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Executive Summary 

The use of farrowing crates improves the welfare of neonatal pigs by providing warmth and 

limits the risk that piglets become chilled and die from either starvation or being overlain by 

the sow.  Farrowing crates however, restrict the ability of the sow to move around and 

perform ‘normal’ maternal behaviours and have been criticised on welfare grounds.  

Recently, attempts have been made to describe the specific farrowing pen design criteria to 

meet those maternal needs, and commercially-viable confinement-free farrowing and 

lactation systems are being developed (e.g. the Norwegian UMB, Danish SWAP and British 

PigSAFE farrowing pens).   

 

Our recent CRC Project 1A105 evaluated the PigSAFE system under Australian conditions 

and identified that summer is a “high risk” time as piglets and sows share the same space 

within the pen to keep cool, and piglets are at risk of being overlain during this time.  This 

innovative project investigated refining the existing pen designs of these systems (i.e. 

include design features/cooling equipment) to attract piglets into safer areas within the pen 

and to provide cool areas for the sow in an attempt to achieve commercially-viable levels of 

piglet survival and growth over the Australian summer.  

 

The project consisted of two separate experiments investigating cooling innovations in the 

PigSAFE and SWAP loose farrowing systems.  Experiment 1- PigSAFE was conducted in 

summer 2014/15 (3 reps) and summer 15/16 (1 rep) and Experiment 2-SWAP was 

conducted in summer 15/16 (4 reps).  In both systems the shed environment was managed 
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by natural ventilation, dripper systems and overhead fans.  The pen cooling innovations in 

the PigSAFE Experiment included cooled tiles in the creep area and an additional fan over 

the nest area.  The pen cooling innovations in the SWAP Experiment included cooling tiles in 

the creep area, a slatted nest area and an additional fan over the nest area.  Since the 

experiments were conducted in different time periods (different management, seasonal 

effects, health etc.) there has been no comparison made between the PigSAFE and SWAP 

system.  Comparisons between systems should be conducted with caution.  The piglets were 

weaned when they were approximately 27 days of age (±2 days) in both experiments. 

 

The aim of the project was to investigate sow welfare, piglet and sow lying behaviour, piglet 

growth and survival in the PigSAFE and SWAP loose farrowing system which included the 

cooling innovations.   

 

PigSAFE Experiment results: 

There may be benefits of providing additional cooling (cooled tiles in creep and fan in nest 

area) in the PigSAFE design.  In the PigSAFE Experiment, there was no effect of the Cool 

treatment on sow removals, reproductive performance, weight or backfat at entry or 

weaning, stress physiology or sow location preference within the pen.  However, piglet 

behaviour was altered in the Cool treatment and more piglets were observed in the creep in 

the Cool treatment when temperatures were between 24 and 35°C.  There was a trend 

associated with higher feed intake of sows in the Cooled treatment, however, this did not 

translate into improved survival or growth performance of the piglets.  Furthermore, there 

were significant benefits of the Cooled treatment for improving pen hygiene in the nest and 

creep area.  Further research is warranted to assess the impact of the Cooled treatment on 

sow feed intake and piglet survival and growth performance in the PigSAFE system. 

 

SWAP Experiment results: 

There appears to be no benefit of providing additional cooling modifications to the SWAP 

system (cool tiles in creep and fan over nest).  In the SWAP Experiment, there was no effect 

of additional Cooling or Floor Type (solid or slatted nest) on sow removals, live weight or 

back fat at entry or weaning, stress physiology or sow location preference within the pen in 

the SWAP Experiment.  There was no effect of Cooled treatment on sow feed intake in 
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lactation.  Sows in the slatted floor treatments had a significantly higher feed 

intake/‘disappearance’ in lactation, however anecdotal observations indicated there was 

higher feed wastage in the slatted pens.  There was no effect of additional cooling on nest 

hygiene throughout the experiment.  As expected, the slatted nest area pens were cleaner 

than the solid nest area pens.   

 

There was a significant difference in the behaviour of piglets in the Cooled treatments 

compared to the Control treatments when the shed temperature was greater than 36°C.  

Piglets in the Cooled treatment spent a greater proportion of their time lying on the cooled 

tiles in the creep areas compared to the Control treatments.  However, this change in 

behaviour did not significantly impact on piglet survival, piglet rate of gain or weaning 

weight.  Interestingly, there was a trend for a negative impact on growth performance and 

weaning weight in the Cooled treatments. 

 

The inclusion of a slatted nest area with the SWAP pen design remains controversial.  The 

benefit of a slatted nest area is that pen hygiene is improved, the surface of the floor may 

be cooler than solid flooring and air flow may be improved.  This experiment indicated a 

trend for a greater number of piglets weaned out of the pens with slatted nest area.  The 

ability to provide a substrate for nest building is critical in meeting the biological needs of 

the sow.  The current design of the SWAP pen with the slatted nest area still allows straw 

enrichment to be delivered prior to farrowing via the straw hopper.   

 

Further research is warranted to assess further cooling strategies in the PigSAFE and SWAP 

systems over the Australian summer.  These may include micro-control within pens or 

assessment of systems that allow greater control of shed environment over the summer 

conditions (e.g. climate control of sheds). 
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Introduction 

The use of farrowing crates can improve the welfare of neonatal pigs by providing warmth 

in a restricted space and limit the risk that piglets become chilled and die from either 

starvation or being overlain by the sow.  Farrowing crates and the concomitant lack of 

nesting material, however, restrict the ability of the sow to move around and perform 

‘normal’ pre-farrowing behaviours such as nest-site selection, nest-building activity and 

bonding with the piglets, and therefore have been criticised on welfare grounds.  Recently 

attempts have been made to describe the specific farrowing pen design criteria to meet 

those needs, and commercially-viable confinement-free farrowing and lactation systems are 

being developed for Australian conditions (e.g. the Norwegian UMB and the PigSAFE (Piglet 

and Sow Alternative Farrowing Environment) farrowing pens; Morrison and Cronin, 2013; 

Baxter et al 2011a,b;2012; Cronin, 2010). More recently, SWAP (Sow Welfare And Piglet 

Protection) pen developed in Denmark has been introduced into Australia (Hales, 2015). 

 

Our recent CRC project 1A105 evaluated the PigSAFE system under Australian conditions 

and identified that summer is a “high risk” time as piglets and sows share the same space 

(dunging area) within the pen to keep cool, and piglets are at risk of being overlain during 

this time.  Innovative features and refinements of existing farrowing pens designs are 

required to improve piglet survival in loose farrowing systems over summer. 

 

The aim of this project was to refine the existing pen designs of these systems (i.e. include 

design features/cooling equipment) to attract piglets into safer areas within the pen and to 

add cooling features for the sow, with the aim to achieve commercially-viable levels of 

piglet survival and growth over the Australian summer.  The project consisted of two 

separate experiments investigating cooling innovations in the PigSAFE and SWAP system. 

Experiment 1- PigSAFE was conducted in summer 2014/15 (3 reps) and summer 15/16 (1 

rep) and Experiment 2-SWAP which was conducted in summer 15/16. 

 

The aim was to investigate sow welfare, piglet and sow lying behaviour, piglet growth and 

survival in the PigSAFE and SWAP loose farrowing system which included the cooling 

innovations. 
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The hypothesis for both experiments was that was that the sow would spend more time in 

the nest and piglets would spend more time in the creep area resulting in increase in sow 

welfare, feed intake/disappearance, piglet survival, and growth. 

 

Materials and Methods 

These experiments were conducted between Dec 2014 and March 2016 in a farrowing 

house unit of a large commercial piggery in southern New South Wales, Australia.  All animal 

procedures were conducted with prior institutional ethical approval under the requirements 

of the NSW Prevention of Cruelty to Animals Act 1985, in accordance with the National 

Health and Medical Research Council/Commonwealth Scientific and Industrial Research 

Organisation/Australian Animal Commission Code of Practice for the Care and Use of 

Animals for Scientific Purposes.  A total of 304 sows (120 sows in PigSAFE and 190 in SWAP) 

over 4 time replicates were studied.  Landrace × Large White sows of mixed parity (range: 

gilts-parity 5) that were of good health at the beginning of the experiment were included in 

the study.  There were equal numbers of gilts allocated to each housing treatment in each 

time replicate.  

 

Housing  

There were two farrowing/lactation housing systems used in the experiment.  The PigSAFE 

system and the SWAP system.  The two housing systems were located in adjacent sheds.  

The buildings were similar in terms of construction material.  The buildings were open-sided 

with shutters and heating which enabled some temperature control.   

 

The PigSAFE shed contained 30 PigSAFE pens (Photograph 1).  The PigSAFE pens were 2.4m 

wide x 3.6m long. The flooring was solid plastic in the nest area and slatted in the dunging 

area. The pen contained an enclosed creep area that had an overhead heat lamp that was 

activated when the temperature dropped below 26°C.  In the PigSAFE shed, misters and fans 

were located above the dunging area for cooling.  The fans were activated when the 

ambient temperature reached 24°C and the misters/drippers were activated when the 

ambient temperature reached 28°C and were on for 3 min and off for 10 min intervals. 
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The SWAP shed contained 52 SWAP pens, of which 46 SWAP pens were used in the 

experiment (Photograph 2).  The SWAP pens were 2.1m w x 2.9 m long with plastic flooring.  

In 29 pens there was a slatted nest area (Photograph 3), in the remaining 17 pens there was 

a solid nest area (Photograph 4).  The pen contained an enclosed creep area that had an 

overhead heat lamp that was activated when the temperature dropped below 26°C.  In the 

SWAP shed, drippers were located over the nest (whilst the sow was crated post-farrowing) 

and dunging areas.  Fans were located over the dunging areas in both housing systems.  The 

fans were activated when the ambient temperature reached 24°C and the misters/drippers 

were activated when the ambient temperature reached 28°C and were on for 3 min and off 

for 10 min intervals. The sows in the SWAP pen were fed the entire time from the front 

feeder. 

 

Sows in both housing systems were managed by the same stock people.  Sows were moved 

into each housing system within 7 days of their expected farrowing date.  Sows were 

provided with a biscuit of long cut straw 2 days prior to their expected farrowing date 

(PigSAFE on the solid nest area and in the straw rack in SWAP).  If the sow ate/removed the 

straw, additional straw was provided up until farrowing.  Sows in the PigSAFE system were 

loose the entire time.  In the SWAP system the sows were confined into the SWAP crate 

once farrowing (see Photograph 4) was completed (day 1) (once afterbirth delivered) and 

were released on day 4 post-farrowing.  The sows in the SWAP system remained loose for 

the rest of their lactation. 

 

Minimal fostering was conducted within the first 24 hrs post-birth in all housing treatments.  

If possible the piglets were fostered within treatment.  After farrowing, all sows were 

provided with a commercial lactation diet (14.9 MJ DE/kg and 16.2% crude protein) in a 

step-up program.  By day 4 of lactation, sows were provided with ad libitum feed.  The 

piglets were weaned when they were approximately 27 days of age (±2 days) in both 

experiments. 
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Photograph 1. The Rivalea PigSAFE farrowing pen. 
 
 

 

Figure 1. Floorplan of the Rivalea PigSAFE farrowing pen. 
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Photograph 2. The Rivalea SWAP pen 

 
 

 
Photograph 3 and 4. The Rivalea SWAP pen. Slatted floor (left) and solid floor (right).  
The SWAP crate was closed for first 4 days post-farrow in both floor types (right).    
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Figure 2. Floorplan of the Rivalea SWAP farrowing pen. Note: ‘Slatted’ pens have slatted nest area 
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Housing treatments 
Experiment 1: PigSAFE 

The PigSAFE Experiment was conducted over four time replicates (120 sows in total). 

Replicates 1 to 4 were conducted from Dec 2014 to March 2015 and replicate 4 was 

conducted in Dec 2015. 

 

Treatments:  

PigSAFE Control: Standard pen and creep management  

PigSAFE Cooled: Additional cooling-a 30cm fan was attached to the creep and airflow 

directed over the nest area and 3 ‘cool’ tiles (each tile was 400 wide x 1200mm) that 

covered the whole creep area (MIK International, Germany Thermo W 400) (See 

photographs 5 and 6). 

 

During the whole time, in both treatments the heat lamp in the creep area was activated 

when the ambient temperature dropped below 26 °C.  The cooling tiles were cooled by 

running mains pressure water through the tile.  The surface temperature of the cool tiles 

was approximately 2°C cooler than the surrounding tiles.  Cooling treatments started on day 

4 post-farrow and continued throughout lactation. 

 

Experiment 2: SWAP 

The SWAP Experiment was conducted over four time replicates (190 sows in total).  

Replicates 1 to 4 were conducted from Nov 2015 to March 2016.  A 2 x 2 factorial design 

was used with the main factors being additional Cooling (standard pen vs cooled tiles/fan in 

nest) and Floor Type (solid vs slatted nest area). 
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Treatments:  

SWAP Control/solid nest: Standard pen with solid nest area (plastic flooring) 

SWAP Control/slatted nest: Standard pen with slatted nest area (cast iron slats) 

SWAP Cooled/solid nest: Additional cooling-a 30cm fan was attached to the creep and 

airflow directed over the nest area and 3 ‘cool’ tiles (400 x 1200mm each tile) that covered 

the whole creep area (MIK International, Germany Thermo W 400) with solid nest area. 

SWAP Cooled/slatted nest: Additional cooling-a 30cm fan was attached to the creep and 

airflow directed over the nest area and 3 ‘cool’ tiles (400 x 1200mm each tile) that covered 

the whole creep area (MIK International, Germany Thermo W 400) with slatted nest area 

(See photographs 5 and 6). 

 

 
 
Photographs 5 and 6. Cooled treatments in PigSAFE and SWAP Experiment included a fan over 
nest area and cooled tiles in creep area 

 

During the whole time, in all treatments, the heat lamp in the creep area was activated if 

the ambient temperature dropped below 26 °C.  The cooling tiles were cooled by running 

mains pressure water through the tile.  The surface temperature of the cool tiles was 

approximately 2°C cooler than the surrounding tiles.  The cooling treatments started on day 

4 post-farrow when the sow was released from the crate and continued for the duration of 

lactation. 
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Measurements 

Sow live weight and piglet weight 

All of the sows were individually weighed and P2 back fat measured by ultrasound prior to 

entry to housing system (prior to farrowing) and at weaning.  The litters of piglets were 

weighed post-farrowing (within 24 hrs. of birth post-fostering) and at weaning.  The piglet 

rate of gain was calculated.  The feed disappearance of the sows was recorded on a daily 

basis. 

 

Stress physiology 

Saliva samples were collected from all focal sows (20 focal sows in PigSAFE experiment and 

80 focal sows in SWAP experiment) within five days post-farrowing and 3 days prior to 

weaning.  Saliva was collected by allowing the sows to chew on cotton buds that were 

attached to a plastic cable tie (Salivettes®, Sarstedt Australia, South Australia, Australia) for 

approximately 30s.  All of the samples were collected between 13:00 and 14:00hrs to 

minimise diurnal variation.  The technician entered the pen carrying a stock board and 

moved the focal sow quietly to the corner and encouraged her to chew on the cotton bud.  

The samples were centrifuged at 7000 rpm and stored at -20°C until analysed.  Saliva 

samples were analysed for cortisol concentration using an RIA kit (MP Biomedicals 

Australasia | 2/29 Bearing Road, Seven Hills NSW).   

 

Impact of temperature on sow and piglet behaviour 

Data were analysed in each of the experiments to determine how temperature influenced 

piglet and sow location preference within each housing treatment.  The location of the sows 

and piglets was recorded on a daily basis (week days), starting at 1300 hrs.  Immediately 

prior to recording scans, the internal shed temperature was noted from in situ temperature 

loggers.  The scan data were converted into percentage of the litter in each location.  Sow 

scan data were converted into percentage of sows in each location.  Sows were assigned to 

either being in the nest, dunging passage or feeder.  Piglets could be in a number of possible 

locations including creep, open nest, under sloped wall in nest, feeder, dunging area, under 

wall/bar in dunging area, at the sow’s udder or active. 
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For each housing system the temperature data were categorized based on descriptive 

statistics and distribution (see Figures 3, 4) and using standard deviation as an appropriate 

range: 

Experiment 1: PigSAFE 

T1 = <24.3°C 

T2 = 24.4°C - 28°C  

T3 = 28.1°C - 31.7°C 

T4 = 31.8°C - 35.4°C 

T5 = >35.4°C 

 

Experiment 2: SWAP 

T1 = <23.8°C 

T2 = 23.9°C - 27.8°C  

T3 = 27.9°C - 31.9°C 

T4 = 32°C- 36°C 

T5 = >36°C  

 

 
Figure 3. Histogram showing the distribution of PigSAFE shed temperatures (°C) 
experienced over the duration of the experiment. 
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Figure 4. Histogram showing the distribution of the SWAP shed temperatures (°C) over the 
duration of the experiment. 
 

Reproductive performance and piglet mortality  

The number of piglets born alive, stillborn and mummified was recorded for each litter.  The 

date and cause of death of piglets from birth to weaning was recorded.  

 

Pen hygiene 

The hygiene in each pen (nest and creep area) was scored at day 0, 17, 14 and 21 post-

farrowing.  The score was either 1-clean, 2-at least 50% of the nest/creep area was covered 

in manure or 3-greater than 50% of the area was covered in manure.   

 

Statistical analysis 

Reproductive performance, mortality, stress physiology and growth 

All data were checked for normality and homogeneity of variance.  Statistical analyses were 

performed using SPSS (Version 21 -SPSS Inc., Chicago, Illinois, USA).  Analysis was conducted 

using Univariate General Linear Model, using each sow/litter as the experimental unit. 

Treatment (Cooling) was included as a fixed effect (and Floor Type in Experiment 2: SWAP) 

and replicate was included as a random factor.  Chi-square analysis was used to determine if 

there were differences between cause of piglet death and number of sows removed and 

sow and piglet behaviour and location preference.  
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Results 
 
The two experiments were conducted during different time periods, therefore the results 

and discussion are presented separately and a direct comparison has not been made 

between the PigSAFE and SWAP system. 

 

Results-Experiment 1: PigSAFE 

Table 1. Number of sow removals in the PigSAFE Control and Cooled treatments. 

 

 

 

 

 

 

Table 1 shows the number of sow removals in each of the treatments.  There was no 

significant difference (P>0.05; 2=0.0) in the number of sow removals due to health 

problems between treatments. 

 

Table 2. Sow characteristics in the PigSAFE Control and Cooled treatments. 
 

 PigSAFE 
Control 

PigSAFE 
Cooled 

SEM P value 

Average sow parity 
(range gilt=0 to parity 5) 

3 3 - - 

Sow liveweight (kg) (Entry)* 290.6 290.4 5.01 0.982 
Sow liveweight (kg) (Weaning)  260.0 256.0 4.60 0.661 
Sow P2 Back fat (mm) (Entry) 28.9 29.7 0.68 0.543 
Sow P2 Back fat (mm) 
(Weaning) 

26.6 27.7 0.56 0.421 

Sow feed intake/disappearance 
(kg/day) 

6.7 6.9 0.07 0.126 

 

*Sow weight at start includes weight of conceptus. 

 

Table 2 shows the sow characteristics in each of the PigSAFE treatments.  There was no 

significant difference (P>0.05) between the sow liveweight and back fat at entry or weaning 

between treatments.  There was a trend (P=0.126) for sows in the Cooled treatment to have 

a higher average daily intake in lactation. 

 PigSAFE 
Control 

PigSAFE Cooled 

Not pregnant 2 1 

Agalactia 1 0 

Leg problems/lameness 1 0 

Sudden death 1 0 

Total number of sows in experiment 100 20 
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Table 3. Sow reproductive performance, piglet survival and piglet growth in the PigSAFE 
Control and Cooled treatments. 

 

 PigSAFE 
Control 

PigSAFE 
Cooled 

SEM P value 

Litters farrowed     
Litter characteristics     
Average number of piglets born alive 12.0 12.7 0.27 0.368 
Average number of still born piglets 1.0 1.0 0.12 0.933 
Average number piglets weaned* 9.0 9.3 0.19 0.548 
Live born mortality (%)* 25.6 20.1 1.59 0.222 
Piglet growth     
Average piglet birth weight (kg) 1.5 1.50 0.02 0.470 
Average piglet weaning weight (kg)** 7.7 7.5 1.22 0.617 
Piglet rate of gain (g/day-birth to wean)** 222.7 217.1 3.91 0.576 

 

*Number of piglets born alive used as covariate in analysis.  Liveborn mortality figures are calculated for each litter (taking into account 
fostering adjustment)-these figures do not reconcile with average numbers born and weaned.   
**Piglet birth weight used as covariate in analysis. 
 

Table 3 shows the sow reproductive performance, piglet survival and piglet growth between 

the treatments.  There was no significant difference (P>0.05) between treatments. 

 

Figure 5. The cause of piglet death in the PigSAFE Control and Cooled treatments 

Figure 5 shows the cause of death of piglets between treatments.  There was no significant 

difference (P>0.05; 2=0.48) in the cause of death between treatments.  The majority of 

piglet deaths occurred within the first 48 hrs of birth in both treatments.   
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Table 4. Sow salivary cortisol in the PigSAFE Control and Cooled treatments. 
 

 PigSAFE Control PigSAFE 
Cooled 

SEM P value 

Cortisol (ng/ml) : Av.5 days post-farrow 2.80 3.34 0.274 0.393 
Cortisol (ng/ml): Weaning 2.17 2.64 0.218 0.251 

 

Table 4 shows the sow salivary cortisol concentrations between treatments.  There was no 

significant difference (P>0.05) between treatments. 

 

Table 5. Pen hygiene scores at day 0,7,14 and 21 post-farrowing in the PigSAFE Control 
and Cooled treatments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ab Within rows values with different superscripts are significantly different (P<0.05) 

 

Table 5 shows the pen hygiene scores between treatments.  There was a significant 

difference (P<0.05) between treatments in the hygiene of the nest and creep areas at day 

14 and 21 post-farrow.  The Cooled treatments had a lower score (were cleaner) than the 

Control treatment. 

 

  

 PigSAFE 
Control 

PigSAFE 
Cooled 

SEM P value 
 

Nest area     

Day 0  1.1 1.0 0.03 0.165 

Day 7  1.7 1.4 0.07 0.224 

Day 14  1.9 1.6 0.08 0.067 

Day 21  2.4a 1.6b 0.08 0.000 

     

Creep area     

Day 0  1.0 1.0 0.02 0.890 

Day 7  1.2 1.1 0.03 0.145 

Day 14  1.3a 1.1b 0.05 0.025 

Day 21  1.7a 1.2b 0.07 0.002 
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Figure 6. PigSAFE sow location preference depending on shed temperature 
*Denotes significant difference (P<0.05) between proportion of sows in nest area compared to 
other areas within the pen. 

 
Figure 6 shows the sow location preference depending on shed temperature in the PigSAFE 

Experiment.  There was no significant difference (P>0.05) in the location preference of sows 

up to 35.4°C.  At temperatures greater than 35.4°C, sows spent significantly more (P<0.05; 


2=12.27) time in the dunging area than in the Cooled treatment. 

 

 

Figure 7. PigSAFE piglet location preference depending on shed temperature 
*Denotes significant difference (P<0.05) between proportion of piglets in creep area compared to 
other areas within the pen. 
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Figure 7 shows the piglet location preference depending on the shed temperature in the 

PigSAFE Experiment.  There was a significant difference (P<0.05) in the location preference 

of the piglets in the cooled treatment compared to the control treatment.  In all 

temperature ranges up to 35.4°C there were a greater proportion of piglets in the creep 

area of the Cool treatment than the Control treatment.  There was no significant difference 

(P>0.05) in location preference when the temperature exceeded 35.4°C. 
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Discussion-Experiment 1: PigSAFE 

 

Sow removal, lactation performance, stress physiology and behaviour. 

There was no effect of the Cool treatment on sow health and welfare.  There was no 

difference in the number of sows removed due to death, euthanasia, agalactia, injury or 

lameness.  There was no difference in live weight and P2 back fat depth at entry to farrowing 

house or weaning.  There was a trend for sows in the Cooled treatment to have a higher feed 

intake in lactation.  There was no difference in the location preference (i.e. dunging area or 

nest) of sows between the Control and Cooled treatments.  Interestingly, at temperatures 

greater than 35.4 °C a greater proportion of sows were observed in the dunging area in the 

Cooled treatment.  These results were surprising, as it was expected that sows in the Cooled 

treatment would prefer the fan in nest area, however it is speculated that sows were 

preferring the combination of water (via dripper system) and fan in the dunging area during 

these periods of extreme temperature.  Limited information is known about the effects of the 

fan (i.e. wind speed) and whether the fan was substantial enough to attract the sow to the 

nest area. 

 

In this experiment the biological responses of the sow were used to assess sow welfare.  The 

stress response commences when the central nervous system first perceives a potential 

challenge (stressor) to homeostasis and one of the key biological defense responses is that of 

the neuroendocrine system with the activation of the hypothalamic-pituitary–adrenal-axis 

(HPA) axis and the release of corticosteroids (Barnett and Hemsworth, 2009).  Therefore, 

cortisol concentrations were measured in this experiment to determine activation of the HPA 

axis.  There was no difference in sow salivary cortisol concentrations at 5 days post-farrowing 

and at weaning between the Control and Cooled treatment, indicating that the biological 

responses were similar between the Control and Cooled treatment.  The feed intake in 

lactating sows can be affected by heat stress (Black et al., 1993).  The indication of higher 

feed intake in the Cooled treatment may be attributed to sows being cooler (and as a result 

increased feed intake) than the Control. 
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Piglet behaviour, survival and growth performance 

Piglet survival (live born mortality) and number of piglets weaned per sow were comparable 

between the Control and Cooled treatments.  There was a significant difference in the 

behaviour of piglets in the Cooled treatments compared to the Control treatments.  There 

were a significantly greater proportion of piglets observed in the creep area of the Cool 

treatment compared to the Control treatments.  However, this change in behaviour did not 

significantly impact on piglet survival or piglet rate of gain in the Cooled treatments.  There 

was no significant difference in the cause of death between treatments, with the majority of 

piglets being overlain by the sow within the first two days post-partum.  These results are 

similar to ours and other studies investigating piglet survival in loose and farrowing crate 

systems (Morrison and Cronin, 2013; Marchant et al., 2000; Dyck and Swierstra, 1987; 

Pedersen et al., 2006) where the major cause of piglet mortality was due to being overlain by 

the sow. 

 

Further research is warranted using a greater number of animals to fully understand the 

impact of the change in piglet location preference behaviour and impact on piglet survival in 

the Cooled treatment, as numerically the piglet survival was higher in the Cooled treatment.  

 

Pen hygiene 

There was a significant difference between treatments in the hygiene of the nest and creep 

areas at day 14 and 21 post-farrow.  The Cooled treatments had a cleaner nest and creep area 

compared to the Control treatment.  The cleaner nest area in the Cooled treatment may have 

been attributed to the sow spending more time in the dunging area (and defecating in this 

area as a result of spending more in this area) when the temperature exceeded 35.4°C.  

 

There may be benefits of utilising cool tiles in the creep area for summer management 

strategy in the PigSAFE system.  There was a trend associated with higher feed intake of sows 

in the Cooled treatment, however, this did not translate into improved survival or growth 

performance of the piglets.  Furthermore, there were significant benefits of the Cooled 

treatment for pen hygiene.  Under Australian environmental conditions, commercial 

experience suggests that it is not necessary to use a heat mat in addition to a heat lamp for 

temperature control in the creep area (as is practiced in the United Kingdom with cooler 
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winters).  Therefore, it may be commercially feasible to install cool tiles in the creep area that 

are only used during the summer months.  The heat lamp would be used throughout the year 

as required.  Further research is warranted to assess the impact of the Cooled treatment on 

sow feed intake and piglet survival in the PigSAFE system. 
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Results-Experiment 2: SWAP 

Table 6. Number of sow removals in the SWAP Experiment. 

 

 

 

 

 

 

 

 

Table 6 shows the number of sow removals in each of the treatments.  There was no 

significant difference (P>0.05; 2=2.99) in the number of sow removals due to health 
problems between treatments. 
 
Table 7. Sow characteristics in the SWAP Experiment. 

 

 Cooling Floor Type SEM P value 
Cooling 

P value 
Floor type 

 Control Cooled Solid Slatted    
Average sow parity 
(range gilt=0 to parity 5) 

2 2 2 2 - - - 

Sow liveweight (kg) 
(Entry)* 

270.8 266.5 270.3 267.1 3.83 0.641 0.630 

Sow liveweight (kg) 
(Weaning)  

247.2 249.2 251.1 245.2 3.64 0.817 0.493 

Sow P2 Back fat (mm) 
(Entry) 

27.8 28.0 27.8 28.0 0.51 0.842 0.938 

Sow P2 Back fat (mm) 
(Weaning) 

26.9 28.1 27.5 27.6 0.51 0.294 0.924 

Sow feed 
intake/disappearance 
(kg/day) 

7.25 7.14 7.05a 7.34b 0.07 0.386 0.027 

 

*Sow weight at start includes weight of conceptus. 
ab Within rows values with different superscripts are significantly different (P<0.05) 
 

 

Table 7 shows the sow characteristics in each of the housing treatments.  There were no 

significant (P>0.05) interactions between treatments.  There was no significant (P>0.05) 

difference between the sow liveweight and back fat pre-farrowing or at weaning between 

the Cool treatments or Floor Type.  There was no significant effect (P>0.05) of Cooling 

treatment on sow feed intake.  Sows in the slatted floor treatment had a significantly 

(P<0.05) higher feed intake compared to those in the solid floor treatment. 

 Control 
Cooling 

Control 
Cooling 

Cooled Cooled 

 Solid 
floor 

Slatted 
floor 

Solid 
floor 

Slatted 
floor 

Required to be foster sow 1 1   
Not pregnant  1   
Agalactia 1 2 2  
Leg problems/lameness  2   
Sudden death 3 2   
Total number of sows 47 93 22 28 
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Table 8. Sow reproductive performance, piglet survival and piglet growth in the SWAP 
Experiment. 

 

 Cooling Floor type SEM P value 
Cooling 

P 
value 
Floor 
type 

 Control Cooled Solid Slatted    
Litter characteristics        
Average number of 
piglets born alive 

12.0 11.7 11.7 12.1 0.21 0.563 0.448 

Average number of still 
born piglets 

1.3 0.9 1.2 1.0 0.10 0.071 0.223 

Average number piglets 
weaned* 

9.5 9.2 9.1 9.6 0.14 0.330 0.135 

Live born mortality (%)* 20.6 25.8 23.6 22.8 1.31 0.094 0.776 
Piglet growth        
Average piglet birth 
weight (kg) 

1.52 1.47 1.50 1.49 0.02 0.160 0.735 

Average piglet weaning 
weight (kg)** 

7.9 7.5 7.6 7.7 0.09 0.081 0.678 

Piglet rate of gain (g/day-
birth to wean)** 

233.2 223.7 226.8 230.0 2.91 0.152 0.624 

 

*Number of piglets born alive used as covariate in analysis.  Liveborn mortality figures are calculated for each litter (taking into account 
fostering adjustment)-these figures do not reconcile with average numbers born and weaned.   
**Piglet birth weight used as covariate in analysis. 
 

Table 8 shows the sow reproductive performance, piglet survival and piglet growth in the 

treatments.  There were no significant (P>0.05) interactions between treatments.  There 

was no significant (P>0.05) effect of Cooling treatment on number of piglets born alive or 

the number of piglets weaned. There was a trend (P<0.1) for more stillborn piglets in the 

Control treatment and higher live born mortality and lower rate of gain and weaning weight 

in the Cooled treatment.  

 

There was no significant (P>0.05) effect of Floor Type on number of piglets born alive, 

number of stillborn piglets,  live born mortality, piglet growth rate and weaning weight. 

There was a trend (P=0.135) for higher number of piglets weaned in the slatted floor 

treatment. 
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Figure 9. The cause of piglet death in the SWAP Experiment. 

Figure 9 shows the cause of death in the SWAP Control and Cooled treatments.  There was 

no significant difference (P>0.05; 2=3.71) in the cause of death between treatments.  The 

majority of deaths occurred within the first 48 hrs of birth in both treatments.   

 

Table 9. Sow salivary cortisol in the SWAP Experiment. 
 

 Cooling Floor type SEM P value 
Cooling 

P 
value 
Floor 
type 

 Control Cool Solid Slatted    
Cortisol (ng/ml) :  
Av.5 days post-farrow 

3.37 3.29 3.55 3.12 0.160 0.845 0.261 

Cortisol (ng/ml): Weaning 2.55 2.86 2.47 2.94 0.129 0.327 0.133 

 

 

Table 9 shows the sow salivary cortisol concentrations in the SWAP housing treatments. 

There was no significant (P>0.05) interaction between treatments and there was no 

significant (P>0.05) effect of cooling or floor type on cortisol concentration at five days post-

farrow and weaning. There was a trend for higher (P=0.133) cortisol in the slatted floor 

treatment. 
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Table 10. Pen hygiene scores at day 0, 7, 14 and 21 post-farrow in the SWAP Experiment 

ab Within rows values with different superscripts are significantly different (P<0.05) 

 
Table 10 shows the pen hygiene scores between treatments.  There were no significant 

(P>0.05) interactions between treatments. There was no significant effect (P>0.05) of 

Cooled treatment on nest hygiene at day 0, 7, 14 and 21 post-farrow. The creep areas in 

the cooled treatment had a significantly higher (P<0.05) pen hygiene score (were dirtier) 

than the control treatment at day 7 and 14 post-farrow. There was a significant effect 

(P<0.05) of floor type on pen hygiene scores.  Pens with the solid nest area had a higher 

score (were dirtier) than the slatted floor at day 0,7,14 and 21 post-farrow.  The creep 

area in the solid pens was significantly (P<0.05) dirtier at day 21 compared to the creep 

area in the slatted pens.  

 
 
 
 
 

 Cooling Floor type SEM P value 
Cooling 

P value 
Floor type 

 Control Cool Solid Slatted    

Nest area        

Day 0  1.1 1.1 1.2a 1.0b 0.02 0.428 0.000 

Day 7  1.5 1.4 1.7a 1.2b 0.04 0.447 0.000 

Day 14  1.5 1.4 1.7a 1.2b 0.04 0.157 0.000 

Day 21  1.3 1.3 1.5a 1.1b 0.04 0.961 0.000 

        

Creep area        

Day 0  1.0 1.0 1.0 1.0 0.01 0.957 0.125 

Day 7  1.1a 1.2b 1.2 1.1 0.03 0.019 0.079 

Day 14  1.2a 1.4b 1.3 1.3 0.04 0.009 0.650 

Day 21  1.2 1.2 1.3a 1.1b 0.03 0.432 0.046 
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Figure 10. SWAP sow location preference depending on shed temperature. 
 

Figure 10 shows the sow location preference depending on shed temperature in the SWAP 

Experiment.  There was no significant difference (P>0.05) in the location preference of sows. 

 

 
Figure 11. SWAP piglet location preference depending on shed temperature. 
*Denotes significant difference (P<0.05) between proportion of piglets in creep area compared to 
other areas within the pen. 

Figure 11 shows the piglet location preference depending on the shed temperature in the 

SWAP Experiment.  There was no significant difference (P<0.05) in the location preference 

of the piglets in the Control treatment compared to the Cooled treatment up to 36°C.  

Above 36°C, there were a greater proportion of piglets in the cooled creep area than in the 

control treatments.  There was no effect of floor type on piglet location preference.  
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Discussion-Experiment 2: SWAP 

 

There was no effect of additional cooling or floor type (solid or slatted nest) on sow health, 

performance, behaviour and welfare in the SWAP Experiment.  There was no difference in the 

number of sows removed due to death, euthanasia, agalactia, injury or lameness.  There was 

no difference in live weight and P2 back fat depth at entry to farrowing house or weaning 

between treatments.  There was no effect of cooled treatment on sow feed intake in 

lactation. Sows in the slatted floor treatments had a significantly higher feed intake in 

lactation.  However, anecdotal observations indicated there was higher feed wastage in the 

slatted pens as feed fell through the slats (when feeders cleaned daily) and into the effluent 

pit, where as in the pens with the solid nest area food was trapped on the solid area and 

eaten by the sow.  This feed wastage may have attributed to the higher feed 

intake/’disappearance’ in the slatted floor treatments. 

 

There was no effect of additional cooling or floor type on the location preference of the sows 

during the hotter part of the day.  The additional fan in the nest area did not attract sows to 

the nest area as temperature increased.  Sows tended to spend 50% of their time in either 

the nest or dunging area.  Limited information is known about the effects of the fan (i.e. wind 

speed) and whether the fan was substantial enough to attract the sow to the nest area. 

 

There was no effect of additional cooling or floor type on the sow salivary cortisol 

concentrations at day 5 post-farrowing and at weaning.  In this experiment the biological 

responses of the sow were used to assess sow welfare.  The stress response commences 

when the central nervous system first perceives a potential challenge (stressor) to 

homeostasis and one of the key biological defense responses is that of the neuroendocrine 

system with the activation of the hypothalamic-pituitary–adrenal-axis (HPA) axis and the 

release of corticosteroids (Barnett and Hemsworth, 2009).  Therefore, cortisol concentrations 

were measured in this experiment to determine activation of the HPA axis.  There was a trend 

for higher salivary cortisol in the slatted floor treatment.  Further research is required to fully 

assess the impact of floor type of stress physiology. 
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Pen hygiene 

There was no effect of additional cooling on nest hygiene throughout the experiment.  As 

expected, the slatted nest area pens were cleaner (lower hygiene score) than the solid nest 

area pens.  The creep areas in the Cooled treatments were dirtier at day 7 and 14, and the 

pens with a solid nest area also had dirtier creep areas at day 21 post-farrowing. 

 

Piglet behaviour, survival and growth performance 

There was a significant difference in the behaviour of piglets in the Cooled treatments 

compared to the Control treatments when the shed temperature was greater than 36°C.  

Piglets in the Cooled treatment spent a greater proportion of their time lying on the cooled 

tiles in the creep areas compared to the Control treatments.  However, this change in 

behaviour did not significantly impact on piglet survival or piglet rate of gain.   

 

There was no significant effect of additional cooling on piglet survival and growth 

performance in the SWAP Experiment.  There was a trend for more still born piglets in the 

Control treatment.  These results cannot be explained as the housing and management of the 

two treatments were exactly the same at this point in time (cooling tiles treatments were not 

activated until day 4 post-birth).  There was a trend for higher piglet mortality, lower piglet 

growth rate of gain and lower weaning weight in the Cooled treatment.  There was no 

significant effect of Floor Type on sow and piglet behaviour, piglet survival or growth 

performance, however there was a trend for higher number of piglets weaned in the slatted 

floor treatment.  There was no significant difference in the cause of death between 

treatments, with the majority of piglets being overlain by the sow within the first two days 

post-partum.  These results are similar to ours and other studies investigating piglet survival 

in loose and farrowing crate systems (Morrison and Cronin, 2013; Pedersen et al., 2006; 

Marchant et al., 2000; Dyck and Swierstra, 1987) where the major cause of piglet mortality 

was due to being overlain by the sow. 
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The inclusion of a slatted nest area with the SWAP pen design remains controversial.  There 

are currently both designs used in commercial production throughout Denmark and Australia. 

The benefit of a slatted nest area is that pen hygiene is improved, the surface of the floor will 

be cooler than solid flooring and air flow may be improved (especially in Australian summer 

environment).  This experiment indicated a trend for a greater number of piglets weaned out 

of the pens with slatted nest area.   

 

Baxter et al. (2011a) reviewed the biological needs of the sow and piglets and recommends 

these requirements be incorporated into the design of loose farrowing accommodation.  The 

ability to provide a substrate for nest building is critical in meeting the biological needs of the 

sow.  The current design of the SWAP pen with the slatted nest area still allows straw 

enrichment to be delivered prior to farrowing via the straw hopper.  There have not been any 

issues to date in regard to effluent management in the liquid effluent system below the 

slatted pens.  However, Baxter et al. (2011a) also recommends flooring in the nest area with 

high thermal resistance for sows during farrowing.  It is also recommended that different 

flooring types are used (i.e. solid nest area vs slatted in the dunging area) to allow for 

temperature differentials within the pen, allowing the sow and piglets choice of where to lie.  

 

 

 

  



 

33 

 

Conclusion/Recommendations 

PigSAFE Experiment 

There was no effect of the Cool treatment on sow removals, live weight or back fat at entry 

and weaning, stress physiology on sow location preference within the pen.  However, piglet 

behaviour was altered in the Cool treatment and more piglets were observed in the creep in 

the Cool treatment up to temperatures of 35.4°C.  There was a trend associated with higher 

feed intake of sows in the Cooled treatment however, this did not translate into improved 

survival or growth performance of the piglets.  Furthermore, there were significant benefits 

of the Cooled treatment for improving pen hygiene in the nest and creep area.  Further 

research is warranted to assess the impact of the Cooled treatment on sow feed intake and 

piglet survival and growth performance in the PigSAFE system. 

 

SWAP Experiment 

There was no effect of additional Cooling or Floor Type (solid or slatted nest) on sow 

removals, live weight or back fat at entry or weaning, stress physiology or sow location 

preference within the pen in the SWAP Experiment.  There was no effect of Cooled 

treatment on sow feed intake in lactation.  Sows in the slatted floor treatments had a 

significantly higher feed (‘disappearance’) intake in lactation.  However, anecdotal 

observations indicated there was higher feed wastage in the slatted pens.  

 

There was no effect of additional cooling or floor type on the location preference of the 

sows during the hotter part of the day.  The additional fan in the nest area did not attract 

sows to the nest area as temperature increased.  Limited information is known about the 

effects of the fan (i.e. wind speed) and whether the fan was substantial enough to attract 

the sow to the nest area. 

 

There was no significant effect of additional cooling or floor type on the stress physiology of 

the sow.  There was a trend for higher salivary cortisol in the slatted floor treatment.  

Further research is required to fully assess the impact of floor type on stress physiology. 
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There was no effect of additional cooling on nest hygiene throughout the experiment.  As 

expected, the slatted nest area pens were cleaner (lower hygiene score) than the solid nest 

area pens.  The creep areas in the Cooled treatments were dirtier at day 7 and 14, and the 

pens with a solid nest area also had dirtier creep areas at day 21 post-farrowing. 

 

There was a significant difference in the behaviour of piglets in the Cooled treatments 

compared to the Control treatments when the shed temperature was greater than 36°C.  

Piglets in the Cooled treatment spent a greater proportion of their time lying on the cooled 

tiles in the creep areas compared to the Control treatments.  However, this change in 

behaviour did not significantly impact on piglet survival, piglet rate of gain or weaning 

weight.  Interestingly, there was a trend for a negative impact on growth performance in the 

Cooled treatments. 

 

The inclusion of a slatted nest area with the SWAP pen design remains controversial.  The 

benefit of a slatted nest area is that pen hygiene is improved, the surface of the floor will be 

cooler than solid flooring and air flow may be improved (especially in Australian summer 

environment).  This experiment indicated a trend for a greater number of piglets weaned 

out of the pens with slatted nest area.   

 

The ability to provide a substrate for nest building is critical in meeting the biological needs 

of the sow.  The current design of the SWAP pen with the slatted nest area still allows straw 

enrichment to be delivered prior to farrowing via the straw hopper.   

 

Further research is warranted to assess further cooling strategies in the PigSAFE and SWAP 

systems over the Australian summer.  These may include micro-control within pens or 

assessment of systems that allow greater control of shed environment over the summer 

conditions (e.g. climate control). 
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