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Executive Summary 

This project investigated a prototype, non-confinement farrowing system, the Norwegian 

UMB pen, and evaluated its suitability as a practical alternative for Australian pig 

producers compared to conventional farrowing crates. Farrowing crates were developed in 

the 1950’s and 60’s predominantly to reduce the high levels of piglet mortality being 

experienced in the pig industry. However, the use of farrowing crates is opposed by animal 

welfare groups due to the restriction of sow behaviour and the implication that this 

reduces sow welfare.  

 

The majority of piglet mortality occurs during the first 72 hours after birth. Mortality 

mainly occurs as a result of the interaction between a number of factors, including 

neonates becoming chilled soon after birth especially in cool environmental conditions, 

energy depletion (starvation) from failure to ingest colostrum and milk in piglets that are 

chilled or less viable, and piglets becoming disorientated or ‘lost’ in the farrowing 

environment. While such piglets are prone to being accidentally overlain (crushed or stood 

on) by the sow, piglets that are ‘normal’ are also at risk of being crushed during the first 3 

days of life, because they are instinctively attracted to the smell, texture and warmth of 
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the sow’s udder, and thus tend to rest or sleep close to the udder. Later in lactation, poor 

pen hygiene often results in piglet death due to illness.  

 

Piglet mortality has a welfare impact on the piglet as well as the farmer, through 

economic considerations, and the decision to change from a confinement to a non-

confinement farrowing system may not be justified if piglet mortality is worse in farrowing 

pens compared to crates. Furthermore, the fact that farrowing pens occupy more floor 

space than conventional farrowing crates, means that the pig producer’s return on capital 

investment will be negatively impacted if production efficiency is not superior in farrowing 

pens compared to farrowing crates. Production efficiency will be influenced by the number 

of piglets born and weaned. The number of piglets that die before weaning is therefore an 

important measure of production efficiency and industry sustainability. 

 

The UMB farrowing pen was developed in Norway, and is in part based on the earlier 

Werribee farrowing pen developed in Australia in the 1980’s and 90’s. The UMB farrowing 

pen measures 2.4 m wide by 3.3 m long and consists of two compartments, a ‘nest area’ 

and a ‘non-nest area’. The nest area contains features designed to promote piglet survival. 

Since sows are loose housed, that is not confined in the UMB pen, sow behaviour is not 

restricted compared to farrowing crates. Sows are therefore able to perform ‘natural’ 

behaviour, especially pre-farrowing nesting-building-like behaviour which is stimulated by 

the provision of straw provided in the UMB pen system. A key design feature of the UMB 

farrowing pen is sub-floor heating panels in the nest area. Due to floor temperature 

preferences being different between sows and piglets, the UMB pen uses differences in sow 

compared to piglet preferences for floor temperature to manage the lying / resting 

location of the sow and piglets within the pen. Theoretically then, sows avoid overlying 

(crushing) their piglets as the sow prefers to lie in a different location to the piglets based 

on floor surface temperature. However, the effective use of the UMB farrowing pen relies 

on its construction within a climate-controlled shed. In the present project we retro-fitted 

a non-heated, poorly insulated dry sow shed and installed 4 UMB farrowing pens. From the 

perspective of piglet mortality, the results of the project demonstrated this was not a 

suitable approach under Australian conditions, especially during cooler months of the year. 

After completing 9 of the 14 farrowing replicates in the project, we modified the UMB 

farrowing pen design to include a conventionally-heated piglet creep zone at the rear of 

the nest area. 
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The project findings identified high piglet mortality in both the conventional farrowing 

crate and the prototype UMB farrowing pen systems, with piglet mortality considered 

unacceptably high in the prototype UMB farrowing pen system. However, this was 

predominantly the result of a higher than normal occurrence of small, underweight piglets. 

For example, about one-third of live born piglets weighed less than 1.2 kg on day 1 of life 

(measurements from 52 litters born in the herd during the second year of the project). 

Confounding this problem in the first 9 replicates of the project was low room temperature 

for the UMB farrowing pens. Piglet mortality in farrowing crates and the prototype UMB 

pens was 15.4% and 25.0% of live born, respectively (36 sows per treatment). After 

omitting data of dead piglets that weighed less than 1.2 kg, pre-weaning mortality was 

reduced to 9.5% and 17.8%, respectively. This finding suggests that the prototype UMB pen 

did not provide an acceptable farrowing environment for piglet survival, when operated in 

a retro-fitted shed.  

 

For the second phase of the project, which involved a further 5 farrowing replicates (20 

sows per treatment), we modified the UMB farrowing pens to include thermostatically-

controlled (overhead) heating in the rear creep zone. Piglet mortality was 19.8% and 

22.6%, respectively. After omitting data of dead piglets that weighed less than 1.2 kg, the 

pre-weaning mortality was reduced to 9.5% and 12.6%, respectively. This finding suggests 

that the modified UMB farrowing pen, when installed in a retro-fitted shed, did offer the 

prospect of achieving an acceptable level of piglet mortality. However, achievement of a 

significant reduction in the occurrence of less viable, underweight / undersized piglets 

would be essential areas to target for improvement. The alternative would be the 

institution of a management system to hand rear piglets during early lactation, until they 

could be returned to the sow. Necessarily, this would require additional labour and is less 

preferred. 

 

The project findings for the UMB farrowing pen are very relevant to the Australian pig 

industry, as we anticipate that many pig producers will initially opt to install a small 

number of farrowing pens rather than construct a new, purpose-built farrowing shed for 

pens, when transferring to a non-crate farrowing system. Thus, in the early stage of 

adoption of farrowing pen systems, pig producers are more likely to retro-fit a non-

farrowing shed. Typically such sheds lack appropriate insulation and heating systems 

essential for housing piglets. A second title for this project might be therefore, “Learnings 

from retro-fitting a dry sow shed for farrowing pen accommodation under Australian 

conditions”.
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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). It has been 

suggested that welfare is impaired when sows are housed in farrowing crates 

where movement is confined and nesting material is not provided. Research is 

published showing 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. There are farrowing systems currently being used whereby the 

sow is housed in a farrowing crate (or constrained in some manner) prior to 

farrowing and up to 7 days post-farrowing to protect piglets from being overlain. 

These systems restrict the sow’s ability to perform her maternal behaviour prior 

to, during and after the farrowing process, therefore are not regarded as truly 

‘confinement-free’. On a welfare basis, the sow must be able to exhibit 

unrestricted natural behaviours both pre- and post-farrowing and during lactation. 

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 (WFP), (Cronin et al., 2000), has been undertaken in the northern 
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hemisphere, under conditions that are unlikely to have had the challenges of 

climatic extremes observed in Australia. The objective of this proposal is to 

develop confinement-free (‘loose’) farrowing and lactation systems for Australian 

conditions that meet the needs of the sow, the piglet and the stockperson.  

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 Professor 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 20C. 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 one version of the PigSAFE relies on the use of 
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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 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 the proposed project, two sites – the Rivalea Australia piggery at Corowa NSW 

and the University of Sydney May Farm 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 will be 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 ~10C and ~25C, 

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 
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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 

systems. 

 

This component of the project report describes the findings from the comparison 

of the prototype Norwegian UMB (Universitetet for Miljø- og Biovitenskap) 

farrowing pens and conventional farrowing crates (Vereijken). The research was 

conducted over a period of about 20 months. 
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2. Methodology 

Animals and AEC approval 

Fourteen replicates (farrowing batches) were included in this experiment, which 

was conducted at Camden NSW under approval of the University of Sydney Animal 

Ethics Committee. The May Farm pig unit is a farrow to finish unit used for 

teaching of pig husbandry to undergraduate students in the Bachelor of Animal 

and Veterinary Bioscience, Bachelor of Veterinary Science and Bachelor of 

Agricultural Science degrees, and for the conduct of research including post-

graduate and Honours student research. In addition, the pig unit is occasionally 

used for industry training activities in association with the NSW Department of 

Primary Industries. The pig unit maintains a herd of about 48 cross-bred Large-

white / Landrace / Duroc sows. During gestation, sows are housed in groups of 8 

on deep litter of straw, and individually fed in full-length feeding stalls. Around 

farrowing and during lactation sows are housed individually in either conventional 

farrowing crates or prototype UMB farrowing pens (i.e. project treatments). 

 

Description of UMB farrowing pens (treatment 1) 

The prototype Norwegian UMB (Universitetet for Miljø- og Biovitenskap) farrowing 

pen was designed by Professor Inger-Lise Andersen (Department of Animal and 

Aquacultural Sciences, Norwegian University of Life Sciences). The design was 

based in part on the earlier Werribee farrowing pen (Figure 1; Cronin et al., 1996; 

2000) designed by Greg Cronin (then employed at DPI Werribee). 

 
Figure 1. Picture of the “original” Werribee 
farrowing pen circa 1990. The pen consists of 
two areas: the rear area is the “nest” area 
(2.4 x 1.8 m) and the front area (2.4 x 1.8 m) 
is the “non-nest” area. The nest area contains 
features designed to promote piglet survival 
such as sloping panels on 3 sides. These 
provide safety zones around the perimeter of 
the nest area, reducing the risk that piglets 
are crushed against the walls of the pen. The 
sloped panels also assist posture changing 
(descent from stand to lie) by the sow. At the 
rear of the nest area is a piglet creep with 
thermostatically-controlled heater. The nest 
area floor is solid concrete, sloping to the 
front and covered with bedding of rice hulls. 
The 270 mm high metal barrier differentiates 
the nest and non-nest area, which is used by 
the sow for feeding, drinking and defaecation. 
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The Werribee farrowing pen was developed through research conducted during the 

1980s and 1990s, in projects jointly funded by the Australian pig industry (e.g. Pig 

Research and Development Corporation) and the Victorian Department of Primary 

Industries. A common feature of the Werribee and UMB farrowing pen designs is 

that two areas are provided for the sow: a 2.4 m wide nest area, which contains 

protective features for the piglets, and a non-nest area, which contains the sow 

feeder and drinker above a slatted floor. The front of the nest area is defined by a 

270 mm high barrier, which differentiates the nest area from the non-nest area. 

The barrier has an inward-curled top for strength and to add an additional safety 

zone for piglets. The sow can move between the nest and the non-nest areas by 

stepping over the barrier. The curled barrier top enables this without causing 

injury to the sow’s udder. 

 

Four prototype Norwegian UMB farrowing pens were installed at Camden in 2010. 

Due to the UMB pen dimensions not “fitting” within the footprint of existing 

farrowing crates, the 4 UMB pens were retro-fitted into a section of a dry sow 

shed (Figure 2). The dry sow shed measured 17.6 x 7.6 m (floor area of 133.8 m2). 

Roof height was 2.33 m high at the side walls and 3.4 m high at roof centre, which 

incorporated a 0.3 m wide ridge vent. The shed was ventilated via drop-down 

polyethylene (poly tarp) blinds in 1.5 m high openings along the length of the shed 

on both sides. Sows and boars were cooled in hot weather via an automatic 

sprinkler system operated in association with lowering the poly tarp blinds to 

increase cross-shed ventilation. Apart from the roof, the shed was not insulated. 
 

 
Figures 2 (left) and 3 (right). On left: The dry sow shed at Camden prior to retro-fitting 
UMB farrowing pens. On right: During retro-fitting in June 2010, 4 boar / dry sow pens 
were removed. The raised concrete slab on which the UMB farrowing pen nest areas will 
be positioned can be seen on the right against the shed wall. Due to spatial limitations it 
was not possible to include a rear aisle behind the UMB pens, which would enable better 
access to the piglets by the stockperson. 
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Four pig pens (2.7 x 2.7 m) originally used for housing individual breeding boars 

and small groups of dry sows were dismantled to enable retro-fitting of the 4 UMB 

farrowing pens (Figure 3). The four prototype UMB farrowing pens were installed 

in June 2010, and the first sows farrowed in the pens in July 2010 (Figure 4). The 

floor plan of the is shown in Figure 5. 

 

The UMB pen components were designed by Professor Andersen in association with 

the Fjøssystemer Sør company in Norway and fabricated in Denmark by Jyden Bur 

A/S. The walls and sloped panels were fabricated from compressed fiberglass 

(light green material), which has proven to be highly resistant to damage from the 

sows. The fencing is made from stainless steel rod and all other metal fittings are 

galvanized steel. The nest area is covered by a 30 mm thick rubber mat (Calma; 

www.kraiburg.com), designed with air spaces between the underside of the mat 

and the concrete floor. This enhances the efficiency of heating the floor within 

the nest area, provided that insulation (see Figure 6) is placed underneath the 

heat mats on the concrete to reduce conductive heat loss. The reasons for 

choosing a substantial rubber mat in the nest area were to increase resting 

comfort of the sow and piglets, to minimise the risk of sow shoulder lesions and 

lameness, and to prevent knee lesions of the piglets.  

 
Figure 4. The four completed prototype UMB farrowing pens installed at Camden, at the 
time of entry of the first sows in July 2010. The nest area contains features to promote 
piglet survival, such as sloping panels. The nest area also contains a wire basket (straw 
rack) on the left side. The basket contains straw, provided to stimulate pre-farrowing 
nest-building behaviour. A 30 mm thick rubber mat overlays the nest area floor. 



  

 8

Figure 5 (left). Prototype UMB 
farrowing pen floor plan with 
measurements showing the positions 
of the sub-floor heat mats (orange 
rectangles) and sloped panels to assist 
sow descent from stand to lie posture 
in the nest area (narrow green bars). 
The nest area, identified by yellow, is 
covered by a 30 mm thick rubber mat. 
 
D: drinker – sow above, piglet below. 
Cross-hatch rectangle adjacent to the 
straw rack is the creep feeder (see 
inset photo).  
The creep feeder 
was removed after 
the first farrowing 
batch in July 2010, 
as the sows could 
eat the creep feed. 
 

 

 

 
Figure 6 (above). Compilation of 3 photos and a schematic (top right) relevant to the 
prototype Norwegian UMB farrowing pen. The two photos on the left show the installation 
of the sub-floor heating system in concrete during the construction of the nest area floor. 
Due to retro-fitting an existing shed, it was necessary to lay a 100 mm thick concrete 
section for the nest area, due to the need for strength and to enable heating pads to be 
embedded within the concrete. The new concrete floor plus the 30 mm thick rubber 
matting in the nest area was 130 mm higher than the non-nest area floor level. The 
schematic in the upper right shows the dimensions of the two heat mats, while the lower 
right photo shows a sow and piglets resting in the ‘ideal’ locations within the nest area. 
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Between installing the prototype UMB farrowing pens in mid-2010 and commencing 

project 1A-105 in May 2012, some ‘local’ modifications had been made to the 

original UMB pen design. The modifications were: 

1. Removal of the piglet creep feeder as sows could eat the creep feed. 

2. The original wooden piglet barrier (with rubber capping) was replaced with a 

270 mm high galvanized metal barrier (as used in the Werribee farrowing 

pens). The top of the barrier was curled metal, with a 90 mm diameter. 

3. A pop-hole was cut in the piglet barrier to enable piglets to move between 

the nest and the non-nest areas. This modification was made to assist any 

new born piglets that came to be outside the nest to (hopefully) return to 

the nest area. This was especially critical in winter, when the ambient 

temperature in the shed could be as low as 10ºC, so that piglets could return 

to the warmer nest area. In addition, in warmer weather we had observed 

that sows vacated the nest area on day 2 of lactation. The pop hole allowed 

piglets to move between the nest area, where they were resting, and the 

non-nest area, where the sow was lying, for suckling.  

4. The slope of the panel on the right side of the nest area was altered. This 

change was imposed to move the lower edge of the sloped panel further out 

from the wall, thus increasing the area of piglet safety zone below the 

panel. This area covers part of the sub-floor heated zone for piglets.  

 

Further, during 2011, sandwich panel insulation sheets were installed in the sides 

of the shed, in the 1.5 m high spaces occupied by the poly tarp blinds. This 

modification to the shed was performed to try to address the cold thermal 

conditions in the shed over night, and especially in winter. While this modification 

did succeed in raising the daily minimum temperature in the shed, there were still 

limitations caused by the lack of a shed heating system and the issue of heat loss 

from the open ridge vent in the roof. The latter was partially covered in plastic 

sheeting but could not be fully blocked off.  

 

Another limitation of the shed is that while farrowing / lactating sows and their 

piglets are housed in the 4 UMB farrowing pens, 4 mature boars and up to 12 sows 

from weaning to about 3 weeks post-mating, continue to be housed in the shed, 

i.e. in the same air space. However, this approach to installing a non-crate 

farrowing system by retro-fitting a shed is probably typical of how pig producers 

might adapt their facilities to install farrowing pens, rather than construct a new, 



  

 10

purpose-built farrowing shed. It is thus relevant to pig producers that this 

situation occurred with the project.  

 

Issues associated with providing warmth for piglets, requiring modification to 

the UMB pens 

A key design feature of the Norwegian UMB farrowing pen is that floor surface 

temperature is used to manipulate the lying locations of the sow and piglets. This 

required heat sources to be embedded under the floor. For this purpose two 

electric heating pads (wire mesh mats measuring 1.2 x 0.6 m) were embedded in 

100 mm thick concrete laid over the existing shed floor, prior to the 

commencement of pen construction. The heat mats were situated within the 

concrete floor in the positions shown in Figures 5 and 6.  

 

The effectiveness of regulating floor surface temperature, via sub-floor heating, 

to differentially influence sow and piglet lying/resting locations in the UMB 

farrowing pens, relies on maintaining ambient air temperature in the farrowing 

room at about 21ºC. For effective use therefore, the original-design Norwegian 

UMB pens need to be installed within climate-controlled buildings rather than 

retro-fitted sheds that are not purpose-built with insulation and capability for 

climate control.  

 

In the present project the UMB farrowing pen, incorporating the local 

modifications listed previously, was managed in the manner that the system was 

designed to be used. This included the underfloor heating system. Figure 7 shows 

a photograph of the UMB pen in use in replicate 1 of the experiment, captured 

from the digital video record. 

 

 
Figure 7. Picture of the Norwegian UMB 
farrowing pen, captured from digital 
video during Project 1A-105. The pen 
consists of two areas separated by a 
metal barrier: the ‘nest’ (2.4 x 1.7 m) 
at the rear and the ‘non-nest’ area (2.4 
x 1.6 m) at the front. The non-nest 
area, which contains the sow feeder 
and drinker, has a partially slatted 
floor. The piglet ‘pop-hole’ is in the 
right side of the metal barrier. 
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By replicate 9 of this project however, it was clear there was an issue with low 

temperatures in the UMB farrowing room that was impacting the survival of 

piglets.  

 

In consultation with the Pork CRC and the project management team, it was 

decided to further modify the prototype UMB farrowing pen by bringing forward 

the sloping fiberglass panel at the rear of the nest area. The upper and lower 

edges of the sloped panel were repositioned 150 and 350 mm, respectively, from 

the rear wall to form a piglet creep zone. In addition, a thermostatically-

controlled piglet heater was attached above the creep zone, behind the sloped 

panel and thus protected from the sow (Figure 8). As shown in the figure, a form-

ply panel was placed over the gap between the top of the sloped panel and the 

rear wall, to reduce heat loss from the creep zone. The sub-floor heating system 

was no longer used. These modifications were applied for the last 5 replicates of 

the project (i.e. replicates 10 to 14). 

 

 
Figure 8. After the completion of replicate 9 of the project, the sloped fibreglass panel at 
the rear of the nest area was moved forward to form a piglet creep zone. A thermo-
statically-controlled heater was installed behind the sloped panel, and a lid was used to 
enclose the gap to reduce heat loss. 
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Description of Vereijken farrowing crates (treatment 2) 

The farrowing crate room measured 7.0 x 7.5 m (52.5 m2) and contained a total of 

8 Vereijken farrowing crates positioned in two rows of 4, with a common aisle 

behind the crates. Four crates in one row were used in this project (Figure 9a). 

Each farrowing crate measured 1.68 x 2.20 m (3.7 m2) and had a fully slatted floor 

(Tribar slats with 10 mm void width). A piglet heater was positioned above, and a 

heated floor mat in, the piglet creep zone (Figure 9b).  

 

 

 

 

 

 

 

 

 

Figure 9a. The row of 4 Vereijken farrowing crates (left) and an overhead view of one 
crate (right) showing the positions of the piglet heater and heated piglet floor mat 
(orange). A section of stockboard (black) was placed over the slatted flooring in the piglet 
creep zone to provide a solid floor for the piglets. 
 

 

 

Figure 9b. Floor plan of 
the Vereijken farrowing 
crate showing dimensions, 
and the positions of the 
overhead piglet heat lamp 
(H) above the heated 
piglet floor mat (dark 
hatch), which was situated 
on a section of stockboard 
(light hatch). D and F refer 
to the positions of the sow 
drinker and feeder, 
respectively, and d refers 
to the piglet drinker.  
 
 

 

 

 

 



  

 13

The roof of the farrowing crate room was constructed of the same insulated 

material used in the UMB farrowing pen shed, but did not incorporate a ridge vent 

in the roof for ventilation. The farrowing room walls were insulated and the room 

was heated, with the thermostat set at 21ºC. In hot weather sows were cooled 

using a combination of automatic sprinklers and ventilation. 

 

Setting-up farrowing pens and crates 

Before sows were moved into the farrowing accommodation, a number of tasks 

were completed. The crates and pens had been cleaned by pressure washing and 

allowed to dry. In the farrowing pens approximately 4 kg of straw (typically 

comprising 2 ‘biscuits’ from a bale of straw) was placed in the straw rack and one 

bucket of wood shavings (approximately 0.9 kg) was spread on the rubber floor 

mat in nest area of each pen. A small portion of sow feed was placed in the sow 

feeder and the sow drinkers were checked to ensure water flow was adequate. In 

the farrowing crates, a piglet heater above the creep area and a heated floor 

panel were switched on. In the UMB pens, the underfloor heaters which were used 

for replicates 1 to 9 were turned on. Before commencing replicate 10, the four 

UMB pens were modified, bringing the rear sloping panel forward into the nest 

area to form a piglet creep zone. In addition, a thermostatically-controlled heater 

which was installed behind the rear sloping panel of each UMB pen (see Figure 8) 

was switched on to provide controlled heating for the piglet creep zone. The 

underfloor heating system in the UMB farrowing pens was not used in replicates 10 

to 14. 
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Video recording / observations 

A video camera was set-up above the rear of each farrowing crate, and 2 cameras 

were set-up for each UMB farrowing pen – one camera above the nest area and the 

other above the front of the UMB pen. All cameras had 3.5 mm wide-angle lenses. 

To assist video recording, fluorescent lighting in the shed was continuously on. 

 

 
Figure 10. Digital images of two UMB farrowing pens captured from the video records. For 
each pen one view was recorded from a camera above the nest area, while a second 
camera positioned at the front of the pen provided a view of the whole pen. 
 

Video cameras were positioned to provide views of the UMB pens and farrowing 

crates. The views from the cameras above two of the UMB farrowing pens are 

shown in Figure 10. The video data were recorded using two computers in which 

two, 4-channel video grabber PCI cards (M. Šafro & Company Ltd (MSH), Latvia) 

were installed. Each PCI card connected 4 video cameras to the computer, thus 

each computer supported digital video streaming from 8 cameras. MSH video 

recording software was installed on each computer to enable continuous video 

recording.  

 

The video records were collated to determine the time and location of farrowing 

in the UMB pen treatment, and pre-farrowing activity of sows in both treatments. 

The occurrence of suckling behaviour was recorded from the video record on days 



  

 15

8, 15 and 20 of lactation for sows in both treatments. In addition, the response of 

sows at the completion of suckling bouts were collated, for example whether the 

sow (1) remained lying on her side, (2) rolled onto her udder, (3) stood but 

remained in the location or (4) sat up. In addition, for the UMB farrowing pen 

treatment, it was recorded whether the sow stood and moved to the other area of 

the pen. Sow posture was also recorded on these days using a 30-min interval 

sampling technique. 

 

Measurements 

The following production measurements were conducted in the experiment: 

 Sow pre-farrowing and post-weaning condition score 

 Sow injury and lameness score pre-farrowing and post-weaning  

 Litter size (total born; number of piglets born alive and stillborn) 

 Piglet mortality - cause (identified by post-mortem inspection) and timing 

o included piglet body weight, sex and presence of milk in stomach 

 Litter weight at birth (day 1 of lactation), on days 7, 14 and 21 of lactation 

and at weaning; and average piglet weight at these times. 

 Sow feed intake between days 7 and 21 of lactation 

 Suckling behaviour (number of bouts per 24 hours) and postures by sows on 

days 8, 15 and 20 of lactation 

 

 Sow assessments 

Sows were walked to the farrowing accommodation about one week prior to 

expected farrowing date. At this time sow identity was recorded (ear tag number) 

and sows were assessed for ‘Body Condition’ (1 to 5; see Figure 11), ‘Locomotion’ 

(0 to 3; see Table 1), ‘Ease of Movement’ (1 to 5; see Table 1) and ‘Injury’ scores 

(0 to 6; including a separate diagram annotated to show the position of any 

wounds or scratches on the skin). These assessments were repeated when the 

sows were weaned. The objective of the ‘Ease of Movement’ score was to assess 

how easy the sow was to handle by the stockperson, when being moved into and 

out of farrowing accommodation on the day of entry to the accommodation and at 

weaning, respectively. 
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Figure 11. Body condition scoring system for gestating sows, which was used in the 
present experiment for assessing body condition score of pre-partum and weaned sows. 
Score 1  Emaciated sow, backbone very prominent. 
 2  Thin, backbone prominent. 
 3  Ideal condition during lactation and at weaning. Backbone just palpable. 
 4  Slightly overweight. Cannot find the backbone. 
 5  Body rotund, over fat. 
Note: half scores can be recorded. 
 

Table 1. Descriptors used for sow locomotion, ease of movement and injury scoring. 

Sow locomotion score categories 

0 =  Normal, rear of sow wobbled, head stable 

1 = Rear of sow wobbled, uneven stride, head stable 

2 = Limp, severe uneven stride, head stable 

3 = Limp, foot favouring, head dip 
  

Sow ease of movement score categories 

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 little physical resistance to movement on human contact 

5 = Stops, offers physical resistance to movement on human contact, very difficult to 
move 

Sow injury score categories 

1 = Hair loss/callus: Hair loss or a callus (thickening of the skin) 

2 = Redness/swelling: The area is red, but it may or may not be accompanied by 
swelling 

3 = Wound: The skin is broken or grazed but not ulcerated and there is no evidence of a 
secondary infection 

4 = Callus and swelling: This can be caused by chronic pressure and is most commonly 
found on the joints 

5 = Severe wound or severe swelling: Pressure results in ischaemia (a shortage in the 
blood supply to organs or tissue) and can cause subsequent tissue damage or necrosis 
(usually indicated by blackening of the area) e.g. a shoulder lesion may become 
necrotic if severe enough 

6 = Severe wound and severe swelling: When severe wounds are accompanied by severe 
swelling the area may be characterised by secondary infection, redness, as well as 
heat and pain 
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 Piglet processing, production and mortality 

Following parturition, litters were processed in the standard manner, and the 

number of piglets born alive and stillborn were recorded. Litters were weighed 

and piglets injected with iron. Teeth clipping, tail docking and castration of 

piglets did not occur. Cross-fostering of piglets between litters occurred only if 

necessary to reduce the size of large litters. Depending on practicalities, piglets 

were fostered to (1st preference) the same accommodation treatment, (2nd 

preference) a non-treatment litter, then (3rd preference) the other 

accommodation treatment. Any piglets found dead, including stillborn piglets, 

were weighed before being necropsied to determine cause of death. The date of 

necropsy, sex of piglet, occurrence of external and internal injuries and anomalies 

and whether the stomach contained milk, were recorded.  

 

 Piglet growth and sow voluntary feed intake 

Piglet growth was determined by recording piglet live weight on days 7, 14 and 21 

of lactation and at weaning. Sow voluntary feed intake was determined between 

days 7 and 21 of lactation by recording the weight of sow feed provided during the 

14 day period. On day 21 any residual feed in the sow’s trough was weighed and 

the amount subtracted from the total weight of feed provided. Sows were fed to 

appetite using a pelleted, commercial lactation ration (16.8% crude protein and 

12.8 MJ digestible energy/kg). Creep feed was not provided. 

 

Following weaning, sows were relocated to group pen accommodation in the UMB 

farrowing pen shed. The date of first mating post-weaning was recorded.  

 

Statistical analysis 

Differences in the number of piglets born per litter in the conventional farrowing 

crate versus UMB farrowing pen treatment were analysed in Genstat using analysis 

of variance blocked on replicate number. Stillbirths and deaths of live born piglets 

per litter were analysed following log (X+1) transformation. Where appropriate 

data were adjusted for total born in the litter or sow parity number. Voluntary 

feed intake by sows was analysed on a per day basis between days 7 and 21 of 

lactation, using a general ANOVA, blocked on replicate number. Sow posture and 

behaviour were analysed in Genstat using mixed linear models in REML.
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3. Outcomes 

Approximately one-half of the sows (53%) were included more than once in the 

experiment, that is they farrowed more than once during the course of the 

experiment. In total, 62 different sows were included in the 112 farrowings 

recorded in the experiment. Table 2 shows the number of sows used in one or 

more farrowing event during the experiment, along with the numbers per 

farrowing accommodation treatment. As indicated in the table, a number of sows 

experienced both treatments. The first 9 replicates of the experiment involved 72 

farrowings, while there were 40 farrowings for the last 5 replicates when the 

piglet creep zone was modified and included overhead heating.  

 

Table 2. Details of the sows included in the Camden UMB farrowing pen versus 
conventional farrowing crate experiment and the numbers that experienced single 
treatments only, or that experienced both treatments. 

Number of farrowings 
included 

Number of 
sows 

UMB pen 
treatment 

only 

Crate 
treatment 

only 

Both 
treatments 

experienced 
Once 29 17 12 N/A 
Twice 16 3 5 8 
Thrice 17 4 5 8 
Sum 62 24 22 16 

N/A: not applicable 
 

 Sow parity range 

There was a significant difference in sow parity number between the treatments, 

with the mean parity number (note gilts = 0 parity) being higher in the farrowing 

crate than UMB farrowing pen treatment (2.75 versus 1.34, respectively; sed 

0.290, P<0.001). Figure 12 shows the distribution of number of sows per parity 

group for the two treatments. 

 

 
Figure 12 (right). Number of 
sows that farrowed in the 
farrowing crate and UMB 
farrowing pen treatment, by sow 
parity number over the 14 
replicates. 
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Due to the small herd size, and ethical concerns over placing older parity sows in 

UMB farrowing pens for the first time, a disproportion of younger parity sows were 

placed in the UMB farrowing pen treatment. The bias in allocation of sows to 

treatments was considered unavoidable. In addition, concerns were raised over 

the proportion of under-sized piglets being born. During the second half of the 

experiment, individual piglet weights were recorded to assist in identifying the 

cause of this problem, as there were effects of live weight on piglet survival. The 

problem seems to have been associated with inbreeding. For example, the current 

breeding herd boars were apparently closely related to the breeding sows. 

 

 Sow physical assessments 

There were no differences between the treatments in the different sow physical 

assessments before entry to farrowing accommodation upon exit at weaning.  

 

Sow body condition score 

Body condition score of each sow was assessed at entry to the accommodation and 

at weaning. The distribution of sows in each BCS in each treatment is shown in 

Figure 13. The aim is to maintain sows at a BCS of 3 during gestation. 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 13. The number of sows in each body condition score (BCS) in the two farrowing 
treatments. The histogram on the left shows the BCS at entry of the sows to the 
accommodation, and the histogram on the right is at removal from the accommodation at 
weaning (approx. day 27 of lactation). 
 

In general, there was no difference due to farrowing accommodation treatment on 

change in body condition score from the assessment recorded at entry of the sow 

to the treatment until re-assessment at weaning (Figure 14). As indicated in Figure 

14, four sows in the UMB farrowing pen treatment were recorded to have 

improved their body condition score during lactation.  
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Figure 14 (at left). Change in body 
condition score of sows between entry 
to the farrowing accommodation and 
weaning. The number of sows in each 
farrowing accommodation treatment 
and the level of BCS change are shown. 
 

 

 

 

 

Sow locomotion score (0 to 3) 

No differences were detected between the treatments in locomotion score at 

entry to the farrowing accommodation and at weaning (Table 3).  

 

Table 3. The number of sows per treatment in each locomotion score category at entry 
to the farrowing accommodation and at weaning. 

Farrowing crates  UMB farrowing pens 
Score Entry Weaning  Score Entry Weaning 

0 55 55  0 56 56 
1 1 1  1 0 0 
2 0 0  2 0 0 
3 0 0  3 0 0 

 

Sow ease of movement score (1 to 5) 

No differences were detected between the treatments in ease of movement score 

at entry to the farrowing accommodation and at weaning (Table 4).  

 

Table 4. The number of sows per treatment in each ease of movement score category 
at entry to the farrowing accommodation and at weaning. 

Farrowing crates  UMB farrowing pens 
Score Entry Weaning  Score Entry Weaning 

1 56 55  1 56 56 
2 0 1  2 0 0 
3 0 0  3 0 0 
4 0 0  4 0 0 
5 0 0  5 0 0 

 
Sow injury score (1 to 6) 

There were no differences in injury score between the treatments, or within 

treatments between entry to the accommodation and weaning. 
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 Temperature data 

Bureau of Meteorology daily temperature records for Camden airport, which is 

located less than 4 km from the May Farm pig unit, were collated to provide 

information on ambient temperature conditions outside the pig shed. The 

minimum and maximum daily temperatures were collated from 2 days prior to the 

first sow farrowing in the respective batch to 2 days after the day of last sow 

farrowing in the batch. These data were averaged to provide minimum and 

maximum temperature values for each farrowing batch, In addition, the highest 

and lowest daily values during the 14 time periods were recorded and are 

presented graphically in Figure 15. 

 

 
Figure 15. Maximum and minimum temperatures outside the farrowing shed around the 
time of farrowing for each replicate of the experiment. The upper and lower heavier lines 
report the mean maximum () and minimum () temperatures, respectively, over 
approximately 10-day periods when farrowings occurred within replicates. The finer lines 
above and below these lines show the highest and lowest individual day temperatures 
recorded in the period. 
 

Minimum and maximum temperatures were also recorded in the UMB farrowing 

shed. Table 5 shows minimum and maximum temperatures (mean and range) in 

the UMB farrowing room in different seasons, coinciding with farrowing batches.  

 
Table 5. Air temperatures recorded in the UMB farrowing shed in different seasons. 

 
Season 

Minimum temperature (ºC) Maximum temperature (ºC) 
Mean Range Mean Range 

Winter 12.6 9-18 19.7 16-24 
Spring 15.7 12-20 24.4 22-27 

Summer 22.7 16-23 31.2 25-37 
Autumn 16.7 13-20 22.8 20-26 
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 Production 

During the research it became apparent that an unusually high proportion of 

piglets born were very small / underweight. At the suggestion of the Pork CRC 

Programme 1 Manager, the weight of individual piglets, rather than the total 

weight of the litter, be recorded to identify the population characteristics for 

birth weight. For 52 litters born in the second half of the experiment therefore, 

individual piglet weights were recorded on day 1 of lactation, for live and stillborn 

piglets. Litter size (total born) averaged 12.2 piglets (SD 3.48; range 2 to 19 

piglets). Born alive averaged 11.4 piglets (SD 3.23; range 2 to 17 piglets) and 

stillbirths 0.8 piglets per litter (range 0 to 6). 

 

 Piglet birth weights of live born and stillborn piglets in the sample  

Figure 16 shows the population distribution across the weight range recorded for 

the sample of 52 litters. The mean weight of 591 live born piglets was 1.358 kg (SD 

0.331). The median, minimum and maximum values were 1.360, 0.590 and 2.395 

kg, respectively. Cumulatively, 23.4% and 32.7% of live born piglets weighed less 

than 1.1 and 1.2 kg, respectively, when weighed on day 1 of lactation. 

 

 
Figure 16. Frequency distribution of live born piglet weights by weight class, based on 591 
live born piglets from 52 litters. Mean weight = 1.358 kg, Standard deviation = 0.331 kg, 
Median weight = 1.360 kg, minimum = 0.590 kg and maximum = 2.395 kg. Cumulatively, 
23.4% and 32.7% of live born piglets weighed less than 1.1 and 1.2 kg, respectively, when 
weighed on day 1 of lactation. 
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An additional 43 piglets in the sample were recorded as stillborn following 

necropsy, corresponding to 6.8% of total born. About one-half of the litters 

contained stillbirths (25 of 52 litters, 48.1%), and the average weight of stillborn 

piglets was 1.224 kg (SD 0.356, minimum and maximum weights were 0.560 and 

1.900 kg, respectively). As suggested in Figure 17, the mean weight of live born 

piglets per litter decreased as number of piglets in the litter increased. However, 

there was no apparent relationship between mean weight of stillbirths and litter 

size (Figure 17).  

 

 

 
Figure 17. Average weight of live born and stillborn piglets per litter versus litter size 
(N=52 litters). The solid and dashed lines show the linear relationships between piglet 
weight and litter size for live and stillborn piglets, respectively. 
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Data from the sample of 52 litters, according to farrowing accommodation 

treatment, are presented for comparison in Table 6, without statistical analysis.  

 

Table 6. Production variables from the sample of 52 litters in the second half of the 
experiment, in which individual piglet weights were recorded, according to farrowing 
accommodation treatment. Values in parentheses are the standard deviation. 
Statistical analyses have not been applied to these data. 

Variable Farrowing crate UMB farrowing pen 
Number of litters 
Sow parity 

27 
3.5 (2.34) 

24 
2.0 (1.20) 

Number of piglets recorded 
 total 
 alive 
 stillborn 

 
327 
299 
28 

 
296 
282 
14 

Average litter size (piglets) 
 total born 
 alive 
 stillborn 

 
12.1 (3.31) 
11.1 (2.96) 
1.0 (1.03) 

 
12.3 (3.80) 
11.7 (3.59) 
0.6 (0.83) 

Piglet weight (kg) 
 Live born 

o Minimum value 
o Maximum value 

 Stillborn 
o Minimum value 
o Maximum value 

 
1.366 (0.348) 

0.590 
2.195 

1.225 (0.363) 
0.560 
1.840 

 
1.345 (0.317) 

0.645 
2.395 

1.207 (0.365) 
0.705 
1.900 

Occurrence of stillbirths 
 % of total born 
 % of litters containing stillbirth(s) 

 
8.6 
51.9 

 
4.7 
41.7 

 

 Production data for 112 sows and litters included in the 14 replicates of 

the experiment 

The production data for all sows and litters in the two farrowing accommodation 

treatments in the experiment are shown in Table 7. As shown in the table, sows in 

the crate treatment were older (P<0.001) than that used in the UMB farrowing pen 

treatment. This outcome occurred due to the small size of the sow herd at the 

May Farm pig unit limiting number of sows available for the experiment and 

concerns over placing older sows without prior experience of farrowing pen 

accommodation in the UMB pens. The analysis also suggests the incidence of 

stillbirths may be lower (P=0.027) for sows in UMB farrowing pens than crates. 

However, after adjusting for sow parity number in the analysis, no difference was 

found (Table 7). While sow voluntary feed intake was lower (P=0.002) in the 
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farrowing crate than UMB farrowing pen treatment (Table 7), there was no 

difference in daily weight gain of piglets during lactation. 

 

Table 7. General production data for sows and litters in the two farrowing 
accommodation treatments, based on data from 14 farrowing batches, including all 
piglets born. 

Variable Farrowing 
crates 

UMB 
farrowing 

pens 
SED P value 

Number of litters 56 56   
Sow parity number (gilt = 0 parity) 2.75 1.35 0.290 <0.001 
Piglets born per litter     

 Total born 11.79 12.38 0.633 0.354 
 Born alive 10.91 11.96 0.599 0.082 
 Stillborn {log (X+1) transformed} 0.466 0.269 0.0875 0.027 
 Stillborn {non-transformed} 0.88 0.41 - - 

After adjusting for total born in litter:     
 Stillborn {log (X+1) transformed} 0.480 0.255 0.0827 0.008 

After adjusting for sow parity number:     
 Stillborn {log (X+1) transformed} 0.404 0.331 0.0939 0.438 

Piglet weight on day 1 of lactation (kg) 1.463 1.413 0.0442 0.266 
After adjusting for total born in litter: 1.449 1.426 0.0344 0.500 

Piglet daily weight gain birth to weaning (g) 221 218 9.53 0.740 
Sow voluntary feed intake day 7 to 21 (kg) 7.78 8.61 0.260 0.002 
Litter age at weaning 26.8 26.8 0.370 0.923 
SED: standard error of difference of means 
 

A total of 611 piglets were born alive (plus 72 stillbirths) in the farrowing crate 

treatment and 670 were born alive (plus 23 stillbirths) in the UMB farrowing pen 

treatment.  
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 Piglet mortality 

Of live born piglets, 115 and 178, respectively, died before weaning in the 

farrowing crate and UMB farrowing pen treatments, respectively. As indicated in 

Figure 18, the majority of deaths for a single day were recorded on day 1 of 

lactation for both treatments. As expected, about three-quarters of deaths of live 

born piglets occurred over the first 3 days of lactation. The proportion of deaths 

due to different primary causes in the two treatments is presented in Figure 19. 

 

 
Figure 18. Proportion of live born piglets that died during lactation in the 14 farrowing 
replicates. The graph shows the proportions of piglets in the Crate (yellow cross-hatch 
columns; N=115 piglets died) and UMB farrowing pen treatments (black columns; N=178 
piglets).  
 

Figure 19. Causes of piglet deaths for live born piglets in the two farrowing treatments. 
All piglets are included in the dataset. 
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As previously indicated, there was a higher than expected incidence of small and 

under-sized piglets recorded in the experiment. This issue has been reflected in 

the occurrence of high piglet mortality. As presented in Table 8, the body weight 

of piglets that died in the experiment (in both treatments) was low. 

 

Table 8. Details of live born piglets that died during lactation in the two treatments. 

 
Day 

Farrowing crates UMB farrowing pens 
No. Mean 

wt 
(kg) 

StDev Min 
wt 
(kg) 

Max 
wt 
(kg) 

No. Mean 
wt 
(kg) 

StDev Min 
wt 
(kg) 

Max 
wt 
(kg) 

1 37 1.04 0.368 0.59 2.24 74 1.10 0.326 0.55 1.83 
2 25 0.94 0.368 0.35 1.70 30 1.16 0.351 0.60 1.93 
3 19 1.03 0.458 0.54 1.93 24 1.13 0.39 0.50 1.90 

4-7 13 1.28 0.484 0.62 2.10 27 1.53 0.460 0.69 2.30 
8-14 9 2.56 0.699 1.00 3.49 16 1.88 0.499 1.21 2.92 
15-21 7 2.06 0.534 1.35 3.12 4 2.49 1.164 1.33 4.10 

22 to wean 5 3.55 2.044 1.95 7.07 3 2.55 0.820 1.60 3.02 
Sum 115     178     

No. = number of piglets; StDev = standard deviation; Min = minimum; Max = maximum 

 

Tables 9a to e provide details regarding piglet deaths in the two farrowing 

treatments, for piglets that were classified according to primary cause of death by 

necropsy. The number of piglets that died from each cause, the average body 

weight, the number represented of each sex and the number which had, or did not 

have, milk in the stomach at the time of death. 

 

Table 9a. Details of live born piglets that died due to chilling at birth in the two 
farrowing accommodation treatments. 

 
Day 

Farrowing crates UMB farrowing pens 
No. Mean 

wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

No. Mean 
wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

1 19 1.04 10 9 2 17 6 0.91 2 4 0 6 
2 3 0.75 3 0 2 1 3 0.74 2 1 0 3 
3 1 0.55 1 0 0 3 0 - - - - - 

4-7 0 - - - - - 0 - - - - - 
8-14 0 - - - - - 0 - - - - - 
15-21 0 - - - - - 0 - - - - - 
22 to 
wean 

0 - - - - - 0 - - - - - 

Sum 23  14 9 4 21 9  4 5 0 9 
No. = number of piglets; Milk and No milk refer to milk and no milk, respectively, found in 
the piglet’s stomach at necropsy. 
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Table 9b. Details of live born piglets that died due to overlying by the sow in the two 
farrowing accommodation treatments. 

 
Day 

Farrowing crates UMB farrowing pens 
No. Mean 

wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

No. Mean 
wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

1 5 1.40 2 3 4 1 58 1.17 38 20 31 27 
2 6 1.23 5 1 3 3 22 1.28 18 14 17 5 
3 6 1.21 5 1 4 2 17 1.14 8 9 16 1 

4-7 2 1.04 1 1 1 1 15 1.65 8 7 14 1 
8-14 1 2.52 1 0 1 0 5 1.87 4 1 5 0 
15-21 0 - - - - - 1 4.10 0 1 1 0 
22 to 
wean 

2 2.88 0 2 2 0 0 - - - - - 

Sum 22  14 8 15 7 118  76 52 84 34 
No. = number of piglets; Milk and No milk refer to milk and no milk, respectively, found in 
the piglet’s stomach at necropsy. 
 

 

Table 9c. Details of live born piglets that died due to the combination of causes related 
to being under-sized, non-viable (weak) or that failed to compete and starved, in the 
two farrowing accommodation treatments. 

 
Day 

Farrowing crates UMB farrowing pens 
No. Mean 

wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

No. Mean 
wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

1 9 0.75 7 2 0 9 9 0.80 3 6 1 8 
2 9 0.74 6 3 3 6 3 0.75 2 1 0 3 
3 8 0.99 7 1 1 7 2 0.56 1 1 0 2 

4-7 5 1.05 2 3 0 5 7 1.00 5 2 2 5 
8-14 1 1.00 1 0 0 1 1 1.63 1 0 0 1 
15-21 1 1.35 1 0 1 0 0 - - - - - 
22 to 
wean 

0 - - - - - 0 - - - - - 

Sum 33  24 9 5 28 22  12 10 3 19 
No. = number of piglets; Milk and No milk refer to milk and no milk, respectively, found in 
the piglet’s stomach at necropsy. 
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Table 9d. Details of live born piglets that died due to the combination of causes related 
to being splay legged or having another congenital abnormality, in the two farrowing 
accommodation treatments. 

 
Day 

Farrowing crates UMB farrowing pens 
No. Mean 

wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

No. Mean 
wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

1 1 1.36 1 0 0 1 1 0.87 1 0 1 0 
2 4 1.00 3 1 1 3 2 1.09 1 1 0 2 
3 1 0.91 0 1 0 1 4 1.38 1 3 2 2 

4-7 0 - - - - - 3 2.00 1 2 2 1 
8-14 0 - - - - - 3 2.48 2 1 3 0 
15-21 0 - - - - - 0 - - - - - 
22 to 
wean 

1 7.07 1 0 1 0 0 - - - - - 

Sum 7  5 2 2 5 13  6 7 8 5 
No. = number of piglets; Milk and No milk refer to milk and no milk, respectively, found in 
the piglet’s stomach at necropsy. 
 

 

Table 9e. Details of live born piglets that died due to the combination of causes related 
to being ill, in the two farrowing accommodation treatments. 

 
Day 

Farrowing crates UMB farrowing pens 
No. Mean 

wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

No. Mean 
wt 
(kg) 

M
ale 

F
em

ale 

M
ilk 

N
o m

ilk 

1 0 - - - - - 0 - - - - - 
2 1 0.77 0 1 0 1 0 - - - - - 
3 1 0.89 1 0 0 1 1 1.22 1 0 1 0 

4-7 6 1.55 3 3 1 5 2 1.74 1 1 1 1 
8-14 7 2.78 4 3 0 7 7 1.67 4 3 3 4 
15-21 6 2.10 3 3 0 6 3 1.95 2 1 1 2 
22 to 
wean 

2 2.45 2 0 1 1 3 2.54 3 0 3 0 

Sum 23  13 10 2 21 16  11 5 9 7 
No. = number of piglets; Milk and No milk refer to milk and no milk, respectively, found in 
the piglet’s stomach at necropsy. 
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Comparison of the prototype UMB farrowing pen with piglet heat provided via 

the sub-floor heating system. 

 Piglet production and mortality in replicates 1 to 9 

Table 10a presents the data following statistical analysis relevant to piglet 

production and loss in the prototype UMB farrowing pen compared to the 

conventional farrowing crate. All piglet data are included, that is piglets were not 

omitted from the analysis on the basis of being underweight. However, Table 10b 

presents the same data after omission of the data for underweight piglets.  

 

As previously noted, sows in the farrowing crate treatment were of higher 

(P=0.004) parity number than the UMB prototype farrowing pen (Table 10a). In 

addition, as shown in Table 10a, piglet mortality was significantly lower in 

farrowing crates than the UMB farrowing pens (P=0.017). Piglet mortality in crates 

was 15.4% of born alive compared to 25.0% of live born for the prototype UMB 

farrowing pen. 

 

Table 10a. General production data for sows and litters in the two farrowing 
accommodation treatments from the initial 9 farrowing batches in which the UMB pens 
did not provide overhead piglet heaters. All piglets included. 

Variable Farrowing 
crates 

UMB 
farrowing 

pens 
SED P value 

Number of litters 36 36   
Sow parity 2.53 1.53 0.336 0.004 
Piglets born per litter     

 Total born 11.06 12.08 0.769 0.186 
 Born alive 10.44 11.72 0.724 0.082 
 Stillborn {log (X+1) transformed} 0.356 0.242 0.0984 0.252 
 Stillborn {non-transformed} 0.61 0.36 - - 

Piglet deaths to weaning (of live born) per litter 1.72 3.25 - - 
 Piglet deaths after Log(X+1) 

transformation 
0.811 1.206 0.1613 0.017 

Deaths as a proportion of live born (%): 15.4% 25.0%   
Piglets weaned per litter 8.78 8.25 0.476 0.271 
Litter age at weaning (days) 27.0 26.8 0.41 0.738 
SED: standard error of difference of the means 

 

After omitting the data for piglets weighing less than 1.1 kg and 1.2 kg, 

respectively, the comparison of piglet mortality in the two farrowing systems is 

represented in Table 10b.  
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Table 10b. Piglet mortality data for sows and litters in the two farrowing 
accommodation treatments from the initial 9 farrowing batches, in which the UMB 
farrowing pens provided underfloor heating for piglets. Piglets weighing less than 1.1 
kg and 1.2 kg, respectively, that died were omitted from the dataset for the analysis. 

Variable 
Farrowing 

crates 

UMB 
farrowing 

pens 
SED P value 

After adjusting dataset to omit dead piglets weighing <1.1 kg   
 Born alive  9.64 10.47 0.563 0.144 
 Deaths to weaning  0.92 2.0 - - 
 Piglet deaths after Log(X+1) 

transformation 
0.490 0.915 0.1372 0.003 

Deaths as a proportion of live born (%) 9.8% 18.4% - - 
After adjusting dataset to omit dead piglets weighing <1.2 kg   

 Born alive  9.61 10.39 0.569 0.176 
 Deaths to weaning  0.92 2.0 - - 
 Piglet deaths after Log(X+1) 

transformation 
0.471 0.890 0.1362 0.003 

Deaths as a proportion of live born (%): 9.5% 17.8%   
SED: standard error of difference of the means 

 

As indicated in Table 10b, while removing the underweight piglets from the 

analysis reduced the piglet mortality in both farrowing accommodation 

treatments, the proportion of piglet deaths was still significantly lower (P=0.003) 

in the farrowing crate than prototype UMB farrowing pen treatment. Piglet 

mortality of around 10% of born alive was achieved in the farrowing crates, and 

this is an acceptable low level of piglet loss. Nevertheless, piglet mortality in the 

prototype UMB farrowing pen was twice that of the farrowing crate, at about 18% 

of born alive. 

 

Hence, modifications to the UMB farrowing pens were instituted to incorporate a 

thermostatically-controlled piglet heater as the primary heat source for piglets. 

The heater was placed at the rear of the nest area. The modification to include 

the heater as previously described in Figure 8, required changing the position of 

the rear sloping panel, thus forming a heated, protected creep area for the 

piglets. Piglet production and loss in the modified UMB farrowing pen design was 

compared to farrowing crates in the subsequent 5 replicates of the experiment.  
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Comparison of the modified UMB farrowing pen with piglet heat provided via a 

thermostatically-controlled heater behind the new rear creep zone. 

 Piglet production and mortality in replicates 10 to 14 

Table 11a presents the data following statistical analysis relevant to piglet 

production and loss in the modified UMB farrowing pen compared to the 

conventional farrowing crate. All piglet data are included, that is piglets were not 

omitted from the analysis on the basis of being underweight. However, Table 11b 

represents the same data after omission of the data for underweight piglets.  

 

As previously noted, sows in the farrowing crate treatment were of higher 

(P=0.004) parity number than the UMB farrowing pen treatment (Table 11a). 

However, as shown in Table 11a, piglet mortality did not differ between the 

farrowing crate and UMB farrowing pen treatments (P=0.706). Piglet mortality in 

crates was 19.8% of born alive compared to 22.6% of live born for the modified 

UMB farrowing pen. 

 

Table 11a. General production data for sows and litters in the two farrowing 
accommodation treatments from farrowing batches 10 to 14, in which the UMB pens 
were modified to include overhead piglet heaters. All piglets included. 

Variable Farrowing 
crates 

UMB 
farrowing 

pens 
SED P value 

Number of litters 20 20   
Sow parity 4.1 2.0 0.53 <0.001 
Piglets born per litter     

 Total born 13.1 12.9 1.11 0.858 
 Born alive 11.7 12.4 1.07 0.547 
 Stillborn {log (X+1) transformed} 0.664 0.318 0.1686 0.048 
 Stillborn {non-transformed} 1.4 0.5 - - 

Piglet deaths to weaning (of live born) per litter 2.65 3.0 - - 
 Piglet deaths after Log(X+1) 

transformation 
1.05 1.15 0.265 0.706 

Deaths as a proportion of live born (%): 19.8% 22.6%   
Piglets weaned per litter 8.7 8.2 0.67 0.42 
Litter age at weaning (days) 26.5 26.6 0.73 0.838 
SED: standard error of difference of the means 

 

After omitting the data for piglets weighing less than 1.1 kg and 1.2 kg, 

respectively, the comparison of piglet mortality in the two farrowing systems is 

represented in Table 11b.  



  

 33

 

 

Table 11b. Piglet mortality data for sows and litters in the two farrowing 
accommodation treatments from farrowing batches 10 to 14, in which the UMB pens 
were modified to include overhead piglet heaters. Piglets weighing less than 1.1 kg and 
1.2 kg, respectively, that died were omitted from the dataset for the analysis. 

Variable Farrowing 
crates 

UMB 
farrowing 

pens 
SED P value 

After adjusting dataset to omit dead piglets weighing <1.1 kg   
 Born alive  10.20 11.00 0.881 0.370 
 Deaths to weaning  1.10 1.65 - - 
 Piglet deaths after Log(X+1) 

transformation 
0.604 0.742 0.1983 0.491 

Deaths as a proportion of live born (%) 10.3% 15.3% - - 
After adjusting dataset to omit dead piglets weighing <1.2 kg   

 Born alive  10.10 10.60 0.895 0.580 
 Deaths to weaning  1.00 1.25 - - 
 Piglet deaths after Log(X+1) 

transformation 
0.563 0.586 0.1898 0.905 

Deaths as a proportion of live born (%): 9.5% 12.6%   
SED: standard error of difference of the means 
 

After omitting data of underweight piglets from the analysis, piglet mortality was 

reduced in both farrowing accommodation treatments. The proportion of piglet 

deaths did not differ (Table 11b) between the farrowing crate and modified UMB 

farrowing pen treatment. As noted previously for the first 9 replicates of the 

experiment (see Table 10b) involving the prototype UMB farrowing pen, in 

replicates 10 to 14 piglet mortality of around 10% of born alive was achieved in 

the farrowing crates. While the result for piglet mortality in the modified UMB pen 

was higher, it was not markedly higher than that achieved in the farrowing crate 

(about 12-15% of born alive). Thus, this finding is encouraging. 

 

 

SUMMARY OF PIGLET MORTALITY FINDINGS 

The piglet mortality comparisons between the conventional farrowing crate and 

the UMB farrowing pen treatments are summarized in Figure 20.  
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Figure 20. Piglet mortality as a proportion of born alive in the two phases of the 
experiment: In Replicates 1 to 9, piglets in the UMB farrowing pens were heated via 
underfloor heat mats embedded in the concrete floor under sections of the nest area (see 
Figure 7). In Replicates 10 to 14, piglets were heated via an overhead piglet heater above 
a creep zone at the rear of the nest area (see Figure 8). Due to the higher than normal 
proportion of piglets that were born underweight, the results are presented for ‘All 
piglets’, and following omission of dead piglets that weighed ‘<1.1 kg’ and ‘<1.2 kg’, 
respectively. 
 

 Piglet growth 

There was no effect of farrowing treatment on the average daily weight gain by 

piglets. Tables 12a and b, respectively, present the data on piglet weight 

throughout lactation in replicates 1 to 9 and 10 to 14. Although there were weak 

tendencies for piglets in the UMB pen treatments to have lower weights on day 21 

of lactation than piglets in farrowing crates, the differences were not significant 

(P=0.13 and P=0.10, respectively). 

 

Table 12a. General production data for sows and litters in the two farrowing 
accommodation treatments from the initial 9 farrowing batches in which the UMB pens 
did not provide overhead piglet heaters. All piglets included. 

Variable Farrowing 
crates 

UMB 
farrowing 

pens 
SED P value 

Number of litters 36 36   
Piglets weaned per litter 8.78 8.25 0.476 0.271 
Piglet daily weight gain birth to weaning (g) 225 221 12.5 0.758 
Piglet weight in lactation (kg)     

 day 1 1.499 1.442 0.0573 0.326 
 day 7 2.61 2.48 0.109 0.220 
 day 14 4.36 4.09 0.182 0.139 
 day 21 6.09 5.68 0.266 0.131 
 weaning 7.55 7.40 0.376 0.675 

Litter age at weaning (days) 27.0 26.8 0.41 0.738 
SED: standard errors of differences of means 
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Table 12b. General production data for sows and litters in the two farrowing 
accommodation treatments from farrowing batches 10 to 14, in which the UMB pens 
included overhead piglet heaters. All piglets included. 

Variable Farrowing 
crates 

UMB 
farrowing 

pens 
SED P value 

Number of litters 20 20   
Piglets weaned per litter 8.7 8.2 0.67 0.42 
Piglet daily weight gain birth to weaning (g) 214 212 14.5 0.895 
Average piglet weight in lactation (kg)     

 day 1 1.40 1.36 0.069 0.614 
 day 7 2.40 2.22 0.139 0.201 
 day 14 4.14 3.72 0.262 0.115 
 day 21 5.72 5.22 0.295 0.100 
 weaning 7.05 7.04 0.460 0.984 

Litter age at weaning (days) 26.5 26.6 0.73 0.838 
SED: standard errors of differences of means 
 

 Sow behaviour 
 

Sow behaviour before farrowing (nesting by sows in UMB farrowing pens) 

The collation of these data from video is currently in progress. The intention is to 

collate data from a selection of the sows, and investigate whether the amount of 

pre-farrowing nesting-like behaviour is related to incidence of piglet mortality.  

 

Farrowing behaviour in UMB pens 

The collation of these data is currently in progress. The intention is to collate the 

video data for all sows, and record the location of the sow in the UMB farrowing 

pen at the birth of the first 3 piglets in the litter, and the sows’ initial responses 

to each piglet.  

 

Suckling behaviour and sow posture on days 8, 15 and 20 of lactation 

The number of suckling bouts per 24 h period of days 8, 15 and 20 of lactation 

were behaviour recorded from digital video. As shown in Table 13, there were 

differences (P<0.05) due to the farrowing accommodation treatment and day of 

lactation on the number of suckling bouts per sow. Sows in farrowing crates 

performed on average 1.7 more suckling bouts per 24 h period. As expected, the 

number of suckling bouts per day declined as lactation progressed, however there 

was no interactions between housing treatment and day of lactation. Table 13 also 

presents the responses of sows following the completion of suckling bouts, while 

Table 14 presents data for sow posture recorded at 30-min intervals during the 

same 24 h period.  
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As indicated in Table 13, sows in farrowing crates responded differently to sows in 

UMB farrowing pens following many recorded suckling bouts. For example, sows in 

crates remained lying on the side on 75% of instances, compared to 52% of 

instances for sows in UMB pens. Consequently, sows in the UMB pens were more 

likely to roll onto the belly at the completion of suckling bouts. 

 

Table 13. The occurrence of suckling bouts by sows and litters in the two farrowing 
treatment on days 8, 15 and 20 of lactation. In addition, the responses of sows 
following suckling bouts on the 3 days in lactation are presented. There were no 
interactions. 

Main effects:  Farrowing accommodation Day of lactation 

  Crate  UMB Pen SED P value 8 15 20  SED P value

No. of suckling     
bouts in 24 h  28.7  27.0 0.430 <0.05 29.5 27.3 26.7  0.492 <0.05
Post‐suckling response of the sow  
A: Remain on 
side 

75.4%  52.3% 2.39 <0.001 68.0% 62.6%  59.5%  2.93 0.019

B: Roll onto 
belly 

16.2%  42.0% 2.52 <0.001 25.7% 29.3%  32.2%  3.08 0.108

C: Stand (Ang)  1.356  0.356 0.097 <0.001 0.875 0.834 0.860  0.119 0.857
   Stand †  8.0%  1.6% ‐ ‐ 4.6% 4.6% 5.1%  ‐ ‐
D: Sit up  0.298  0.679 0.104 <0.001 0.322 0.613 0.529  0.127 0.050
   Sit †  1.3%  4.1% ‐ ‐ 1.7% 3.4% 3.0%  ‐ ‐
     
E: UMB pens only. Sow stands and leaves location 7.7% 8.1% 9.2%  2.38 0.805

SED:  standard error of difference between  the means; Ang: values  transformed using  the angular 
transformation;  †:  indicates  the  values  are  raw  mean  percentages  not  submitted  to  statistical 
analysis 

 

As expected the most common posture of the sows was side lying, although sows 

in farrowing crates were more likely to display side lying than sows in the UMB 

pens (Table 14). The increase in side lying for sows in crates was mainly 

compensated by increased belly lying by sows in the UMB pens. In effect, sows 

spent about the same proportion of time standing in the two farrowing treatments 

(Table 14). 

 

Table 14. The proportion of observations (recorded at 30-min intervals) per 24 h 
period that sows occupied different postures in farrowing crates and UMB farrowing 
pens, and on days 8, 15 and 20 of lactation. There were no interactions. 

Main effects:  Farrowing accommodation Day of lactation 

Posture  Crate  UMB Pen SED P value 8 15 20  SED  P value

Side lie  %  78.6  67.2 1.85 <0.001 75.9 72.6 70.2  2.04  <0.001
Belly lie  %  9.4  19.2 1.45 <0.001 11.9 15.1 15.8  1.33  <0.001
Sit  Ang   1.575  4.003 0.77 0.017 2.37 2.98 3.01  0.73  0.653
Sit  % †  0.5  1.3 ‐ ‐ 0.7 1.0 1.0  ‐  ‐
Stand  %  11.8  12.5 1.58 0.680 11.7 11.4 13.3  0.73  0.037

SED: standard error of difference between the means; Ang: values transformed using the angular 
transformation; †: indicates the values are raw percentages not submitted to statistical analysis 
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Time spent in the nest area and vacating of the nest area by sows 

There was a tendency (P=0.10) sows in the UMB farrowing pens to spend more 

time in the nest area of the pen on day 8 compared to day 20 of lactation (55.4, 

49.2 and 47.5% of observations for days 8, 15 and 20, respectively; sed 0.0381).  

 

The collation of data from video to determine the time sows spend in the nest 

around farrowing, and in early lactation, is currently in progress. The intention is 

to identify when and if sows vacated the nest area (i.e. preferring to live in the 

non-nest area), and whether this was related to incidence of piglet mortality in 

the non-nest area.  

 

DISCUSSION 

The establishment of the four prototype UMB farrowing pens in a dry sow shed 

replicates the strategy we anticipate pig producers will initially opt for, which is 

to install a small number of farrowing pens as a trial, rather than constructing a 

new, purpose-built farrowing shed for farrowing sows in pens on a commercial 

scale. The learnings from the present project are also highly relevant to Australian 

producers who are considering retro-fitting non-purpose built sheds to install 

farrowing pens. Typically such sheds lack sufficient insulation and a heating 

system, which is essential for a farrowing shed during the cooler months of the 

year. An alternative title for this project might be therefore, “Learnings from 

retro-fitting a dry sow shed for farrowing pen accommodation under Australian 

conditions”. 

 

Sow locomotion, injury and lactation performance 

Based on assessments of the sows at entry to the two types of farrowing 

accommodation and at weaning, no differences were found in sow body condition 

score, lameness, ease of movement or injury score. The sows in the May Farm 

herd are housed for most of gestation in groups on deep litter of straw, and the 

pig unit manager aims to achieve a sow body condition score of 3 at entry to the 

farrowing accommodation. Since the sows spend the majority of their time on 

straw bedding (i.e. during gestation), they tend to have sound legs and generally 

do not have injuries or wounds. The sows were relatively easy to manoeuver into 

and out of farrowing accommodation, perhaps because the sows in the breeding 

herd are used for student practical classes in pig handling and husbandry, and are 

therefore familiar with being handled.  
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Piglet survival and growth performance 

A key focus of this research was piglet survival and loss in the two farrowing 

systems. Piglets losses may occur in the form of either stillbirths or deaths of live 

born piglets.  

 

Stillbirths 

The incidence of stillbirths in the commercial pig industry occurs in the range of 6-

10% of total born piglets (Fraser et al., 1997; Edwards, 2002). Approximately 70% 

of stillbirths are considered intra-partum deaths, with the piglet dying during the 

process of parturition (Randall and Penny, 1967; Bille et al., 1974), with piglets 

dying from asphyxiation or lack of oxygen when the umbilical cord ruptures before 

the piglet has passed through the vulva and is able to breathe. The structure and 

dimensions of the farrowing environment available to the sow may influence her 

pre-farrowing behaviour, and there is some evidence that together these may also 

influence the occurrence of intra-partum stillbirths (Cronin et al., 1993; 1998). 

The remaining 30% of stillbirths are considered pre-partum deaths (Randall and 

Penny, 1967; Bille et al., 1974). In this category, deaths occur late in gestation 

and are therefore not expected to be influenced by farrowing treatments or sow 

behaviour. 

 

In the present experiment there was a greater incidence of stillbirths for sows in 

the farrowing crate compared to UMB farrowing pen treatment. However, in the 

present experiment sows in the farrowing crate treatment were on average older 

parity than those farrowing in the UMB pen treatment. Thus farrowing treatment 

was confounded with sow parity. While it is known that stillbirth rate increases as 

sows age, there is also evidence that the provision of straw to stimulate pre-

farrowing nesting behaviour may result in a reduction to stillbirths. For example, 

Vellenga et al. (1983) reported that sows provided with straw at farrowing had 

lower incidence of stillbirths (5.90 v 8.05%, respectively for straw provided and no 

straw provided at farrowing, based on 375 litters). Monitoring of stillbirth rates, as 

a production marker in the evaluation of farrowing pens, is therefore warranted. 

 

Deaths of live born piglets 

The level of piglet mortality is one of the most important measures deciding 

whether any farrowing system is acceptable. Mortality is relevant since there are 
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both piglet welfare and farmer welfare (involving economic profitability and 

sustainability) implications, and these are inevitably linked to sustainable pig 

production. The present project identified high piglet mortality in both farrowing 

systems, but especially in the prototype UMB farrowing pen system. However, this 

was predominantly the result of a higher than expected proportion of small, 

underweight piglets. On the suggestion of the Pork CRC Programme manager, 

about one year into the project we commenced recording day 1 weights for 

individual piglets, rather than just recording litter weights. Based on individual 

weights from 52 litters born in the herd during the second year of the project, it 

was realized that 23.4% of piglets weighed less than 1.1 kg, and 32.7% weighed 

less than 1.2 kg on day 1 of life. 

 

While the survival of underweight and undersized piglets has been an ongoing 

problem in pig production, it is recognized that such piglets often lack vigour or 

strength, and overly contribute to high piglet mortality in herds (England, 1974; 

English and Morrison, 1984a and b). The range in piglet weight recorded on day 1 

of lactation in the present experiment is similar to that reported by Quiniou et al. 

(2002) in a study of 965 litters (12,041 piglets born) on a pig research station in 

France. However, while Quiniou et al. (2002) reported that 25.8% of live-born 

piglets weighed less than or equal to 1.2 kg, in the present experiment 32.7% of 

live-born piglets were under 1.2 kg. 

 

Confounding this problem in the first 9 replicates of the project was low room 

temperature for the UMB farrowing pens. Piglets in the prototype UMB farrowing 

pens could access heat from the sow’s udder and two sections of the nest area 

floor. No overhead heating was provided and the room was not heated. In 

comparison, the farrowing crate room was heated to about 21ºC, and each 

farrowing crate was provided with an overhead creep heater and a creep area 

floor heat panel. Piglet mortality in farrowing crates and the prototype UMB pens 

was 15.4% and 25.0% of live born, respectively. After omitting data of dead piglets 

that weighed less than 1.2 kg, pre-weaning mortality was reduced to 9.5% and 

17.8%, respectively, which suggests that when installed in a retro-fitted shed 

without additional thermal inputs, the prototype UMB pen did not provide an 

acceptable farrowing environment for piglet survival.  

 



  

 40

In the second phase of the project, following modification of the UMB pen to 

include thermostatically-controlled (overhead) heating in the rear creep zone of 

the nest area, piglet mortality was 19.8% and 22.6%, respectively. After omitting 

data of dead piglets that weighed less than 1.2 kg, the pre-weaning mortality was 

reduced to 9.5% and 12.6%, respectively. This finding suggests that the modified 

UMB farrowing pen, when installed in a retro-fitted shed, did offer the prospect of 

achieving an acceptable low level of piglet mortality. However, achievement of a 

significant reduction in the occurrence of under-weight / under-sized piglets 

would be essential areas to target for improvement. In addition, of room heating 

would appear to be essential. Further research is clearly required on these 

aspects, including an investigation of factors influencing neonatal vigour for 

improved piglet survival. 

 

In the present experiment, piglet mortality in the UMB pens was more of an issue 

in winter than summer. In the warmer months of the year, sows in the UMB pens 

vacated the nest area in the first few days of lactation. Sows seemed to prefer the 

cooler concrete floor in the non-nest area, where sow drippers also operated on 

hot days. Piglets could move between the nest and non-nest areas via the pop-

hole in the metal barrier, for example to access the sow for suckling. Our data 

collation and analysis investigating this and the potential relationship with piglet 

mortality is incomplete at this time, but will be included in the final report for the 

project in July 2014.  

 

Piglet growth 

The difference in piglet growth (average daily weight gain) between litters in 

farrowing crates and the UMB farrowing pens was not significant. However, 

towards the end of lactation there was a tendency for piglets in the farrowing 

crates to be heavier than in the UMB farrowing pens. Suckling bouts occurred more 

frequently for sows in the crates than the UMB pens, and this may have influenced 

piglet growth supporting the experimental findings. Nevertheless, sows in the 

crates ate less than sows in the UMB pens between days 7 and 21 of lactation. The 

increased voluntary feed intake of sows in the UMB pens however, did not appear 

to improve milk production and thus piglet growth. Alternatively, the UMB 

farrowing pen sows may have produced more milk due to the higher feed intake 

compared to sows in the farrowing crates, but due to the extra space available in 
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the UMB pens piglets were more active, with any additional milk ingested used 

during increased exercise and not partitioned to growth. 

 

Sow and piglet behaviour 

As mentioned above, voluntary feed intake by the sows in the UMB pens was about 

0.8 kg greater per sow per day than in the conventional crates. This finding is 

similar to two previous on-farm comparisons of sow feed intake in the Werribee 

farrowing pen and conventional crates (Cronin et al. 2000; Loudon 2008). It is not 

clear whether the increased feed intake was a result of lower ambient 

temperature in the UMB farrowing pens or whether it was associated with the 

additional space available to sows and, or exercise. The occurrence of standing 

posture by sows did not differ between the farrowing crates and the UMB 

farrowing pens (11.8 and 12.5% of observations, respectively), suggesting that the 

level of exercise may not be a major influence on feed intake. Regardless, the 

additional feed intake by UMB farrowing pen sows did not result in superior piglet 

growth. 

 

 

4. Conclusion  

The research conducted for this component of Pork CRC Project 1A-105 has 

demonstrated that the UMB farrowing pen system has the potential to be a 

practical alternative to conventional farrowing crates. However, a number of 

significant limitations were identified, including the poor survival of low weight 

piglets, especially in the cold UMB farrowing shed. The type of pig shed into which 

the UMB pens might be installed will be a very important consideration potentially 

influencing the success or failure of the loose farrowing system. The UMB pens, in 

their original design used underfloor heating to manipulate sow and piglet lying 

location. However, this concept will only work in sheds in which the thermal 

environment is controlled, and the shed is properly insulated. Due to the capital 

cost of constructing new, or purpose-built sheds for loose farrowed sows, 

Australian pig producers are more likely to choose to retro-fit existing pig sheds. 

Retro-fitting requires careful thought, since the success or failure of the UMB 

farrowing pen system depends heavily on managing the thermal conditions for the 

piglets, especially in cooler weather which could include early mornings in any 
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season of the year. Summer conditions do not seem to pose as much difficulty for 

sows and piglets than cooler conditions in the UMB pen system. During summer, 

the UMB farrowing shed was easy to ventilate and sows could move out of the nest 

area to lie on the concrete floor in the non-nest area. Water drippers above the 

non-nest area assist the cooling of sows on hot days. Further investigation into 

piglet mortality in hot weather in the UMB farrowing system will occur, with data 

collation still to be completed.  
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