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ABSTRACT The goal of this study was to develop management practices that will allow pig 

producers to benefit from housing sows in groups. Since thermoregulatory behaviour is possible for 
grouped sows, they can potentially tolerate temperatures less than the published lower critical 
temperature (LCT) for pigs, thereby leading to reduction in heating and ventilation energy costs. 
The use of high-fibre diets, which are known to improve satiety, decrease overall activity, and 
repetitive behaviours in sows, was also investigated. The study was designed to develop an 
operant mechanism that would allow group-housed sows to maintain their preferred environmental 
temperature, and to study the physiological effects of dietary fibre addition on sow metabolism and 
thermoregulatory behaviour. An operant mechanism that allowed sows to control their 
environmental temperature was devised. The mechanism was installed in two controlled-
environment chambers at the Prairie Swine Centre barn facility. Results from three trials conducted 
in the chambers showed that sows fed with high-fibre diets tended to prefer lower ambient 
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temperatures (12.5 °C on average) in the chamber than those fed with the standard gestation diet 
(13.4 °C). This treatment approach was then implemented and evaluated in actual gestation rooms 
and results showed that sows fed high-fibre diets could tolerate room temperature as low as 9 °C. 
Furthermore, maintaining gestation rooms at lower environmental temperature resulted in 
reductions in energy consumption for heating and ventilation of approximately 78%. Initial results 
also showed a slight reduction in growth performance in sows fed with high-fibre diet and 
maintained at lower temperatures. The overall effect of this management approach on sow 
physiology and overall performance will be assessed further in subsequent trials. 

Keywords: Group housing, low temperature, sow, energy consumption.  

 

INTRODUCTION This project was conceptualized based on a couple of influencing factors: a). 

the recent shift in the pig industry towards group housing for gestating sows, and b). the increasing 
cost of energy to provide the optimal environment for pigs. At present, temperatures maintained in 
gestation barns are based on the reported lower critical temperature (LCT) for individually housed 
sows, e.g. in stall systems (Geuyen et al, 1984). Allowing the temperature to drop below the LCT 
(currently around 15 °C) will require additional feed for the sows to maintain body condition and 
reproductive performance over the gestation period (Le Goff et al., 2002). However, it has been 
suggested that sows in groups may have LCT values significantly lower than 15 °C since sows in 
groups have the potential to use thermoregulatory behaviour, such as huddling, to maintain comfort 
even when temperatures in the barn are lowered. Thus, if group-housed sows can maintain body 
condition and reproductive performance at temperatures lower than currently maintained without 
the need for additional feed, the potential exists to reduce energy costs for ventilation and heating 
during the winter season. 

Some issues anticipated with group-housed sows include the potential for higher activity levels and 
aggression. When fed high-fibre diets, the sensation of feeling “full” is improved, thus reducing 
feeding related aggression, overall activity and repetitive behaviour Moreover, dietary fibre 
increases heat production in sows without increasing digestible energy. As such, adding fibre to the 
diet can be a means of reducing activity and limiting aggression in sows under reduced barn 
temperatures. 

The general objective of this project was to investigate management practices that will allow pig 
producers to benefit from housing sows in groups. Specifically, this study aimed to determine the 
environmental temperature preferred by sows fed diets with high fermentable fibre in terms of 
metabolic rate, body temperature, and thermoregulatory behaviour. 

METHODOLOGY 

Design and development of the operant mechanism  

In this part, a mechanism that allowed group-housed sows to control their own environmental 
temperature was designed and developed. The operant mechanism involved a manual heat control 
switch that the sows can access and manipulate. The mechanism was instrumented such that 
when a sow activates the switch, it operated the existing supplementary heating system for the 
entire room as well as a small radiant heater placed above the area of the switch which served as 
immediate feedback. In addition to the functional heat control switch, a ‘dummy’ switch that did not 
operate the radiant heater (i.e., unrewarded activity) was also installed close to the real switch to 
distinguish between deliberate behaviour by sows to control the room temperature and random 
interaction with the mechanism. The underlying principle for this operant mechanism has been 
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previously implemented in a study to assess the temperature preference of nursery pigs (Bench 
and Gonyou 2007).  

Trials in controlled-environment chambers 

Description of facilities and experimental set-up: Two fully instrumented controlled-environment 

chambers at the Prairie Swine Centre (PSC) barn were used in this study. Each chamber has 
inside dimensions of 4.2 m x 3.6 m x 2.7 m. The pen area has a slatted concrete floor at one end of 
the pen and a solid floor extending towards the opposite end of the pen. A commercial feeder and 
nipple drinker were installed on one side of the plastic penning.  

The prototype operant mechanism module was assembled and installed in each of the two 
controlled-environment chambers and connected to the small radiant heater and existing 
supplementary heating system for the chamber. Each chamber has a separate heating and 
ventilation controller system similar to those in actual sow barn rooms, and has a pen with drinkers 
and feeders and a manure handling system representative of the actual pens in production rooms. 
In addition, the chamber was fully-instrumented to be able to monitor air temperatures at various 
locations within the chamber, ventilation rates, fan and heater operation, air quality, and other 
parameters that are not typically measured in a conventional production room. Video cameras were 
also installed in each chamber to monitor pig behaviour during the trial. 

In order to encourage the sows to use the operant mechanism, the chambers were operated at a 
set point temperature of 8 °C. To be able to do this, cold ambient air from outside the barn was 
directly drawn into the chambers. The control system was configured such that supplemental 
heaters inside the fresh air supply duct were activated when the temperature inside the chamber 
was below the set point temperature. 

Experimental procedure: A total of 3 replicate trials were carried out in the environmental 

chambers with each chamber housing 2 sows. The duration of each trial was 3 weeks, with the first 
week dedicated to allow sows to acclimatize to the chamber and to learn to use the operant 
mechanism, while the remaining 2 weeks were for data collection. Two experimental diets were 
used, with sows in one chamber fed with the standard gestation diet (Control) while sows in the 
other chamber fed with the high-fibre diet (Treatment). This diet was formulated using ingredients 
with a high heat increment (defined as a high DE/NE (dietary energy/net energy) ratio). To account 
for room effect, assignment of diets was interchanged between the two chambers on subsequent 
trials. During the acclimation period (first week of trial), standard gestation diet was given to all 
sows.  

Throughout the trials, data collection included continuous monitoring of temperature at different 
locations in the chamber, activation events of the operant and dummy switches, and sow 
behaviour. Additionally, sow performance was assessed by determining their average daily gain 
(ADG). 

Actual gestation room trials 

Two gestation rooms at the PSC pig production barn, with each room measuring 7 m (W) x 19.8 m 
(L), were used for in-barn evaluation. One room was designated as “Pre-set” with temperature 
maintained at 16.5 °C (which is the typical set-point applied in sow barns) using a conventional 
controller (PEC, Phason) while the other room was designated as “Sow-controlled” with sows 
allowed to control their own environmental temperature using the operant mechanism developed in 
the previous phase of the study. The operant mechanism was connected to the existing heating 
and ventilation system of the room and to a small radiant heater installed above the operant switch. 
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In the Pre-set room, air temperature was set to 16.5 ºC while the temperature in the Sow-controlled 
room was set at  8°C to prompt the sows to activate the heat control switch for supplemental 
heating. At 1 degree below the set point (i.e., 7°C), the supplemental room heater was set to run 
automatically without the need for the sows to press the switch. This was done to protect the 
animals from potentially being exposed to very cold temperatures. 

An average of 28 sows per room was used per trial. Each trial lasted for 6 weeks. Temperature at 
different locations in the rooms and activations of the operant and dummy switches in the Sow-
controlled room were monitored. Electric current and voltage sensors were installed in both rooms 
to continuously measure the electrical energy consumption of the ventilation fans, heaters, and 
lights throughout each trial. A natural gas meter was installed to monitor the heater gas 
consumption of the supplemental (forced-convection) heater in each room. A preliminary statistical 
analysis was carried out using paired t-test to determine if the observed differences between 
treatments were significant. 

 

RESULTS AND DISCUSSION 

Design of the operant mechanism 

The circuitry of the developed mechanism is shown in Figure 1. The operant mechanism was 
configured to control the heating system of the chamber as well as a small radiant heater using a 
switch located on the pen wall which the sows can access. When a sow activates the switch, it 
operates the existing supplementary heating system for the entire room for 3 minutes as well as the 
small radiant heater above the location of the switch for 2 minutes as an immediate feedback 
reward. One of the installed timers was configured to prevent sows from successively activating the 
heaters by deactivating the switch for 5 minutes after its previous activation, i.e., any switch 
presses during this 5-minute period will not operate the heaters. In addition to the functional heat 
control switch, a ‘dummy’ switch that does not operate the radiant heater (i.e., unrewarded activity) 
was also installed close to the operant switch to distinguish between deliberate behaviour by the 
sows to control the room temperature and random interaction with the mechanism. Both the 
operant and dummy switches were fixed onto the penning of each chamber and the radiant heater 
was installed above the switches as shown in Figure 2. 
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Figure 1. Circuitry of the developed operant mechanism. 

 

Prototype testing and optimization: Following installation of the operant mechanism module, 2 

sows were housed in the pen for 2 weeks. During this period, the environmental temperatures were 
monitored continuously using data loggers, and the sows were observed by video camera for 24 
hours to assess the learning process of the sows to operate the mechanism over time, the average 
temperature selected by the sows, as well as operational parameters to optimize the settings of the 
operant mechanism. Based on this data and the overall performance of the system during the test, 
the design of the prototype module was re-evaluated and appropriate design changes were made 
to come up with an updated version of the operant mechanism module. 
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Figure 2. Operant and dummy switches installed on the penning and radiant heater fixed from the 
ceiling in each of the identical chambers. 

 

Chamber temperature: Temperature at the pig level as well as the corresponding operant switch 

activation by sows and the operation of the radiant and room supplementary heaters in both 
chambers were continuously monitored throughout the trial. Sample profile of temperature and 
switch and heater activations during one trial is presented in Figure 3. Throughout the trial, a 
pattern was observed where temperature changes occurred mainly during the day. Typically, barn 
operations are carried out between 7 AM to 3 PM; beyond this period, lights in both chambers were 
turned off.  
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Figure 3. Pig level temperature and corresponding operant and dummy switch activations by sows 
throughout the second replicate trial in the controlled-environment chambers. Sows in chamber 1 

(C1) were fed standard gestation diet while those in chamber 2 (C2) were fed high-fibre diet. 

 

The actual room temperature at the instant that a sow activated the operant mechanism was also 
recorded and is shown in Figure 4. Most of the time, sows fed with the high-fibre diet activated the 
operant mechanism at a relatively lower pig level temperature than sows fed the standard gestation 
diet. Over 3 trials, the average temperature when the operant mechanism was activated by sows 
fed the high-fibre diet was 12.5 °C while that in the control chamber was 13.4 °C. This suggests 
that sows fed the high heat-increment diet can tolerate lower temperature before calling for 
supplemental heat than sows fed with the standard gestation diet.  
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Figure 4. Pig level temperature at the time the operant mechanism was activated by the sows in the 
two chambers; one chamber was fed standard gestation diet while the other with high heat-

increment diet.  

 

In the chamber with sows fed the high-heat increment diet, average day and night time 
temperatures were 13.4 ± 1.3 and 12.5 ± 1.4 °C, respectively; these values were not significantly 
different (p>0.05) from the chamber with sows fed the standard gestation diet where the average 
day and night time temperatures were 12.6 ± 1.7 and 12.1 ± 1.6 °C, respectively, over 3 trials. It 
was also observed that temperatures were higher during the day when sows were the most active 
(compared to night time) due to greater body heat generated by the sows during periods of higher 
activity. 

Sow performance: Performance of sows was assessed based on average daily gain (ADG) while 

their physiological responses were measured through blood thyroxine, and leptin levels. In terms of 
ADG, no significant difference (p>0.05) was observed between the two treatment diets. On 
average, sows fed with the high-fibre diet had an ADG of 0.20 kg/day while sows fed with the 
standard gestation diet gained 0.16 kg/day.  Over three trials, the leptin level of sows fed the high-
fibre diet was 2.95 ng/ml or 47% lower than sows fed the standard gestation diet (4.34 ng/ml). This 
may indicate that sows fed the high-fibre diet utilized larger amounts of body lipids (fats) but used 
very little protein stores compared to sows fed the standard gestation diet. Cook et al. (undated) 
has reported that as fat stores are utilized, concentrations of leptin decreased. Conversely, the level 
of thyroxine in the blood plasma of sows fed the high-fibre diet was higher than those sows fed the 
standard gestation diet. On average, blood thyroxine of sows on the high-fibre diet was 74.2 nmol/L 
while that of sows fed the standard gestation diet was 66.9 nmol/L, although the difference was 
found to be not statistically significant (p>0.05). Results from analysis of peptide C are yet to be 
analyzed. Wide variability of the data between sows within the same treatment diet was observed, 
thus, these parameters will be closely monitored in subsequent trials.  
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Actual gestation room trials 

Room temperature: Air temperature in the Pre-set (control) room was uniformly distributed and 

averaged 16.4 to 17.0 °C. Conversely, temperature in the Sow-controlled (treatment) room was 
more variable and ranged from 10.7 to 12.3 °C. On average, temperature in the Sow-controlled 
room was about 5 °C colder than the Pre-set room, even taking into account the sow presses of the 
operant mechanism switch to activate the supplemental heater. In general, spikes in pig level 
temperature were observed when sows activated the operant switch and correspondingly, the 
radiant and room heaters. Over 6 weeks, a pattern was observed where temperature changes 
occurred mainly during the day when sows were more active. In addition, most of the switch 
activations by the sows were made during daytime, although a few were also made during 
nighttime.  

Energy consumption: The natural gas consumed for heating and the electricity consumed by the 

fans, room heater and lights comprised the energy consumption of the room. Over six weeks, the 
Pre-set room consumed a total of 4,622.6 m3 of natural gas for heating; this was about 78% higher 
than the Sow-controlled room which had a total of 1,011.1 m3 natural gas consumed (Table 1). 
Similarly, the total electricity consumption in the Pre-set room during this 6-week period was about 
324.55 kWh while the Sow-controlled room used about 289.81 kWh of electricity to heat and 
ventilate the room during this period. The considerable difference in the total energy consumption 
(natural gas and electricity) between the two rooms was mainly due to the difference in 
temperatures maintained in the rooms during the trial.  

 

Table 1. Energy consumption for heating and ventilation in the Sow-controlled and Pre-set rooms. 

Week 

Average 
outside 

temperature, 
°C 

Natural gas consumption, m3 Electrical consumption, kWh 

Sow-controlled Pre-set Sow-controlled Pre-set 

1 -15.8 340.3 1208.5 47.74 55.25 

2 -19.8 555.2 1511.4 51.53 59.78 

3 -3.0 89.5 594.4 47.55 53.65 

4 1.4 11.5 493.0 47.05 53.12 

5 -2.7 10.2 671.2 47.44 54.33 

6 5.2 4.4 144.1 48.50 48.41 

Total  1,011.1 4,622.6 289.81 324.55 

 

Sow performance: Over 6 weeks, no considerable difference was observed in blood thyroxine 

levels and rectal temperature. However, slight differences were observed in backfat depth and 
average daily gain (ADG). On average, the backfat depth of sows in the Sow-controlled room was 
1.9 ± 1.4 mm while in the Pre-set room sows backfat depth was 2.4 ± 1.7 mm. Similarly, ADG of 
sows in the Sow-controlled room was 0.28 ± 0.3 kg/day; however, sows in the Pre-set room had an 
ADG of 0.88 ± 0.6 kg/day. Variability of the data between sows within the room was observed and 
thus, these parameters will be closely monitored in subsequent trials to assess more definitively the 
impact of low temperature housing on sow performance and physiological response.  
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CONCLUSIONS 

An operant mechanism was successfully developed which allowed group-housed sows to maintain 
their environment at their preferred temperature. Results from three trials conducted in controlled-
environment chambers have shown that sows fed with high-fibre (high heat-increment) diets tended 
to maintain relatively lower temperatures (12.5 °C on average) in the chamber than those fed 
standard gestation diets (13.4 °C).  

The gestation room experiments showed that sows could tolerate room temperature as low as 9 °C. 
Furthermore, maintaining the gestation room at lower environmental temperature resulted in about 
78% reduction in energy consumption for heating and ventilation. However, initial results also 
showed slight reduction in growth performance of the sows maintained at lower temperatures. The 
overall effect of this management approach on sow physiology and overall performance will be 
assessed further in subsequent trials.  
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