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ABSTRACT. Eight litters of 10 pre-weaned piglets from 6 to 22 days of age were evaluated for resting 

space occupied in an experimental 1  2 m creep box. Piglets were evaluated at setpoint temperatures of 

30°C, 34°C, and 38°C at one week of age; 23°C, 27°C, and 31°C at two weeks of age; and 21°C, 25°C, 

and 29°C at three weeks old. Floor temperature, as provided by radiant heat lamps, was the primary 

environmental variable. Floor temperatures of 34°C, 27°C, and 25°C were evaluated as the recommended 

condition for piglet comfort for weeks 1, 2, and 3, respectively. The other two temperatures each week were 

considered mildly challenging in being too cool or too warm. The objective of the study was to quantify the 

space occupied by a litter of piglets under recommended conditions and when challenged by less 

comfortable radiant temperatures in an oversized, uniformly heated creep area. Creep box floor 

temperature was quantified as typically within 1°C of setpoint (variation within the space: SD = 0.7°C to 

2.8°C) as measured with an infrared temperature sensor. The space occupied by a litter of 10 piglets at the 

recommended floor temperatures was ALR = 0.29*M
0.53

, where ALR is the area occupied (m
2
) and M is the 

individual piglet mass (kg). Under 4°C too warm or 4°C too cool conditions, the litter of piglets occupied 

approximately 12% more or 9% less area, respectively. The area recommended for 10 average-sized 

piglets at comfortable temperatures at 1 week (3.7 kg), 2 weeks (6.1 kg), and 3 weeks (8.6 kg) of age is 

0.58, 0.76, and 0.91 m
2
, respectively. 
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Provision of a heated creep area improves piglet survival via a higher temperature zone more suitable 

for neonatal piglets than the cooler environment preferred by the sow and by protection from being laid 

upon or stepped on during the sow's normal movements. As loose-housed sow and litter farrowing pens are 

increasing in use for improved welfare of the nursing sow, creep area design features need to be evaluated 

in relation to current pig production practices. Andersen et al. (2007) noted that Sweden, Norway, and 

Switzerland have outlawed use of farrowing crates; the rest of the European Union (EU) and U.S. 

production allow the use of crates. 

Pre-wean piglet mortality of 6% is achievable (1 piglet in 16) by the best producers and is probably the 

lower limit of what can reasonably be accomplished. Pre-wean mortality of 14% is more common (2 piglets 

in 14), but losses up to 25% are seen (Andersen et al., 2007). Most of the mortalities occur during day 1 and 

2 from crushing and starvation of the weakest litter members. Improved usage of the creep area should 

decrease mortality from both of these causes by protecting piglets from sow movements and minimizing 

cold-temperature stress, but creep area use is partially inhibited by the strong desire of newborn piglets 

(days 1 and 2, in particular) to stay near the sow and littermates. 



Neonatal piglets prefer environmental temperatures near body temperature during their first few days 

after birth. Hrupka et al. (2000) observed that individual piglets of 1 or 2 days of age (n = 10 each age) 

explored throughout a rectangular chamber even though a favorable radiant temperature environment was 

available in one of the four subsections. These neonatal piglets did respond by settling (for more than 7 

min) within the favorable end subsection where wall surface and air temperature were maintained at 

attractive temperatures. 

Creep area allowance in farrowing pens is variable in area and appears to be rather informally 

determined by construction convenience. One common creep area option is a triangular-shaped, radiant-

lamp heated, partitioned corner of the pen. Resting piglets can be observed lying both within and outside 

the protective boundary of the heated creep area. These creep areas are usually sufficient in size for the first 

few days after the piglets are born, the period of highest mortality and time of piglet preference to stay near 

the sow. After this early period, the creep area provides an important function, with a comfortable 

temperature to minimize piglet environmental stress and a clean protected area to reduce physical 

challenges. As the number of piglets born per litter has increased over the past two decades, it is not clear 

that creep area size has likewise increased to accommodate more resting piglets, particularly at older pre-

wean ages. Throughout the pre-wean period, smaller, weaker piglets are less competitive in obtaining the 

more desirable positions within the creep area environment. In an undersized creep, the smaller piglets are 

forced to rest in areas where they are potentially chilled, thus exacerbating their inferior position with 

additional stress and decreased weight gains, and if outside the protected area, they are exposed to more 

danger from crushing. 

Zhang and Xin (2005) note that little scientific information has been available on piglet creep area 

requirements. They recommend a "double" sized mat (0.6  1.2 m) based on their study of heat mat use by 

two 12-piglet litters where the sow was confined in a farrowing crate. This double mat is twice as large as 

the mats typically provided by commercial swine farrowing units in North America (0.3  1.2 m). Zhang 

and Xin (2005) found that heat mat usage by pre-weaned piglets decreased from a high of 50% to 60% 

from day 2 to 5 and declined to a relatively constant 30% after 11 days of age. 

The objective of our experiment was to quantify the effect of radiant temperatures on the space 

occupied by a litter of resting piglets in a uniformly heated creep area. Although it is documented that 

piglets will huddle and lie in sternum postures under cool conditions or spread out and lie in recumbent 

postures in warm conditions, this set of experiments sought to determine the actual area occupied by a litter 

of 10 piglets under recommended and mildly challenging temperature conditions. Floor temperature was 

evaluated via infrared (IR) sensors in addition to the dry-bulb ambient air temperature commonly 

documented in most piglet creep area studies. Documenting conditions via infrared sensors provided the 

effective temperature that the piglets were exposed to within a creep area heated with overhead radiant 

lamps, as is common practice on many commercial farms. 

METHODS 

EXPERIMENTAL DESIGN 

The experiment was conducted during February and March 2007 at the Pig Research unit at the 

Norwegian University of Life Sciences. Eight litters with 12 to 15 healthy piglets, born within a 24 h 

period, were randomly allotted to the experiment. Each litter was evaluated for the space they occupied in a 

resting position three times a day for three days in a row over three weekly experimental periods, for 18 

evaluations of each litter. Litters were assigned an identification number, 1 through 8, with the odd-

numbered litters designated as group 1 while even-numbered litters were group 2 (table 1). During each 

experimental day, the ten largest piglets from one group 1 litter and one group 2 litter were removed from 

their farrowing pen, and each litter was placed in one of two identical experimental creep boxes in an 

adjacent room (see below). When all the piglets were settled after entering the creep box (typically 5 to 15 

min) and lying steadily (another 10 to 15 min), digital photographs were taken to document piglet 

positions. The piglets were then returned to their respective farrowing pens, and ten piglets each from two 

other litters were subjected to the same treatment, followed by the two final pairs of litters. 



Table 1. Experimental temperature schedule. 

 Treatment Period 1  Treatment Period 2  Treatment Period 3 

Day[a] Day 1 Day 2 Day 3  Day 1 Day 2 Day 3  Day 1 Day 2 Day 3 
Piglet age 6 days 7 days 8 days  13 days 14 days 15 days  20 days 21 days 22 days 

Group 1 38°C 34°C[b] 30°C  31°C 27°C[b] 23°C  29°C 25°C[b] 21°C 

Group 2 30°C 34°C[b] 38°C  23°C 27°C[b] 31°C  21°C 25°C[b] 29°C 
[a] Day within treatment period. 
[b] Recommended floor temperature for age. 

The daily procedure of moving piglets from the farrowing pen to the experimental creep box started at 

0800 h, just after sow feeding, and was repeated starting at 1200 h and 1600 h. This daily procedure was 

then repeated for the two following days. All eight litters were subjected to the treatments at the age of 6, 7, 

and 8 days (treatment period 1); 13, 14, and 15 days (treatment period 2); and 20, 21, and 22 days 

(treatment period 3). Piglet age was the average for the set of eight litters. In order to become accustomed 

to the handling and experimental box, the litters were taken into the creep box at 4 and 5 days of age with 

the same routine used in the experiment. Generally, throughout the experiment, the piglets were acclimated 

to the test setup and handling routine. 

Within each treatment period, group 1 was subjected to a floor temperature 4°C warmer than 

recommended at day 1 within the treatment period, the recommended floor temperature at day 2, and 4°C 

lower than recommended on day 3. For group 2, the order of temperatures was reversed (table 1). 

Recommended temperatures were based on the heating system manufacturer (see below) setup for 

conditions commonly seen in practice. 

A total of 216 images of the eight litters of piglets at three ages and nine temperatures were scored and 

analyzed for static space occupied during the three weeks of the study. The lying surface on the 

experimental creep box floor was divided into 10  10 cm squares with a white spray-painted grid. The net 

space occupied by the piglets was calculated as the sum of squares (0.01 m
2
 per square) occupied by the 

piglets: 

1 point for one square at least 90% covered by piglet. 

1/2 point for one square 50% to 90% covered by piglet. 

0 point for one square less than 50% covered by piglet. 

Floor area occupied in the experimental creep area was statistically analyzed using a mixed-model 

analysis of variance with setpoint temperature as main effect and litter as random effect (SAS Institute, 

Inc., Cary, N.C.). Space occupied in relation to piglet mass was analyzed using a trend line analysis within 

a spreadsheet program. 

CURRENT PIGLET CREEP AREA CHARACTERISTICS 

Each triangular creep area occupied a corner protected by a solid panel that the piglets could walk 

under. The creep area was partially covered by a hover containing a single heat lamp assembly with a red 

bulb (250 W infrared R125 IRR, Phillips, Eindhoven, The Netherlands). Litters 1, 3, 5, 7, and 8 had a larger 

creep area with a 66 cm high, 1.0 m
2
 hover enclosing the heat lamp with 1.99 m

2
 of total protected area. 

Litters 2, 4, and 6 had a 0.36 m
2
 covered creep area of 54 cm height with the heat lamp and total protected 

area of 1.26 m
2
. Floor surface temperatures at a location without piglets under the lamp in the hover were 

30°C to 35°C where the red light from the bulb could be seen and 22°C to 27°C in the creep area but 

outside the hover (model 830-T2 handheld infrared sensor, two-point laser sighting, 1.5°C accuracy, Testo 

AG, Lenzkirch, Germany). The total loose pen area, which includes the sow space, was 6.0 m
2
, which is the 

regulatory minimum allowance for a loose-housed sow pen in Norway. Ambient dry-bulb air temperature 

in the farrowing room was kept at 17°C for sow comfort. Target air temperature under the hover was 30°C. 

PIGLET CHARACTERISTICS 

A preliminary study determined body measures (Vasdal, 2007) of 95 piglets from 10 litters similar to 

the piglets used in the study reported here. Eight body measurements were conducted on the exact day the 

piglets were 7, 14, and 21 days old based on procedures in Moustsen and Poulsen (2004). Detailed 



protocols and results may be found in Vasdal (2007). The static space required for an average litter of 10 

piglets and the heaviest litter of 10 piglets lying in fully sternum and fully recumbent positions at different 

ages are shown in table 2. Space requirements of the litters assumed touching but no overlap of litter 

members. The projected area of each piglet was a simple rectangle of width  length for sternum position 

and length  height for recumbent position. These piglet dimensions indicated that an experimental creep 

box design of at least 1.8 m
2
 could accommodate 10 piglets of an above-average body weight litter when all 

were resting in recumbent position. All piglets were cross-bred Duroc boar with Landrace  Yorkshire 

sows. The 10 largest piglets were selected for experimental use due to their more likely survival than 

smaller siblings over the entire pre-weaning period. 

Table 2. Static space required (m²) at different lying postures for an average litter of 10 piglets and for the heaviest litter of 10 

piglets based on preliminary body dimensions measures at different ages. 

 Age = 7 days  Age = 14 days  Age = 21 days 

Position 
Avg. 
Litter 

Heaviest 
Litter  

Avg. 
Litter 

Heaviest 
Litter  

Avg. 
Litter 

Heaviest 
Litter 

Sternum 0.37 0.45  0.57 0.64  0.74 0.88 

Recumbent 0.84 1.01  1.30 1.50  1.70 1.80 

To provide an indication of piglet mass in relation to the resulting space occupied, the experimental 

piglets were individually weighed on days 7, 14, and 21 (100 g resolution DIGI scale, DIGI Europe, 

Suffolk, U.K.), and the litter weights are presented in table 3. Variation in litter weight from lightest to 

heaviest of the eight litters was roughly equivalent to the largest litter having three additional average-sized 

piglets compared to the smallest litter. 

Table 3. Total litter weights (kg) of piglets during each treatment period. 

Litter 

Treatment 

Period 1 

Treatment 

Period 2 

Treatment 

Period 3 

1 40.9 64.7 92.2 

2 36.6 63.1 90.5 

3 37.5 60.8 95.6 
4 40.4 68.6 79.0 

5 35.6 57.8 83.9 

6 41.8 67.0 88.2 
7 31.4 54.9 79.4 

8 31.5 51.2 75.9 

Average 36.96 61.01 85.59 

SD 4.03 6.04 7.10 

EXPERIMENTAL CREEP BOX 

Two creep boxes were constructed, each measuring 1 m wide  2 m long  1 m high with solid 12 mm 

thick finished plywood walls on three sides and a 5 mm thick transparent acrylic ceiling (fig. 1) for digital 

camera use. The fourth side was partially enclosed with a 30 cm plywood top partition that trapped rising 

heat in the creep area. The lower 30 cm was solid to contain the piglets, and a removable wood rail 2  5 

cm protected the remaining open area from piglet escape. This lower partition and rail would not be part of 

a normal creep area, where the piglets would have free access between the overall farrowing pen and creep 

area. This experimental creep area was oversized to document piglet lying conditions without interference 

from limited space and was taller than normal for human entry to facilitate piglet removal. The flooring 

was a dairy-cow mattress assembly with a black, textured rubber 5 mm thick top layer over 5 cm thick 

foam blanket (cow mattress, de Laval, Tumba, Sweden). 



 

Figure 1. Experimental creep box. 

Two heat lamps (model VE150 150 W lamp, Veng Systems, Roslev, Denmark; and Siccatherm 150 W 

lamp, red SG, 230 V, Osram, Slovakia) were mounted in each endwall of the experimental creep box at a 

30° angle from vertical with the centerline of the lamp 55 cm above the floor mat surface. This 

configuration was determined from preliminary infrared camera (Thermovision A40, FLIR Systems AB, 

Danderyd, Sweden) analysis of similar 150 W heat lamps and was found to provide reasonably uniform 

temperature distribution in the box. The two 150 W lamps provided all heat during evaluation of floor 

temperatures of 21°C to 25°C in the experimental box but were supplemented for higher temperatures with 

a larger "terrace heater" mounted to tilt downward at a 30° angle below horizontal (1000 W, 8  121 cm 

with a 100 cm linear warming element, Infra Värmare, Stockholm, Sweden). During experiments at the 

higher temperatures, the terrace heater was adjusted using a rheostat to provide baseline heat to the creep 

box, and the two 150 W heat lamps were used for fine control to the final setpoint temperature. 

The two 150 W heat lamps were controlled in each experimental creep box by an infrared temperature 

controller (model VE122S IR controller, Veng Systems) using an infrared temperature sensor (model 

VE181-50 speed/light sensor, Veng Systems) mounted in the acrylic ceiling panel with temperature 

recorded at 1 min intervals. This IR sensor, mounted at 100 cm height with a circular view angle of 75°, 

detected floor surface temperature across the entire middle 1 m diameter section of the 2 m long 

experimental creep box. 

Piglets were placed in the experimental creep box when the floor temperature was at the setpoint 

temperature (1°C). The handheld IR sensor was used to check and record floor temperature in three to five 

locations near where the piglets were resting once the sleeping pattern was established. The experimental 

creep box dry-bulb air temperature sensor (thermistor, Veng Systems) was positioned close to piglet height, 

55 cm from floor, in the corner of the experimental box where it was not in the line of sight of heat lamp 

radiant energy. 

RESULTS AND DISCUSSION 

TEMPERATURE CONDITIONS 

Infrared images (Thermovision A40, FLIR Systems) from the warmest, coolest, and an intermediate 

temperature of the empty creep box are shown in figures 2a through 2c. Temperature distribution generally 

matched setpoint temperature for the 1  2 m area. The average (SD) floor temperatures were 36.9°C 

(2.8°C), 31.4°C (1.9°C), and 20.1°C (0.7°C), for the 38°C, 31°C, and 21°C images, respectively (figs. 2a, 



2b, and 2c). These evaluations represent temperatures along three lines in each image, as shown in figure 3, 

demonstrating a 0.4°C to 1.1°C variation between setpoint and actual average floor temperature. The other 

six experimental temperatures had similar results (not shown). Temperatures increased from front to rear of 

the experimental box, with temperature at the walls cooler partly because no heat lamp radiant energy was 

directed to those areas. 
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Figure 2. Infrared camera images of temperature distribution within the experimental creep box at (a) warmest, (b) mid-

range, and (c) coolest experimental conditions with dark color (purple) representing 10°C and light color (yellow) representing 

50°C. The back wall with the terrace heater assembly is at the top of each image. (d) Piglets exploring within the experimental 

box, showing their impact on elevating the IR sensor detection of "floor" temperature. Temperatures along the three lines are 

shown in figure 3. 
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(d) Piglets in experimental setup 

 

Figure 3. Temperatures along the three lines within each experimental creep box, as shown in figure 2. Lines represent 

conditions moving from left to right across the box and from the back (warmest temperatures), middle, and front (coolest 

temperatures) conditions within the box. Average (avg.) and standard deviation (SD) of each line is provided. 

Control of floor temperature with the IR sensor was very good (within 0.7°C) during treatment periods 

1 and 2 (30°C, 34°C, and 38°C; and 23°C, 27°C, and 31°C, respectively) when the sensor view of the floor 

was relatively unobstructed (fig. 4). Difference between setpoint and observed IR temperature was 0°C to 

0.4°C and 0°C to 0.7°C during treatment periods 1 and 2, respectively. Once the largest piglets (treatment 

period 3) entered the box, detection and control of floor temperatures (29°C, 25°C, and 21°C) was 

compromised by the IR sensor also detecting 37°C piglet body surface temperature. Differences between 

treatment period 3 setpoint and observed IR temperature were 2.8°C to 5.4°C, with the IR sensor indicating 

a temperature higher than the actual floor temperature (fig. 4). The ceiling-mounted IR sensor detected a 1 

m diameter area, so when older piglets explored and finally lay down in this area, the sensor included their 

body temperature as part of the integrated floor temperature (figs. 2d and 3d). A detected rise in floor 

temperature above the setpoint caused the two end-wall mounted IR lamps to reduce heat output. The 

control of floor temperature in the box was sufficient to maintain desired conditions (within 1.5°C of 

setpoint) during the relatively short experimental timeframe, as verified through use of the handheld IR 

sensor (fig. 4), but IR temperature in the creep box was cooling to below the desired setpoint. 
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Figure 4. Setpoint floor temperature in comparison to the area-average floor temperature as indicated by the IR control 

sensor with the handheld IR sensor representing floor temperature between the piglets. Air dry-bulb temperature in the creep 

area is shown for comparison. Treatment period 1 did not use handheld IR sensor checks at 30°C, 34°C, and 38°C. 

Reduction in energy use was the intent of this IR sensor development for commercial application. The 

creep was kept at proper temperature to attract piglets, but once they arrived, the lamp heat output was 

reduced as piglet body heat contributed to creep area warmth and hence reduced overheating. For future 

experiments, it is recommended that the sensor be installed in a lower position to view less floor surface 

area and mounted in an area less frequently used by resting piglets (front center of the box, in this case) to 

get full benefit of the control capabilities of the IR sensor system. 

Although the setpoint IR floor temperatures varied by 8°C from warmest to coolest conditions during 

each treatment period, there was only a 2°C to 3°C difference in dry-bulb air temperature within the 

experimental box among the three setpoint temperatures. Air temperature was 7°C to 10°C lower than floor 

temperature of the creep space during all but the three coolest experimental temperatures, where the 1000 

W terrace heater was not used. 

SPACE REQUIREMENTS 

The floor temperature had a significant effect on total space occupied in all three treatment periods 

(table 4). As floor temperature increased 8°C during each treatment period, the total space occupied 

increased by 16% for 7 day old piglets, 41% for 14-day old piglets, and 25% for 21 day old piglets. An 

effect of litter was also evident on total space occupied for all treatment periods and accounts for some of 

the variation observed (day 7, p = 0.0001; day 14, p = 0.008; day 21, p = 0.005). The effect of litter was 

likely related to variation in litter weights (table 3) where the heaviest litters were 30%, 34%, and 26% 

heavier than the lightest litters during treatment periods 1, 2, and 3, respectively. 

Table 4. Average (SD) space occupied (m2) for a litter of ten piglets (n = 8 litters). 

 Floor Temperature P-value 

 30°C 34°C 38°C  

Day 7 0.57 0.12 0.61 0.13 0.66 0.13 0.010 

 23°C 27°C 31°C  

Day 14 0.61 0.11 0.71 0.10 0.86 0.13 0.0001 

 21°C 25°C 29°C  

Day 21 0.88 0.10 0.94 0.11 1.10 0.16 0.0005 

The litter resting pattern in all trials was concentrated in one area of the 2 m
2
 experimental creep box 

despite the piglets having room to spread out if desired (fig. 5). The first individual to recline almost always 

settled along a wall, with subsequent littermates choosing another nearby wall position or a position near 

the resting individuals. Piglets exhibited the established positive thigmotaxic effect of attraction to closed-

in spaces and contact with something solid and a preference to settle near littermates. The resting area 

chosen by the piglets varied during the trials (right rear portion of box, left side, etc.) but tended to favor 

rear wall and end wall portions of the experimental box. The static space occupied was related to piglet 



resting behavior, with the proportion of piglets lying fully recumbent increasing with increasing 

temperature, as expected, along with reduced huddling. Piglets seldom rested alone without any contact 

with other piglets at any of the tested ages. Generally, only one or two individuals would lie on top of other 

piglets at the coolest temperatures in each treatment period. Detail of resting behavior is found in Wheeler 

et al. (2007) to support these general observations. 

 

Figure 5. Example of resting pattern of one litter during treatment period 1. Seen are the 10  10 cm grid squares for space 

determination on the rubber mattress, the infrared sensor centered on the transparent acrylic cover, and the terrace heater 

lamp assembly at the back of the box (top of picture). Bright circle is reflection of camera flash in the cover. 

For all the treatment periods, the measured area occupied by the litter of 10 piglets was midway 

between the estimated values in table 2. Even under warm conditions where more piglets rested in a fully 

recumbent position, the area occupied by the 10 littermates was reduced via space sharing by 21% (1 week 

old), 34% (2 week old), and 39% (3 week old) versus estimates in table 2, which allowed no interlocking 

postures. 

The following power relationships were developed (best-fit trend line) from the data shown in figure 6 

for piglet mass to space required for a litter of 10 piglets. The relationship is expressed in terms of 

individual piglet body mass, which is often known, in relation to the space occupied by an entire litter to 

realistically quantify the true resting area occupied due to space sharing among individuals. Warm 

conditions are 4°C above recommended temperature, and cool conditions are 4°C below. The area needed 

by the litter of 10 piglets averaged 11.8% greater at the too-warm conditions and 8.5% less when 4°C 

cooler than recommended temperature. 

Warm conditions: ALW = 0.33*M
0.52

   (1) 

Recommended conditions: ALR = 0.29*M
0.53

   (2) 

Cool conditions: ALC = 0.27*M
0.52

   (3) 

where 

ALW, ALR, ALC = area occupied by litter of 10 piglets (m
2
) 

M = mass of individual piglet (kg). 
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Figure 6. Average piglet mass (M) in each litter versus area occupied (AL) by that 10-piglet litter resting in conditions that are 

too warm (upper line), at recommended temperature, and too cool (lower line). 

Table 5 summarizes studies that estimated piglet or pig resting space occupied using relationships 

similar to those found above as: 

AL = C1*M
C2

   (4) 

where 

AL = pig, piglet, or litter area occupied per conditions in table 5 (m
2
) 

M = mass individual pig or piglet (kg). 

Table 5. Summary of conditions and coefficients from studies that estimate piglet or pig resting area occupied using a 

relationship found in equation 4. 

 C1 C2 R2 Conditions 

Wheeler et al. (this study)   10-piglet litter 

 Warm 0.33 0.52 0.52  

 Recommended 0.29 0.53 0.49  

 Cool 0.27 0.52 0.45  

Zhang and Xin (2005) 0.032 0.53 0.87 Individual piglet 

Boon (1981) 0.3 0.67 N/A 12-piglet litter 

Ekkel et al. (2003) 0.033 0.66 N/A Individual 30 to 100 kg pigs 

Pastorelli et al. (2006) 0.028 0.67 N/A Individual 47 to 198 kg pigs 

Zhang and Xin (2005) calculated a projected area of pre-weaned piglets from two litters using digitized 

video recordings to indicate piglet comfort level during heat mat use. The projected area was 0.044 m
2
 pig

-1
 

for one day old piglets and increased to 0.074 m
2
 pig

-1
 for 14 day old piglets with heat mat temperatures of 

33°C to 35°C. The results of our study correspond closely to the relation found by Zhang and Xin (2005) 

when an entire litter of 10 piglets is considered. Estimates indicate that a single 0.3  1.2 m mat commonly 

used in North American commercial farrowing facilities would be barely large enough for a litter of 10 

piglets of one day of age and undersized for older litter ages. Zhang and Xin (2005) noted that the double 

mat used in their study was too confining once the test litter of 12 piglets became nine days old. They 

cautioned that not all piglets use the mats simultaneously and piglets may avoid overcrowding by adjusting 

their resting time. This did not match observations of litter behavior in the farrowing room and 

experimental setup during our study, where piglets were almost always synchronized in resting, exploring, 

or nursing at the youngest ages and then added more exploration activity into the third week of the 

experiment. 



Estimates of resting area for weaned, growing pigs have resulted in relationships with body weight 

expressed as kg
0.67

. Boon (1981) assumed a cylindrical shape while incorporating pig surface area and 

length-width ratio to estimate the maximum possible pig projected area as related to body mass of the 30 to 

75 kg experimental pigs. Boon (1981) found that 20 kg pigs occupied 30% less area than estimated by his 

equation due to huddling postures even at a thermoneutral (lower critical) temperature. 

Ekkel et al. (2003) used their own space sharing estimates to propose a relationship for 30 to 100 kg 

pigs in thermoneutral conditions in relation to other studied floor area estimates. The observed lying 

posture of the pigs at thermoneutral temperature was predominantly fully recumbent, but the Ekkel et al. 

(2003) estimate of area occupied was more typical of half-recumbent lying pigs due to observed space 

sharing. Pastorelli et al. (2006) estimated minimum space allowance for 47 to 198 kg pigs with digital 

image analysis. 

Our project findings most closely match the Zhang and Xin (2005) relationship. Considering piglets 

ranging from 1 to 10 kg, our data from the too-warm evaluations averaged 1.6% (SD 0.7%) higher than 

area estimates from Zhang and Xin (2005). The Boon (1981) relationship differed from our data by 5% to 

12% depending on piglet mass and whether comparison is made to our recommended, cool, or warm 

conditions. 

Based on the relationships developed during our experiments, the recommended area for a litter of 10 

average-sized piglets at comfortable temperatures at one week, two weeks, and three weeks of age is 0.58, 

0.76, and 0.91 m
2
, respectively. The area needed would be increased by about 12% under conditions 4°C 

warmer than recommended and decreased by about 9% under conditions 4°C cooler than recommended. 

The standard creep area allowance in Norway is 0.5 to 0.7 m
2
 (O. Rognlien, Fjøssystemer AS, Fåvang, 

Norway, personal communication, 2007), but the space occupied during our study by a 10-piglet litter at 7 

days of age under thermoneutral conditions was 0.6 m
2
. As a consequence, the smaller, weaker piglets may 

be forced to rest in a less than optimal temperature and/or closer to the sow and are thus in greater danger 

of chilling and crushing. The total protected creep space provided to the piglets in our experiment was 1.99 

or 1.26 m
2
, depending on their pen arrangement with the sow. This is well above industry standard, yet 

some piglets at the older ages in the smaller creep were forced to rest in positions partially outside the 

confines of the creep area. All experimental litters had 12 to 15 individuals and our estimates are presented 

in terms of a 10-piglet litter, so space allowance must increase in proportion to litter size. 

SUMMARY AND CONCLUSIONS 

This project was able to quantify piglet resting space needs in relation to recommended temperatures 

and those considered mildly challenging for piglets from 6 to 22 days of age. Eight litters of 10 piglets each 

were exposed to recommended temperatures and conditions 4°C too warm and 4°C too cool in an 

experimental creep box of ample size and with more uniform environmental conditions than those typically 

found in commercial creep areas. The experimental creep box design provided a broad area of reasonably 

uniform heated space for comfortable conditions for all 10 piglets to settle. Average floor temperature 

within the creep box was generally within 1°C of setpoint temperature with variation (standard deviation) 

of about 0.7°C to 2.8°C around the 1  2 m floor area. Automated floor temperature control with an 

infrared sensor offered accurate establishment of creep area conditions so that piglets entered the 

experiment experiencing the desired conditions. During the trials, the IR sensor could control the creep box 

heat lamps to provide proper temperature conditions unless the piglet body mass occupied a large portion 

of the sensor's view area. 

Floor temperature had a significant effect on total space occupied for piglets of one week, two weeks, 

and three weeks of age, averaging 3.7, 6.1, and 8.6 kg mass, respectively. Increasing floor temperature over 

an 8°C range also increased the space occupied for same age piglets. 

Relationships were developed for the space needed by a litter of 10 piglets at the recommended, cool, 

and warm conditions in relation to body mass. That relationship at recommended temperatures was ALR = 

0.29*M
0.53

, where ALR is the area (m
2
) occupied by a litter of 10 piglets, and M is the average individual 

piglet mass (kg). Under 4°C too-warm conditions, the piglets occupied 12% more area than observed under 

recommended temperatures and conversely occupied 9% less area when exposed to 4°C cooler conditions. 

The recommended area for a litter of 10 average-sized piglets at recommended temperatures at one week, 



two weeks, and three weeks of age is roughly 0.6, 0.8, and 0.9 m
2
, respectively. A minimum creep area of 

1.3 m
2
 would accommodate the heaviest litter of 10 piglets in the experiment from an animal comfort 

perspective, but whether this translates into mortality reduction or productivity improvement is dependent 

upon other management factors, such as maintenance of desirable creep environment conditions. 
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