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Executive Summary-Part 1: PigSAFE system 

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 

(straw) bedding, 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 thus 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 

have been developed (e.g. the Norwegian UMB and the PigSAFE farrowing pens).  Both 

farrowing systems are at the “commercial application” stage of development in the 

northern hemisphere.  The objective of this project was to develop confinement-free 

farrowing and lactation systems for Australian conditions that meet the biological needs of 

the sow, the piglet and the needs of the stockperson.   

 

Part 1 of the project investigated the PigSAFE farrowing pen.  A total of 300 sows, over 5 

time replicates (150 sows/treatment) were studied.  Landrace × Large White sows of mixed 

parity (range gilts-parity 4) were introduced to the housing treatments within 5 days of 

farrowing.  There were two housing treatments in the experiment.  The PigSAFE farrowing 

system and a farrowing crate system. The two housing treatments were located in adjacent 

sheds.  The farrowing crate shed contained 64 crates.  Thirty crates were selected across the 

shed to be part of the experiment.  The PigSAFE shed contained 30 PigSAFE pens. Sows in 
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both housing treatments were managed by the same stockpeople.  Prior to farrowing, sows 

in the PigSAFE pens were provided with a biscuit of 2kg of long cut straw for nesting.  Piglets 

were weaned at approximately 24 days of age in both treatments.   

 

Piglet survival (live born mortality) and number of piglets weaned per sow in the PigSAFE 

system were comparable to a farrowing crate system over summer, autumn and winter 

months under Australian conditions.  Although not significant, piglet mortality was numerically 

higher in the PigSAFE system in both of the summer replicates, and from a commercial point of 

view, recent research has focused on reducing these levels of piglet loss over summer (i.e. pen 

modifications to improve piglet survival).  The majority of piglet deaths in the PigSAFE and 

farrowing crate system occurred within two days post-partum, regardless of season.  The 

majority of piglet deaths in both systems were caused by being overlain by the sow.  

 

There was a weak trend for higher piglet growth rate in the PigSAFE system.  Piglet growth 

performance may be improved further in the PigSAFE system if creep feeding is provided.  A 

PigSAFE creep feeder that can be protected from the sow needs to be developed. Sows in the 

PigSAFE system had a strong trend for higher feed intake in lactation.  Sows in both housing 

treatments had similar body condition scores and P2 backfat at weaning.  The average 

condition score of sows in both housing treatments at weaning was 3, which is ideal.   

 

The PigSAFE system met the “biological needs” of the sow.  The sows were not constrained at 

all during farrowing and lactation, they were able to move around and the majority of sows 

performed maternal behaviours such as nest building.  In addition, the current nest design in 

the PigSAFE pen was successful at promoting sows to farrow in the designated nest area 

regardless of season.  A small percentage of sows farrowed in the dunging area.  These results 

indicate that the current design of the nest area and creep in the PigSAFE system is suitable for 

Australian environmental conditions. 
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The behaviour of piglets and sows in the PigSAFE system was influenced by temperature.  

When temperatures were below 24.3°C piglets were found predominantly in the creep.  As 

temperature increased piglet locations become more varied and more piglets were located in 

areas that can be considered cooler (i.e. the dunging passage, feeder and open nest).  As the 

temperature increased piglets and sows spent more time in the dunging area and as a result, 

piglets were at increased risk of being overlain by the sow.  There were a greater proportion of 

piglet deaths in the dunging passage in summer compared to winter.  In the summer and 

autumn replicates there were more “spikes” in piglet deaths after day 7 compared to the 

winter replicates, indicating that piglets were at risk of being overlain in summer.  Furthermore 

there was a positive correlation between maximum daily temperature and number of piglet 

deaths in the PigSAFE treatment (which was not observed in the farrowing crate treatment), 

providing further evidence that piglets are at risk in summer.  

 

As a result of these observations, additional “safety” features were included in the dunging 

passage PigSAFE pen design.  Small sloping walls were fitted into the dunging area of half of the 

PigSAFE pens and an additional experiment conducted over summer 2013 assessed the efficacy 

of the sloped walls.  Results suggested that sloped walls in the dunging area afford greater 

piglet protection in this area, however, overall piglet mortality did not differ between 

treatments (with and without sloped walls).   

 

In conclusion, the performance of the PigSAFE system was comparable to the farrowing 

crate system over Australian conditions.  Piglet survival was similar in both systems.  There 

was a weak trend for higher piglet growth rate and there was a strong trend for sow feed 

intake in lactation to be higher in the PigSAFE system.  Sows in PigSAFE pens moved easier 

at weaning compared to the sows from farrowing crates.  In the PigSAFE system, piglets and 

sows spent significantly more time in the dunging area over summer, compared to winter, 

and as a result piglets were more likely to get overlaid in this area.  Further research is 

required to investigate pen modifications that reduce the risk of piglets being overlain in the 

dunging area during summer.  Due to higher construction costs of the PigSAFE system, piglet 

survival (or other factors such as piglet growth rate, sow performance etc) will need to 

improve to increase the commercial viability of the PigSAFE system.  
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1. 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 neonates become chilled and die from either 

starvation or being overlain by the sow (Robertson et al., 1966; Edwards and Fraser, 1997).  

Farrowing crates and the concomitant lack of (straw) bedding, 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 (Baxter et al., 2011a), and 

thus have been criticized on welfare grounds (viz. RSPCA Five Freedoms Concept).  There is 

some evidence that welfare is impaired when sows are housed in farrowing crates (heart 

rate and stress hormone responses, as well as negative or abnormal behaviours) (Lawrence 

et al., 1994; Jarvis et al., 2002; Damm et al., 2003).  The focus of this project is on farrowing 

and lactation systems that do not constrain the sow prior to, during or after the farrowing 

process and during the lactation period.   

 

Over the last 30 years, researchers have attempted to develop non-crated farrowing 

systems that address the perceived behavioural deficiencies experienced by sows in the 

peripartum period, promote piglet survival and are economically viable and practical to 

operate for pig producers (Cronin, 2010).  This research has resulted in a number of 

different systems being developed and trialed experimentally (see reviews by Arey, 1997; 

Edwards and Fraser, 1997; Johnson and Marchant-Forde, 2009; Cronin, 2010; Baxter et al., 

2012).  However, universal acceptance and commercial adoption of non-crated farrowing 

systems has not occurred (Baxter et al., 2011b).  Herein lies one of the main issues with 

regards to development of confinement-free farrowing systems in Australia.  The majority of 

development and research, with the notable exception of Australian pig industry funded 

research by Greg Cronin and the development of the Werribee Farrowing Pen (Cronin, 

2010), has been undertaken in the northern hemisphere, under conditions that are unlikely 

to have had the challenges of climatic extremes observed in Australia.  The objective of this 

project is to develop confinement-free farrowing and lactation systems for Australian 

conditions that meet the needs of the sow, the piglet and the stockperson.   
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Part 1-Development of commercially-viable confinement free farrowing systems 

The biological needs of sows and piglets during the different phases of farrowing (Baxter, 

1983; Edwards, 1996; Barnett et al., 2001; Baxter et al., 2011a) have been defined, and 

more recently attempts have been made to describe the specific farrowing pen design 

criteria to meet those needs (Cronin, 2010; Baxter et al., 2011a).  Such work has been used 

to design viable confinement-free farrowing and lactation systems (e.g. the Norwegian UMB 

and the PigSAFE systems).  The Norwegian UMB farrowing/lactation pen (UMB) has been 

developed by Assoc. Prof Inger Lise Andersen in Norway (based in part on the earlier 

Werribee farrowing pen design of Dr Greg Cronin).  The PigSAFE (Piglet and Sow Alternative 

Farrowing Environment) system has been developed by Dr Emma Baxter (Scottish 

Agricultural College) and Prof. Sandra Edwards (Newcastle University, UK).  Both systems are 

at the “commercial application” stage in development in the northern hemisphere.   

 

Prior to Australian pig producers adopting farrowing pen systems, it is essential that the 

systems are evaluated under Australian climatic and production conditions, both during 

summer and winter, enabling modification of the design if required.  A key risk of 

importing a pig housing system designed for northern Europe is that our local climatic 

conditions differ markedly from northern Europe.  Piggery buildings in northern Europe are 

predominantly designed to retain heat and minimise heat loss from the building.  The 

efficient performance of farrowing pens incorporated within such buildings relies on 

maintaining indoor ambient temperatures at around 20 C.  While Australian winters are 

cold, requiring farrowing sheds to be insulated and heated, temperature (and humidity) in 

the Australian summer tends to impose a heat load that exceeds the upper critical 

temperature for lactating sows.  Non-confinement farrowing systems designed for 

northern European climates, in part, rely on the ability to control sow and piglet behaviour 

using heat.  For example, to reduce the risk of piglet crushing by the sow, the Norwegian 

UMB pen and an early prototype version of PigSAFE relies on the use of independently-

controlled underfloor heat zones to manipulate lying location of the sow and litter.  

However, under summer conditions in Australia, it is not advisable to add heat load to 

sows; sows may avoid the heated zone and prefer to lie outside the farrowing ‘nest’ area.  

Thus, mortality risk to the neonates would be increased if the sow separates herself from 

the piglets and the piglets can’t follow (e.g. at the crucial time when colostrum transfer 
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needs to occur).  Alternately, if the piglets can follow the sow outside the safety of the 

farrowing nest area, the piglets will be less protected from potential overlay as there are 

no piglet protection features outside the nest area.  

 

For this project, two sites – the Rivalea Australia piggery at Corowa NSW and the University 

of Sydney pig unit at Camden NSW, were used.  Each facility compared the performance of 

sows and litters with conventional farrowing crates over summer and winter to determine 

seasonal impacts on performance.  The historical climate records for Corowa and Camden 

(Bureau of Meteorology) illustrate the range of conditions that occur in Australia: 

Summer (mean values for December to March) 

Temperature: Corowa mean maximum = 30.3 C; mean minimum = 14.4 C 

Temperature: Camden mean maximum = 28. 3 C; mean minimum = 15.9 C 

Relative humidity: Corowa 9 am = 58.8%, 3 pm = 33.5% 

Relative humidity: Camden 9 am = 73.8%, 3 pm = 49.8% 

Winter (mean values for June to August) 

Temperature: Corowa mean maximum = 13.9 C; mean minimum = 4.0 C 

Temperature: Camden mean maximum = 18.0 C; mean minimum = 3.8 C 

 

Thus, sows in both locations in summer are in the ‘danger zone’ regarding heat load 

(combined effects of temperature and relative humidity), compared to the upper critical 

temperature estimated for lactating sows.  The lower and upper critical temperatures for 

lactating sows are estimated to be ~10 C and ~25 C, respectively.   

 

The aim of the current project is to develop both of these confinement–free systems in the 

Australian environment.  While both systems are based on similar philosophies on meeting 

the biological needs of the sow and piglet, their design features are markedly different, and 

this provides the Australian pork producer with a design option instead of being limited to 

one system.  Furthermore, this is not a comparison of the two farrowing systems, but the 

development of two loose farrowing systems. 
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Part 1-Development of commercially-viable confinement 
free farrowing systems 

The UMB Farrowing pen 

 

 

Photograph 1: The UMB farrowing pen 

 

The UMB component of the project is underway and final report will be completed by June 
2014.  A progress report written by Dr Greg Cronin on this component was submitted to the 
Pork CRC in July 2013. 
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The PigSAFE System 

Introduction 

The PigSAFE (Piglet and Sow Alternative Farrowing Environment) has been developed in the 

United Kingdom.  The pen has been designed to optimise sow and piglet welfare as well as 

safety and management needs of the stockperson.  This farrowing pen system involves a 

nest area, with solid flooring to allow provision of nesting material and sloping walls against 

which the sow can slide more slowly to ground level for suckling (lowers the risk of piglets 

being trapped and killed).  A heated creep area has easy access from the nest.  A separate 

slatted dunging area is bounded by walls with barred panels to adjacent pens to discourage 

farrowing outside the nest and allow physical contact between sows.  A feeding crate for 

the sow (only wide enough for feeding not farrowing) is included at one side of the pen, 

where the sow can be locked in to allow safe inspection or treatment of the piglets.  The 

PigSAFE system is at the commercial stage of adoption in the United Kingdom.  The aim of 

this component of the project is to compare the PigSAFE system to a farrowing crate system 

under Australian climatic conditions. 

 

Materials and Methods 

This experiment was conducted between January and August 2012 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 300 sows, over 5 time replicates (150 sows/treatment) were studied.  Landrace × 

Large White sows of mixed parity (range gilts-parity 4) were of good health at the beginning 

of the experiment, and were introduced to the housing treatments within 5 days of 

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

time replicate.  
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Housing treatments 

There were two housing treatments in the experiment.  The PigSAFE farrowing system and a 

farrowing crate system. 

 

Figure 1. Floorplan of the Rivalea PigSAFE farrowing pen. 

 
Photograph 2. The Rivalea PigSAFE farrowing pen. 
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The two housing treatments were located in adjacent sheds.  The two buildings were similar 

in terms of construction material.  The buildings were open-sided with shutters and heating 

which enabled temperature control.  The PigSAFE shed had shutters that were manually 

operated and the farrowing crate shed had automatic shutters.  The farrowing crate shed 

contained 64 crates.  Thirty crates were selected across the shed to be part of the 

experiment.  There were 15 Proctor crates and 15 Finger crates used.  The farrowing crates 

were 1.67 wide x 2.25 m long.  The PigSAFE shed contained 30 PigSAFE pens (Figure 1; 

Photograph 2).  The farrowing crates contained a creep area using a mat below an overhead 

heat lamp.  The PigSAFE pen contained a creep area using a heat mat below and overhead 

heat lamp.  In the farrowing crate shed drippers were located above each sow for cooling 

and in the PigSAFE shed misters and fans were located above the dunging area.   

 

The maximum and minimum temperatures observed outside the sheds are recorded in 

Table 1.  The average daily minimum and maximum temperatures inside the buildings were 

19 – 24  C in the PigSAFE shed and 21-25  C for the farrowing crate shed.   

 

Table 1. Maximum and minimum ambient temperatures outside the sheds for each 

replicate.  
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Sows in both housing treatments were managed by the same stockpeople.  Upon entry to 

the PigSAFE pen the sows were provided with a biscuit (2kg) of long cut straw for nesting.  If 

the sow ate the straw, additional straw was provided up until farrowing.  Minimal fostering 

was conducted within the first 24 hrs post-birth.  If possible the piglets were fostered within 

treatment.  After farrowing sows were provided with 3kg of commercial lactation feed (14.8 

MJ DE/kg and 16.2% crude protein) in the morning and up to 3 kg in the afternoon (if sow 

had eaten all of morning feed).  By day 4 of lactation, sows were provided with ad libitum 

feed.  Piglets in both housing treatments were offered creep feed from 19 days of age.  

Piglets in the PigSAFE system had limited access to creep feed as there was not an ideal area 

in the pen to protect the creep feeder from the sow.  Piglets were weaned at approximately 

24 days of age in both treatments.   

 

Pen modifications throughout experiment 

In the first replicate (sows started farrowing mid Jan 2012) the original Rivalea pen design 

was used which included a wider dunging area compared to the pen design at the Scottish 

Agricultural College (SAC).  The dunging area was 1600 mm wide (the SAC dunging area is 

1200mm wide).  Anectdotal observations over the first replicate suggested that the sows 

were spending a significant amount of time in the dunging area during lactation (possibly 

due to being cooler in that area compared to the nest).  It was speculated that this increased 

the risk that piglets would be overlain in the dunging area.  Therefore a decision was made 

after the first replicate to reduce the dunging passage width of all of the PigSAFE pens prior 

to the second replicate starting.  Reducing the width of the dunging area also reduced the 

‘footprint’ of the PigSAFE pen.  For replicates 2-5 the dunging area in all PigSAFE pens was 

reduced by using a false wall that reduced the width of the dunging area to 1200mm wide 

(the same as the SAC design).  Photographs 3 and 4 show the dunging area of the pen 

before and after a fence was put into each pen to reduce the width of the dunging area.  

Furthermore, prior to the second replicate starting 15 out of 30 PigSAFE pens had a small 

sloped wall built into the dunging passage to protect the piglets from being overlain in 

summer (see Figure 4 and photograph 5-dunging passage “skirt”).  Since reps 2 to 5 were 

conducted during autumn and winter the use of the sloped wall in the dunging passage was 

not assessed in this CRC report.   
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A further experiment was conducted after this CRC project was completed (summer 2013) 

to assess the use of the sloped wall /”skirt” in the dunging passage over summer (see 

Appendix 1).  The pen design in replicates 2-5 was the same. 

 

Photograph 3. Original width of dunging area (replicate 1) 

 

 

Photograph 4. The red arrow on photograph indicates the position of the new back wall of 

dunging passage (replicates 2 to 5). 

 

 

 



 

14 

 

Measurements 
All sows were individually assessed prior to entry to housing treatment.   
Sow locomotion and ease of movement were assessed as follows: 
 
Sow locomotion score 
0=  normal, rear sow wobbled, head stable 
1=  Rear of sow wobbled, uneven stride, head stable 
2=  limp, severe uneven stride, head dip 
3=  limp, foot favouring, head dip 
 
Ease of movement score 
1= Walks or runs down the corridor voluntarily 
2= Walks easily and only hesitates to show interest  
3= Hesitates but recommences movement without human contact 
4= Stops, but shows no physical resistance to movement on human contact 
5= Stops, offers physical resistance to movement on human contact, very difficult to 
move 
 
Sow live weight and condition score and piglet weight 
All of the sows were individually weighed, condition scored (Figure 2) and P2 backfat 
measured by ultrasound prior to entry to housing treatment and at weaning.  Piglets were 
weighed in their litter post-farrowing (prior to fostering) and at weaning. 
 

 
Figure 2. Condition scoring system for gestating sows. 
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Sow and Piglet behaviour observations 

Farrowing location in PigSAFE pens 

The farrowing behaviour of 49 sows in the PigSAFE treatment was recorded by video 

recorder (using GeoVision software).  The behaviour of the sow prior to farrowing was 

observed and a sow was recorded as exhibiting nesting behaviour if she performed any 

these behaviours i.e. digging, pawing the floor, rooting, manipulating straw.).  The farrowing 

location within the PigSAFE pen was characterised as Location 1 to Location 7 (i.e. L1 to L7-

see Figure 3).  The location L1 is the preferred farrowing position in the PigSAFE system as 

piglets can easily gain access to the safe creep area once born.  The location L7 is a high risk 

area as it is in the dunging area and there are no safe, warm areas for piglets.  The location 

of the birth of the majority of the piglets was recorded for each of the sows. 

 

Figure 3. Farrowing location in the PigSAFE pen. 
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Impact of season/temperature on piglet behaviour and lying location of sows and piglets. 

Data were analysed within the PigSAFE farrowing system to determine how temperature 

influenced piglet and sow location preference within each replicate.  The location of the 

sows and piglets in each pen was recorded on a daily basis (0930 and 1430hrs).  

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 according 

to temperature range or replicate/batch.  Sows were assigned to either being in the nest, 

dunging passage or feeder. Piglets could be in a number of possible locations (see Figure 4).  

 
 
 
 

 

 

 

 

 

 

 

 

 

In order to analyse the differences in location preference according to changes in 

temperature that was recorded immediately prior to the scans being taken, temperature 

data were categorized based on descriptive statistics and distribution (see Figure 5) and 

using standard deviation as an appropriate range: 

T1 = less than or equal to 15.7°C 

T2 = greater than 15.7°C but less than 19.9°C  

T3 = greater than 19.9°C but less than 24.3°C 

T4 = greater than 24.3°C but less than 28.6°C 

T5 = greater than 28.6°C but less than 32.9°C 

T6 = greater than 32.9°C  

 

 
Figure 4. Possible locations within a PigSAFE pen 
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Data were collected over five replicates in order to capture the differences in seasonal 

temperature that the pigs would experience. Descriptive data analysis showed that average 

temperature in replicates 3, 4 and 5 were very similar (Rep 3 = 17.13°C ± 0.05, Rep 4 = 

17.14°C ± 0.06, Rep 5 = 18.37°C ± 0.07) and therefore these replicates were grouped for 

analysis.  

 
 

 

Figure 5. Histogram showing the distribution of PigSAFE shed temperatures ( C) 

experienced over the duration of the experiment. 

 

Reproductive Performance and piglet mortality 

The number of piglets born alive, stillborn and mummified were recorded for each 

farrowing system.  The location and cause of death of piglets was recorded on a daily basis.  

Litters were weighed at birth (pre-fostering) and at weaning and rate of gain was calculated. 

A sow and her litter data were excluded from the analysis if the piglets were fostered 

outside of the housing treatment. i.e if a sow died or was removed from the experiment and 

her piglets were fostered to another system. 
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Statistical analysis 

Sow and litter characteristics 

Statistical analyses were performed using SPSS (Version 21 -SPSS Inc., Chicago, Illinois, USA).  

Some variables were not normally distributed (locomotion and ease of movement score) 

and so were square root transformed prior to analysis. Analysis was conducted using 

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

as the random factor.  Pearson’s correlation analysis was used to determine the relationship 

between sow weight loss during lactation and piglet growth rate. Chi-squared analysis was 

used to determine if there were differences between replicate (season) and farrowing 

location of the sow and location of piglet death in the PigSAFE system, cause of piglet death 

and number of sows removed due to death, illness and agalactia. 

 

Behaviour scans/temperature relationships 

Statistical analyses were performed using Genstat (16th edition, Lawes Agricultural Trust, 

VSN International Ltd, Oxford, UK).  In order to analyse the differences in behaviour of sows 

and piglets in the PigSAFE treatment General Linear Models were used.  Some variables 

were not normally distributed and so were natural logarithm transformed prior to GLM 

analysis.  Firstly data were analysed with replicate as the fixed effect (see Table 5). Piglet 

location was the Y-variate, replicate the fixed effect and pen was the random factor. Pen 

was assigned a unique character to insure no double counting when replicates were 

grouped.  Statistical significance of terms in the GLMs was tested using the Wald statistic.  

Dunging passage locations were grouped (i.e. dunging passage = dunging passage edge + 

dunging passage open + dunging passage skirt) and nest locations were also grouped (i.e. 

nest = open nest + sloped nest) to limit the number of results returning zero for analysis. 

However all data are presented and all models did converge. 

 

Using temperature categories as the fixed effect was considered more informative than 

replicate.  Replicate with pen nested within replicate was fitted as the random factor in 

these models (Table 6). Spearman’s rank correlations were used to identify relationships 

between covariates.  
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Results 

There were 4 sows removed from the farrowing crate treatment and 1 sow from the 

PigSAFE treatment prior to farrowing as they were not pregnant.  There were a further 4 

sows removed from the farrowing crate treatment (1 death; 2 agalactia and 1 hip injury) and 

7 removed from PigSAFE (1 death; 5 agalactia and 1 hip injuries) throughout lactation.  

There was no significant difference (X
2=1.2; P=0.272) between the number of sow deaths 

and removals between treatments. 

 

The data from the 5 replicates were analysed with replicate as a random factor.  There was 

no significant interaction between treatment and replicate for any variable measured. 

 

Table 2 shows sow characteristics in the farrowing crate and PigSAFE housing treatments.  

There was no significant difference (P>0.05) between housing systems in sow parity, body 

condition score, liveweight, P2 backfat, locomotion and ease of movement score upon entry 

to housing treatment.  At weaning there was a slight trend for sows in the PigSAFE 

treatment to have a lower condition score (P<0.1) and sows in the PigSAFE system lost more 

weight during lactation (P<0.05) compared to the farrowing house treatment.  This was 

despite sows in PigSAFE consuming more feed during lactation compared to the sows in 

farrowing crates.  Sows in the PigSAFE treatment had an improved ease of movement score 

(P<0.05) and a slight trend (P=0.098) for a lower (improved) locomotion score compared to 

sows in the farrowing crates. 

 

 

 

 

 

 

 

 

 

 

 



 

20 

 

Table 2. Sow characteristics in the farrowing crate and PigSAFE housing treatments. 
 

 Farrowing 

Crate 

PigSAFE SEM P value 

Average sow parity (range gilt=0 to parity 4) 1.2 1.1 0.07 0.869 

     

Sow body condition score (Entry) 3.3 3.3 0.03 0.935 

Sow body condition score (Weaning) 3.2 3.1 0.04 0.034 

Sow body condition score (Change over 
lactation) 

-0.1 -0.2 0.04 0.094 

Sow P2 Backfat (mm) (Entry) 24.1 23.2 0.34 0.203 

Sow P2 Backfat (mm) (Weaning) 21.4 21.0 0.36 0.624 

Sow P2 Backfat (mm) (Change) -2.8 -2.0 0.33 0.354 

Sow locomotion score (Entry)† 0.2 0.2 0.04 0.734 

Sow locomotion score (Weaning) † 0.2 0.1 0.04 0.098 

Sow ease of movement score (Entry) † 2.1 2.1 0.07 0.888 

Sow ease of movement score (Weaning) † 2.3 1.5 0.07 0.005 

Sow liveweight (kg) (Entry) 247.2 251.9 2.86 0.244 

Sow liveweight (kg) (Weaning) 224.7 223.5 2.45 0.734 

Sow liveweight (kg) 
(Change between pre-farrow and wean)* 

-21 -27 1.09 0.025 

Sow feed intake (kg/day) 7.3 7.6 0.06 0.056 

 

*Sow live weight at start used as a covariate. Sow weight at start includes weight of conceptus;  
 † Data square root transformed prior to statistical analysis.  

 
 

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

farrowing crate and PigSAFE housing treatments.  There was no significant difference 

(P>0.05) between treatments in average number of piglets born alive, number of stillborn 

piglets, number of piglets weaned and percentage liveborn mortality between housing 

treatments.  There was a slight trend (P=0.109) for piglets to have a higher rate of gain in 

the PigSAFE system compared to farrowing crate system.  There was a significant correlation 

between piglet growth rate and the sow weight loss during lactation (Pearson’s 

correlation=-0.244; P<0.01). 
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Table 3. Sow reproductive performance and piglet survival, piglet growth in the farrowing 
crate and PigSAFE housing treatments. 

 

 Farrowing Crate PigSAFE SEM P value 

Litters farrowed 143 145 - - 

Litter characteristics     

Average number of piglets born alive 10.8 11.2 0.18 0.185 

Average number of still born piglets 0.6 0.7 0.06 0.259 

Average number piglets weaned 9.2 9.1 0.12 0.971 

Live born mortality (%)* 13.5 14.9 0.86 0.489 

Piglet growth     

Average piglet birth weight (kg) 1.53 1.52 0.02 0.462 

Average piglet weaning weight (kg) 6.9 7.0 0.12 0.715 

Piglet rate of gain (g/day)** 224 233 0.04 0.109 

 

*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.  

 

Figure 6 shows the average liveborn mortality for each time replicate (replicates 1 to 5).  The 

data for each replicate were also analysed separately and there were no significant (P>0.05) 

differences between treatments in live born mortality and weaned piglets per sow.  

Although not significant (P>0.05), numerically the mortality appeared to be higher in the 

“summer” replicates of the project.  

 

Figure 6. Percentage liveborn mortality for the each time replicate. 
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Figure 7 shows the percentage of total piglet deaths (live born deaths) relative to the days of 

age of the piglet.  The majority of piglet deaths in both housing treatments occurred in the 

first 2 days post-birth. 

 

 

Figure 7. The percentage of total piglet deaths relative to days of age of the piglet for the 

total 5 replicates. 

 

Figure 7a. The percentage of total piglet deaths relative to days of age of the piglet for 

replicate 1 (summer). 

Figure 7a shows the percentage of piglet deaths relative to age in replicate 1 (summer). The 

majority of piglet deaths occurred within the first 2 days post-birth and there were small 

“spikes” (in both housing treatments) in mortality until weaning.  
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Figure 7b. The percentage of total piglet deaths relative to days of age of the piglet for 

replicate 2 (autumn). 

Figure 7b shows the percentage of piglet deaths relative to age in replicate 2 (autumn). The 

majority of piglet deaths occurred within the first 2 days post-birth and there were small 

“spikes” in mortality until weaning.  

 

 

Figure 7c. The percentage of total piglet deaths relative to days of age of the piglet for 

replicates 3-5 (winter). 

Figure 7c shows the percentage of piglet deaths relative to age for replicates 3 to 5.  The 

small peak observed at day 7 for the farrowing crate treatment was due to the higher 

incidence of scours in this treatment during this time.  The average age of death (due to 

scours) was 7 days.  There were minimal deaths in both farrowing treatments after 10 days 

post-birth. 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

%
 o

f 
to

ta
l  

d
e

at
h

s 

Days of age 

Crates 

PigSAFE 

0 

5 

10 

15 

20 

25 

30 

35 

40 

1 3 5 7 9 11 13 15 17 19 21 23 25 

%
 o

f 
to

ta
l d

e
at

h
s 

Days of age 

Crates 

PigSAFE 



 

24 

 

In the summer and autumn replicates (Figures 7a, 7b) there were more “spikes” in piglet 

deaths after day 7 compared to the winter replicates (Figure 7c), indicating that piglets are at 

risk of being overlain in summer. 

 

There was a significant positive correlation between the maximum daily temperature and 

the number of piglet deaths in the PigSAFE treatment (Pearson’s correlation=0.400 

P=0.000).  There was no significant correlation between the maximum daily temperature 

and the number of deaths in the farrowing crate treatment (Pearson’s correlation=0.078 

P=0.394). 

 

Figure 8 shows the location of death of piglets in the PigSAFE system. There was a higher 

percentage of piglet deaths (χ2=11.68; P value=0.012) in the dunging passage in the summer 

replicates (reps 1 and 2) compared to the autumn and winter replicates (reps 3-5). 

 

 

Figure 8. The location of death of piglets in the PigSAFE system (percentage of total piglet 

deaths in each area). 

 

Figure 9 shows the location of death of piglets in the farrowing crate treatment.  There was 

no apparent difference in the location of piglet death between the summer and winter 

replicates in the farrowing crate treatment.  
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Figure 9. The location of death of piglets in the farrowing crate system (percentage of total 

piglets deaths in each area). 

 

Figure 10 shows the cause of death in the PigSAFE system.  The majority of deaths were due 

to piglets being overlain by the sow.  

 

 

Figure 10. The cause of piglet death in PigSAFE system (percentage of total piglet deaths). 

 

Figure 11 shows the cause of death of piglets in the farrowing crate treatment.  The majority 

of deaths were due to overlain by the sow.  There was a significantly higher (χ2=28.59; P 

value=0.000)  incidence of scours in piglets in the farrowing crate treatment in replicates 3 

and 5. 
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Figure 11. The cause of piglet death in farrowing crate system (percentage of total piglet 

deaths). 

 

Table 4 shows the farrowing location of sows in the PigSAFE pens.  There was no significant 

difference (X2=1.59; P=0.913) between the replicate (season) and the farrowing location of 

the sow.  Ninety eight percent of the sows in the PigSAFE pens performed nesting 

behaviours prior to farrowing i.e. rooting straw, chewing straw, manipulating straw into a 

mound in the nesting area. 

 

Table 4. The farrowing location in PigSAFE pens. 

 Rep 1 

(Summer) 

Rep 2 

(Autumn) 

Rep 3 

(Winter) 

Rep 4 

(Winter) 

Rep 5 

(Winter) 

Number sows observed 
farrowing. 
 

9 11 10 11 8 

Number sows that had 
majority of piglets in location 
L1. 

3 
(33%) 

6 
(55%) 

6 
(60%) 

5 
(45%) 

5 
(63%) 

 
Number sows that had 
majority of piglets in location 
L2-L6. 

 
5 

(56%) 

 
3 

(27%) 

 
4 

(40%) 

 
5 

(46%) 

 
3 

(37%) 

 
Number sows that had 
majority of piglets in location 
L7 (Dunging passage) 

 
1 

(11%) 

 
2 

(18%) 

 
0 

0%) 

 
1 

(9%) 

 
0 

(0%) 
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Impact of season/temperature on piglet behaviour and lying location of sows and piglets 

in PigSAFE . 

Table 5 shows that there were statistically significant differences between replicates with all 

location preferences and behaviours.  Although shown to be statistically different piglet 

activity level and contact with the udder (i.e. suckling activity) were numerically not 

dramatically different.  The greatest differences were seen in the creep area and the 

dunging passage.  Piglets spend significantly (P<0.001) more time in the dunging area in reps 

1 and 2 (summer/autumn) compared to reps 3 -5(winter).  Although there was a positive 

relationship between time spent in the dunging area and days in lactation, this was not 

significant (r2= 0.010; P=0.502). 

 
Table 5. Differences in piglet location preferences and behaviour between replicates. 
 

Location Replicate means ± SEM Wald-statdf P-value 

1 2 3 (3-5) 

Creep 15.55 ± 0.99 20.76 ± 
1.15 

53.48 ± 
0.80 

197.93 2,4480 <0.001 

Dunging passage 20.45 ± 1.00 16.58 ± 
1.00 

1.61 ± 0.18 237.28 2,4480 <0.001 

Nest 7.20 ± 0.64 4.59 ± 0.58 1.69 ± 0.16 37.48 2,4480 <0.001 

Pop-hole 1.97 ± 0.24 0.48 ± 0.13 0.06 ± 0.02 51.58 2,4480 <0.001 

Feeder 2.47 ± 0.41 1.30 ± 0.25 0.51 ± 0.09 9.80 2,4480 <0.001 

Udder 31.55 ± 1.35 35.31 ± 
1.36 

23.18 ± 
0.71 

28.96 2,4480 <0.001 

Sow other 
contact 

0.82 ± 0.18 2.12 ± 0.35 1.22 ± 0.16 7.32 2,4480 <0.001 

Active 19.99 ± 1.03 18.26 ± 
1.09 

18.00 ± 
0.60 

8.79 2,4480 <0.001 

Out of sight 0 ± 0 1.32 ± 0.49 0.25 ± 0.09 9.17 2,4480 <0.001 

      
Break-down of dunging passage areas and nest areas 
Dunging passage 
edge 

8.98 ± 0.61 3.37 ± 0.36 0.44 ± 0.08 152.89 2,4480 <0.001 

Dunging passage 
open 

10.83 ± 0.72 12.14 ± 
0.85 

1.03 ±0.14 213.72 2,4480 <0.001 

Dunging passage 
skirt* 

0.64 ± 0.14 1.07 ± 0.18 0.14 ± 0.05 26.77 2,2024 <0.001 

Open nest 4.94 ± 0.53 4.18 ± 0.56 1.28 ± 0.14 35.93 2,4480 <0.001 

Slope nest 2.25 ± 0.32 0.41 ± 0.12 0.41 ± 0.07 20.14 2,4480 <0.001 
*Only analysed by restricting to pens that had the skirt 
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Differences by temperature categories 

Table 6 shows that there were statistically significant differences in piglet location and 

behaviour as temperature changed.  When temperatures were below 24.3°C piglets were 

found predominantly in the creep.  As temperature increased piglet locations become more 

varied and more piglets were located in areas that can be considered cooler (i.e. the 

dunging passage, feeder and open nest).  Figure 12 shows pie charts of piglet location and 

behaviour data within each temperature range, illustrating the increased variation in piglet 

location as temperature rises.  It also shows the same type of data but for the sows.  Even in 

the cooler temperatures sows prefer spending at least half their time in the dunging 

passage, which increases as temperature increases.  The significance of these plots are that 

as temperature increases the piglets are sharing the same space as the sow and therefore 

could be at greater risk from being overlain by the sow.   
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Table 6. Differences in piglet locations between temperature ranges. 
 

Location Temperature ranges Wald-
statdf 

P-
value T1  

(<15.7°C) 
T2  

(15.7°C-
19.9°C) 

T3  
(19.9°C-
24.3°C) 

T4  
(24.3°C-
28.6°C) 

T5  
(28.6°C-
32.9°C) 

T6  
(>32.9°C) 

Creep 65.87 ± 1.89 49.48 ± 
0.90 

26.72 ± 
1.20 

12.62 ± 
1.08 

5.61 ± 
1.54 

7.48 ± 
2.28 

22.84  

5, 4377 
<0.001 

Dunging 
passage 

0.47 ± 0.19 2.86 ± 
0.27 

13.62 ± 
0.89 

20.02 ± 
1.19 

30.53 ± 
3.90 

30.66 ± 
3.85 

20.72 

5, 4377 
<0.001 

Nest 0.99 ± 0.31 2.09 ± 
0.21 

4.42 ± 
0.52 

4.90 ± 
0.60 

11.88 ± 
2.75 

12.92 ± 
2.97 

6.26 5, 

4377 
<0.001 

Pop-
hole 

0 ± 0 0.09 ± 
0.03 

0.52 ± 
0.13 

1.85 ± 
0.29 

1.98 ± 
0.73 

3.72 ± 
1.01 

14.34 

5, 4377 
<0.001 

Feeder 0.39 ± 0.18 0.52 ± 
0.10 

1.08 ± 
0.23 

2.56 ± 
0.49 

3.74 ± 
1.65 

   5.63 ± 
1.95  

16.22 

5, 4377 
<0.001 

Udder 17.77 ± 1.59 26.21 
±0.82 

29.59 ± 
1.28 

34.91 ± 
1.66 

28.49 ± 
4.06 

26.74 ± 
3.87 

3.33 5, 

4377 
0.005 

Sow 
other 
contact 

1.0 ±0.35 1.23 ± 
0.17 

1.40 ± 
0.27 

0.79 ± 
0.21 

0.81 ± 
0.40 

2.17 ± 
0.88 

1.57 5, 

4377 
0.168 

Active 13.42 ± 1.30  17.24 ± 
0.66 

22.32 ± 
1.11 

21.98 ± 
1.35 

16.97 ± 
2.98 

10.68 ± 
2.55 

9.54 5, 

4377 
<0.001 

Out of 
sight 

0.11 ± 0.11 0.33 ± 
0.11 

0.95 ± 
0.46 

0.37 ± 
0.19 

0 ± 0 0 ± 0 0.14 5, 

4377 
0.982 

Break-down of dunging passage areas and nest areas 
Dunging 
passage 
edge 

0.20 ± 0.10 0.79 ± 
0.12 

3.61 ± 
0.38 

7.22 ± 
0.62 

15.69 ± 
2.80 

12.14 ± 
2.03 

15.37 

5, 4377 
<0.001 

Dunging 
passage 
open 

0.25 ± 0.12 1.90 ± 
0.22 

9.00 ± 
0.70 

12.06 ± 
0.93 

14.30 ± 
2.85 

17.92 ± 
3.20 

12.85 

5, 4377 
<0.001 

Dunging 
passage 
skirt* 

0.02 ± 0.02 0.17 ± 
0.06 

1.01 ± 
0.19 

0.74 ± 
0.17 

0.54 ± 
0.44 

0.60 ± 
0.40 

6.73 5, 

2024 
<0.001 

Open 
nest 

0.69 ± 0.25 1.77 ± 
0.20 

3.28 ± 
0.46 

3.10 ± 
0.46 

8.85 ± 
2.52 

11.44 ± 
2.80 

4.36 5, 

4377 
<0.001 

Slope 
nest 

0.30 ± 0.18 0.31 ± 
0.07  

1.14 ± 
0.23 

1.80 ± 
0.30 

3.03 ± 
1.28 

1.48 ± 
0.69 

2.08 5, 

4377 
0.065 

*Only analysed by restricting to pens that had the skirt 
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Figure 12. Piglet behaviour and location preference and sow location preference depending on 

temperature.  

 

Spearman’s rank correlations using the continuous temperature data to compare against 

piglet location and behaviour preference confirms the negative relationship between 

temperature and warm areas in the pen (e.g. Creep: rs= -0.414, P<0.001) and the positive 

relationship with cooler areas (e.g. dunging passage: rs= 0.397, P<0.001).  
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Discussion 

 

Sow locomotion, injury and lactation performance 

Sows in the PigSAFE system had a better locomotion score and ease of movement score at 

weaning compared to the sows in farrowing crate treatment, indicating that they had greater 

ease of movement and had normal gait at weaning.  It is speculated that the confinement of 

sows in the farrowing crate for the duration of lactation may impact on ease of sow 

movement and locomotion when she is removed from the farrowing crate at weaning.  

Whereas the sows in the PigSAFE system have opportunity to exercise throughout lactation.  

Despite the differences in sow movement and locomotion score between the two 

treatments, sows in both treatments on average had scores in the range of 0-1 which is 

within the normal range.  

 

Sows in the PigSAFE system had a trend for higher feed intake in lactation, however they lost 

more weight compared to sows in the farrowing crate.  One must be careful when 

interpreting these results as the loss of weight also included weight of conceptus as the sows 

were weighed prior to farrowing upon entry to treatment.  The trend for higher growth rate 

in PigSAFE piglets could explain the sows’ loss of weight.  There was a significant correlation 

between piglet rate of gain and sow weight loss i.e. sows that lost weight in lactation reared 

piglets that had a higher rate of gain.  It could also be speculated that sows in PigSAFE pens 

have greater freedom with which to exercise and this may influence their weight.  This is 

speculative and would require further research.  Despite the difference in weight loss in 

lactation, the body condition score and P2 back fat of sow in both systems was comparable.  

The average body condition score between the systems of 3 is an ideal score for sow 

condition at weaning. 
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Piglet survival and growth performance 

Piglet survival (live born mortality) and number of piglets weaned per sow in the PigSAFE 

system were comparable to a farrowing crate system over summer, autumn and winter 

months under Australian conditions.  Although not significant, numerically piglet mortality 

was higher in the PigSAFE system in both of the summer replicates, and from a commercial 

point of view, recent research has focused on reducing these levels of piglet loss over 

summer (i.e. pen modifications to improve piglet survival).  Future research will focus on 

further developing the pen to cope with the summer conditions. The majority of piglet deaths 

in the PigSAFE and farrowing crate system occurred within the first day post-partum, 

regardless of the season.  These results are similar to other studies investigating piglet 

survival in loose and farrowing crate systems.  The majority of piglets that die pre-weaning 

die within the first day postpartum (Marchant et al., 2000), mainly because of crushing and 

starvation (Dyck and Swierstra, 1987; Pedersen et al., 2006).  In the current experiment the 

majority of piglet deaths in both systems were caused by being overlain by the sow.  There 

was a greater incidence of sours in the farrowing crate treatment in replicates 3 and 5.  Since 

the CRC project has been completed, commercially there has not been a greater incidence of 

scours in the farrowing crate system compared to the PigSAFE system. 

 

The addition of straw is an essential component of the PigSAFE farrowing system.  In the 

current experiment, the majority of sows in the PigSAFE system performed nesting 

behaviour and rooted/manipulated the straw that was provided. Evidence in the literature 

suggests that straw provides both behavioural and nutritional benefits for the sow.  Limited 

information suggests an inverse relationship between nest building behaviour performed by 

the sow and number of stillborn piglets. i.e. as the amount of nest-building behaviour 

performed by the sow increases (e.g. through stimulation with nesting material), the 

farrowing process proceeds faster and with fewer complications.  The potential benefits of 

faster farrowing time include reduced intra-partum stillbirths and possibly a lower incidence 

of unviable live born piglets (Baxter et al., 2011a).  In the current experiment there was no 

significant difference in the number of still born piglets between housing treatments.  It is 

speculated that the low average parity of the sows (average 1: range gilts to parity 4) used in 

the experiment may have contributed as lower parity lows are less likely to have high 

numbers of still born piglets, regardless of the housing treatment (Vanderhaeghe et al., 

http://www.ncbi.nlm.nih.gov/pubmed?term=Vanderhaeghe%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20346603
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2010).  Further research should investigate the effect of housing system (and access to 

nesting building material) on the duration of farrowing and number of stillborn piglets born 

in older parity sows.  Further research under Australian conditions (i.e. impact of straw on 

thermal environment in pen over summer etc) is required to further investigate the impact 

of straw in loose farrowing systems.  Alternatives to straw that meet the biological needs of 

the sow also require investigation. 

 

There was a weak trend for higher piglet growth rate in the PigSAFE system.  In the current 

study piglets in the farrowing crate treatment had access to creep feed from day 19, whereas 

the piglets in the PigSAFE system had limited access to creep feed from day 19, as a creep 

feeder was not able to be isolated from the sow in the PigSAFE pen, resulting in the sow 

eating creep feed.  Piglet growth performance may be improved further in the PigSAFE 

system if creep feeding is provided.  A PigSAFE creep feeder that can be protected from the 

sow needs to be developed.  

 

Sow and piglet behaviour 

Influence of season on farrowing location and piglet and sow lying behaviour and location 

in the PigSAFE pen. 

The current design of the PigSAFE system met the “biological needs” of the sow and piglet as 

described by Baxter et al. (2011a).  The sows had room to move around the pen to allow for 

increased activity associated with nest building, substrate was provided for nest building 

which the sows utilised, solid walls in the pen allowed the sow to isolate herself and litter and 

the sow was not constrained at any time.  

 

The current nest design in the PigSAFE pen was successful at promoting sows to farrow in the 

designated nest area regardless of season.  Less than 10% of sows farrowed in the dunging 

area.  Previous research conducted by Baxter et al. (2011) has focused on the design of the 

nest area and the current nest design used in this experiment is based upon these findings. 

These results indicate that the current design of the nest area and creep in the PigSAFE 

system is suitable to encourage the sow to farrow in the designated nest area for Australian 

environmental conditions.  
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The behaviour of piglets and sows was influenced by temperature.  When temperatures were 

below 24.3°C piglets were found predominantly in the creep.  As temperature increased piglet 

locations become more varied and more piglets were located in areas that can be considered 

cooler (i.e. the dunging passage, feeder and open nest).  As the temperature increased, piglets 

and sows spent more time in the dunging area (cooler) and as a result, piglets were at increased 

risk of being overlain by the sow.  In the summer and autumn replicates there were more 

“spikes” in piglet deaths after day 7 compared to the winter replicates, indicating that piglets are 

at risk of being overlain in summer.  Furthermore there was a positive correlation between 

maximum daily temperature and number of piglet deaths in the PigSAFE treatment (which was 

not observed in the farrowing crate treatment), providing further evidence that piglets are at 

risk of being overlain in summer.  

 

As a result of these observations, additional “safety” features were included in the PigSAFE 

pen design.  Small sloping walls were fitted into the dunging area of half of the PigSAFE pens 

and an additional experiment conducted over summer 2013 (Appendix 1) assessed the 

efficacy of the sloped walls.  Results suggested that sloped walls in the dunging area afford 

greater piglet protection in this area, however, overall piglet mortality did not differ between 

treatments (with and without sloped walls).  There was no farrowing crate treatment 

comparison in that experiment conducted over summer to compare pre-weaning mortality 

to, but liveborn piglet mortality in that experiment was on average 17%.  Further 

investigation of additional modifications that will decrease overall piglet mortality in summer 

will increase the commercial viability of PigSAFE systems.   
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Labour use and practicality 

Over the past 12 months since the CRC project has been completed stockpeople and 

managers are becoming increasingly confident in working in this new loose farrowing system 

and have a greater understanding on the ‘biological basis’ of the PigSAFE system.  They have 

an understanding of the importance of attention to detail in loose farrowing systems.  

Stockpeople use the individual feeding stalls to temporarily lock sows in if required and would 

prefer to keep this option in future pen designs.  Preliminary data from the CRC project 

indicated that time to clean the PigSAFE pens (i.e. remove straw from nest area) 4 days after 

farrowing was approximately 5 min/pen, time to process the litter was approximately 

5mins/pen (involves 2 stockpeople; whereas in the crates 1 stockperson can process the litter 

in approximately 5 min).  In the PigSAFE pen, one stockperson can process the litter by 

themselves if the sow is locked into the feeding stall.  This requires some forward planning as 

may be difficult to get the sow into the feeding stall in the few days post-farrowing, until she 

gains her appetite.  Anectodal observations suggest that it is quicker to move sows out of the 

PigSAFE system at weaning which is reflected by the lower ease of movement score. 

 

Now, 12 months since the completion of the CRC project, management routines have been 

developed and stockpeople are more familiar with the PigSAFE system, routine tasks in the 

PigSAFE system are taking less time and are comparable to the farrowing crate system.  

Cleaning the sheds (powerwashing and disinfecting) between batches of sows takes 

approximately 8 minutes/PigSAFE pen compared to about 4 minutes/farrowing crate due to 

the solid walls and pen fixtures in the PigSAFE pens. 

 

Straw is provided in the PigSAFE system for nest building.  In the current experiment 2kg of 

long cut barley straw was provided to the sow prior to farrowing.  A small amount of 

additional straw was provided if sow had eaten/removed straw prior to farrowing.  Once the 

sow had farrowed no additional straw was provided.  A critical component of management of 

the PigSAFE system is management of straw and cleanliness of the nest area.  Once the sow 

starts to dung in the nest area she will continue to dung in the area (piglets will dung in nest 

too), instead of the designated dunging area.  The nest area must be cleaned of dung and wet 

straw from the first day after farrowing.  This will reduce the problem of straw clogging up 

effluent systems-as the majority of straw is eaten by the sow, or removed after farrowing.  
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Construction costs 

It is difficult to give exact construction costs of the PigSAFE pen compared to farrowing crates. 

The capital cost will depend on whether the system is a new build or retrofitting in an existing 

facility.  In the case of a retrofit, costs associated with new flooring, changing effluent systems 

etc will add to the cost.  Labour costs and type of feeding system will also affect final cost.  

Taking into consideration the greater floor space required per sow and building materials for 

the pen design it is estimated that the PigSAFE pens are 50% higher in capital cost than 

farrowing crates, which is in accordance with economical analysis performed on PigSAFE and 

a range of other systems available in the Northern hemisphere (Guy et al., 2012). 

 

Conclusion 

The performance of the PigSAFE system was comparable to the farrowing crate system over 

Australian conditions.  Piglet survival was similar in both systems.  Sow lactation feed intake 

tended to be higher in the PigSAFE system, and furthermore, there was a tendency for 

improved piglet growth rate.  In the PigSAFE system, piglets and sows spent significantly more 

time in the dunging area over summer, compared to winter and as a result piglets are more 

likely to get overlain in this area.  Further research is required to investigate pen 

modifications that reduce the risk of piglets being overlain in the dunging area during 

summer.  Due to higher construction costs of the PigSAFE system, piglet survival (or other 

factors such as piglet growth rate, sow performance etc) will need to improve to increase the 

commercial viability of the PigSAFE system 
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Appendix 1: The use of sloped walls in the dunging area of PigSAFE farrowing 
pens over summer to improve piglet survival-summary of results. 

 

This experiment was not funded by the Pork CRC, however results are presented in this final 

report and have also been submitted to Australasian Pig Science Association Conference 

(APSA) to be held in November 2013. 

 

This experiment was conducted over summer 2012/13 on assessing the use of small sloped 

walls in the dunging area (see photograph 5) to assist the sow to lie down in the dunging 

area.  There was anecdotal evidence from the previous summer (now supported by the 

behavioural analysis shown in main report) that the sow spent more time in the dunging 

area over summer, which may put piglets at risk as there are no protected zones within this 

area.  Therefore, the aim of this experiment was to compare piglet survival in the PigSAFE 

farrowing pen with and without a small sloped wall in the dunging area, with the hypothesis 

tested that less piglet deaths would occur in the dunging area compared to other areas of 

the pen in the treatments with a sloped wall in the dunging area.  

 

Photograph 5. Sloped wall in dunging area. 
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Ninety sows (Large White x Landrace) were randomly selected prior entry to their farrowing 

accommodation.  There were 45 sows allocated to each treatment over three time 

replicates.  The experiment began in December 2012 and finished in February 2013.   Sow 

reproductive performance (i.e. number born alive) and the location and cause of death (i.e. 

overlying by sow, unthrifty piglet) of individual piglets was recorded on a daily basis.  The 

piglets were weaned when they were approximately 25 days of age. Chi-square analysis was 

used to determine if there were differences in number and cause of deaths and location of 

piglet deaths.  There was no significant difference (P>0.05) in total number of deaths 

between treatments.  There were significantly (P<0.05) less piglet deaths in the dunging 

area in the sloped wall treatment.   

Table 7: Litter characteristics and location of death in the PigSAFE pen with and without a 
sloped wall in the dunging area. 

 No sloped 
wall 

Sloped wall P-value and Chi-
square 

Number litters farrowed 44 44 - 
Av.number piglets born alive  11.7 11.1 0.351 (SEM=0.303) 
Av .number piglets weaned 9.2 9.4 0.574 (SEM=0.18) 
% Live born mortality* 18.4% 16.0% 0.433 (SEM 1.58) 
Location: (number of dead piglets in area)    
   Dunging area 
   Entrance door 

30 
6 

13 
4 

0.024 (χ2=5.07) 
0.721 (χ2=0.13) 

   Open nest 14 18 0.185 (χ2=1.76) 
   Under sloped wall in nest 6 9 0.242 (χ2=1.37) 
   Creep area 19 19 0.538 (χ2=0.38) 
   Near kickboard in nest 5 2 0.360 (χ2=0.84) 
   Pop hole between nest and dunging 
area 

8 3 0.212 (χ2=1.55) 

   Unknown/Piglet euthanised 27 28 0.349 (χ2=0.88) 
*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.   

 

These data suggest that sloped walls in the dunging area afford greater piglet protection in 

this area, therefore the hypothesis was accepted.  However, overall piglet mortality did not 

differ between treatments.  Further investigation of additional modifications that will 

decrease overall piglet mortality in summer will increase the commercial viability of PigSAFE 

systems.   
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Part 2: Utilising confinement-free systems to maximise 
economic performance-“Two-stage farrowing and lactation 
system”. 

In order to satisfy piglet and sow biological needs it is unlikely that any confinement-free 

system will operate effectively in the footprint of an existing farrowing crate space.  Minimal 

design criteria for space have been recommended (Cronin, 2010; Baxter et al., 2011a), 

based on behavioural needs (e.g. nest-building), as well as basic body dimensions of sows 

and piglets (Moustsen et al. 2011-in press).  Any effective design is assumed to require extra 

space and consequently added capital costs.  Ideally costs would be offset by increased 

production performance in terms of piglet survival, weaning weight or sow rebreeding 

efficiency and therefore the capital investment should achieve an acceptable return rate 

(Baxter et al., in press).  An additional consideration to re-coup initial investment out-lay 

would be to maximise throughput of sows through these systems.  One proposition is to use 

a “two-stage system”, allowing farrowing in a specialised individual farrowing pen and then 

grouping animals into more cost-effective accommodation after approximately 12 days (e.g. 

deep bedded eco-shelter).  Such a strategy involves challenges of its own. 

Common multi-suckle group lactation systems include the Swedish systems - Thorstensson 

(cf. Mattsson, 1996; Marchant et al., 2001; Li et al., 2010) or Ljungstrøm (Goetz and Troxler, 

1995; Bäckström et al., 1994; Marchant et al., 2000; McGlone, 2006).  The Thorstensoon 

system involves grouping sows prior to farrowing with free access to individual nest boxes 

for farrowing, which may or may not be removed 7-10 days post-farrowing.  Alternatively 

the Ljungstrøm system initially individually houses sows in pens, then integrates them with 

their litter into groups in larger multi-suckling pens between 10-21 days post-farrowing.  Not 

only are there economical advantages to such a system, but integrating sows and piglets 

before weaning has been shown to reduce some factors associated with weaning stress; e.g. 

early socialisation of piglets reduces aggression at weaning (D’Eath, 2005).  Social 

integration for the sows is also important to reduce aggression observed post-weaning 

when animals re-acquaint with each other and establish dominance. However, if sows are 

unfamiliar (i.e. not grouped before in gestation accommodation) there is likely to be 

aggression which can lead to severe injury and physiological stress responses which can 

have detrimental effects on reproductive parameters (Arey and Edwards, 1998).   
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If the piglets were to share the social space there could be a danger of injury during these 

encounters.  Other potential issues are increased labour and (decreased?) ease of 

management, asynchronous lactational oestrus if sows start to early wean, disease transfer, 

desertion of the litter, cross-suckling and disturbed behaviour.  In addition, performance of 

such a system may be influenced by climatic extremes, thus the same concerns regarding 

behavioural and physiological adaptations and their relationship with piglet mortality 

(already discussed above) will apply in this lactation environment.  Thus investigations into 

the best design and management practices to reduce any risks associated with two-stage 

systems are required under Australian conditions.  

It is possible that animals farrowing in loose-housed accommodation and moving to group 

systems for lactation will perform better than animals experiencing the same transition 

from conventional farrowing crated accommodation.  Under natural or semi-natural 

conditions pigs maintain established groups where aggression is regulated via “avoidance 

order”, with specific behavioural patterns reducing risk of attacks by dominant individuals 

(Jensen, 2002).  When a sow leaves the group to farrow, the longer she remains isolated, 

the more challenging it is for her and her litter to re-integrate.  Under domesticated and 

intensive conditions sows are likely to be separated for at least 5 weeks during 

farrowing/lactation before re-grouping, and re-grouping may involve dynamic mixing (i.e. 

mixed with unfamiliar animals) and thus there is a high risk of damaging interactions once 

mixed.  If the individual loose-housed accommodation allows “fenceline” social contact 

(visual and physical), which occurs in the PigSAFE, then this could help maintain or establish 

bonds prior to mixing in lactation and /or gestation.   

This component of the project will start in Oct 2013 and will be completed by June 2014.  

Ultimately, by July 2014 this projects aims to develop a confinement-free farrowing and 

group lactation system that will form the basis of a new CRC collaborative proposal titled 

“Viable mating in confinement-free farrowing and lactation systems”.   
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