.  

 FC GL7 GL14 SEP
1 Statistic P-value 

Frequency aggressive bouts 
U:F2 1.31 1.31 1.04 0.059 F2,14=2.3 0.14 

Frequency fights U:F3 11.4 a 
(2.8) 

5.0 b 
(1.11) 

5.75b 
(0.77) 0.44 H2=7.0 0.03 

Total time fighting U:F3 10.8 
(5.0) 

6.13 
(3.02) 

5.30 
(0.91) 

1.08 H2=4.9 0.09 

Average fight length U:F2 1.55 1.28 0.94 0.24 F2,13=0.61 0.56 
1SEP = pooled standard error of the mean. 
2Analysed with a univariate ANOVA. Data presented as least square means. 
3Analysed with Kruskal-Wallis. Data presented as mean rank with raw means presented 
in parenthesis.  
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Fig. 2. The effect of housing piglets in groups from 7 (GL7, ---) or 14 days of age (GL14,···), or in farrowing crate 
(FC, —) throughout lactation on (A) the frequency of aggressive bouts delivered, (B) the frequency of fighting, 
(C) total time fighting, (d) average fight length, (e) frequency of bullying, (f) total time bullying and (g) average 

bully duration, over seven 30-min time intervals (total 3.5 h) immediately following mixing at weaning.  



 29 

2.3 Discussion 

 
This aim of this study was to examine the effects of GL housing from 7 or 14 days 

post-partum on the behaviour of sows and piglets, in comparison to sows and 

piglets housing in FCs. Therefore, results of primary interest are the main effects 

of housing (GL vs. FC), and the interactive effects of housing × age (i.e., GL7 vs. 

FC7 and GL14 vs. FC14), housing × day (GL vs. FC at D2 and PW), and housing × age × 

day (i.e., GL7 vs. FC7 and GL14 vs. FC14 at D2 and PW). Therefore, this discussion 

will focus on the implications of these comparisons, and less so on the main 

effects of age (7 vs. 14 days), day (D2 vs. PW) and the age × day interaction (7 vs. 

14 days at D2 and PW).   

 
In the week after farrowing under natural conditions, sows restrict their 

movements to a limited area around the farrowing nest, leaving only for short 

periods to defecate and forage (D’Eath and Turner). After about 7-14 days the 

nest is abandoned and the sow and piglets sleep closer to the group’s communal 

nest (D’Eath and Turner, 2009). Thus, under natural conditions, social integration 

back into the group occurs gradually, and the group is comprised of familiar sows. 

When sows farrow in pens connected by an outer communal area, they begin to 

nurse piglets outside of the pens around 10-14 days post-partum and this increases 

over time (Arey and Sancha, 1996). By comparison, in the present study, mixing 

sows and their litters into group lactation pens at 7 or 14 days post-partum had 

few effects on sow or piglet behaviour. However, there were a number of 

differences in the behaviour of sows and piglets in GL pens compared to farowing 

rates.  

 

Sow aggression in GL7 and GL14 

 

Similar to the findings of Thommson et al. (2015), the frequency of aggressive 

bouts and fights post-mixing did not differ between GL7 and GL14 treatments. 

Dybkjær et al. (2003) found that the method of introducing sows and piglets to GL 

pens (i.e., individual sows with their litters sequentially, all sows and piglets 

simultaneously, all sows followed by all piglets 2 h later) had no effect on sow 

aggression in the lactation pen. While Wattanakul et al. (1997a) and Weary et al. 

(2002) also observed aggression between sows when mixed into GL pens at 14 days 

post-partum, other research (Plush et al., 2016b; Pork CRC report 1C-103) has 
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reported no aggression when sows were mixed with their piglets during lactation. 

However, a high proportion of sows had been housed together in the previous 

gestation (K. Plush, personal communication). Sow aggression post-mixing may 

increase the risk of injury to piglets from being knocked, kicked or stood upon. 

Attempts to confine piglets for 1 h post-mixing were unsuccessful in the present 

study due to a high motivation for sows and piglets to reunite. A clear mixing 

protocol may reduce the risk for piglet injuries and/or mortalities on the day after 

mixing into pens during lactation (refer to Part 2 of this report).   

 

Results from sow behavioural time budgets and continuous observations show that 

that intra-sow aggression and fighting continued throughout lactation, and 

aggression was even more frequent at PW than at D2. While aggression post-

mixing is associated with the formation of dominance relationships, aggression 

once these relationships are established is typically related to competition over 

resources, such as space and feed (see Verdon et al., 2015). As is the case of 

group-housed gestating sows (Hemsworth et al., 2013, 2016), the GL pens need to 

provide sufficient space to facilitate active avoidance (Burke et al., 2000; van 

Nieuwamerongen et al., 2015).  

 

Nursing behaviour 

 

Although the frequency of nursing (continuous observations and sow time budgets) 

and the time piglets spent suckling (piglet time budgets) were not affected by 

treatment in the present study, there were a number of indicators that nursing 

behaviour was disrupted in GL pens, regardless of litter age when mixed. Firstly, 

although attempts to nurse were made in the 1 h post-mixing, no sows successfully 

nursed in this period. Wattanakul et al. (1997a) also observed suckling to be 

severely disrupted by grouping. Dybjkær et al. (2003) suggested that simultaneous 

introduction of piglets and sows to a new environment could cause so much 

confusion that first nursing attempts are interrupted before milk ejection. 

Secondly, regardless of day, GL sows had a lower proportion of successful 

nursings, terminated a higher proportion of nursings, spent less total time nursing 

successfully and had a longer inter-nursing interval than FC sows. Loose-housed 

lactating sows are better able to regulate nursing (Singh et al., 2017). However, 

increased levels of cross-suckling may result in increased competition at the 

udder, ultimately disrupting the sow, leading to increased terminations and a 
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reduction in nursing success. These results contrast with the findings of 

Bohnenkamp et al. (2013), who found no effects of GL or FC housing on the 

frequency of successful nursing bouts. However, each sow and litter unit in the 

study by Bohnenkamp et al. (2013) had access to their own farrowing pen 

controlled via an ear tag RFID, and spent 50% of their time in these pens. 

 

Cross suckling can increase fighting at the udder, resulting in udder damage and 

causing distress to sows (Pedersen et al., 1998), while some have reported a 

negative correlation between cross suckling frequency and averaged daily growth, 

although others report no relationship (see review by van Nieuwamerongen et al., 

2014). In the present research, 23 (24% of GL sows) GL sows had seven or less 

successful nursing bouts on a day, therefore the possible implications of disrupted 

nursings for piglet milk intake requires attention. To further emphasise the point, 

one GL sow did not nurse successfully at all on day 2, while another nursed 

successfully only once, and had 10 unsuccessful attempts to nurse on day 2. 

Differences in experience or ability to cope with a new environment may account 

for variation between sows in tolerance to disruption at the udder. Regardless, 

severe nursing disruption of one sow in GL pens places significant pressure on the 

other sows in the group to feed her piglets. Therefore, cross-suckling presents a 

significant limitation to the welfare of sows and piglets in multi-litter GL systems.  

 

The origin of cross-suckling is not clear. Wattanakul et al. (1997b) found that 

removing the partition between 3 FCs disrupted suckling patterns on the day of 

grouping but resulted in little cross-suckling. However, moving sows to different 

crates within the group of piglets resulted in a high incidence of cross suckling 

that affected piglet growth (Wattanakul et al., 1997b). Therefore, relocation of 

the sow may impede the piglet’s ability to locate its dam at nursing, resulting in 

the piglet suckling another dam. Other factors that may affect the development of 

cross-suckling include low milk yield, large litter sizes, poor synchronisation of 

milk letdown, and litter age (reviewed by van Nieuwamerongen et al., 2014).  

 

Synchronised suckling may help minimize competition for milk from opportunistic 

non-littermates (Maletinkska and Spinka, 2001; D’Eath and Turner, 2009). The first 

7 days post-partum may be important in the establishment of recognition between 

the sow and offspring (D’Eath and Turner, 2009). van Nieuwamerongen et al. 

(2014) hypothesised that mixing piglets and sows into GL pens 7 days post-partum 
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would reduce cross suckling by increasing recognition, compared to younger 

piglets. Other research has found that, despite synchronised suckling, there is a 

high incidence (>50%) of cross-suckling in GL pens (Wattanakul et al., 1997a). In 

the present study, there was no effect of age at mixing on the frequency with 

which focal piglets cross-suckled. However, while piglets suckled mostly from 

their mother on the day after mixing, they suckled mostly from other dams on the 

day prior to weaning. Further, GL sows spent more time nursing unsuccessfully on 

the day prior to weaning than FC sows, although the two housing treatments did 

not differ at D2. Previous research has found piglets from older litters to cross 

suckle more than young litters (Maletinska and Spinka, 2001). Understanding 

whether cross sucking is the consequence of reduced maternal bonds or increased 

piglet hunger, or both, is required in order to develop management practices that 

reduce the incidence of cross-suckling.  

 

Maternal interactions  

 
GL sows interacted with piglets more frequently than FC sows, regardless of age at 

mixing or day post-mixing. Singh et al. (2017) and Hales et al. (2014) found more 

sow-piglet interactions in single-litter loose sow systems than in FCs. Singh et al. 

(2017) suggested that either piglets had greater accessibility to the sows head in 

loose-sow systems or loose-housed sows were better able to orient themselves 

towards piglets. That there were no effects of treatment on piglet interactions 

with the sows in the present study suggests that the confinement imposed by FC 

restricts the ability of sows to interact with piglets, rather than the other way 

around. While there were a greater number of piglets in GL pens for sows to 

interact with, the ratio of piglets to sows was the same.  

 

Sows mixed at 7 days post-partum in the present study had a shorter latency to 

milk letdown than FC sows, but no effects of housing were seen when sows were 

mixed at 14 days post-partum. This finding may be related to oxytocin, which is 

involved in both the ejection of milk and the promotion of maternal-offspring 

bonding, and is related to maternal responsiveness in sows (Damm, 2010). There is 

other evidence that loose-housing of sows allows for better development and/or 

expression of maternal behaviour (Arey and Sancha, 1996; Thodberg et al., 2002; 

Singh et al., 2017; Chidgey et al., 2017), while experience (with a housing system, 

maternal experience, piglet experience interacting with the sow) may also be 
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important in the development of maternal behaviour (Thodberg et al. 2002; 

Chidgey et al., 2017).  

 

The frequency with which GL piglets interacted with sows other than their mother 

increased over time. Under natural conditions, sow-piglet interactions decrease 

between 1 and 4 weeks post-partum, but signs of long-lasting bonds between dam 

and offspring are apparent until at least 15 weeks post-partum (Jensen, 1988).  

 

Social interactions 

 

Sows mixed at 14 days post-partum had more positive interactions with other sows 

than those mixed at 7 days post-partum. Under natural conditions, the nest is 

abandoned at an average of 10 days post-partum, with a typical range of 7 to 14 

days post-partum (Jensen, 1986, 1988). Therefore, sows maybe more inclined to 

join a social group at 14 days post-partum than at 7 days.  

 

Play is a rewarding activity and is thus considered a behavioural indicator of a 

positive affective state in animals (e.g. see review by Held and Špinka, 2011). It 

may also be important in the development of cognitive and social abilities (see 

Martin et al., 2015). Singh et al. (2017) found some evidence of increased play in 

piglets with a loose-sow lactation systems compared to sows in FCs, and Arey and 

Sancha (1996) reported a nine fold increase in play behaviour when piglets were 

housed in GL pens. Using instantaneous sampling, the present study found no 

effects of treatment on piglet aggression, nosing other piglets or play. For 

behavioural events that are generally short duration, Verdon et al. (2016a) 

suggested that continuous observations may be a more reliable sampling technique 

than instantaneous sampling.  

 

FC piglets performed more harmful manipulative behaviour toward pen mates 

than GL piglets. Piglet body manipulations may be a behavioural indicator of a 

negative affective state in both the piglet displaying the behaviour, as it may be 

redirected behaviour arising from frustration, as well as the recipient, because of 

possible consequences for injuries and pain. It is important to note, however, that 

the present study could not determine what was happening inside the creep of the 

GL pens. Further, the present study observed a much lower proportion of piglets 

in each GL pens (4 piglets per pen, approximately 6-8% of piglets) than that 
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observed in FCs (2 piglets per FC, ~20% of piglets). Thus, the frequency with which 

GL piglets engaged in some behaviours, particularly socially facilitated behaviours 

such as play (D’Eath and Turner, 2009), may be underestimated in GL pens. 

Nonetheless, these results are in agreement with previous research that has 

similarly found reduced manipulation in pigs housed in enriched environments (van 

Nieuwamerongen et al., 2015; Turpin et al., 2017).  

 

Sow and piglet general activity levels 

 

Both sows and piglets spent less time lying and more time walking/standing and 

investigating the pen in GL pens than in FCs. Good leg condition is essential for 

group-housed lactating sows due to the increased freedom of movement (van 

Nieuwamerongen et al., 2014). Recent research has ranked lameness in the top 

two cited reasons for culling of reproductive stock in Australia (Plush et al., 

2016a). Limited published research suggests that fewer GL sows are culled for 

locomotor problems and suffer scapular abscesses or hoof abnormalities (see 

review by van Nieuwamerongen et al., 2014).  

 

GL piglets spent more time in the creep pre-weaning than at day 2. It is possible 

that piglets need to learn where the creep was, or became more independent 

from the sow and confident in their environment to go to the creep. Importantly, 

this finding suggests that piglets may be at greater risk of crushing or injury early 

after mixing when they are small and more vulnerable.   

 

Piglet aggression post-weaning 

 

The results of the present study offer support to previous research that has found 

aggression post-mixing at weaning to be significantly lower between piglets raised 

in GL pens than those raised in FCs (Verdon et al., 2016a). In contrast to Verdon et 

al. (2016a), the present study tightly controlled for effects of familiarity, sex ratio, 

average weight and coefficient of variation in weight in post-weaning pens, yet still 

the effects of housing on aggression and fighting were significant. There is limited 

evidence that the benefits of social experience during the lactation period on social 

behaviour continues through the growing stage of production (Li and Wang, 2011; 

Martin et al., 2016; Turpin et al., 2017), and has positive implications for 
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adaptability in non-social challenges (see review by van Nieuwamerongen et al., 

2014).  

 

Experience of social aggression modulates aggressive behaviour as prior winning 

experiences raise, and losing experiences lower, an individual’s perceived fighting 

ability (for an extensive review on the “winner-loser effect” refer to Hsu et al., 

2006). Verdon et al. (2016a) suggested that socially experienced pigs appear better 

able to recognise their fighting ability relative to others and thus form a dominance 

hierarchy more quickly and with less aggression.  

 

In small groups of recently weaned pigs, aggression post-mixing decreases as the 

number of familiar pigs in the pen increases (Blackshaw et al., 1987; Mei et al., 

2016). The present study has shown that the frequency of aggressive bouts delivered 

to familiar or unfamiliar piglets post-weaning is comparable, regardless of lactation 

housing. However, piglets raised in FCs engaged in 3 times as many fights with 

unfamiliar than familiar conspecifics, while GL7 and GL14 piglets engaged in roughly 

the same number of fights with familiar as unfamiliar pigs. One possibility is that 

the large group sizes (approximately 50 or 70 piglets for small and large GL pens) 

inhibited the GL piglet’s ability to recognize pen mates in the post-weaning pens.  
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3. Group lactation housing at various ages – effects on 
sow and piglet welfare and productivity. 

 
3.1 Materials and methods 

 

3.1.1 Ethical note 

 

All animal procedures were conducted with prior institutional ethical approval 

under the requirement of the New South Wales Prevention of Cruelty to Animals 

Act (1979) in accordance with the National Health and Medical Research 

Council/Commonwealth Scientific and Industrial Research Organisation/Australian 

Animal Commission Australian Code of Practice for the Care and Use of Animals for 

Scientific Purposes (NHMRC, 2013).  

 

3.1.2 Animals and experimental design 

 

In two experiments, this research examined the effect of housing sows and their 

litters in group lactation (GL) pens from 7 (experiment 1), 10 (experiment 2), or 

14 (experiments 1 and 2) days post-partum until weaning on sow and piglet 

welfare and productivity, in comparison to conventional FC housing. Both 

experiments were conducted using Landrace × Large-White breed pigs (PrimeGroTM 

Genetics, Corowa, NSW) and were located at the same farrowing and lactation 

unit at a large commercial piggery in southern New South Wales (NSW), Australia. 

The experimental building had a galvanised roof and thermostatically controlled 

blinds that maintained an optimum internal shed temperature of 21◦C in the 

farrowing shed. The group lactation shed was in an adjacent room in the building 

with no supplementary heating, meaning the temperature was more variable. The 

average mean daily ambient temperature for the period of experiments 1 and 2, 

respectively, were 27.3 and 23.4 ºC. Details relating to the animals utilised in each 

experiment are summarised in Table 1.  

 

All sows farrowed in standard commercial farrowing accommodation. At 7 

(experiment 1) or 10 (experiment 2) days post-partum, 36 sows and their litters 

were selected from a larger cohort of 39 sows (range 37-41 sows) that had 

farrowed in the same shed and had approximately 10 healthy piglets (piglets were 



 37 

not excluded based on size), and allocated to one of three treatments. Sows and 

their litters were selected to ensure that, within replicates, treatments were 

balanced for sow parity, weight and litter size. The three housing treatments 

were, (1) Farrowing crate (FC); sows and litters in farrowing crates until weaning, 

(2) Farrowing crate and then group lactation from 7 (experiment 1, GL7) or 10 

(experiment 2, GL10) days post-partum; and (3) Farrowing crate and then group 

lactation from 14 days post-partum (experiments 1 and 2; GL14). For GL7, GL10 and 

GL14 treatments, sows and their litters were transferred from farrowing crates to 

group lactation pens at 7, 10 and 14 days post-partum, respectively, where they 

remained until weaning. The animals were studied from 7 (experiment 1) or 10 

(experiment 2) days until weaning, which occurred at an average of 25.2 days 

(range 22-31 days) post-partum. This is with the exception of 2 replicates of 

piglets in experiment 1 (n=670 piglets) and 1 replicate of piglets in experiment 2 

(n=315 piglets), which were studied post-weaning until 28 days post-weaning in 

experiment 1 and 63 days post-weaning in experiment 2.   

 

Table 1. Summary of animals utilised in experiments 1 and 2. 

 Animal 
numbers 

Mean ± s.d. 

 
Sows Piglets 

Sow 
parity 

Sow 
weight 

Litter 
size 

Experiment 12 GL7 GL14 FC 5 180 1887 
3.3 ± 
1.9 

276 ± 
14 

10.5 ± 
0.69 

Experiment 23 GL10 GL14 FC 3 108 1179 
3.96 ± 

1.9 
274 ± 

43 
10.6 ± 

1.4 
1 GL7 = group lactation housing from litter age of 7 days. GL14 = group lactation housing 
from litter age of 14 days. FC7 = Farrowing crate housing from birth until weaning.  
2Conducted over 8 months (January to August) 
3Conducted over 3 months (October to December) 

 

 

3.1.3 Housing and management of animals 

 

Pre-weaning 

 

Sows were moved from group gestation housing to FCs at 7 days prior to expected 

parturition. Piglets were tail docked and received an iron injection within 24 h of 

birth, as per standard commercial practice. Minimal cross-fostering occurred, and, 

when it was required, mostly occurred within 24 h of birth. At 7 (mean ± s.d.: 7.3 

± 1.2 days experiment 1) or 10 (mean ± sd.: 10.1 ± 1.2 days experiment 2) days 

post-partum, 12 sows per replicate (and their litters) were transferred from their 
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FC to one of two group lactation pens (one pen of 5 sow/litter units and one pen 

of 7 sow/litter units). Similarly, at 14 days (mean ± s.d; 13.5 ± 1.4 days 

experiment 1; 13.9 ± 0.91 days experiment 2) post-partum, 12 sows per replicate 

(and their litters) were transferred from their FCs to one of the remaining two 

group lactation pens (one pen of 5 sow and litter units and one pen of 7 sow/litter 

units). After mixing, group lactation sow and litter units remained in their 

respective group pens until weaning. The remaining 12 sows per replicate (and 

their litters) remained in their FCs until weaning. The same stock people managed 

animals in FCs and group lactation pens. All had previous experience managing 

sows and piglets under both housing systems. The average age at weaning was 

25.5 days (range 22-31 days). After weaning, sows and piglets continued on the 

farms commercial production system. 

 

At mixing of the group lactation pens, piglets were transferred from their crates 

and confined in one of the two creeps located in their lactation pens. The lid of 

the creep was not closed so piglets would not over heat. Once all the piglets had 

been moved, sows were transferred from their crates to the pen. Mixing of sows 

and litters into group lactation pens occurred with the hours of 0730 and 0930, 

and was completed within approximately 30 min. Pens were mixed sequentially 

and the allocation of GL treatments to pens alternated per replicate. Attempts to 

confine piglets to the creeps for 1 h post-mixing of sows were unsuccessful as sows 

moved the boards to gain access to the piglets, even though a number of board 

size/designs were trialed without success. As such, sows and piglets were 

monitored by researchers for 1 h post-mixing. Interventions to prevent piglet 

injury or death due to crushing in this period were made if required (only on one 

occasion in experiment 1). Researchers did not interrupt aggressive behaviour 

between sows.    

 

In both experiments, the design of FCs used were typical of conventional systems. 

The internal sow crate dimensions were 2.3 × 0.6 m, within a total area measuring 

2.3 × 1.7 m. The bottom bars of FCs operated on a hydraulic ram so that the sides 

swing in when the sow stands and slowly slide out when the sow lies down (proctor 

crate). FCs contained a creep area that was heated using a mat below and a lamp 

overhead. The four GL pens were located in one room, adjacent to rooms in the 

same unit that contained the FCs (Fig 1A). Two of the group lactation pens had 

the capacity to house 5 sows and their litters at 8.4 m2/sow (6.0 × 7.0 m), while 
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the other two group lactation pens had the capacity to house 7 sows and their 

litters at 8.1 m2/sow (6.0 × 9.5 m). Each group lactation pen had a solid partition 

with sloped walls, two heated creep areas with rice hulls for bedding, and a piglet 

access only zone with creep feed and a water trough (Fig 1B). From replicate 1 to 

3 the creep area was protected from sows using vertical bars along the entrance 

(with distance between bars large enough for piglets to pass through) and a 

horizontal anti-crush bar along the bottom of the creep (15-10 cm from ground 

level). In replicates 4 and 5, the creep entrance was solid with an entry and exit 

doorway for piglets. The vertical protection bars and horizontal anti-crush bar 

remained.  The flooring of group lactation pens were partially slatted and rice 

hulls were scatted on the solid portion of the flooring weekly. Within replicates 

and treatments, group lactation pens were balanced for sow parity, weight and 

litter size.  

 

Cool drippers over the FCs as well as over the dunging area of the group lactation 

pens were activated (3 min on and 15 min off) when the internal temperature 

exceeded 26ºC. Creep heat lamps were deactivated when the temperature 

exceeded 28 ºC. During lactation sows were fed a standard pelleted lactation diet 

ad libitum (14.9 MJ DE/kg and 16.2% crude protein). For sows in FCs this was 

provided up to three times daily, based on individual sow intake. The group 

lactation pens were fitted with a single ad libitum feed hopper that catered for six 

sows. Water was supplied ad libitum via one nipple drinker and one water trough 

per GL pen. Piglets in all housing treatments were offered creep feed from 10 

days of age. 

 

Post-weaning 

 

In the morning of the day of weaning, sows were removed from FCs and group 

lactation pens and taken to dry sow housing. The piglets from two replicates in 

experiment 1 (n=670 piglets) and 1 replicate in experiment 2 (n=315 piglets) were 

relocated, without mixing treatments, to grower facilities located in nearby sheds 

on the same farm. From this point on, these replicates will be called experiment 1 

post-weaning replicates 1 and 2, and experiment 2 post-weaning replicate 1.  

 

For post-weaning for replicate 1 of experiment 1, piglets from the same treatment 

were mixed into 12 pens (3.75 × 3.0 m) of an average of 23.7 piglets per pen 



 40 

(range 16 – 28; range in floor space allowance from 0.40 - 0.70 m2 per piglet). 

Piglets were sorted by sex and by size so that, after sorting, there were four pens 

per treatment (1 pen of large males, 1 pen of large females, 1 pen of small males, 

1 pen of small females). The average weaning weights (± standard deviation) for 

large pens and females and males were 6.95 ± 0.82 and 6.90 ± 0.85 kg per pig; and 

for small pens of females and males were 4.87 ± 0.64 and 4.48 ± 0.47 kg per pig. 

Piglets from replicate 2 of experiment 1 were sorted by sex (but not by size) and 

mixed into pens (3.75 × 6.0 m) containing an average of 53.5 piglets (range 45-61; 

range in floor space allowance 0.37-0.5 m2 per piglet) so that there were two pens 

per treatment (1 male and 1 female). The average weaning weights ± standard 

deviation for female and male piglets were 6.32 ± 0.70 and 6.41 ± 0.58 kg.  For 

post-weaning replicate 1 of experiment 2, piglets were mixed into 24 pens (3.6 × 

1.5 m) of 12-14 piglets per pen. Piglets were sorted by sex and size, so that for 

each treatment there was 1 pen of small, 2 pens of medium and 1 pen of large 

sized piglets of each sex. The average weaning weights (± standard deviation) for 

large pens and females and males were 8.49 ± 1.1 and 8.74 ± 0.23 kg per pig; for 

medium pens of females and males were 6.66 ± 0.72 and 7.16 ± 0.37 kg per pig; 

and for small pens of females and males were 5.17 ± 0.63 and 5.64 ± 0.18 kg per 

pig. 
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Fig 1. Positioning of group lactation pens within the lactation unit and video cameras (×) over lactation pens (A). Layout of group 
lactation pens (B). 1Length was 9.5 m for pens of 7 sow/litter units and 7 m for pens of 5 sow/litter units. 2Creep dimensions were 2.0 × 
1.2 m for pens of 7 sow/litter units and 2.1 × 0.85 m for pens of 5 sow/litter units. Position of hack rack in pens of 35 sow/litter units and 
pens of 47 sow/litter units. CF = creep feed, WR = water trough, L = heat lamp, ND = nipple drinker.   
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In experiment 1, post-weaning pens were 75% solid flooring. In experiment 2, pens 

were 75% slatted flooring. All pens included a feeding trough located on the solid 

flooring and a water trough (shared with the adjacent pen) over the slatted 

flooring. Both water and food was provided ad libitum. A manipulable chain was 

shared between adjacent pens and fence line contact was permitted. No bedding 

or other materials were provided. Piglets remained in these pens until 28 days 

post-weaning for experiment 1 and 63 days post-weaning for experiment 2, after 

which the pigs joined the commercial production system. 

 
3.1.4 Data collection 

 

Unless otherwise indicated, the following measures were taken in both 

experiments 1 and 2.  

 

Pre-weaning measures 

 

Focal animals for stress physiology and injury scoring 

Prior to mixing each replicate, two focal sows (one of high and one low parity; 

means ± s.d. of 5.6 ± 1.5 and 2.5 ± 0.8 in experiment 1, and 5.8 ± 1.2 and 1.9 ± 

0.73 in experiment 2) and two focal piglets per focal sow (one male and one 

female of average weight; mean piglet weight ± s.d. of 3.0 ± 0.7 and 2.8 ± 0.5 kg 

in experiment 1, and 3.0 ± 0.6 and 2.7 ± 0.6 kg in experiment 2, for males and 

females, respectively) from each pen and FC cohort were selected for sampling of 

stress physiology and injury scoring. The two focal FC sows and 4 focal piglets in 

the first FC cohort (n=6 sow/litter units per cohort and replicate) were sampled at 

the same time as GL7 (experiment 1: 2 sows and 4 piglets per replicate; labelled 

FC7 cohort) or GL10 (experiment 2: 2 sows and 4 piglets per replicate; labelled FC10 

cohort) treatments. The two focal FC sows and 4 focal piglets in the second FC 

cohort (n=6 sow/litter units per cohort and replicate) were sampled at the same 

days as GL14 (experiments 1 and 2: 2 sows and 4 piglets per replicate; labelled FC14 

cohort). To allow for individual identification, different symbols were marked on 

the back of focal piglets and sows using stock paint. Stock paint was periodically 

re-applied. The same focal sows were observed throughout lactation. A similarly 

sized littermate of the same sex replaced focal piglets that died or were removed.  

 

Stress physiology 
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Blood samples were collected via jugular venipuncture (6-mL lithium-heparinized 

tubes for sows, 2-mL lithium-heparinized tubes for piglets; BD Vacutainer BD, 

Belliver Industrial Estate, Plymouth, UK) of focal sows restrained with a snout 

snare or focal piglets restrained on their backs. Samples were obtained from the 

FC7 and GL7 (experiment 1) or FC10 and GL10 (experiment 2) animals 4 h post-

mixing the GL7 or GL10 treatments, and from the FC14 and GL14 (experiment 1 and 

2) animals 4 h post-mixing the GL14 treatment (post-mixing, PM). All animals were 

sampled again on the day prior to weaning (pre-weaning, PW). Sows were not fed 

for 1 hr prior to blood sampling. Sampling was conducted by 4 technicians (2 

restraint and bleed teams working simultaneously) and took place between 1200 

and 0100 (average of 15 minutes to sample all focal sows and piglets). Piglets from 

all treatments were sampled before sows. For each animal, a maximum of 2 min 

from first restraint was allowed to obtain the blood sample. This was so that an 

acute stress response associated with handling and blood sampling could be 

avoided, which would influence concentrations of plasma cortisol (Broom and 

Johnson, 1993). Karlen et al. (2007) reported that repeated sampling of different 

sows within three groups of 85 over 30 min did not affect salivary cortisol 

concentrations. 

 

The individual samples were centrifuged for 10 min at 1,912 × g at 4°C, and the 

plasma was transferred to individual microtubes and stored at –20°C until 

analysed. Plasma cortisol was measured using a commercial radioimmunoassay kit 

(Cortisol GammaCoat RIA kit CA-1549, Dia Sorin Inc., Stillwater MN, USA).  

 

Plasma cortisol concentrations were obtained for individual focal sows/piglets on 

each observation day and then averaged, per focal sow or focal piglet per pen and 

FC. Data per FC were also then averaged per FC cohort.   

 

Injury scoring 

For focal sows/piglets, fresh skin injuries were scored on the day after mixing of 

GL pens (D2) and the day prior to weaning (PW). Injuries (scratches, cuts, 

abrasions) were scored by visual assessment using methods described by Karlen et 

al (2007). FC7 and GL7 (experiment 1) and FC10 and GL10 (experiment 2) focal 

sows/piglets were scored on the day following mixing of the GL7/GL10 treatment 

(respectively), while FC14 and GL14 (experiments 1 and 2) focal sows/piglets were 
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scored on the day following mixing of the GL14 treatment. All animals were 

sampled again at the day prior to weaning.  

 

Skin injuries were assessed for individual animals on each observation day and 

then averaged, per focal sow/focal piglet per pen and FC. Data per FC were also 

averaged per FC cohort. 

 

Sow live weight and P2 back fat 

Sow back fat measurements were taken at the P2 site (65 mm down the left side 

from the midline at the level of the head of the last rib) and sow live weight was 

taken upon entry of sows to the farrowing accommodation (7 days prior to 

parturition) and again at weaning. From this, changes in live weight (kg/day) and 

backfat (mm/day) over the lactation period were calculated and then averaged, 

per sow per pen or FC cohort. 

 

Piglet live weight 

Individual piglets were weighed the day prior to mixing of GL7 (experiment 1) or 

GL10 (experiment 2) treatments and on the day before weaning (PW). These data 

were used to calculate piglet weight gain (g/day) from pre-mixing to weaning. 

Data were then averaged, per piglet per pen or FC. FC data were then averaged 

per FC cohort. The coefficient of variation in piglet weight at weaning was also 

calculated for pens/FC cohorts. 

 

Sow feed intake 

For individual sows in FC and for GL pens, the quantity of feed provided and feed 

refused was recorded each day, commencing on the day that GL7 treatment was 

mixed in experiment 1, or the GL10 treatment was mixed in experiment 2. From 

these records, averaged daily intake (ADI, kg/day) per sow and GL pen or FC 

cohort was calculated. Because records of feed intake began on the day that 

GL7/GL10 pens were mixed, ADI data for GL14 sows was collected from individuals 

for the first 7 (experiment 1) or 4 (experiment 2) days of collection (time between 

mixing of GL7/GL10 and mixing of GL14 treatments), after which data were 

collected for pens (from mixing of GL14 sows until weaning). To calculate ADI for 

GL14 pens, intake records for individual sows and pens were summed to obtain a 

total intake over the observation period for each GL14 pen. This was then averaged 

per observation day and sow to determine ADI kg/day.sow. For sows in the FC 
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treatment, individual sow intake over the entire lactation period was determined 

and divided over the number of observation days to calculate ADI. This was then 

averaged per FC cohort.  

 

Piglet mortality and removals 

The identity, date and reason (overlay or other) for piglet deaths were recorded 

daily from day 6 post-partum until weaning. This data was used to calculate the 

proportion of total piglet mortalities, and the proportion of overlain piglets, per 

GL pen or FC. Proportions per FC were then averaged, per FC cohort.  

 
Sow reproduction 

The following reproductive variables were collected for sows in their subsequent 

gestation: wean to mating interval, farrowing rate (percent of sows that farrowed, 

excluding those removed for non-reproductive reasons), percent of sows that were 

removed for non-reproductive reasons (cull or destroyed), and number of 

reproductive failures (negative pregnancy test, abortions, returns, sows presumed 

to pregnant that did not farrow).   

 
Post-weaning measures 
 
 
Piglet growth and FCR 
 
Individual piglets were weighed 4 and 28 days post-weaning for two replicates of 

piglets in experiment 1. From this, weight change from weaning until days 4 and 

28 post-weaning were calculated. Calculations were made for individual piglets 

and then averaged, per piglet and post-weaning pen. For one replicate of piglets 

in experiment 2, individual piglet weights were obtained 7 days and 36 days post-

weaning. From this, weight change from weaning until days 7 and 36 post-weaning 

were calculated. Calculations were made for individual piglets and then averaged, 

per piglet and post-weaning pen. Also for the one replicate of piglets studied in 

experiment 2, feed intake of the pen was recorded from days 0-7 (period 1), days 

7-14 (period 2), days 14-23 (period 3) and days 23-36 (period 4) post-weaning, and 

pens of piglets were weighed at 14 and 23 days post-weaning. This data was used 

to calculate the food conversion ratio (FCR) for pens, by dividing the average daily 

gain per pig over each period by the average daily intake per pig.   

 
 
Piglet mortality 
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The identity of piglet mortalities were recorded daily from day 6 post-partum. 

This data was used to calculate the proportion of total piglet mortalities per pen.  

 

3.1.5 Statistical analysis 

 

All statistical analyses were carried out using the SPSS statistical software package 

(SPSS 22.0, SPSS Inc., Chicago, Illinois, USA). Variables were assessed for 

normality using visual methods (quantile-quantile plots and histograms) in 

combination with Shapiro-Wilkes normality tests. Data that were not normally 

distributed were transformed prior to analysis so that residual variation was 

homogenous between time replicates, pens and treatments. Specific 

transformations are indicated in the results. Non-parametric tests were used when 

data could not be normalised. Data are presented as least square means and 

pooled standard errors. For the transformed variables, transformed least square 

means and pooled standard errors are presented with back-transformed means 

presented in parenthesis. 

 

Separate univariate ANOVA were utilised to ensure that the coefficient of 

variation in sow parity and weight, as well average litter weight and litter sex 

ratio, were balanced between (1) treatments and (2) GL pens/FC cohorts for both 

experiments 1 and 2. Time replicate was included in model as a random effect 

and GL pen/FC cohort or treatment as a fixed effect.  

 

One sow became paralysed during the trial and had to be euthanised (experiment 

1, GL14). Her litter was removed from the GL pen after her destruction. In 

experiment 1, eight focal piglets had to be replaced with a similarly sized 

littermate of the same sex: six GL7 (4 female, 2 male) and one GL14 (female) focal 

piglets died, while one GL7 piglet (female) was removed for lameness. In 

experiment 2, five focal piglets had to be replaced: two FC10 females, two GL14 

females and one GL10 female piglet died.  

 

All pre and post-weaning variables relating to sow and piglet weights, mortalities, 

feed intake and FCR were analysed using linear mixed models (LMM). This is with 

the exception of variables relating to the proportion of pre-weaning piglet 

mortalities in experiment 1 and the proportion of post-weaning piglet mortalities 

in experiment 2, which could not be normalised and were analysed using Kruskal-
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Wallis test. Each test included lactation housing treatment (FC, GL7 or GL14 in 

experiment 1; FC, GL10 or GL14 in experiment 2) as fixed factors. LMMs for 

variables recorded during lactation fitted replicate and pen as random factors. 

The male to female piglet sex ratio differed between GL7, GL14 and FC treatments 

in experiment 1 (see Table 2 in results). Consequently, sex ratio was included in 

experiment 1 analyses as a covariate. The analysis of piglet ADG (experiment 1 

and 2) and FCR (experiment 2) post-weaning fitted sex and weight classification 

(pens of heavy, light or mixed weight piglets in experiment 1; pens of heavy, 

medium or light piglets in experiment 2) as random factors, while replicate was 

also fitted as a random factor in experiment 1. Where there were significant 

effects of treatment (P≤0.05) the LSD test determined where least square means 

differed.  

 

The following sow reproduction variables were binary: whether a sow farrowed, 

was culled or experienced reproductive failure in subsequent gestation, or not. 

These variables were analysed using a generalised linear mixed model with an 

underlying binomial distribution and logit link. Treatment (FC, GL7 and GL14 in 

experiment 1; FC, GL10 and GL14 in experiment 2) was specified as a fixed effect 

and replicate and pen were controlled for as random variables. The wean to 

service interval was continuous data that could not be normalised with 

transformation, so was analysed using a Kruskal-Wallis test.  

 

Data collected from focal sows and piglets (cortisol, injuries) were analysed using 

LMMs. For these analyses, fixed effects of lactation housing (FC or GL), litter age 

at mixing (7 or 14 days), observation day (D2, PW), and their 2- and 3-way 

interactions, were included in the model. Sex ratio was included in the analysis of 

data collected in experiment 1 as a covariate. Each analysis accounted for 

repeated observations of the same groups or FC cohorts over days with a first 

order autoregressive correlation structure, while time replicate and group 

lactation pen were included in the model as random factors. Where there were 

significant main or interactive effects (P≤0.05) the LSD test determined where 

least square means differed. Non-significant interactions were removed from the 

model at P>0.05 so that the main effects could be better interpreted. Data on 

piglet injuries could not be normalised with transformation. Differences between 

housing treatments (FC vs. GL) and age at mixing (7 vs. 14 days) were analysed 



 48 

with different Mann-Whitney U tests conducted at D2 and PW sample days 

separately.  

 
 

3.2 Results 

 

There was no difference between FC, GL7 or GL14 treatments, or GL pen/FC 

cohort, in the coefficient of variation (CV) for sow parity, the CV for sow weight 

or the average piglet weight per litter in experiment 1 or 2 (P>0.05; Table 2). In 

experiment 1, the three treatments differed in male to female piglet sex ratio, 

which was highest in FC and lowest in GL7 treatments (P<0.05, Table 2). In 

experiment 2, sex ratio did not differ between either treatments or pens/FC 

cohorts (P>0.05, Table 2).  

 

Table 2. For experiments 1 and 2, difference between treatments (farrowing crates, FC; 
group lactation housing from 7, 10 or 14 days of age, GL7, GL10, GL14, respectively) and GL 
pens/FC cohorts in variables that may affect performance. CV = coefficient of variation. 
SEP = pooled standard error.  

 Grand mean  Treatment GL pen/FC cohort 

 
FC 1GLX GL14 SEP F statistic 

P 
value 

F statistic 
P 

value 

Experiment 1         
CV sow parity 0.71 0.64 0.70 0.04 F2,23=0.57 0.57 F5,20=1.5 0.24 
CV sow weight 0.16 0.14 0.15 0.01 F2,23=0.27 0.77 F5,20=2.0 0.12 
Piglet weight2 2.6 2.7 2.8 0.06 F2,23=2.3 0.12 F5,20=1.4 0.28 
Sex ratio3 1.5a 0.88b 1.2c 0.07 F2,27=10.1 0.001 F5,24=2.0 0.06 
Experiment 2         
CV sow parity 0.48 0.42 0.43 0.05 F2,13=0.71 0.51 F5,10=0.69 0.64 
CV sow weight 0.17 0.12 0.15 0.01 F2,15=1.23 0.32 F5,12=1.14 0.39 
Piglet weight2 2.6 2.7 2.6 0.11 F2,13=0.22 0.81 F9,6.4=1.3 0.40 
Sex ratio3 1.2 1.1 1.1 0.12 F2,13=0.14 0.87 F5,10=0.96 0.49 
1GL7 experiment 1; GL10 experiment 2 
2Average piglet weight (kg) per litter at approx. 6 days post-partum.  
3Male to female piglet sex ratio, per litter and pen or FC cohort 

 

 

Sow weight, P2 and feed intake 

In experiment 1, GL7 sows lost less weight during lactation (P<0.001) and were 

heavier at weaning (P=0.001) than FC and GL14 sows, and lost less fat at the P2 

position than FC (but not GL14) sows (P<0.05; Table 3). However, P2 back fat at 

weaning did not differ between the treatments (P>0.05, Table 3).  

 

There were no effect of treatment on ADI (P>0.05), P2 back fat at weaning 

(P>0.05) or loss in P2 fat during lactation (P>0.05; Table 3) in experiment 2.  
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Table 3. For experiments 1 and 2, general linear mixed models (unless otherwise stated) 
examining the effects of lactation housing (farrowing crates, FC; group lactation housing 
from 7, 10 or 14 days of age, GL7, GL10 or GL14, respectively) on pre-weaning variables 
related to sow and piglet weight and piglet mortalities. Least square means (per 
sow/piglet and GL pen or FC cohort) ± pooled standard error of the mean (SEP) are 
presented.  

Treatment 

FC 1GLX GL14 

Experiment 1       
Sows       

ADI (kg)1 6.2 6.6 5.7 0.34 F2,23=3.07 0.066 
Weight at weaning (kg) 242a 264b 244a 5.3 F2,23=9.51 0.001 
P2 at weaning (mm) 26.6 25.5 28.1 1.1 F2,23=2.10 0.15 
Weight loss (kg/day) 0.96a 0.57b 0.75c 0.09 F2,23=18.2 <0.001 
P2 loss (mm/day) 0.11a 0.06b 0.08ab 0.02 F2,23=3.65 0.04 

Piglets       
ADG (kg)3 0.343a 0.290b 0.316c 0.01 F2,20.2=11.5 <0.001 
Weaning weight (kg) 6.93a 5.92b 6.38c 0.22 F2,23=10.8 <0.001 
CV weaning weight 0.23 0.25 0.22 0.01 F2,27=2.77 0.081 
Proportion mortalities 0.03a 0.17b 0.08c 0.07 F2,19.2=36.1 <0.001 
Proportion mortality 
due to overlay4 

0.67 
(15.4) 

0.79 
(15.2) 

0.68 
(15.9) 

0.06 H2=0.035 0.98 

Experiment 2       
Sows       

ADI (kg)1 7.0 7.1 7.2 0.26 F2,6.4=0.35 0.72 
Weight at weaning (kg) 251 260 254 10.5 F2,12.3=3.2 0.075 
P2 at weaning (mm) 24.9 26.0 25.0 0.46 F2,15=0.53 0.60 
Weight loss (kg/day) 0.73 0.39 0.40 0.10 F2,6.9=3.4 0.094 
P2 loss (mm/day) 0.08 0.04 0.06 0.03 F2,13=0.92 0.42 

Piglets       
ADG (kg)3 0.246a 0.206b 0.193b 0.01 F2,13.9=12.7 <0.001 
Weaning weight (kg) 7.03a 6.35b 6.14b 0.25 F2,13=6.61 0.010 
CV weaning weight 0.24a 0.25a 0.20b 0.01 F2,13=5.8 0.016 
Proportion mortalities 0.02a 0.12b 0.08c 0.01 F2,14.2=29.9 <0.001 

Proportion mortality 
due to overlay4 0.45 0.77 0.61 0.07 F2,13=1.96 0.18 

1GL7 experiment 1; GL10 experiment 2 
2Average daily intake  
3Average daily growth 
4Analysed using Kruskal-Wallis. Raw means for the proportion of piglet mortalities 
caused by overlays ± pooled standard error of the mean (SEP), with rank presented in 
parenthesis. 

 

Piglet weight 

In both experiments 1 and 2, GL piglets gained less weight during lactation and 

were lighter at weaning than FC piglets (P<0.05, Table 3). In experiment 1, GL7 

piglets gained less weight during lactation and were lighter at weaning than GL14 

piglets (P<0.05, Table 3), but there was no difference between GL10 and GL 14 

piglets in experiment 2 (P>0.05, Table 3). In experiment 2, there was less 

variation in piglet weight at weaning in GL 14 than GL10 or FC treatments (P<0.05, 

Table 3).  
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Sow reproduction 

There was no significant effect of lactation housing treatment on farrowing rate 

(P>0.05), weaning to service interval (P>0.05) or the percent of sow culls (P>0.05) 

in experiment 1 or 2 (Table 4).  

 

Table 4. For experiments 1 and 2, general linear mixed models (unless otherwise stated) 
examining the effects of lactation housing (farrowing crates, FC; group lactation housing 
from 7, 10 or 14 days of age, GL7, GL10 or GL14, respectively) on sow reproduction for 
the following gestation. Least square means (per sow and GL pen or FC cohort) ± pooled 
standard error of the mean (SEP) are presented.  

Treatment 

FC 1GLX GL14 

Experiment 1      
Farrowing rate % 90.4 80.9 83.0 F2,149=0.67 0.51 
Culls or deaths % 10.5 20.3 10.5 F2,170=1.50 0.23 
Wean to service interval, 
days2 

5.7 
(68.3) 

7.5 
(87.1) 

8.5 
(82.2) 

X2(2)=5.42 0.07 

Experiment 2      
Farrowing rate % 85.2 93.9 90.9 F2,90=0.66 0.52 
Culls or deaths % 22.9 5.7 10.8 F2,104=2.15 0.12 
Wean to service interval, 
days2 

4.5 
(40.6) 

5.0 
(50.7) 

5.9 
(53.2) 

X2(2)=4.13 0.13 

1GL7 experiment 1; GL10 experiment 2 
2Analysed using Kruskal-Wallis. Raw means are presented, with rank presented in 
parenthesis. 

 

 

Piglet mortalities 

In both experiments 1 and 2, there were fewer piglet mortalities from day 6 of 

age until weaning in FC than in GL (P<0.001, Table 3). Further, in both 

experiments 1 and 2, mortalities was higher when piglet were mixed at a young 

age (i.e., 7 days in experiment 1 and 10 days in experiment 2) than when mixed 

into GL pens at 14 days of age (Table 3). Interestingly, GL7 and GL14 piglet 

mortalities declined over replicates, and particularly from replicate 1 for the GL7 

treatment, in experiment 1 (Fig 2A), but not in experiment 2 (Fig 2B). The 

proportion of mortalities that were caused by overlay did not differ between 

treatments in either experiment 1 (P>0.05) or 2 (P>0.05, Table 3).  

 

 



 51 

 

 

 

Cortisol 

There were main effects of housing (experiment 1 F1,23=7.4, P<0.05; experiment 2 

F1,15=14.9 P<0.05) and day (experiment 1 F1,29=10, P<0.05; experiment 2 F1,17=9.35, 

P<0.05) on sow plasma cortisol concentrations in both experiments 1 and 2 (Table 

5). In both experiments, GL sows had higher cortisol concentrations than FC sows 

and cortisol concentrations were higher 4 h post-mixing than at the day prior to 

weaning (PW). Litter age at mixing had no effect on plasma cortisol 

concentrations in either experiment (P>0.05, Table 5).  

 

Regardless of day in experiment 1, GL piglets had higher cortisol concentrations 

than FC piglets (Housing: F1,10.9=7.3, P<0.05; Table 5). Furthermore, in experiment 

1 GL7/FC7 piglets had higher cortisol concentrations 4 h post-mixing than GL14/FC14 

piglets, but there was no effect of age at mixing on cortisol concentrations pre-

weaning (Day × Age: F1,28=5.3, P<0.05; Table 5). There was no effect of age at 

mixing on piglet cortisol concentrations in experiment 2 (P>0.05). GL piglets had 

higher cortisol concentrations 4 h post-mixing than FC piglets, but there was no 

difference pre-weaning (Housing × Day: F1,16=8.5, P<0.05; Table 5).  
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Fig 2. Proportion of piglet mortalities (per GL pen or averaged over FC, per FC cohort) 
over (A) 5 time replicates in experiment 1 and (B) 3 time replicates in experiment 2. 
GL7 and GL10 are indicated with dashed line (- - -) in 2A and 2B respectively. GL14 
treatment is indicated by dotted line (····) while FC treatment in indicated by solid line 
(▬). 
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Injuries  

There was a significant housing × day interactive effect on sow skin injuries in 

experiments 1 (F1,27.7=13, P<0.05)  and 2 (F1,16=15, P<0.05; Table 5), but post-hoc 

treatment contrasts were slightly different between the experiments. In 

experiment 1, GL sows sustained more injuries than FC sows at both D2 and PW, 

but GL sows had fewer injuries at PW than at D2 whereas FC did not differ. 

However, while the number of injuries sustained by FC sows did not change from 

D2 to PW sample days, GL sows sustained fewer injuries PW than at D2. In 

experiment 2, GL sows sustained more injuries than FC sows on D2, but there was 

no effect of GL or FC housing on injuries PW. There was no effect of age at mixing 

on injuries in either experiment (P>0.05; Table 5).  

 

In experiment 1, the Mann-Whitney U tests found no effect of age at mixing on 

injuries sustained by piglets at D2 (mean rank for 7 and 14 days: were 15.2 and 

15.8, respectively; z=0.18, n=30, P=0.87) or PW (mean rank for 7 and 14 days: 

16.5 and 14.5, respectively; z=-0.74, n=30, P-0.54). In experiment 2, GL piglets 

sustained higher numbers of injuries at D2 than FC piglets, but there was no effect 

of housing on injuries PW (Housing × Day: F1,16=12.2; P<0.05; Table 5). Age at 

mixing did not affect piglet injuries in experiment 2 (P>0.05, Table 5).  



 53 

 
Table 5. General linear mixed models (unless otherwise stated) examining the effects of lactation housing (Housing, H: group lactation, GL; farrowing crate, FC), 
litter age at mixing (Age, A: 7, 10 or 14 days) and observation day (Day, D: the day after mixing of group lactation pens, D2; day prior to weaning, PW) on sow and 
piglet cortisol concentrations and injuries. Data is presented as least square means (per focal sow and pen or FC cohort) ± pooled SEM (SEP). When relevant, back 
transformed means are presented in parenthesis 

 Post-mixing Pre-weaning  P-value1 

 2FCX FC14 
2GLX GL14 

2FCX FC14 
2GLX GL14 SEP Housing Age Day H × D H × A D × A 

Experiment 1                

Sows                

Log10(Cortisol) 
ng/mL 

1.36 
(23.0) 

1.14 
(14.0) 

1.53 
(33.7) 

1.13 
(13.4) 

0.92 

(8.3) 

0.78 

(6.0) 

1.03 

(10.8) 

0.99 

(9.7) 
0.05 0.012 0.66 0.004 NS NS NS 

Log10(Injuries + 1) 
0.06 
(0.2)a 

0.00 
(0.0)a 

0.88 
(6.6)b 

0.79 
(5.1)b 

0.08 

(0.2)a 

0.14 

(0.4)a 

0.29 

(1.0)b 

0.46 

(2.0)b 
0.04 <0.001 0.87 0.018 0.001 NS NS 

Piglets                

Log10(Cortisol) 
ng/mL 

1.26 
(18.2)a 

1.04 
(11.0)b 

1.47 
(29.4)a 

1.05 
(11.2)b 

0.82 

(6.6) 

0.68 

(4.8) 

0.97 

(9.4) 

0.91 

(8.1) 
0.08 0.02 <0.001 <0.001 NS NS 0.03 

Injuries3 0.05   0.25   0.62  1.6  0.15   0.00  0.50  0.18  0.17 * * NA NA NA NA 

Experiment 2                

Sows                 

Log10(Cortisol) 
ng/mL 

0.88 
(7.6) 

0.84 
(6.9) 

1.23 
(17.0) 

1.15 
(14.1) 

0.77 

(5.9) 

0.87 

(7.4) 

0.94 

(8.7) 

0.92 

(8.3) 
0.03 <0.002 0.69 0.007 NS NS NS 

Log10(Injuries + 1) 
0.0 

(0.0)a 

0.00 
(0.0)a 

0.59 
(2.9)b 

0.66 
(3.6)b 

0.29 

(1.0) 

0.00 

(0.0) 

0.26 

(0.8) 

0.32 

(1.1) 
0.06 <0.001 0.89 0.15 <0.001 NS NS 

Piglets                

Log 10cortisol 
1.14 

(13.8)a 

1.0 
(10.0)a 

1.28 
(19.1)b 

1.11 
(12.9)b 

0.61 

(4.1) 

1.22 

(16.7) 

0.92 

(8.3) 

0.99 

(9.8) 
0.04 0.36 0.57 0.01 0.01 NS NS 

Injuries  0.03 a 0.00a 0.2b 0.2b 0.2 0.03 0.05 0.05 0.04 0.43 0.44 0.75 0.003 NS NS 
1Interactions were removed from the model at P>0.05. There were no significant H × A × D interactions. When there is a significant interactive effect, means with 
different superscript letters, within a row, differ at a,b or c,d P≤0.05.  
2GL7 experiment 1; GL10 experiment 2 
3,*Analysed using Mann-Whitney U tests for housing (GL and FC) and age at mixing (7 and 14 days) separately, and at post-mixing and pre-weaning periods 
separately. Raw means and pooled standard error are presented. Please refer to text for statistics and mean rank. 
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Table 6. For experiments 1 and 2, general linear mixed models (unless otherwise stated) 
examining the effects of lactation housing (farrowing crates, FC; group lactation housing 
from 7, 10 or 14 days of age, GL7, GL10 or GL14, respectively) on post-weaning piglet 
growth, mortalities and feed conversion ratio (FCR). Least square means (per sow/piglet 
and GL pen or FC cohort) ± pooled standard error of the mean (SEP) are presented.  

Treatment 

FC 1GLX GL14 

Experiment 1       

Proportion mortalities 0.073 0.079 0.072 0.02 F2,13=0.95 0.41 

Post-weaning weight, kg       

Day 4 6.8a 5.6b 6.5a 0.70 F2,13=37.5 <0.001 

Day 28 16.2a 14.2b 15.8a 1.46 F2,13=15.5 <0.001 

ADG2 post-weaning, kg/d       

Day -1 to day 4 0.08 0.08 0.09 0.06 F2,14=0.10 0.90 

Day -1 to day 28 0.35 0.32 0.34 0.03 F2,13=2.8 0.094 

Experiment 2       

Proportion mortalities3 0.00 
(10.5) 

0.02 
(12.1) 

0.04 
(14.9) 

0.01 H2=1.6 0.46 

Post-weaning weight, kg       
Day 7 7.72a 7.35ab 6.82b 0.92 F2,18=5.32 0.02 
Day 36  21.3a 19.7b 19.1b 2.0 F2,18=10.2 0.001 

ADG2 post-weaning, kg/d       
Day -1 to day 7 0.09a 0.11b 0.07c 0.01 F2,19=14.6 <0.001 
Day -1 to day 36 0.36a 0.33b 0.32b 0.03 F2,19=10.8 <0.001 

FCR4 post-weaning       
Day 0 to 6 1.60 2.32 2.18 0.64 F2,19=0.44 0.65 
Day 7 to 13 1.12 1.18 1.16 0.07 F2,20=0.17 0.84 
Day 14 to 22 1.27 1.23 1.17 0.04 F2,16.5=1.9 0.18 
Day 23 to 36 1.42 1.38 1.39 0.01 F2,20.6=1.5 0.24 

1GL7 experiment 1; GL10 experiment 2 
2Average daily growth 
3Analysed using Kruskal-Wallis. Raw means for the proportion of piglet mortalities post-
weaning ± pooled standard error of the mean (SEP), with rank presented in parenthesis 
4Food conversion ratio 
 

 

Post-weaning weights, mortality and FCR 

 

There were no effects of lactation housing treatment on piglet mortalities 

(experiments 1 and 2) or food conversion ratio (experiment 2) post-weaning 

(P>0.05, Table 6). In experiment 1, GL7 piglets were lighter than FC and GL 14 

piglets 4 and 28 days post-weaning (P<0.05), although there were no effects of 

lactation housing treatment on ADG post-weaning (P>0.05, Table 6). In experiment 

2, piglets from the GL14 treatment, but not the GL10 treatment, were lighter than 

FC piglets at 7 days post-weaning (P<0.05, Table 6). At day 36 post-weaning, 

piglets from GL10 and GL14 were lighter than FC piglets, but did not differ from 
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each other. GL10 piglets had a higher ADG than FC and GL 14 piglets in the first 7 

days post-weaning (P<0.05, Table 6), but there were no effects of treatment on 

ADG from weaning to day 36 post-weaning (P>0.05, Table 6). 

 

3.3 Discussion 

 

This aim of this study was to examine the effects of GL housing from 7 or 14 days 

post-partum on the welfare and productivity of sows and piglets, in comparison to 

sows and piglets housing in FCs. Therefore, results of primary interest to the 

present research were the main effects of housing (GL vs. FC), and the interactive 

effects of housing × age (i.e., GL7 vs. FC7 and GL 14 vs. FC14), housing × day (GL vs. 

FC at D2 and PW), and housing × age × day (i.e., GL7 vs. FC7 and GL 14 vs. FC 14 at D2 

and PW). As such, this discussion will focus on the implications of these 

comparisons, and less so on the main effects of age (7 vs. 14 days), day (D2 vs. 

PW) and the age × day interaction (7 vs. 14 days at D2 and PW).   

 

Previous research on GL housing has primarily studied welfare implications for 

piglets (Arey and Sancha, 1996; Wattanakul et al., 1997a; Dybkjaer et al., 2001, 

2003; van Nieuwamerongen et al., 2015; Thomsson et al., 2016; Verdon et al., 

2016a), but few have examined the effects of GL on sow welfare (Wattanakul et 

al., 1997a; Thomsson, 2016), outside disrupted nursing behaviour. To the best of 

our knowledge, this study provides the most comprehensive assessment to date on 

the welfare implications of GL housing for both sows and piglets.  

 

Welfare of sows during lactation 

 

In experiment 1, GL7 sows lost less weight and P2 backfat during lactation, and 

were consequently heavier at weaning, in comparison to GL 14 and FC sows. In 

experiment 2, there was a trend for GL10 sows to be heavier at weaning, but there 

was no effect on the loss of sow weight or P2 loss during lactation. In both 

experiments, the weight of FC and GL 14 sows was comparable at weaning. This 

data suggests that sows in GL pens are able to keep better body condition than 

those in FC. There was no effect of treatment on sow intake in either experiment 

1 or 2 of the present study. Lactation is energetically expensive (Curry, 2010), and  

Part 1 of this report found that sows in GL pens had fewer successful nursing bouts 

and spent less time nursing successfully than FC sows. Hence, GL sows may utilise 
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less fat reserves for milk production. These results contrast with Thomsson (2016), 

who reported that sows mixed into GL pens at 7 days post-partum lost more 

backfat than those mixed at 14 (but not 21) days post-partum, even though 

treatments were not found to differ in the frequency or duration of nursing. 

Wattanakul et al. (1997a) found sows housed in GL from 14 days post-partum until 

weaning had a lower feed intake and consequently lost more weight and backfat 

than sows housed in FCs in one experiment, but not in a second. The authors 

suggested that breed differences or uncontrolled environmental factors could be 

the cause of this discrepancy.  

 

Sow reproduction in the subsequent gestation was not affected by lactation 

housing treatment. As reviewed by Thomsson (2016), a reduction in the frequency 

of nursing by sows in GL pens is expected to signal the resumption of normal 

ovarian function earlier than for sows in FC that have less control over their 

nursing behaviour, and this should result in a faster return to oestrus. The GL pens 

utilised in the present research did not include a piglet exclusion zone, accessible 

only to sows. Thus, sows may not have been able to create sufficient distance 

between themselves and piglets to trigger the resumption of normal ovarian 

function. In contrast to the results of the present research, Thomsson (2016) 

found that sows mixed at 14 or 21 days post-partum had a shorter wean to 

insemination interval than those mixed at 7 days post-partum. Both the present 

research and Thomsson (2016) report a low occurrence of lactational oestrus in 

group housed sows (only 1 sow in both studies).  

 

Sows in GL had higher cortisol than sows in FCs both 4 h post-mixing and on the 

day prior to weaning. The increased activity (locomotion, interactions with 

bedding etc.) of GL sows compared to FC sows (Part 1 of this report) may explain 

this increase in cortisol. Disrupted nursing and social stress related to intra-sow 

aggression (Part 1 of this report), may also have contributed to the increased 

cortisol levels of GL sows. Under natural conditions, sows spend increasing 

amounts of time away from her piglets from approximately 7 days post-partum 

(D’Eath and Turner, 2009). Thomsson et al. (2015) found that cortisol 

concentration of sows declined after being moved from FCs to GL pens at 21 day 

post-partum, but not when moved at 7 or 14 days post-partum. Weary et al. 

(2002) studied sows in a lactation system that provided groups of 3 sows a “piglet 

exclusion zone”, accessible only by the sows. The authors observed that sows 
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spent 14 h per day away from their piglets by weaning (Weary et al., 2002). Part 1 

of this report has shown that GL sows experienced high levels of cross-suckling, 

unsuccessful nursing bouts and terminated more nursing bouts. Thus, the inability 

to escape persistent attempts of piglets to suckle may have been distressing to 

sows.  

 

On the day after mixing, GL sows had a higher number of skin injuries than FC 

sows in both experiments 1 and 2. Both Part 1 of this research and Thomsson et al. 

(2015) found no effects of mixing unfamiliar sows into GL pens at 7 or 14 days 

post-partum on sow aggression. As shown in Part 1 of this research, the mixing of 

unfamiliar sows will result in intra-sow aggression, and aggression results in 

increased injuries (Verdon et al. 2016b), as well as stress, pain and fear 

(Hemsworth et al., 2015). The frequency of aggressive bouts, but not fights, 

increased for GL sows from day 2 to pre-weaning observation days (Part 1), but 

the frequency of injuries declined. This decline in injuries is a likely consequence 

of the reduction in high intensity aggression and fighting typically associated with 

the formation of a hierarchy, despite the fact that less intense aggressive bouts 

increased in frequency.   

 

Piglet pre-weaning growth  

 

Piglets reared in GL pens were lighter than those reared in FCs in both 

experiments 1 and 2 of the present research. In experiment 1, GL7 piglets had a 

lower ADG and were lighter than GL 14 piglets at weaning, but in experiment 2 GL10 

and GL 14 piglets did not differ. Thus, in contrast to what is reported for the sows, 

the longer piglets spend in GL pens, the smaller they are at weaning. This finding 

contrasts with the research by Thomsson et al. (2016), which utilised GL housing 

from 7, 14 or 21 days post-partum and found no effect of age at mixing on weight 

at weaning and weight gain from farrow to weaning. However, piglets were 

weaned at 6 weeks of age, compared to approx. 3.5 weeks in the present 

research.  

 

Research by Dybkjær et al. (2003) suggests that the percent of nursing bouts 

terminated by the sow is negatively correlated with piglet growth in GL systems. 

In the present research, GL piglets had less opportunity to suckle successfully from 

their dams, due to reduced nursing success and increased sow terminated nursing 
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bouts, but increased opportunity to suckle from other dams, as indicated by 

increased incidence of cross-suckling (Part 1 of this report; Wattanakul et al., 

1997a; van Nieuwamerongen et al., 2014). However, cross-suckling leads to 

increased competition at the udder and so may favour bigger, more robust piglets 

that are more likely to be successful in gaining teat access. Kutzer et al. (2009) 

reported very little cross-suckling in their research on GL pens and found no 

difference in the weight of GL or FC piglets at weaning. Morgan et al. (2014) 

allowed piglets from four neighbouring litters to mix from day 10 of lactation and 

although 2.9 % of piglets (range 0-45%) present during a nursing bout were not 

suckling from their dam (i.e., were cross-suckling), piglet weight at weaning was 

comparable to piglets reared in standard FCs. While cross suckling is likely a 

contributor, it may not be the sole cause of the reduced weight gain recorded in 

GL pigs of the present research.  

 

The two primary factors that affect growth are intake and energy expenditure. 

Weary et al. (2002) found that piglets that were able to mingle in groups of 3 

litters from 14 days of age consumed more creep feed during lactation, but gained 

less weight, than piglets that were confined in a lactation pen. Verdon et al. 

(2016a) hypothesised that the increased total space provided in the GL systems 

may encourage activity in piglets (see Part 1 of this report) and due to the 

associated energy expenditure, these piglets gain less weight pre-weaning.  

 

Providing piglets with the opportunity to observe and interact with the sow while 

she eats can optimise learning through stimulus and local enhancement, leading to 

higher pre-weaning consumption of creep feed (Oostindjer et al., 2011; van 

Nieuwamerongen et al., 2015). Indeed, in both the present study, and previous 

research on similar systems (Wattanakul et al., 1997a; Verdon et al., 2016a), 

piglets could not observe sows eating from the feeder and there was no difference 

in the time piglets spent investigating food (Part 1 of this report), with GL piglets 

being lighter at weaning.     

 

Wattankul et al. (1997) found no evidence of greater variation in piglet weight in 

GL pens compared to FCs, and Thomsson et al. (2016) found that GL housing from 

7, 14 or 21 days of age until 6 weeks had no effect on variation in piglet weight. In 

experiment 2 of the present research there was less variation in piglet weight at 

weaning in the GL 14 treatment than the GL7 or FC treatments, and in experiment 1 
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there was a tendency for the same effect. Small, sick or otherwise vulnerable 

piglets may have been at greater risk of crushing in GL pens (van Nieuwamerongen 

et al., 2015), particularly when mixed at a young age. Further research is required 

to determine the underlying cause of the reduced weight gain of piglets in GL 

systems.  

 

Piglet cortisol and injuries 

 

For both experiments, GL7 and GL 14 piglets had higher cortisol concentrations than 

FC piglets 4 h post-mixing, as well as prior to weaning for experiment 1, but age 

at mixing into GL did not affect piglet cortisol concentrations. An interactive 

effect of day and age in experiment 1 shows that cortisol 4 h post-mixing was 

higher in GL7 and FC7 piglets than GL 14 and FC 14 piglets. Thus, there may be an 

effect of age on cortisol concentrations in the pre-weaned pig.  

 

To the best of our knowledge, no other experimentation has examined stress 

physiology of piglets during lactation. As previously discussed, the increased 

cortisol recorded in GL pens of the present research could be associated with 

increased movement (see Part 1 of this report). However, at mixing GL piglets 

encountered unfamiliar piglets and sows for the first time, were moved to a new 

environment and their suckling routine was severely disrupted, resulting in 

increased competition at the udder and possibly hunger. Presumably, this series of 

events would be stressful. The competition for udder access increased over time 

(see results on cross-suckling in Part 1), which may also explain the high levels of 

cortisol recorded pre-weaning in experiment 1. The effects of stress on the 

metabolic system (Broom and Johnson, 1993) may also explain the reduced weight 

gain in GL piglets.  

 

Regardless of age at mixing, GL piglets had more skin injuries than FC piglets on 

the day after mixing, but not on the day prior to weaning. Verdon et al. (2016a) 

similarly found no effect of GL or FC housing on piglet skin lesions at weaning. 

Other studies have reported increased aggression, and particularly fights, when 

mixing unfamiliar piglets during lactation and that this results in skin injuries 

(Wattanakul et al., 1997b; D’Eath, 2005). By contrast, Kutzer et al. (2009) found 

no effect of GL or FC housing on skin injuries 4 days post-mixing, but at weaning 

piglets from GL treatments had sustained more injuries. As noted by the authors, 
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differences in pen design may account for some variation in skin injuries, although 

interactions with sows and the injury scoring protocol could also contribute.  

 

Piglet pre-weaning mortality 

 

High mortality in loose-farrowing and lactation systems is one of the greatest 

barriers to piglet welfare and productivity. The younger piglets were mixed into 

GL pens in the present research, the higher the piglet mortality. The percent 

piglet mortalities from day 6 post-partum to weaning when mixed at 7, 10 and 14 

days of age were, respectively, 17, 12 and 8%, while in FC it was 3%. Thomsson et 

al. (2016) similarly found piglet mortality to decrease from 12% when mixed at 7 

days of age to 1.7% when mixed at 21 days of age, and the vast majority of these 

deaths occur within 7 days of mixing. However, the method of introduction to the 

GL pen does not affect mortality (Dybkjær et al., 2003). Other research has also 

reported increased piglet mortality in GL pens compared to FC, largely due to 

increased crushing (Wattanakul et al., 1997a; Dybkjær et al., 2003 Kutzer et al., 

2009; van Nieuwamerongen et al., 2015). Young piglets may be more inclined to 

stay close to their dam, or be too slow or inexperienced to move out of the way of 

a lying sow. Indeed, in Part 1 of this report piglets spent more time in the creep 

pre-weaning than at the day after mixing, while GL sows were more active than 

FC sows. Combined, these two facts likely increased risks of piglet injury, 

particularly when the sow is performing dangerous posture changes, such 

transitions from standing to lying down (Johnson and Marchant-Forde, 2009). 

Piglets that were not thriving were excluded from the present experiment, but 

piglets were not excluded based on size. GL systems may only be suitable for 

larger and more robust piglets.  

 

It was not possible to control or balance for sows that had reared litters in GL 

pens previously in the present research. Sow experience could potentially 

contribute to piglet survival and welfare in alternative systems, as has been 

observed by research on group farrowing systems (Wechsler, 1996). For example, 

transitioning sows and their litters to GL pens after 11 days in FCs tended to result 

in higher mortality than transitioning from loose-sow lactation pens to GL (see van 

Nieuwamerongen et al., 2014). Other studies have hypothesised that poor piglet 

mortality performance in older sows is due to a lack of experience with loose-

farrowing housing systems (Hales et al., 2014) and that prior experience with a 
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housing system can affect behaviour early in lactation (Cronin et al., 1996; Weng 

et al., 2009). Arey and Sancha (1996) found no effects of GL housing from birth on 

piglet mortality and hypothesised that sows learnt to be more careful when 

standing and lying. The relationship between sow experience and success in such 

systems is worthy of further investigation.  

 

In addition to the experience of the sow, the experience of stock people is 

integral to the success of GL systems. As reviewed by van Nieuwamerongen et al. 

(2014), piglet mortality generally declines with increasing experience stockperson 

with group housing (also see Wechsler, 1996; Li et al., 2010). This is evidenced 

through the effects of replicate on piglet mortality in the present study, which 

declined for GL treatments, and particularly GL7 treatment, over time.  

 

Post-weaning piglet growth and mortality 

 

Weaning is a particularly stressful time in a pig’s life, with the cumulative effects 

of an abrupt separation from the sow, a transition from a milk to a grain based 

diet, mixing with unfamiliar pigs for the first time and a change of the physical 

environment. Consequently, weaning often results in reduced growth, intestinal 

problems, and damaging behaviours in piglets (Bolhuis and Kemp, 2016). Rearing 

piglets in a more socially and environmentally complex lactation environment can 

positively affect post-weaning adaptability by improving social skills and 

experience with solid feed (van Nieuwamerongen et al., 2014). There is evidence 

that piglets that were able to interact with unfamiliar conspecifics during 

lactation eat more and gain more weight post-mixing (Rantzer et al., 1995; Weary 

et al., 2002). The number of piglets studied post-weaning in the present study 

may not have been sufficient to detect effects of housing on post-weaning growth, 

mortality or feed conversion ratio.  

 

According to van Nieuwamerongen et al. (2014), the post-weaning growth check 

may be reduced or absent in piglets raised in GL systems. However, in experiment 

1 of the present research, there was no difference in average daily growth from 

weaning to days 4 or 28 post-weaning between GL7, GL 14 and FC piglets. As such, 

GL7 piglets, who were the lightest at weaning, remained the lightest at days 4 and 

28 post weaning. Thus, the extra 7 days exposure to a socially and 

environmentally (increased space and provision of substrate) enriched lactation 



 62 

environment produced piglets of long-lasting lower weight. The weight of GL10, 

GL14 and FC piglets was comparable at days 7 and 36 post-weaning in experiment 

2, but GL14 piglets gained less weight in the first 7 days post-mixing. Given the 

absence of a difference in food conversion ratio post-weaning, the reduced weight 

gain of GL 14 piglets is likely due to reduced feed consumption. These results 

contrast with previous research that has found a lower weaning growth check in 

GL compared to FC piglets (Wattanakul et al., 1997b; Kutzer et al., 2009; van 

Nieuwamerongen et al., 2015). The period of 4 and 7 days post-weaning may also 

have been too long to accurately assess the post-weaning growth lag; van 

Nieuwamerongen et al. (2015) reported the GL piglets ate 81% more feed between 

the first 2 days post-weaning. Further, in the present study, piglets could not 

observe the sows feeding during lactation, which may have inhibited social 

learning of feeding behaviour (Oostindjer et al., 2011). When piglets were able to 

feed with sows during lactation, weight gain from weaning until day 5 post-

weaning is 82% higher for GL than FC piglets, and GL piglets have a lower faecal 

consistency score 2 weeks post-weaning (van Nieuwamerongen et al., 2015). Other 

research on the effects of lactation housing on weight gain over the weeks post-

weaning are conflicting (reviewed by van Nieuwamerongen et al., 2014), with 

some studies reporting improved (van Nieuwamerongen et al., 2015), comparable 

(Li et al., 2012; Bohnenkamp et al., 2013b), or lower weight gain (Rantzer et al., 

1997) in GL piglets compared to individually reared piglets. Differences between 

studies, and between the two experiments in the present research, may be 

attributed to differences in post-weaning group size, pen design, the number of 

spaces available at the feeder, group composition and space allowance. For 

instance, Li et al. (2017) found that either eating time or growth performance 

decrease when feed occupancy rate surpasses 80%.  
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4. Outcomes 

 
The main findings are detailed below, and summarised in Table S1: 
 

1. Unfamiliar sows engage in fights when mixed during lactation, aggression is 

lower at day 2 post-mixing than the day prior to weaning, and this is not 

affected by days post-partum at mixing. 

2. Compared to farrowing crate housing, sows and piglets in group lactation 

pens were more active and interacted more frequently, and piglets showed 

less manipulative harmful behavior towards other piglets.  

3. Nursing was disrupted in group lactation pens, piglet average daily growth 

was lower, cortisol and post-mixing injuries were higher for sows and piglet 

and piglet mortality was higher, compared to farrowing crates.  

4. There were positive effects of group lactation housing on piglet social 

behaviour (i.e., reduced aggression post-weaning), but no effects on 

growth, FCR or mortalities in the post-weaning period.  

5. In general, mixing sows and piglets at 7 or 14 days post-partum had no 

effect on sow and piglet behaviour, but the younger piglets were mixed 

into group lactation, the higher the mortality. Further, piglets mixed at 7 

days of age had reduced ADG than those mixed at 14 days.  

6. Sows mixed at 14 days post-partum nosed other sows more frequently, lost 

more weight and were lighter at weaning than those mixed at 7 days post-

partum. The weight of sows mixed at 10 or 14 days post-partum did not 

differ 
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Table S1: Summary of main results, in comparison to sows and piglets housed in 

farrowing crates, ‘FC’ ( indicates greater than sows or piglets in FC,  indicates less 

than sows or piglets in FC, = indicates the same as sows or piglets in FC). 

Variable GL7 GL10 GL14 GL7 or GL10 vs. GL14 

Sows     

Activity  N/A  No effect 

Sow-piglet interactions  N/A  No effect 

Nursing success   N/A  No effect 

Sow terminated nursing bouts  N/A  No effect 

Nosing other sows N/A N/A N/A  GL14 vs. GL7 

Sow aggression N/A N/A N/A No effect 

Cortisol    No effect 

Injuries    No effect 

Reproduction = = = No effect 

Weight loss  = 


1 

=2 

 GL7 vs. GL14 

No diff GL10 and GL14 

Piglets     

Activity  N/A  No effect 

Piglet-sow interactions = N/A = No effect 

Harmful manipulations  N/A  No effect 

Post-weaning aggression  N/A  No effect 

Cortisol    No effect 

Injuries    No effect 

Pre-weaning mortality    
 GL7 vs. GL14 

 GL10 vs. GL14 

Pre-weaning growth    
 GL7 vs. GL14 

No diff GL10 and GL14 

Grower weight   
=1 


2 

 GL7 vs. GL14 

No diff GL10 and GL14 
1Experiment 1; 2Experiment 2 
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Application of Research  

 
The interpretations from the main research findings are: 
 
 

1. Unfamiliar sows engage in fights when mixed during lactation, 

aggression is lower at day 2 post-mixing than the day prior to weaning, 

and this is not affected by days post-partum at mixing. 

Dybkjær et al. (2003) found that the introducing sows and piglets to GL 

pens as sequential dam/litter units, all sows and piglets simultaneously, all 

sows followed by all piglets 2 h later, had no effect on sow aggression in 

the lactation pen. Sow aggression post-mixing may increase the risk of 

injury to piglets from being knocked, kicked or stood upon. Attempts to 

confine piglets for 1 h post-mixing were unsuccessful in the present study 

due to a high motivation for sows and piglets to reunite. In the interest of 

reducing risks to piglets, it is recommended that sows be introduced to GL 

pens followed by piglets approximately 1 h later. As it the case for group-

housed gestating sows, the design of the lactation pen is important in 

regulating social interactions between sows. In particular, the positioning 

of features of the pen, such as the creeps and sow feeders, and feature to 

improve human safety, such as a sow “lock away” area, require careful 

consideration when designing the GL pen.   

 

2. Compared to farrowing crate housing, sows and piglets in group 

lactation pens were more active and interacted more frequently, and 

piglets showed less manipulative harmful behavior.  

The removal of sow confinement and increased social and environmental 

(i.e., increased space, provision of substrate) complexity of group lactation 

pens promotes the display of natural pig behaviour. Increased maternal 

behaviour of sows may improve piglet welfare by reducing the risk of 

overlay, as sows that display high maternal behaviour are also more careful 

when transition from standing/siting to lying and more responsive to the 

sounds of a piglet screaming, as well as potential benefits for piglet social 

learning and development. In addition to the benefits for piglets, there 

may be short-term benefits for sow welfare by reducing frustration 

associated with not being able to perform highly motivated maternal 



 66 

behaviours. The effects of experience with a housing system on maternal 

behaviour of sows requires further investigation. It is possible that piglets 

need to learn where the creep is, or become more independent from the 

sow and confident in their environment to go to the creep. Therefore, the 

greatest distance a piglet has to travel to get to the creep needs to be 

considered when designing GL pens.  

 

3. Nursing was disrupted in group lactation pens, piglet average daily 

growth was lower, cortisol and post-mixing injuries were higher for 

sows and piglets, and piglet mortality was higher.  

While group lactation pens promotes the display of natural pig behaviour, 

sows and piglets had increased skin injuries and physiological indicators of 

stress than those in farrowing crates. Cross suckling can increase fighting 

and screaming and the udder, causing distress to sows resulting in 

disrupted nursing behaviour. Even if the nursing behaviour of only one sow 

is disrupted, this increases the pressure on all other sows to feed her 

piglets. The high incidence of cross-suckling may be related to reduced 

ADG of piglets and higher cortisol in both piglets and sows (although 

increased activity may also cause lower weight gain through increased 

energy expenditure). Synchronised suckling may help minimize competition 

for milk from opportunistic non-littermates. Understanding whether cross 

sucking is the consequence of reduced maternal bonds or increased piglet 

hunger, or both, is required in order to develop management practices that 

reduce the incidence of cross-suckling. The inclusion of a “piglet 

exclusion” zone may provide sows with the ability to distance themselves 

from the piglets and escape persistent piglet initiated attempts to nurse. 

The higher mortality in group lactation pens was largely associated to 

increased crushing. Reducing piglet mortality and cross-suckling remain the 

most significant barriers to high productivity and welfare in group lactation 

systems. Further investigation of pen design and ambient heating over the 

cooler months in the current group lactation pen may increase piglet 

survival.   

 

4. There are long-term positive effects of group lactation housing on piglet 

social behaviour, but no effects on growth, FCR or mortalities in the 

post-weaning period.  



 67 

Rearing piglets in a more socially and environmentally, (both in terms of 

increased space and the provision of substrate) complex lactation 

environment can positively affect post-weaning adaptability by improving 

social skills and experience with solid feed. Group lactation piglets showed 

better social skills post-weaning, engaging in fewer conflicts and resolving 

conflicts that did occur more quickly than piglets reared in farrowing 

crates. In the present research, piglets could not observe the sows eating, 

and so may not have been any more familiar with solid feed post-weaning 

than piglets reared in farrowing creates. This study tightly controlled for 

effects of familiarity, sex ratio, average weight and coefficient of variation 

in weight in post-weaning pens, and reported increased fighting and 

aggression between piglets in farrowing crates compared to group lactation 

pens. It would be interesting to examine if these effects persist into the 

adolescent or adult female pig.  

 

5. In general, mixing sows and piglets at 7 or 14 days post-partum had no 

effect on sow and piglet behaviour, but the younger piglets were mixed 

into group lactation, the higher the mortality. Further, piglets mixed at 

7 days of age had reduced ADG than those mixed at 14 days.  

Mixing piglets at 7 days of age offered no significant benefits for piglet 

behaviour or welfare, increased their risk of mortality and resulted in a 

lighter piglet at weaning that appears to persist through the growing phase 

of production. While mixing piglets at 10 days of age reduced the impacts 

on piglet growth and mortality, mortality was still higher than when mixed 

at 14 days of age. Based on piglet mortality alone, 7-day-old piglets appear 

too young for a group lactation pen.  

 

6. Sows mixed at 14 days post-partum nosed other sows more frequently 

(a neutral or socio-positive behaviour), lost more weight and were 

lighter at weaning than those mixed at 7 days post-partum. The weight 

of sows mixed at 10 or 14 days post-partum did not differ.  

The increased weight of sows mixed at 7 days post-partum is not feed 

intake related, but, rather, may be related to a lower frequency of 

successful nursing bouts for a longer period. Thus, there do not appear to 

be any benefits for the sow when mixed into group lactation housing at 7 

rather than 14 days post-partum.  
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6. Conclusion  

 
This study provides the most comprehensive assessment to date on the welfare 

implications of GL housing for both sows and piglets. Group lactation housing 

allows for the development and expression of highly motivated maternal 

behaviours, and supports the development of social behaviour in piglets, resulting 

in a reduction in the prevalence of harmful manipulative piglet behaviours and 

lower aggression post-weaning. However, this comes at a cost as cross-suckling 

disrupts sow nursing resulting in reduced milk intake, and possibly piglet hunger 

and sow distress. Further, intra-pig aggression leads to injuries and possibly social 

stress. Finally, piglet mortality is higher in group lactation pens, due to a higher 

incidence of crushing. There do not appear to be any short or long-term benefits 

for sows or piglets in group lactation housing from 7 rather than 14 days post-

partum. In fact, piglet growth in lowest and mortality is highest when mixed at 7 

days post-partum.  

 

A reduction in productivity during the transition to multi-litter sow lactation 

housing may be unavoidable. However, as stock people and animals become 

familiar with the housing system, development in pen and shed design and 

research that reduces the occurrence of cross-suckling progresses, two-stage 

group lactation housing from 10-14 days of age may become a viable loose-sow 

lactation housing option that allows for the expression and development of natural 

behaviour in sows and piglets. 

 

7. Limitations/Risks  

As with much research, that utilizes a single housing system in a single location. 

These results may vary with different group lactation pen designs (i.e. sow get 

away area, age at mixing, space allowance, heating and environmental control 

and other pen and creep design features) and genetic strains (which could affect 

maternal and aggressive behaviours) or experienced sows (raised or experienced in 

confined or free farrowing systems). Further, the management requirements for 

pigs housed in group lactation pens are likely to be greater than for those housed 

in farrowing crates, particularly in terms of increased surveillance and 
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requirement for intervention. Consequently, the application of the results of this 

project to other industry settings may depend increasingly on the training and 

competency of production staff.  Finally, the present project could not record 

piglet behaviour while in the creep. While it assumed that piglets were resting in 

the creep, there may also have been social behaviour (aggression, manipulation, 

play) as piglets were in close contact.  

 

8. Recommendations  

As a result of the present findings and recent overseas research, the following 

recommendations are made: 

 

 The mixing of piglets into group lactation pens should be avoided before 10 

days of age. 

 Research that increases understanding whether cross suckling is motivated 

by hunger, reduced maternal bonds over time, or both, is required so that 

interventions can be designed to reduce the incidence of cross-suckling in 

group lactation pens.  

 Consideration of the inclusion of a sow accessible only zone in the pen, 

particularly later in lactation. Such a zone may also serve as a sow lock away 

area to enhance human safety around lactating sows.  
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