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0.1.ABSTRACT 
 

The purpose of this experiment was to quantify the need for creep space allowance for 

resting piglets at different ages and at different temperatures calculated from digital 

images of resting litters. 95 piglets at 7, 14 and 21 days were individually weighed and 

measured for eight different body dimensions. These piglet measures were used as a 

basis for a theoretical calculation of the space requirements for piglets at different ages 

and temperatures. Two experimental creep boxes (2 x 1m) were designed on the basis of 

these calculations.  

 

Eight litters with 10 piglets each were at 6, 7 and 8 days of age placed in the 

experimental creep boxes with recommended temperature (34 °C), 4 °C above and 4 °C 

below the recommended temperature. This was repeated for 13, 14, 15 days and 20, 21 

and 22 days with recommended temperatures of 27 and 25 °C respectively. Digital 

photos were taken when all piglets in a litter had settled in the creep box, and on the 

basis of 216 photos the lying posture, huddling behaviour and total space occupation 

were analyzed.  

 

Significant differences in body size were found between both individual piglets 

(P<0.001) and between litters (P<0.01) in week 1, 2 and 3. In week 1, the total space 

occupied increased from 0.57 to 0.66 m² with increasing IR temperatures. In week 2 the 

space occupation increased from 0.62 to 0.82 m² and in week 3 the space occupation 

increased from 0.88 to 1.1 m² with increasing IR temperatures. Total space occupied per 

litter was affected by litter weight at all IR temperatures. The relationship was strongest 

for the warmest temperatures (R² = 0.5558).  

 

There were significant litter effects on space occupation in all three weeks (P<0.5). IR 

temperatures also had a clear effect on lying posture and huddling at all three ages; 

increasing IR temperatures increased the proportion of piglets lying recumbent and 

reduced huddling. A decrease of IR temperature increased huddling and proportion of 

piglets lying sternum. An interesting observation was the fact that huddling increased 

with age, witch perhaps is a consequence of the recommended IR temperatures being 

too low for the older piglets.   



1.0.INTRODUCTION 

 
4 

 
1.0.INTRODUCTION 
 

1.1 Pig production in Norway 

 

Norway has over 500 pig farms, with an average of 61 sows per farm.  In 2005 the 

average number of live-born per litter was 12, 4 piglets, and the average number of 

weaned piglets per litter was 10, 6 piglets (Norsvin, 2006). The piglet mortality rate was 

14 % in 2005, and average age of weaning was 34 days (Norsvin, 2005).  

 

1.2 Piglet mortality 

 

The Norwegian Regulations for Animal Welfare states that nursing sows must be kept 

in a loose housed system, either individually or in a group. On one hand, loose housed 

systems allow the sow to perform more of their natural behaviour around the time of 

parturition and throughout lactation. But on the other hand, loose housed systems have 

been shown to result in a higher piglet mortality compared to the farrowing crates 

(Weary et al., 1996a; Moutsen and Poulsen, 2004).  

 

The high mortality of live born piglets in loose housed systems are mostly the results of 

starvation and piglets being crushed by the sow, and 50-80 % of the deaths happens 

within the first two days after birth (Marchant et al., 2000;  Andersen et al., 2004). To 

reduce the number of piglets being crushed by the sow it is vital that they spend more of 

their time in the creep area, witch provides optimal temperatures and physical protection 

from the sow. The piglets tend to lie near the sow for the first couple of days after birth 

even in unfavourable conditions, and will only start to use the creep area more after 

three days of age (Berg et al., 2006).  

 

1.3 The neonatal piglet 

 

The evolutionary strategy of the pig consists of producing a large number of rather 

undeveloped offspring that reduce the sow’s prenatal investment. The heaviest and 

strongest piglets will fight their way to a good teat, and the weaker piglets will only 

survive if recourses are plentiful. The difference in neonatal competition ability that 
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exist in a litter of piglets makes sure that the healthy piglets survive, and  a preweaning 

loss of 10-20 % can therefore be considered as natural in the porcine biology (Edwards, 

2002).   

 

Most mammals are born with fur and subcutaneous fat to help them keep warm and the 

fat acts as a source of energy in the first period after birth, but the piglet is born with 

very little fur and body fat (Herpin et al., 2002). Rapid intake of colostrum after birth is 

therefore vital for the survival of the piglet, since it contains essential antibodies and 

fatty acids that act as energy substrates for thermoregulation process (Jensen et al., 

2001).    

 

The pig industry is working hard to reduce the preweaning losses, but the mortality rate 

still lies in the area of  8-18 % in USA and Europe (Svendsen, 1992; Lawlor and Lynch, 

2005). In England there were big improvements in reducing the piglet mortality rate up 

till the 1980`s, but since then the death rate has been constant and lies around 12-13 % 

(Edwards, 2002). Even with modern breeding programs, nutrition specialists and 

improvement of the physical and social environment the high piglet mortality rate 

remains constant.  

 

Selection for increased litter size produces a high proportion of light piglets that 

increase the piglet mortality (Cutler et al., 1999). This is largely attributed to the within-

litter variation in birth weight, and as a consequence the heavier littermates out-compete 

their lighter siblings, causing them to starve or be crushed (Lawlor and Lynch, 2005). 

At the same time, selection for lean tissue growth and reduced back fat thickness has 

been shown to affect survival rate, leading to leaner and less mature pigs at birth 

(Herpin et al., 1993) and increased preweaning losses (McKay, 1993).  

 

1.3.1 Farrowing 

 

The birth is an abrupt process where the piglets must overcome immunological, 

digestive, respiratory, nutritional and thermoregulatory challenges to survive. After 

birth the piglet is wet from birth fluids and the ambient temperature drop 15 – 20 °C that 

leads to a drop in body temperature of 2 °C (Herpin et al., 2002). The extent of the body 

temperature reduction and the rate of recovery are highly variable depending on the 
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piglet’s bodyweight (Close et al., 1985) and the ambient temperature (Ledividich and 

Noblet, 1981).  

 

In the uterus, the piglet had a constant flow of glucose, but after birth it has to fight for 

low-carbohydrate, high-fat colostrum as an energy substrate for heat production. 

Selection for increased litter size increase the parturition duration which can lead to 

more piglets being affected by hypoxia and reduced viability. The increased litter size 

also creates more light-weight piglets that are weaker (Cutler et al., 1999) and less 

capable of fighting for colostrum (Tuchscherer et al., 2000). Hungry piglets tend to 

spend more time near the sows, and are in greater risk of being crushed (Weary et al., 

1996). Lighter piglets have a higher body mass to surface ratio that reduces the piglet’s 

cold resistance (Herpin et al., 2002) and most of these piglets will remain subdominant 

throughout their life (Litten et al., 2003).  

 

1.3.2 Thermoregulation 

 

Mammals are warm-blooded animals that depend on producing body heat in cold 

environments and to loose excess body heat in warm environments. The piglet is born 

with little fat reserves and in order to keep the body temperature constant it depends on 

social and physical thermoregulation. Physical thermoregulation is a process where the 

skeletal muscle shivers in order to produce body heat, and the muscles ability to 

produce heat increases with age (Berthon et al., 1994). Social thermoregulation is an 

effective way to keep warm, and in cold temperatures the litter will huddle together, and 

lighter pigs will have a higher tendency to lie together than heavier animals (Boon, 

1981; Hillmann et al., 2004).  

 

The piglets` resting pattern is a good thermal indicator. In cold temperatures they will 

huddle together in sternum positions, in hot temperatures they will lie well spaced out, 

often in a recumbent position. In a thermo neutral environment the piglets will tend to 

lie in some random pattern (Baxter, 1985). The recumbent position is the most used 

sleeping position for pigs in thermo neutral environments, with some pigs spending 80 

% of the night and day in this position (Ekkel et al., 2003).  
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1.4 The creep area 

 

A farrowing pen must contain two different microclimates in order to meet the different 

thermal demand of the sow and the piglets. The sow needs 16-20 °C to comfortably 

maintain her body temperature, while the neonatal piglets need 34 °C (Close, 1992). If 

the temperature is too high for the sow, her food intake and milk yield will decrease, 

leading to significantly lower piglet body weight gain (Zhou and Xin, 1998). High 

temperatures can also lead to reduced welfare for the sow (Boon, 1981), and reduced 

cleanliness in the pen as the sow will try to cool down by lying in the wet dunging areas 

of the pen (Huyhn et al., 2005). The creep area, in addition to keeping the optimal 

temperature for the piglets, and thus increasing their survival rate, will also physically 

protects the piglets from being crushed by the sow.  

 

But one of the central problems is to make the piglets use the creep area the first three 

critical days after birth. Day-old pigs spend 60-75 % of the time nursing or lying 

inactive near the sow (Lewis and Hurnik, 1985), and they will remain by the sow even 

when the temperature is lower, wind speed faster and the bedding  more uncomfortable 

than in the creep area (Hrupka et al., 1998), even with temperatures down to 0 °C near 

the sow (Møller et al., 2001). Placing the creep area in front of the sow (Cronin, 1997) 

or on the side of the sow (Hrupka et al., 1998) did not increase the piglets` use of the 

creep area.  

 

1.4.1 Thermal demands in the creep area 

 

The lower critical temperature of an animal is the temperature where it has to increase 

its heat production in order to maintain body temperature, and are for a single newborn 

piglet stated to be between 32 °C (Mount, 1963) and 34 °C (Close, 1992). For a 

huddling litter of newborn piglets the lower critical temperature (LCT) will be reduced 

from 34 to 25-30 °C (Close, 1992). Bruce and Clark (1979) calculated LCT for growing 

pigs and recommend minimum 26 °C for 15 a group of pigs at 20 kg living on concrete 

flooring. As the heat producing ability of the skeletal muscles improves, the LCT of the 

piglets will be reduced to 30 °C after 48 hours (Berthon et al., 1993). Piglets that were 
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given a choice between areas with an ambient temperature of 23-37 °C chose 32-34 °C 

the first 7 days of life, and chose 29-31 °C from day 7 to day 35 (Mount, 1963). 

 

In semi-natural environments the sow will create a nest of twigs and straw, and even in 

Scandinavian winters with outdoor temperatures below freezing the temperature inside 

the nest will remain comfortable for the piglets (Algers and Jensen, 1990). To create the 

optimal temperature in the creep area there is need for additional heating, like electric 

heating lamps, floor heat, warm waterbeds or heated mats. The piglets tend to use the 

creep area more if the difference in temperature between the creep area and the sow area 

are high (Zhou et al., 1999; Schormann and Hoy, 2006). Low temperatures in the creep 

area will make the piglets be more active to produce heat and thus spend more time near 

the sow.  

 

Heating lamps are widely used in the pig production, but they are energy-consuming 

and do not provide a uniform heat distribution in the creep area (Zhang et al., 2001). 

The difference in skin temperature of a litter resting underneath a circular heat lamp can 

vary from 33,4 °C when piglets are not lying under the lamp, to 39,5 °C when piglets 

were lying directly under the lamp, where the temperature could reach 49 °C (Zhang et 

al., 2001). A 175W lamp will are observed to be most effective approximately within a 

28 cm radius, enough to only accommodate six one-day-old piglets or three 14-day-old 

piglets (Zhang et al., 2001).  

 

Heated mats are a more energy-efficient way to heat the creep area, and they provide 

more uniform temperature than overhead radiant heaters like the heating lamps. Heat 

mats are generally preferred by piglets older than two days, whereas newborn piglets 

preferred the heating lamps (Xin and Zhang, 1999), which might be explained by the 

fact that overhead radiant heating is more effective than conductive floor heat for drying 

off the birth fluids. Warm waterbeds are a popular alternative in preference-tests, it is 

shown that they give a higher weaning weight and fewer lesions on the legs (Ziron and 

Hoy, 2003).  

 

Another important factor is to make sure the heat remains in the creep area, but at the 

same time provide some fresh air to reach the piglets. Providing only floor heat without 

roof or walls will only increase the air temperature about 1,5 °C. With a roof the air 
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temperature will increase 2 °C, three walls and a roof will increase the air temperature 

about 4 °C and with three walls, roof and curtains in front of the opening the air 

temperature increased 10 °C (Houszka et al., 2001). The curtains also provide the 

piglets protection from drafts and with translucent curtains the stock-person has a clear 

view of the litter inside.      

 

1.4.2 Space allowance in the creep area 

 

If piglets are to increase their use of the creep area, a first step must be to provide 

enough space for the whole litter to rest together. In order to do that, the static space 

requirements for a litter must be calculated. Static space requirements for animals are 

based on their body size, and it is therefore essential to obtain correct body measures of 

a large number of piglets at different ages. 

The static space required by an animal is the space occupied by its body, and dynamic 

space is referred to as the space needed to perform a change in posture like eating and 

grooming. When a group of animals are housed together there will also be some need 

for social space. 

  

The space needed in a creep area ought to be determined by the spatial requirements of 

the largest litter, but are more often determined by the convenience of the pen shape and 

economic interests. In order to determine the actual spatial need for a litter we need to 

know the physical measures of the piglets. By measuring a piglet’s length, width and 

height can the theoretical spatial demands for a litter be calculated for different climates. 

In a cool climate will the piglets be expected to position themselves close to each other 

in sternum posture to minimize the loss of body heat. In hot climate the piglets will lay 

spread out in recumbent postures, and thus take up more room than in sternum posture.  

 

There is a lot of literature available concerning space allowance for pigs in different 

ages and different temperatures. Baxter (1984) based the mathematical equations for 

space requirement on the idea that a pig will occupy a rectangle into witch it can be 

fitted. These rectangles will for a pig in a recumbent posture be the size of body length x 

body height and in a sternum posture it will be the size of  body length x body width. 

The following equations for calculating these rectangles were used : cool climate: area 
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(m²)  = 0.019 x weight0.66, thermo neutral climate: area (m²)  = 0.024 x weight0.66 and 

hot climate: area (m²) = 0.047 x weight0.66. Based on this, a litter of 10 piglets in thermo 

neutral environments will need 0,384 m² at birth. By 21 days of age the spatial demands 

have increased to 1,00 m². In warm temperatures the piglets will spread out and use 

1,320 m². Petherick (1983) fitted logarithmic regression lines to body measurements of 

pigs and found the equation L=kW0.33 to give an adequate expression of body 

measurements.   

 

Edwards et al., (1988) defined the space allowance in relation to live weight and 

recommended that a 90 kg pig need an area of 0,6m², based on the following equation; 

area(m²)  = 0.030 x weight0.67.  Hurnik and Lewis (1991) propose that 50 % of the body 

surface area should be adopted as a minimum space allowance for confined pigs, this 

gives a 260 kg sow 1,6m².  

 

Moutsen et al., (2004) measured 109 piglets aged 12-27 days old and calculated a creep 

area that would fit 95 % of the population. To calculate the space requirements for a 

single piglet the following equation was used: Cool climate: area(m²) =  0.019 x 

weight0.67, thermo neutral climate: area(m²) = 0.027 x weight0.67 and hot climate: 

area(m²) =  0.046 x weight0.67. They concluded that a creep area of 0.8 m² would be 

sufficient for 10-12 piglets in sternum posture at thermo neutral climate up to 5 weeks 

of age. 

 

Ekkel et al. (2002) suggested area (m²) = 0.033 x weight0.66 as a starting point for 

discussion about space requirements. This is an area between fully recumbent and fully 

sternum posture and is based on the fact that the area around a fully recumbent lying pig 

in the Baxter rectangle can be shared 40% with pen mates. It was observed that more 

than 60 % of the pigs were lying in a recumbent posture at night and there was up to 40 

% space-sharing. Space-sharing indicate that part of the ‘empty space’ of a virtual 

rectangle-area around a fully recumbent lying pig that is occupied by another pig.   

Pastorelli et al. (2006) estimated space requirement by measuring pigs and calculating 

the area of the rectangle into which each pig could be fitted, following the same method 

as Baxter. The following equation were suggested: area(m²) = 0.041 x weight0.67 for 
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estimating static space requirements for pigs over 110 kg witch gives 0.76m² for a 110 

kg pig. Gonyou et al. (2006) found a reduction in average daily gain when space 

available was below 0.034 x weight0.667. The critical value at which crowding became 

detrimental to the growth of the animal was similar in full- and partial-slat systems and 

in both nursery and grower-finisher stages. The EU Council Directive 2001/88/EC 

based the minimum space requirement for pigs on the equation area (m²) = 0.030 x 

weight0.66 witch gives a 110 kg pig a static space of 0.65 m². 

  

The spatial needs of piglets are in addition to the body dimensions also dependent on 

the ambient temperature in the creep area, and the type of heating. Piglets tend to 

position themselves based on the radiant heating, so where there is a circular heater the 

piglets will adopt a circular resting pattern (Baxter, 1984). Conflicting situations can 

occur when the shape of the available space is incompatible with the shape of the 

resting group as determined by the thermal conditioning. In these cases, some piglets 

will be forced to rest in an area below their lower critical temperature, and will be in 

greater danger of being crushed by the sow. Therefore, to encourage the piglets to adopt 

a resting format that match the available space, the thermal conditions throughout the 

space should be as uniform as possible, and the space available should be able to 

accommodate the whole litter at once.  

 

1.5 Purpose of the experiment 

 

The purpose of this experiment is to quantify the need for creep space allowance for 

resting piglets at different ages and at different temperatures. Although it is well 

documented that piglets will huddle and lay in sternum postures under cool conditions 

or spread out and lay in recumbent postures in warm conditions, this set of experiments 

will determine the actual area occupied by a litter of 10 piglets and variation in 

behaviour under recommended and challenging temperature conditions. By analyzing 

litters` resting position, resting pattern and space occupation we will be able to 

determine how an optimal creep area can contribute to an increased usage of the creep 

area by the piglets, and thus reduce the piglet mortality.    
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2. METHODS 
 

2.1 Piglet body measurements    

2.1.1 Animals 

 

The measurements were conducted during three weeks in August 2006 at the Pig 

Research unit at the Norwegian University of Life Sciences.  

The piglets were cross-bred Duroc boar with Landrace x Yorkshire sows. 10 litters with 

8-12 healthy piglets were randomly selected for the experiment, with a total of 95 

piglets. The litters had an average birth weight of 1.7 kg, the heaviest litter at 2.03 kg 

and the lightest at 1.32 kg.  

2.1.2 Measuring methods 

 

The body measurements were conducted on the exact day the piglets were 7, 14 and 21 

days old. On day 7, four litters were retested three times to examine the accuracy of the 

measurements. The results from these preliminary tests showed a variation less than 0, 5 

cm within the three consecutive measurements. Based on these results, the remaining 

measures were conducted once per litter for the remaining period.  

 

For each piglet there were eight registrations in addition to bodyweight; body length 

from snout to tale (1), shoulder height (2), back height (3), body depth (4), hip height 

(5), hip width (6), back width (7), and shoulder width (8) (figure 1).   

         
Figure 1: The eight body measures (Moutsen et al. 2004).   

 

The piglets were weighed in a DIGI electronic scale, measuring to the nearest 100 

grams (figure 2). The body length was measured in a specially designed crate with units 



METHODS 

 
13

of measure on the apposing wall. The crate had a manoeuvrable short wall to facilitate 

correct position of the piglets as they got larger with age (figure 3).  

           
Figure 2: The scale                                          Figure 3: Measuring body length 

 

The remaining body registrations were measured using a specially designed instrument 

that contained units of measure on both sides. This instrument was placed on the piglet 

so it had skin contact but without pressure. Shoulder width was measured with the 

instrument parallel to the front legs (figure 4a), back width over the ribs, and hip width 

was measured parallel to the back legs. Body depth was measured at the same position 

as back width, only the measuring instrument was rotated 90 ° (figure 4b). Heights were 

measured on top of the shoulder, at the middle of the back and at the hips.     

 

      
           

Figure 4a: Measuring width.                             Figure 4b: Measuring body depth 
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2.2.Estimating the piglets` static space requirements 

 

The methods used to estimate the piglets static space requirements in this experiment is 

based on the idea of Baxter (1985), that all the piglets in a litter would occupy the area 

of a rectangle into which each pig can be fitted, based on their body length and height 

(figure 5). In a warmer climate the piglets can be expected to lie more in a recumbent 

posture, with all legs stretched out, giving them an individual rectangle area of body 

length x shoulder height. In a cooler climate the piglets can be expected to lie more in a 

sternum posture, with all legs tucked under the body, giving them an individual 

rectangle area of body length x shoulder width.  

 

In a thermo neutral climate the piglets can be expected to lie out in a random pattern in 

various lying postures. In practical situations however, the piglets will not necessarily 

remain solely within their rectangle, but occupy parts of each others rectangle, and thus 

take up less space than the calculated space. This space sharing can be estimated as the 

percentage of that theoretical rectangle that was not occupied by the pig, but by one of 

its pen mates.  

 

 
Figure 5: The theoretical rectangle into witch a pig can be fitted (Ekkel et al., 2002).  

 

The mean values of the piglets` body measures described in section 2.1 were used to 

calculate space requirements at different ages. Space occupied in sternum position was 

defined as body length x shoulder width. Space occupied in recumbent position was 

defined as body length x shoulder height.  
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Total space for a litter was calculated by multiplying this individual space with 10. At 

21 days of age a litter of 10 needs an area of 1.7 m² when all piglets are in recumbent 

position. The experimental creep area was designed to be 1 x 2 m to document piglet 

lying conditions without interference from limited space. 

  

2.3 Observations in the experimental creep area 

 

The experiment was conducted at the Pig Research unit at the Norwegian University of 

Life Sciences in February and March 2007. 

 

2.3.1 Experimental design 

 

Eight litters with 10 piglets each were exposed to different IR temperatures at different 

ages. In week 1, at 6, 7 and 8 days of age, the recommended IR temperature is 34 °C. 

The two experimental boxes had on the first day a set point temperature of 4 °C above 

(warm treatment) or below the recommended IR temperature (cool treatment). The 

second day both boxes had recommended temperature (RT) 34 °C, and third day the 

cold and warm boxes were switched, so that the litter that had the cool treatment (CT) 

on day one would have the warm treatment (WT) on day three. This was repeated in 

week 2 and 3, at recommended IR temperatures 27 and 25 °C (table 1).  

 

Table 1. Experimental IR temperature schedule, piglet age and group rotations. 
Recommended IR temperatures are in bold.    
 Week 1 Week 2  Week 3 
Day within treatment period 1 2 3 1 2 3  1 2 3
Piglet age (Days) 6 7 8 13 14 15  20 21 22 
Group 1 Litter 1,3,5,7 (°C) 30 34 38 31 27 23  29 25 21 

Group 2 Litter 2,4,6,8 (°C)      38 34 30 23 27 31  21 25 29 
 

In treatment period 1, at day 6, 7 and 8 days of age, ten of the largest piglets from the 

first two litters were removed from their farrowing pen and placed in one of two 

identical experimental creep boxes. When all the piglets were settled and lying still, a 

digital photo was taken to document their postures. After the picture was taken, the 

piglets were taken back to their farrowing pen, and this procedure was repeated for the 

remaining litters.  
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The first treatment of the day started at 0800 after sow feeding, and was repeated at 

1200 and 1600. The same procedure was repeated for day 7 and 8 (treatment period 1), 

13, 14 and 15 days (treatment period 2), and 20, 21 and 22 days (treatment period 3).  

 

Eight litters with 12 to 15 healthy LY x Duroc piglets, born within a 24-hour period, 

were randomly allotted to the experiment. Piglet age was the average for the set of eight 

litters: litters 4, 5, 6, and 8 were born on 18 February, 2007 and the remaining four 

litters on 19 February. Litter 2, 4 and 6 had a creep area of 1,26 m² and the remaining 

litters had a creep area of 1.99 m².  

 

The farrowing room had an ambient room temperature at 17 °C, and the creep areas 

were equipped with a single heat lamp (Infrared R125 IRR, 250W, Phillips). IR-

temperatures in the creep areas was measured by a hand-held IR sensor (model 830.T2, 

Testo, Germany) to be 30-35 °C were the red light from the headlamps could be seen 

and 22-27 °C in the creep area not directly under the lamp.  

 

Each litter was tested three times a day for three days in a row for three weeks, in this 

way, each litter was tested 27 times. Based on the litter’s position in the farrowing 

room, they were assigned litter number 1 through 8. Litter 1, 3, 5 and 7 were designated 

as group 1 and litter 2, 4, 6 and 8 were designated as group 2 

 

Ten of the largest piglets in each litter were chosen due to the fact that they were more 

likely to survive than their smaller siblings. The experimental piglets were individually 

weighed on days 7, 14 and 21. At day 4 and 5 the litters were taken into the 

experimental box in order to get accustomed to the routine.  

 

2.3.2 The experimental creep area 

 

Two identical creep boxes were constructed in 12 mm solid finished particle board for 

walls and a 5 mm thick acrylic transparent ceiling for digital camera use. The boxes 

measured 1m wide by 1 m high and 2 m long. Three walls were solid and the fourth side 

was had a 30 cm solid top wall to prevent heat escape and a 30 cm bottom wall (figure 
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6). A 2 x 5 cm removable wood rail protected the remaining open area. The floor was a 

5 cm thick dairy-cow mattress with a 5 mm black rubber top layer (De Laval). The 

rubber top layer was divided into 10 x 10 cm squares of a white spray-painted grid. The 

net space occupied by the piglets was calculated as the sum of squares occupied by the 

piglets. One square equals 0.01 m².  

 

A 150W heat lamp (Model VE150, Veng Systems, Roslev, Denmark) were placed in 

each end wall of the box 550 mm over the floor and at a 30-degree angle. This 

configuration was determined from preliminary infrared camera (Thermovision A40, 

FLIR Systems AB, Danderyd, Sweden) analysis of similar 150 W heat lamps. These 

heat lamps were sufficient to produce heat for the lowest experimental temperatures. In 

addition, a terrace heater (1000 W, 8 x 121 cm with a 100 cm linear warming element, 

Infra Värmare, Stockholm, Sweden) was needed to reach the higher temperatures. The 

terrace heater was placed in the middle of the box at a 30-degree angle.  

 
 

 
 
 
 
Figure 6: The experimental creep area.  
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2.3.3 Temperatures in the experimental creep area 

 

The two 150W heat lamps were regulated by a infrared controller (Model VE122S IR 

Controller, Veng Systems, Roslev, Denmark) using a infrared sensor mounted in the 

ceiling of each experimental box (Model VE181-50 speed\light sensor, Veng Systems, 

Roslev, Denmark). The IR sensor was mounted 100 cm over the floor had a view angle 

of 75° that included most of the experimental box. At the higher experimental 

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

and the 150W heat lamps were used for fine control to the final set point temperature. 

The experimental creep box air dry-bulb temperature (Thermistor, Veng Systems, 

Roslev, Denmark) was positioned 550 mm from floor, in the corner of the experimental 

box where it was not impacted by heat lamp radiant energy.  

 

Temperature of the experimental creep box was monitored once per minute and piglets 

were placed into the experiment at the target temperature. The floor temperature was at 

the set point T (+/- 1C) when piglets entered the experiment. Once larger piglets 

(Treatment periods 2 and 3) entered the box, detection of an accurate floor temperature 

was compromised by the IR sensor also detecting 37C piglet body surface temperature. 

The IR roof mounted sensor detected a 1 m diameter area so when older piglets would 

explore and finally lie down in this area it, included their body temperature as part of 

the integrated floor T. The hand-held IR sensor (830-T2, Testo) was used to check and 

record floor temperature in three to five locations where no piglets were resting once the 

sleeping pattern was established. 

 
Infrared images from the warmest, coolest and an intermediate temperature are shown 

in figure 7a-c. Temperature distribution generally matched set point temperature for the 

1 by 2 m area with cooler areas along the walls. Temperatures increased from front to 

rear of the experimental box with temperature at the walls cooler, in part, because no 

heat lamp radiant energy was directed to those areas. 
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c. 21 °C                                                             d. Piglets in the experimental area 

Figure 7. Infrared camera images of temperature distribution within the experimental 

creep box at warmest (a), mid-range (b) and coolest (c) experimental conditions with 

dark (purple) representing 10oC and light (yellow) 50oC. Back wall is at top of each 

image. (d) Piglets exploring within the experimental box. 

 

2.3.4 Behavior Observations 

 
After all 10 piglets were lying steadily for at least 15 minutes, the digital photos were 

taken using a digital camera (Pentax) mounted 130 cm above the centre of the creep 

box. The first digital photo included small cards placed on the acrylic top of the 

experimental box that confirmed the piglet age, time of day, litter number, and set point 

temperature. These identification cards were removed, and two additional digital 

photographs, with date and time stamp, were taken with full view of the lying piglets. 

From the digital photos, the following was scored; total space occupied, lying posture 

and huddling using the following ethogram: 
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Total space occupied:  

One square more than 90 % covered by piglets = 1 point  

One square 50 –90 % covered by piglets = 0.5 point 

One square less than 50 % covered by piglets = 0 point 

 

Number of piglets in different the lying postures: 

1. Fully recumbent: Whole side of body in contact with floor, all legs to one side 

2. Partly recumbent: More than half the side of body in contact with floor, one or no 

legs under body 

3. Partly Sternum:  Less than half the side of body in contact with the floor, legs partly 

under body 

4. Fully sternum: All four legs under the body, only belly in contact with the floor 

 

A posture score was calculated by multiplying the number pf piglets in each category 

with a given value for each category;  

Posture score = P1 x n1 + P2 x n2 + P3 x n3 + P4 x n4   

P1-4 = Different postures, n = number of piglets in a posture, 1-4 = value for posture 

category. 

A high posture score will represent a high degree of piglets lying sternum.  

 

Number of piglets in various degrees of huddling: 

1. More than 10 cm to nearest piglet, without any body contact 

2. Less than 10 cm to nearest piglet, but without any body contact 

3. Body contact with one other piglet 

4. Body contact with two piglets 

5. Body contact with three or more piglets 

6. Less than 50 % of piglet body on top of one or more piglets 

7. More than 50% of piglet body on top of one or more piglets 

8. Whole piglet body on top of one or more piglets 

 

A huddling score was calculated by multiplying the number pf piglets in each category 

with a given value for each category;  

Huddling score = P1 x n1 + P2 x n2 + P3 x n3 + P4 x n4 + P5 x n5 + P6 x n6 + P7 x n7 

+ P8 x n8   
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P1-8 = Different degrees of huddling, n = number of piglets in the various categories, 1-

8 = value for huddling category. 

A high huddling score will represent a high degree of huddling behavior.  

 

 
Figure 8: A digital photo of piglets in experimental creep. The IR sensor and the 

reflection of the camera flash can be seen in the ceiling.  

 

2.3 Statistics 

The data from the piglet’s body measures was analyzed using a GLM analysis of 

variance with litter as a random effect. The data from the observations in the 

experimental creep area was analyzed in SAS software using a mixed model analysis of 

variance with set point temperatures as main effect and litter as a random effect.   
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3. RESULTS 
  

3.1. Piglet body measurement 

 

 3.1.1 Body measurements week 1 

 

The data of the different body measurements in week 1 is summarized in table 1. There 

are clear differences in body size between individual piglets. Body length varies from 

70 mm to 120 mm and bodyweight varies from 1, 6 kg to 5, 20 at 7 days of age. The 

tallest piglet is 10 cm taller than the lowest piglet.  

The heaviest litter is close to twice as heavy as the lightest at 7 days of age. The litter 

effects are significant for all body measures (table 1).  

 

Table 1: Body measurements for piglets and litters at 7 days of age. 

 
Weight 

(kg) 

 
Length
(mm) 

Should
er 

width 
(mm) 

Back 
width 
(mm) 

Hip 
width 
(mm) 

Belly 
width 
(mm) 

Should
er 

height 
(mm) 

Back 
height 
(mm) 

Hip 
height 
(mm) 

Piglets (n) 95 95 95 95 95 95 95 95 95 
Mean 3,0 404 94 90 90 102 209 207 205 
Standard dev. 0.78 3.52 0.99 0.90 0.96 1.11 2.21 2.19 2.20 
CV 26.7    8.9 11.0 10.2 10.9 11.2 10.8 10.7 11.0 
Piglet Min. 1.60 320 70 70 70 79 157 165 160 
Piglet Max. 5.20 486 120 110 110 132 256 256 256 
          
Litter Min. 2.1 363 79 79 77 91 183 184 181 
Litter Max. 3.9 445 102 98 98 111 229 228 228 
Litter effect (F) 9.98 8.58 11.59 8.32 9.69 5.87 7.39 6.56 7.54 
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
 

3.1.2 Body measurements week 2  

 

The data of the different body measurements in week 2 is summarized in table 2. Body 

weight varies greatly from 2.40 kg to 8.60 kg at two weeks of age. There are effects of 

litter at two weeks age; the heaviest litter is 2.5 kg heavier than the lightest litter and 63 

mm longer. The effects of litter are significant for all body measures (table 2).  
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Table 2: Body measurements for piglets and litters at 14 days of age. 

 
Weight 

(kg) 

 
Length 
(mm) 

Shoulder 
width 
(mm) 

Back 
width 
(mm) 

Hip 
width 
(mm) 

Belly 
width 
(mm) 

Shoulder 
height 
(mm) 

Back 
height 
(mm) 

Hip 
height 
(mm) 

 
Piglets(n) 95 95 95 95 95 95 95 95 95 
Mean 5.1 501 115 109 113 124 263 262 259 
Standard 
deviation 1.19 4.11 1.24 1.18 1.27 1.34 2.90 2.85 2.79 
CV 24.7 8.4 11.1 11.3 11.7 11.5 11.9 11.7 11.6 
Piglet Min 2.40 405 86 82 82 96 152 156 154 
Piglet Max 8.60 580 142 140 144 170 332 330 322 
          
Litter Min 3.8 459 99 95 96 134 232 231 229 
Litter Max 6.3 522 124 121 121 112 287 285 285 
Litter 
Effect (F) 7.76 4.97 7.60 8.34 7.58 6.07 6.29 6.02 5.75 
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

 

3.1.3 Body measurements week 3  

 

The data of the different body measurements in week 3 is summarized in table 3.  At 21 

days of age the difference between piglets has increased, with an 8, 7 kg difference in 

weight, and there is a difference of 248 mm from the longest to the shortest piglet.  

There are effects of litter also at three weeks of age and the difference between litters 

has increased. The heaviest litter is 3.0 kg heavier than the lightest, and 67 mm longer 

than the shortest litter. There are significant litter effects on all body measures (table3).   

 
 
Table 3: Body measurements for piglets at 21 days of age. 

 
Weight 

(kg) 

 
Length
(mm) 

Shoulder 
width 
(mm) 

Back 
width 
(mm) 

Hip 
width 
(mm) 

Belly 
width 
(mm) 

Shoulder 
height 
(mm) 

Back 
height 
(mm) 

Hip 
height 
(mm) 

 
Piglets (n) 95 95 95 95 95 95 95 95 95 
Mean 7.4 568 132 118 124 140 310 302 310 
Standard 
deviation 1.56 4.40 1.21 

     
1.06    1.24    1.43     2.43    2.72    2.42 

CV 22.3 8.2 9.7  9.4 10.5 10.9 8.3 8.3 8.4 
Piglet Min 3.7 445 102 96 99 103 243 241 238 
Piglet Max 12.4 693 172 148 165 182 368 430 363 
          
Litter Min 6.1 543 122 110 114 130 330 202 281 
Litter Max 9.1 610 145 127 140 151 287 324 324 
Litter effect (F) 6.51 2.89 6.31 3.44 4.94 3.57 4.20 3.31 3.96 
P-value <0.001 <0.005 <0.001 <0.01 <0.01 <0.01 <0.001 <0.02 <0.001 
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3.2.Comparing body measures with theoretical estimates 

The estimated body dimensions (L= kW1/3) are compared to the pooled measured body 

dimensions in figure 9-14.  The estimation for body length, back width and hip height 

were close to the measured body dimensions (figure 9, 11 and 14). The estimations for 

shoulder width, hip width and hip height were underestimating the measured body 

dimensions (figure 10, 12 and 13).    
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Figure 9: Estimated length and measured length 

 

The estimated body length (k = 300) were close to the measured body length (fig 9).    

0
20
40
60
80

100
120
140
160
180
200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Piglet weight (kg)

Sh
ou

ld
er

 w
id

th
 (m

m
)

Estimated
shoulder
width

Measured
shoulder
width

 
Figure 10: Measured shoulder width and estimated shoulder width. 
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The estimated shoulder width (k = 61) was an underestimation of the measured 

shoulder width, and this underestimation grew larger as the piglet weight increased 

(figure 10).    
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Figure 11: Measured back width and estimated back width. 

 

The estimated back width (k = 64) were close to the measured back width (figure 

11).   
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Figure 12: Measured hip width and estimated hip width.   
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The estimated hip width (k = 59) underestimated the measured hip width, and the 

underestimation were largest for the heaviest piglets (figure 12). 
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Figure 13: Measured shoulder height and estimated shoulder height. 

 

The estimation for shoulder height (k = 150) were underestimating the measured 

shoulder height, and the underestimation increased as the piglets grew heavier 

(figure 13).  
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Figure 14: Measured hip height and estimated hip height. 
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The estimation for hip height (k = 156) were a good match for the measured hip 

height (figure 14).   

 

Based on the measured body dimensions, a new set of coefficients were calculated 

(table 4). The largest variances form the Petherick (1983) coefficients are for 

shoulder width (k = 67.5) and hip width (k = 65.6).    

 

Table 4: Allometric relationships using the model L = k W 0.33   
  

Body 
length 

Shoulder 
height 

Back 
height 

Hip 
height

Body 
depth 

Shoulder 
Width 

Back 
width 

Hip 
width 

Estimated 
k 

291.9 154.4 152.8 151.9 72.3 67.5 62.6 64.6 

R2 0.998 0.996 0.995 0.996 0.996 0.997 0.997 0.996 
 
 

 

3.3 Estimation of the static space requirements 

 

Based on the mean body measurements presented in section 3.1, the static space 

requirements were calculated for different lying postures. The static space required for 

individual piglets and a litter of 10 lying in sternum and recumbent positions at different 

ages are shown in table 5. A calculation of the static space requirements for the litter 

with the largest body sizes in the experiment is also presented.  

 

Table 5: The static space required (m²) for one piglet, for an averaged litter of 10 

piglets and for the largest litter in the experiment at different ages and lying postures.  

 
Age 7 days of age 14 days of age 21 days of age 

 per 

piglet 

(m²) 

mean 

litter 

(m²) 

largest 

litter 

(m²) 

 per  

piglet  

(m²) 

mean 

litter 

(m²) 

largest 

litter  

(m²) 

 per 

piglet 

(m²) 

mean 

litter  

(m²) 

largest 

litter 

(m²) 

 

Sternum 

 

0.037 

 

0.37 

 

0.45 

 

0.057 

 

0.57 

 

0.64 

 

0.074 

 

0.74 

 

0.88 

Recumbent 0.084 0.84 1.01 0.130 1.3 1,5 0.170 1,70 1.80 

 

A week old piglet needs 0.037 m² to lie in sternum posture, while it will need 0.084 m² 

in recumbent position. The static space requirement will increase to 0.17m² pr piglets at 
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21 days of age. An averaged litter of 10 piglets will need a creep area of 0.74m² when 

all piglets are in sternum posture, while a large litter will need 0.88m². A large litter of 

10 piglets that lies in recumbent posture will need a creep area 1.8m².   

 

3.4 Temperatures in the creep area 

 

The IR-temperature in the creep areas was close to the set point IR-temperature for all 

three temperatures in week 1. The air temperature was ca 10 °C below the IR-

temperature in the three different temperatures (figure 15). 
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Figure 15: IR-temperature and air temperature in the creep area week 1.  

 

In week 2, the IR-temperature was close to the set point temperature for all three 

temperatures. The air temperature was around 3 °C below the IR-temperature at all 

three temperatures (figure 16).  
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Figure 16: IR-temperature and air temperature in the creep area week 2.  

 

At the lowest temperatures, the IR-temperature was 4 °C above the set point 

temperature. There were little variance in the air temperature between the three 

temperatures, and the air temperatures were around 5 °C below the IR-temperature in all 

three temperatures (figure 17). 
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Figure 17: IR-temperature and air temperature in the creep area week 3. 
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3.5. Experiment with different IR-temperatures  

3.5.1 Week 1:  

The IR-temperature had a significant effect on total space occupied in week 1 (table 4). 

Total space occupied increased significantly from 0.57 m² to 0.66 m² as IR-temperature 

increased from 30 to 38 °C. There was a clear effect of litter on total space occupied (P 

= 0.0001). There was a clear tendency that IR-temperature affected both lying posture 

and huddling (table 6).   

 

Table 6: Average lying posture score, huddling score and space occupied week 1. 

  IR-temperature  F-value P-value 

 30 °C 34 °C 38 °C   

Lying Posture Score 26.5 ± 6.6 24.08 ± 7.4 21.8 ± 4.9 3.14 0.0503 

Huddling Posture Score 47.41 ± 9.5 46.91 ± 10.2 42.29 ± 6.4 2.98 0.0581 

Space occupied (no. of 

squares) 

56.6 ± 11.9 60.9 ± 12.5 65.8 ± 12.6 4.85 <0.01 

 

The posture score decreased from 26.5 to 21.8 and huddle score decreased from 47.4 to 

42.29 when IR temperatures increased (table 6). A tendency of litter effect was also 

evident on huddling score (P = 0.0650).  

 

The proportion of piglets lying fully recumbent decreased from 44 % at 38 °C to 31 % 

at 30 °C (figure 18), whereas the proportion of piglets lying fully sternum increased 

from 23 % at the high IR-temperature to 41 % at the low IR-temperature.    

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

Fully Sternum Partly Sternum Partly Recumbent Fully Recumbent

M
ea

n 
no

. o
f p

ig
le

ts

30

34

38

 

Figure 18: Posture week 1 at three different temperatures: 38, 34 and 30 °C. 
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The piglets are increasing the contact with other litter members as the temperature 

decreases (figure 19). On average, more than 70 % of the piglets were huddling together 

with two or more piglets at 30 °C (figure 19). At 38 °C there were around 60 % of the 

piglets huddling with two or more piglets.  

 

Huddling score no 1 and 2 were seldom scored, as the piglets rarely lay alone without 

any contact with other piglets. Huddling score 7 and 8 were also seldom scored as the 

piglets tended not to lie on top of each other.   
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Figure 19:  Huddling week 1 at three different temperatures: 30, 34 and 38 °C.   

3.5.2. Week 2:  

 

In week 2, the IR-temperature had a significant effect on lying posture and space 

occupied (table 7). Total space occupied increased from 0.62 to 0.86 m when IR-

temperature increased from 23 to 31 °C (table 7).  There was also a significant effect of 

litter on total space occupied (P = 0.0088).  
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Table 7: Average lying posture score, huddling score and space occupied at week 2. 
 IR- 

temperature 

   

 23 °C 27 °C 31 °C F-value P-value 

Lying Posture Score 31.7 ± 6.5 25.8 ± 4.7 20.1 ± 6.7 21.42 <0.001 

Huddling Posture Score 60.54 ± 

13.7 

58.25 ± 11.8 53.29 ±12.29 2.23 <0.1 

Space occupied (no. of 

squares) 

61.3 ± 

11.01 

70.5 ± 9.9 86.12 ± 12.8 35.17 <0.001 

 

 

Increasing the IR-temperature gave a clear effect on posture score as it decreased from 

31.7 to 20.1 (table 7). The huddling score have increased from the first week, and at the 

high temperatures the huddling score is 60.5 as compared to 47.4 in the warm 

temperature in the first week.   

 

The proportion of piglets lying fully recumbent decreased from 51 % at 31 °C to 11 % 

at 23 °C, whereas the proportion of piglets lying fully sternum increased from 20 % at 

the high IR-temperature to 53 % at the low IR-temperature (figure 20).    
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Figure 20: Posture week 2 at three different temperatures: 23, 27 and 31 °C.   

 

More than 80 % of the piglets were huddling together with two or more piglets at 23 °C 

(figure 21).  There were also more piglets huddling on top of each other as the IR-
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temperature decreased.  A decrease in IR-temperature resulted in an increase in 

huddling behavior, and at 31 °C there were around 68 % of the piglets huddling with 

two or more piglets (figure 21).  

 

Few piglets lay alone (huddling score 1 and 2) but an increased number of piglets are 

lying on top of each other compared to the first week. 18 % of the piglets lay with a part 

of their body on top of another piglet at the lowest IR-temperature in week 2, an 

increase of 10 % from the first week (figure 21).  
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Figure 21: Huddling week 2 at three different temperatures: 23, 27 and 31 °C.     

3.5.3 Week 3:  

 

The IR-temperature had a significant effect on lying posture, huddling posture and 

space occupied (table 8). Total space occupied increased from 0.88 to 1.1 m when IR-

temperature increased from 21 ° to 29 °C (table 8). There was a significant litter effect 

on total space occupied (P = 0.0005).  
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Table 8: Average lying posture score, huddling score and space occupied at week 3. 
  IR-temperature      
 21 °C 25 °C 29 °C F-value P-value  

 
Lying Posture Score 32.37 ± 5.3 24.6 ± 7.1 22.8 ± 7.5 13.60 <0.001 

Huddling Posture Score 64.3 ± 17.6 60.5 ± 13.2 53.54 ± 10.5 3.76 <0.02 

Space occupied (no. of 

squares) 

87.91 ± 9.5 93.5 ± 11.3 109.8 ± 16.12 8.67 <0.005 

 
 

Increasing the IR-temperature gave clear effects on posture score which decreased from 

32.3 to 22.8 (table 8). The huddling score have increased from the two previous weeks, 

and at the high temperatures the huddling score is 64.3 as compared to 60.5 in the warm 

temperature in the second week.  

 

An increase of 4 °C from the recommended temperature resulted in increased number of 

piglets lying fully recumbent from 12 % at 21 °C to 41 % at 29 ° (figure 22). A decrease 

of 4 °C from the recommended temperature resulted in a higher proportion of piglet 

lying fully sternum. Piglets lying fully sternum increased from 28 % at 29 °C to 62 % at 

21 °C (figure 22). 
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Figure 22: Posture week 3 at three different temperatures: 21, 25 and 29 °C.    
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An increase in IR-temperature resulted in a reduction in huddling behavior. On average, 

90 % of the piglets were huddling together with two or more piglets at 21 °C (figure 

23).   

 

There were also more piglets huddling on top of each other as the IR-temperature 

decreased.  A decrease in IR-temperature resulted in an increase in huddling behavior, 

and at 29 °C there were around 70 % of the piglets huddling with two or more piglets 

(figure 23). 

 

Few piglets ever lay alone (huddling score 1 and 2) and 25 % lay with a part of their 

body on top of another piglet at the lowest IR-temperature, an increase of 7 % from 

week 2 (figure 23). 
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Figure 23: Huddling week 3 at three different temperatures: 21, 25 and 29 °C.    
 

 

The total space occupied per litter was affected by litter weight at all IR temperatures 

(figure 24). This relationship was strongest for the warmest temperatures (R² = 0.5558).  
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The following relationships were developed for piglet mass to space required for a litter 

of 10 piglets of same average mass. Warm conditions are 4 oC above recommended 

temperature and cool conditions are 4 oC below; 

 

 

Warm conditions: A = 0.33 W 0.52       (1) 

Recommended conditions: A = 0.29 W 0.53      (2) 

Cool conditions: A = 0.27 W 0.52       (3) 

Where, 

A, Area occupied by litter of 10 piglets (m2) 

W, Weight of individual piglet (kg) 

 

 

y = 0.27x0.5168

R2 = 0.4491
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Figure 24: Average piglet weight (W) in each litter versus area occupied (A) by that 10-

piglet litter resting in cool treatment (upper line), at recommended treatment, and warm 

treatment (lower line). 
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The total space occupied in cool treatment (CT), recommended treatment (RT) and 

warm treatment (WT) are compared to the equation for estimating the static spatial 

requirements for;  fully sternum pigs; 0.019W0.33 (Pastorelli et al., 2006), half recumbent 

pigs; 0.033W0.33 (Ekkel et al., 2003) and fully recumbent pigs 0.047W0.33 (Baxter, 1984) 

(figure 25). 

 

0.0

0.5

1.0

1.5

2.0

2.5

1 2 3 4 5 6 7 8 9 10 11

Piglet weight (kg)

Sp
ac

e 
oc

up
ie

d 
(m

2)

CT

Recommended

WT

Model half
recumbency (Ekkel et
al, 2003)
Model fully recumbent
(Baxter, 1985)

 

Figure 25: Relationship of  weight and space occupied from several different 

calculations; (Baxter, 1984; Ekkel et al., 2003; Pastorelli et al., 2006) compared to the 

observed piglet weights and space occupied at cool, recommended and warm treatment.  

 

The model for fully recumbent pigs overestimated the space occupied at all ages and 

temperatures. The half recumbent model showed less overestimating compared to the 

observed space occupation. The model for fully sternum pigs underestimated the space 

occupied for warm treatment and recommended treatment, and matched the space 

occupied in the cool treatment (figure 25).    
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4. DISCUSSION 
  

4.1 Body measurements 

  

The body measures sampled in this experiment are of great value in estimating space 

requirements for piglets. Although other authors have measured piglet body dimensions 

(Petherick, 1983; Moutsen et al., 2004) the measures in this experiment was done on the 

exact day all 95 piglets were 7, 14 and 21 days old, and may thus represent a more 

accurate picture of piglet body dimensions at different ages.  

 

The piglets` body measures showed a significant difference between individual piglets 

at birth, with the heaviest piglet being more than twice as heavy as the lightest. This 

individual difference was still clear at three weeks of age with only a slight reduction in 

variance. The piglets used in this experiment showed larger individual differences, and 

displayed overall larger body dimensions compared to Danish measures (Moutsen et al., 

2004). 

 

In addition to the individual difference, there was also a significant litter effect for all 

body measures in all three weeks.  The heaviest litter was twice as heavy as the lightest, 

and this difference was still evident at three weeks of age. These significant litter effects 

illustrates the importance of designing areas for animals with the larger individuals and 

litters in mind. The creep area must be designed so that a large litter both in size and 

number may be accommodated at the same time. 

 

The large difference between litters is not obvious to explain. The litters were born from 

mothers in different parities, and multi-parities mothers have shown to display better 

maternal abilities (Thodberg et al. 2002) and they have an increased litter size (Hughes, 

1998) compared to first parities mothers. However, this did not affect the results in this 

experiment, as one of the larger litters was born from a first parity mother.  

 

The measured body dimensions was compared to six estimated body dimensions based 

on the Petherick (1983) equation (L= kW1/3). The Petherick coefficients were based on 

the body measures of only two litters of Large White x Landrace pigs in 1983, thus 

there was a need to examine how accurate these coefficients matched 
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LandraceYorkshire x Duroc piglets 25 years later. The coefficients matched our piglets 

well on body length, back width and hip height, but underestimated the shoulder width, 

hip width and shoulder height. As shoulder height together with body length is 

commonly used to calculate space requirements for pigs, a new coefficient is suggested 

for shoulder height (k = 155), shoulder width (k = 68) and hip width (k = 65).  

 

4.2 Theoretical calculations of space requirement  

 

The static spatial requirements for piglets were calculated on the basis of the idea that 

all the piglets in a litter would occupy the area of a rectangle into which each pig can be 

fitted, based on body length and height, following the same method as Baxter (1984).  

 

Based on the mean values of the body measures described in section 2.1, a litter of 10 

piglets in recumbent posture would at one week occupier an area of 0.84 m², and 1.7 m² 

at three weeks. This was an overestimation compared to the results of this experiment. 

Following this calculation all piglets would have enough room to lie in recumbent 

posture, without any piglet inside the rectangle. The estimated area for a litter of 10 

piglets in sternum posture, 0.3 m² at one week and 0.7 m² at three weeks, would have 

been too small for a litter in recommended temperature. This is due to the fact that 

piglets in comfortable temperatures tend to lie in different postures, and will rarely lie in 

sternum posture all at the same time.  

 

Three commonly used equations for estimating static spatial requirements were 

compared to the total space occupied in cool treatment (CT), recommended treatment 

(RT) and warm treatment (WT). The equation for fully sternum pigs; 0.019W0.33 

(Pastorelli et al., 2006) was an underestimation for the warm and recommended 

temperatures, and matched the space occupation in the cool treatment. This is an 

expected outcome, as piglets tend to position themselves in sternum posture in a cool 

environment.  

 

The equation for fully recumbent pigs; 0.047W0.33 (Baxter, 1984) was overestimating 

the space occupation in all treatments. This can be explained by the fact that even when 
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all pigs are lying recumbent, it is rare that they will lie recumbent without other pigs 

within their theoretical rectangle (Ekkel et al., 2002).   

 

The equation for half recumbent pigs; 0.033W0.33 (Ekkel et al., 2003) is based on pigs 

lying recumbent and sharing their rectangle, and are similar to what was observed in the 

warm and recommended treatments. However, in a cool treatment the piglets will 

huddle up more and the partly recumbent equation will be an overestimation. In a 

recumbent lying pig, over 40 % of the rectangle may be shared by another pig. 

Therefore, an equation for partly recumbent pigs will provide a more accurate mean of 

space calculation for pigs.    

.  

In practice, the minimum stocking density for pigs <10 kg in the EU is 0.15 m² per pig 

(Commission Directive 2001/93/EC, European Community, 2003). In the US, the space 

allowance for pigs 5.4 – 13.4 kg is 0.15 – 0.23 m² (National Pork Board, 2002). The 

standard space in creep areas in Norway are 0.5- 0.7 m², and the space occupied by a 

seven day old litter in thermo neutral temperatures in this experiment was 0.6 m². This 

suggests that standard creep areas in practice are too small and will only fit a part of the 

litter already at seven days of age.   

 

4.3 Effect of IR temperatures on piglets` space requirements  

 

In contrast to most other environments for domestic animals are creep areas supplied 

with infrared heat, often a heat lamp. Considering this, it was important to measure the 

IR temperature, as it is this heat the piglet’s experience. Temperature in the creep area is 

not normally registered in practice, and when it is, it is usually measured as air 

temperature. Recommended temperature the first week after birth is 34 °C, and an air 

temperature of 34 °C will mean a much higher IR temperature, considering that the 

observed air temperature in the creep area with IR temperature 38 °C was 25 °C. 

 

This experiment showed that IR temperatures strongly affected the total space occupied 

by a resting litter. It was expected that the piglets would respond to a 4 °C change from 

the recommended temperature through changes in postures and through altering their 

degree of huddling behaviour. Increasing the IR temperature resulted both in increased 
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space occupation, increased number of piglets in recumbent posture and decreased 

huddling. Opposite effects were clear when IR temperature was reduced; decreased 

space occupation, increased number of piglets in sternum posture and increased 

huddling. Air temperature displayed a smaller effect on piglet lying pattern than IR 

temperature, as the lying pattern changed with different IR temperature while air 

temperature remained constant.  

 

The heat lamp in the farrowing room provided 30 – 35 °C directly under the lamp, but 

only in a limited area. Most of the creep area had a IR temperature of 22 –27 °C, and 

this is where most of the litter had to settle, as the area under the lamp only 

accommodated around six piglets at one week of age. This is similar to what is reported 

by Zhang and Xin (2001), who found that a 175W heat lamp could accommodate six 

one-day-old piglets or three 14-day-old piglets. To provide a more uniform heat 

distribution in the creep area can floor heat be added, witch also save electricity (Xin 

and Zhang, 1999). Another option is to create a more uniform climate in the creep area 

by adjusting the heat source to the shape of the creep area, and to add translucent 

curtains in front of the creep area. In this way, it might be possible to reduce the heat 

lamp output to some extent and keep the area comfortable for the resting piglets.  

4.3.1 Posture and huddling behaviour 

 

A change from the recommended IR temperature by 4 °C gave a clear effect on posture, 

increasing the number of piglets lying recumbent. The recumbent posture was overall 

more seen in the warm treatment (WT) than in the cold treatment (CT). The same 

pattern was visible with the sternum posture, it was more seen in the CT than in the WT. 

The highest number of piglets lying recumbent in the WT was 50 %, which is lower 

than seen in other experiments (Ekkel et al., 2002). A possible theory might be that the 

frequency of the recumbent posture is increasing with body weight, and that very young 

piglets still have a low heat production, and are thus less dependent on this posture to 

thermo regulate. The partly recumbent and the partly sternum posture was less common 

than the fully postures, similar to what is seen in Ekkel et al. (2002).  

  

The IR temperature gave clear effect on huddling behaviour, as the huddle score 

increased when the temperature dropped, and decreased when the temperature was 
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increased. Most of the piglets lay together with one or more littermates at both warn, 

recommended and cold temperatures. As the ability to thermo regulate increases with 

both age (Herpin et al., 2002) and body weight (Close et al., 1985; Bruce and Clark, 

1979) and that older pigs tend to huddle less than lighter, younger pigs (Hillmann et al., 

1995) it was expected that huddling, to some extent, would be reduced with age, as seen 

in other texts (Boon, 1981). An interesting observation is the fact that huddling 

behaviour increased as the piglets got older. A higher proportion of the piglets were 

laying closer or partly on top of each other in week 3 than week 1 or 2, and a possible 

explanation to this is that the recommended IR temperatures for week 2 and 3 were too 

low.  

 

The set point IR temperatures in this experiment was based on recommendations from 

the manufacturer of the heating system in the experimental creep boxes, and is similar 

to what is commonly seen in practice. Bruce and Clark (1979) recommend 26 °C for 15 

pigs of 20 kg living on concrete flooring, and this suggest that our set point 

temperatures for 10 piglets of 5 - 10 kg might have been too low. A repeat of this 

experiment with higher set point IR temperatures and greater differences between cold 

temperature and warm temperature will perhaps give even clearer responses displayed 

as a change in lying patterns  

 

Older pigs show a distinct increase in huddling behaviour during the night (Ekkel et al., 

2002), possibly explained by a reduction in ambient temperature in the pen. But the 

temperatures in the thermo neutral and the warm treatment was expected to be sufficient 

to avoid any need to huddle together. The increase in huddling by older pigs observed 

by Ekkel et al, (2002) during the night might be explained through observing young 

piglets resting pattern during the night. Due to the fact that most creep areas are 

equipped with a heat lamp, the observations of the resting pattern of young piglets 

during the night could answer if there is any increase in huddling behaviour at night 

even though the temperature remains constant.  

4.3.2 Piglets` space requirements 

 

As expected, the IR temperatures significantly affected the total space occupied in all 

three weeks. It is commonly known that piglets try to maintain body heat through 
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modifying their environment by altering their postures (Boon, 1981). One way to keep 

warm is to minimize the heat loss by changing their posture and thus reducing the 

exposed body surface. The effect of the piglets altering their postures and huddling 

loosely or tightly will alter the space occupation of the group. A tightly huddled group 

predominantly in sternum posture will necessarily take up less space than the same 

group loosely huddled together in recumbent posture.   

 

Increasing the temperatures by 4 °C from the recommended temperature increased the 

litter space occupation by around 0.16 m², and a decrease of 4 °C resulted in ca 0.12 m² 

less space occupied at the three different ages. 

   

There was a significant litter effect on total space occupied in all three weeks. The total 

space occupied is a direct consequence of the different postures and degree of huddling 

the litter’s displays in the different temperatures. This means that the litter with the 

largest body size in this experiment need ca 0.2 m² more than the average litter at the 

recommended temperature. This gives the largest litter a required area of 1.3 m² at three 

weeks of age. 
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5. CONCLUSION    
 

Temperatures in the creep area strongly affect the space requirements of a resting litter. 

At recommended temperatures, an average litter will need a creep area of minimum 0.7 

m², 0.8 m² and 1.0 m² for 1, 2 and 3 weeks of age, respectively. To make sure the larger 

litters have enough space the creep area should be minimum 1.3 m². An increase of 4 °C 

from the recommended temperature will increase the space requirements for a litter by 

10 %. Recommended temperatures at two and three weeks might have been too low, 

and should be the object of further studies.  
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