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Abstract 12 

The study focused on the rolling behaviour of sows and the crushing of piglets by 13 

sows´ rolling behaviour. The experiment examined the influence of sloped floor in 14 

loose housed farrowing pens on the rolling behaviour of sows and crushing of 15 

piglets. The experimental unit was made up of 24 pens. There were two 16 

experimental pen designs with piglet creep in the corner of the pen and piglet 17 

creep across the end of the pen, respectively. Both of the experimental pen 18 

designs had a 10 % sloped floor in the sow’s resting area. The two control pen 19 

designs were identical to the experimental pen designs, but with a level floor. The 20 

behaviour of 85 sows and their litters was continuously video recorded. 21 

Behavioural observations were made from birth of the first piglet and until three 22 

days after birth of the first piglet. Rolling behaviour of sows caused significantly 23 

more trapped piglets under the sow than lying down from standing (P=0.04). 24 

Rolling behaviour caused 64 % of the trapped piglets and lying down from 25 

standing caused 36 % of the trapped piglets. Rolling from udder to side without 26 

protection trapped significantly more piglets than rolling from udder to side near 27 

slanted wall or piglet protection rails and rolling from side to udder (P<0.001). 28 

With a certain pen design sloped floor reduced rolling from udder to side without 29 

protection (P=0.007) and reduced the number of trapped piglets (P=0.01), but 30 

results concerning lying behaviour showed that sloped floor pushed sows to rest 31 
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on the level part of the floor. The results indicate that rolling behaviour that 32 

crushes piglets can be reduced, and sows prefer to lie on a level floor. 33 

Keywords: Rolling, Sloped Floor, Farrowing pen, Sow behaviour, Crushing 34 

1. Introduction  35 

Crates can be stressful for farrowing sows with an increased number of stillborn 36 

piglets and impaired maternal behaviour as consequences (Lawrence et al., 1994; 37 

Pedersen and Jensen, 2008). In some countries this has lead to an increased public 38 

attention to sow welfare issues in intensive pig production systems. Thus, in those 39 

countries there is increased political and public interest in loose housing systems 40 

for farrowing and lactating sows. In Denmark, for instance, a working group 41 

established by the government recommended (Ministry of Justice, 2010) that the 42 

end goal should be that all farrowing and lactating sows and gilts are loose 43 

housed, and that a decision to ban the use of crates should be made 10 years from 44 

now followed by an appropriate additional transitional period. 45 

The pig industry thus faces a challenge because it will expectedly in the 46 

foreseeable future be necessary to develop reliable pens for loose housed 47 

farrowing and lactating sows. However, for such systems to compete with crates 48 

with regards to piglet mortality, deaths due to crushing have to be reduced as 49 

mentioned by Damm et al. (2005a), who also notice that piglet mortality tends to 50 

be even more of a problem in loose-housed systems. 51 

Piglets are crushed by sows in relation to postural changes where lying down and 52 

rolling behaviour are the most important activities resulting in piglets being 53 

crushed. This has been studied in details in a thorough review by Damm et al. 54 

(2005a). The review has served as very important background information for the 55 

present study, and among the observations and conclusions presented in the 56 

review by Damm et al. (2005a) the following are particular relevant for the 57 

present study: 58 

· In pens, very different figures have been reported for mortality rates for 59 

live born piglets from 11-16% (Weber, 2000; Cronin et al., 2000) up to 25-60 

33% (Pedersen et al., 1998; Marchant et al., 2000). 61 
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· Crushing by the sow is a predominant cause of death both in crates and 62 

pens (English and Smith, 1975; Dyck and Swierstra, 1987; Fraser, 1990; 63 

Marchant et al., 2000; Damm et al. 2005b). 64 

· Among the crushed piglets, rolling behaviour accounted for 18 - 36 % in 65 

some studies (Marchant et al., 2001; Vieuille et al., 2003) whereas in other 66 

studies it accounted for as many as 65 - 75 % (Weary et al., 1996; 1998).  67 

· Based on Weary et al. (1996, 1998) it is noticed in the review that rolling 68 

from lateral to sternal position is far less riskful to the piglets as other 69 

kinds of rolling. 70 

In the review, Damm et al. (2005a) also conclude that the discrepancies regarding 71 

piglets crushed by rolling behaviour seem large enough to suggest that 72 

environmental aspects may be involved, and they mention particularly floor type 73 

as one such environmental factor based on a study by Weary et al. (1998). 74 

Thus, based on the observations reported by Damm et al. (2005a), there seems to 75 

be a potential for reducing piglet mortality in farrowing pens by influencing the 76 

rolling behaviour of sows. Furthermore, environmental aspects like floor type 77 

appear to be of considerable importance.  78 

McGlone and Morrow-Tesch (1990) found that fewer piglets were crushed and 79 

more piglets were weaned when the loose farrowing system had an 8% sloped 80 

floor as opposed to a level floor. Collins et al. (1987) found no differences in 81 

piglet mortality between a 10% sloped floor in a farrowing pen and a level floor 82 

crate. McGlone and Morrow-Tesch (1990) recorded the lying down behaviour, 83 

but not the rolling behaviour. Reduced piglet mortality in sloped floor pens may 84 

therefore be attributable to changes in the sows’ rolling behaviour. However, 85 

more knowledge is needed about sows’ behaviour in pens with a sloped floor. 86 

The aim of the present experiment was therefore to investigate the effect on the 87 

lying down and rolling behaviour of sows on a partly sloped floor in a farrowing 88 

pen. The aim was furthermore to examine the sows’ rolling behaviour and the 89 

influence on piglet crushing. 90 
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2. Materials and methods  91 

The experiment was carried out on a commercial farm with 300 sows from April 92 

2008 to October 2008.  93 

2.1. Animals and housing 94 

During gestation sows were housed in groups in a deep litter section and fed once 95 

a day in groups. All sows had been group housed in all parities during gestation, 96 

and sows had to exercise in order to move up to the feeding unit. The sows were 97 

moved to the farrowing unit four to five days before expected farrowing date and 98 

were weaned five weeks after farrowing. In the farrowing unit sows were fed four 99 

times a day. The sows were fed according to Danish standards (Jakobsen and 100 

Danielsen, 2006).  101 

The number of totalborn piglets per litter ranged from 4 to 22 with an average of 102 

14.5 (std. 3.7). From 12 to 24 hours after farrowing the litters were equalised so 103 

that sows and gilts each had 12 or 13 piglets. We observed all sows for a period of 104 

equal length (72 hours from birth of first piglet (BFP)). As a consequence the 105 

litter size varied between sows. However, this variation was limited to the first 12-106 

24 hours until litter size were equalised. In this period the litter size increased as 107 

number of piglets born increased, so the actual period with a high number of 108 

piglets was shorter than the 12-24h. And in this period the sows changes posture a 109 

limited number of times - according to the thorough review by Damm et al. 110 

(2005a) ‘Sows lie down in lateral recumbency most of the time during parturition 111 

and the first day after parturition (Petersen et al., 1990; Jarvis et al., 1999; Vieuille 112 

et al., 2003; Pedersen et al., 2003). 113 

At the same time as cross fostering, the piglets were orally supplied with iron-114 

paste. At three days of age, all piglets had tails docked and were vaccinated and 115 

the male piglets were castrated. The tails were docked because of observed 116 

problems with tail biting in the herd.  117 

The pens measured 290 x 175 cm and had a partly slatted floor and a covered 118 

piglet creep area separated from the sow. In the resting area of the pen, the pen 119 

had a slightly slanted wall offering the sows support when lying down and 120 
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protecting the piglets (Damm et al., 2006). The rest of the pen walls had piglet 121 

protection rails. The slanted wall and the protection rails are sketched in the 122 

illustrations of Figure 3. The farrowing room had diffuse ventilation and no 123 

cooling. The time-period for the experiment was April to October, so it is possible 124 

that it was warmer in the farrowing rooms than recommended. However, because 125 

all four groups were represented in all farrowing batches, potential heat stress 126 

would also affect all four groups. 127 

The experimental unit was made up of 24 pens. There were two different designs 128 

of experimental pens with a 10 % sloped floor in the sow’s resting area, and two 129 

control pen designs identical to the experimental pen designs, but with a level 130 

floor. The experimental pen design CCS had a covered piglet Creep area in the 131 

Corner of the pen and a Sloped floor (Figure 1). The experimental pen design 132 

CAS had the covered piglet Creep area Across the pen and a Sloped floor (Figure 133 

2). The control pen design CCL had the covered piglet Creep area in the Corner of 134 

the pen and Level floor (Figure 1). The control pen design CAL had the covered 135 

piglet Creep Area across the pen and a Level floor (Figure 2). There were eight of 136 

each of the experimental pen designs and four of each of the control pen designs. 137 

In both pen designs the area of the sloped floor had a width of 80 cm. If the sow 138 

was lying with the back against the wall, then the sow was lying with all of its 139 

body on the slope floor. The sows in the experiment were randomly assigned to 140 

either sloped or level floor pens. 141 

[Figure 1] 142 

[Figure 2] 143 

A total of 63 sows and 22 gilts of the breed Danish Landrace-Yorkshire were 144 

included in the experiment. The sows were mainly in the second, third or fourth 145 

parities. There were four sows that were in the fifth, sixth or seventh parities. The 146 

four sows were evenly distributed in the four pen types. The distribution of 147 

animals and pens can be seen in Table 1. 148 

[Table 1] 149 
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2.2. Behavioural observations 150 

The sows were continuously video-recorded from 2 days before farrowing until 3 151 

days after farrowing. A video camera was suspended over two pens and connected 152 

to a computer using the MSH video system (M.Shafro & Co., www.guard.lv). 153 

Behavioural observations were made from birth of the first piglet (BFP) until 154 

three days after BFP. The camera surveillance was analysed using the All 155 

Occurrence Sampling method with exact time for each occurrence (Martin and 156 

Bateson, 2007). See Table 2 for definitions. The light was on during day time. 157 

During night time the light from the heating lamp in the creep area was sufficient 158 

to illuminate the pen and make it possible to register sow behaviour on the video 159 

recording.  160 

[Table 2] 161 

Rolling behaviour was defined as the number of movements from side to udder or 162 

from udder to side without the sow having any other postures in the movement. 163 

Before registration of the behaviour of the sows, rolling behaviour was 164 

categorized according to the position of the sow in the pen and if the sow rolled 165 

from udder to side or side to udder as illustrated in Figure 3. If the sow was lying 166 

on the udder against the slanted wall or against the piglet protection rails, the 167 

piglets would be protected by the wall/rail when the sow was rolling from udder 168 

to side with the back against the wall or protection rails (protected rolling). 169 

Conversely, there would be no kind of protection of the piglets when the sow was 170 

rolling from udder to side if the back turned away from the wall or the protection 171 

rails (risky rolling). The last category defined corresponds to the naturally 172 

occurring rolling from side to udder at the termination of nursing (nursing 173 

termination rolling). 174 

[Figure 3] 175 

In the following we use the term “crushing” to denote an incident where a piglet 176 

dies as a direct consequence of being trapped under the sow. Piglets are given the 177 

term crushed when they are observed to be dead after being trapped under the 178 

sow, even though crushing often is a consequence of piglets being weak or of 179 
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starvation. Piglets are given the term trapped when they are trapped under the sow 180 

and they escape by themselves or if the sow reacts and let them free.   181 

Statistical Analysis 182 

All sows were observed for a period of equal length – 72 hours from BFP. As a 183 

consequence the litter size varied between sows. However, this variation was 184 

limited to the first 12-24 hours until litter size were equalised. In this period the 185 

litter size increased as number of piglets born increased, so the actual period with 186 

a high number of piglets was shorter than the 12-24h. The exact litter size was not 187 

known at the time of each posture change by the sow, therefore litter size was not 188 

included in the model. The four treatments are equally influenced by this.  189 

The number of trapped piglets per sow per day varied from 0 to 11. The effect of 190 

behaviour of the sow on the number of trappings was analysed using generalized 191 

linear models assuming that the number of trapped piglets follows a Poisson 192 

distribution. The following generalized linear model was used to analyse trapping 193 

incidents by PROCEDURE GENMOD, using SAS® version 9.13 af SAS Institute 194 

Inc.: 195 

jlilijmlji bcacabScbaEY )()()(ln +++++++= m  196 

where Y is the number of trapped piglets, µ is the expected value, ai is the 197 

systematic effect of ith pen design (CCS, CCL, CAS, CAL), bj is the systematic 198 

effect of jth behaviour of the sow (either lying down versus rolling or rolling 199 

category, i.e. USPR, USNP, SUNT), cl is the systematic effect of lth day after 200 

farrowing (0, 1, 2), Sm ~N(0, 2

Ss ) is the random effect of mth sow (1,…, 85). The 201 

same model was used to analyse the number of crushings (i.e. trappings where the 202 

piglet dies) per sow per day. The model was reduced by removal of non-203 

significant effects, and for the analysis comparing lying down versus rolling, the 204 

final model was: 205 

,)(ln jlmlji bcScbaEY +++++= m   (1) 206 

For the analysis comparing the three rolling categories, the model was reduced to: 207 

,ln mlji ScbaEY ++++= m
 

 (2)
 

208 

The rolling behaviour of the sow was measured as the number of times the sow 209 

performed risky rolling per day (USNP). USNP was a count data variable that 210 
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varied from 1 rolling per day to 40 rollings per day. The effect of pen design on 211 

the number of USNP was analysed using generalized linear models assuming that 212 

the number of USNP follows a Poisson distribution. The following generalized 213 

linear model was used to analyse trapping incidents by PROCEDURE GENMOD, 214 

using SAS® version 9.13 of SAS Institute Inc.:
  

215 

jlilijmlji bcacabScbaEY )()()(ln +++++++= m  216 

Where Y is the number of times the sow performed USNP, µ is the expected 217 

value, ai is the systematic effect of ith pen design (CCS, CCL, CAS, CAL), bj is 218 

the systematic effect of jth number of piglets around the sow (none, less than half 219 

of the litter, more than half of the litter), cl is the systematic effect of lth day after 220 

farrowing (0, 1, 2), Sm ~N(0, 2

Ss ) is the random effect of mth sow (1,…, 85). 221 

After removal of non-significant effects, the model was reduced to: 222 

jlmjji bcScbaEY )(ln +++++= m   (3) 223 

For analysis of the influence of the sloped floor on the number of piglets trapped 224 

by rolling, the following count data model assuming a Poisson distribution was 225 

applied by use of the PROCEDURE GENMOD (SAS® version 9.13 of SAS 226 

Institute Inc.): 227 

jlilijmlji bcacabScbaEY )()()(ln +++++++= m
 

228 

where Y is the number of piglets trapped by rolling, µ is the expected value, ai is 229 

the systematic effect of ith pen design (CCS, CCL, CAS, CAL), bj is the 230 

systematic effect of jth number of piglets around the sow (none, less than half of 231 

the litter, more than half of the litter), cl is the systematic effect of lth day after 232 

farrowing (0, 1, 2), Sm ~N(0, 2

Ss ) is the random effect of mth sow (1,…, 85). 233 

After removal of non-significant effects, the model was reduced to: 234 

mji ScaEY +++= mln    (4)  235 

The number of piglets around the sow (none, less than half of the litter, more than 236 

half of the litter) when she performed rolling behaviour (1: protected rolling, 2: 237 

risky rolling, 3: rolling from side to udder) was analysed with a χ
2
 – test under the 238 

hypothesis that the number of piglets was independent of the rolling behaviour. 239 



9 

 

The time spent by the sows lying sternally or laterally in different parts of the pen 240 

(sloped floor/near the wall, level floor/near the gangway, in the middle of the pen 241 

or in front of the piglet creep area) was analysed by  242 

,)()()()( ijlmijljlilijmljiijlm eabcbcacabScbaY +++++++++= m
 

243 

where Yijklm is the time the sow spent lying sternally or laterally on the floor, µ is 244 

the expected value, ai is the systematic effect of ith design (CCS, CCL, CAS, 245 

CAL), bj is the systematic effect of jth area of the pen (Sloped floor/ slanted wall, 246 

Level floor/gangway, middle of the pen or in front of the piglet creep area), cl is 247 

the systematic effect of lth day (0,1,2), Sm ~N(0, 2

Ss ) is the random effect of mth 248 

sow (1,…, 85), eijklm ~ N(0,σ
2
) is the residual. After removal of non-significant 249 

effects, the model of time sows spent lying in the different areas was reduced to 250 

.)( ijlmijmljiijlm eabScbaY ++++++= m
 

(5) 251 

3. Results 252 

For all of the 85 sows, a total of 263 risky incidents where piglets were trapped 253 

under the sow were observed. In 75 of the risky incidents the piglet died. Death 254 

due to crushing was in 63 % of the incidents a consequence of piglets being 255 

trapped when sows performed rolling behaviour, and in 37 % of the incidents a 256 

consequence of sows lying down from standing or sitting to sternal or lateral lying 257 

position (see Table 3). 258 

[Table 3] 259 

In Table 4, the number of trapped and crushed piglets for each category of the 260 

rolling behaviour as defined in Figure 3 is shown. Most of the crushing and 261 

trapping of piglets resulted from risky rolling behaviour (USNP). Among the 262 

piglets being crushed by the sows’ rolling behaviour 85 % were caused by risky 263 

rolling behaviour (USNP). Thus, only 13 % were crushed as a result of a nursing 264 

termination rolling from side to udder (SUNT), and only 2 % of piglets were 265 

crushed when sows performed protected rolling behaviour (USPR). 266 

[Table 4] 267 
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Table 5 shows the distribution of the number of pigs near the sow (none, less than 268 

half, more than half) against the three categories of rolling behaviour (USPR, 269 

USNP, SUNT). When the sows rolled, there were large differences between the 270 

numbers of piglets near the sow depending on which rolling behaviour the sows 271 

performed. When sows performed USPR with their back against the slanted wall 272 

or piglet protection rails, in 86 % of the incidents no piglets were at risk of getting 273 

crushed. As opposed to USNP where in 36 % of the risky incidents less than half 274 

of the piglets were near the sow and in 19 % of the incidents more than half of the 275 

piglets were near the sow. When sows performed the “nursing termination” 276 

rolling (SUNT) more than half of the piglets were near the sow in 72 % of the 277 

incidents. The three distributions differ significantly (P < 0.001). 278 

[Table 5] 279 

 As the rolling USNP accounts for the largest risk of being trapped and crushed, 280 

the following results will mainly represent this type of rolling.  281 

There was a significant effect of pen design (model 3, P=0.007) on the number of 282 

USNP (see Figure 4). Thus, sows in CCS had significantly fewer risky rollings 283 

per day than sows in CCL. There were no significant differences between CAL 284 

and CAS as shown in Figure 4. Thus, there was only an effect of sloped floor on 285 

risky rolling behaviour in CC pens and not CA pens.  286 

[Figure 4] 287 

There was a significant interaction between days after BFP and the number of 288 

piglets near the sow when the sow performed USNP. When the sow performed 289 

USNP, there were more piglets near the sow on day 0 and 1 BFP than day 2 BFP 290 

(model 3, P=0.007). 291 

Figure 5 shows the number of piglets trapped by rolling per sow from BFP and 292 

three days after BFP. Sows in CCS had significantly fewer trapped piglets by 293 

rollings in the time period from BFP until three days after BFP than sows in CCL 294 

(P=0.01). There were no significant differences between CAL and CAS as shown 295 
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in Figure 5. As for risky rollings, there was only an effect of sloped floor on 296 

trapped piglets in CC pens and not CA pens. 297 

[Figure 5] 298 

Figure 6 shows the number of hours the sows were lying sternally or laterally in 299 

the different areas of the pen for the four different pen designs. The sows were 300 

resting approximately 20 hours per day from BFP until three days after BFP. 301 

There were significant differences between the pen designs as to where the sows 302 

were resting. The sows in sloped floor pens rested significantly less on the area 303 

with sloped floor/ slanted wall and significantly more in the middle of the pen and 304 

on the area with level floor/gangway than the sows in level floor pens (P<0.001). 305 

The pens were too narrow for sows to lie in their full length across the pen. 306 

Therefore, the sows were mainly lying lengthwise in the pen with few exceptions. 307 

In 61 % of the lying down behaviour, sows were lying down with their head 308 

pointing towards the piglet creep and in 33 % of the lying down behavior, sows 309 

were lying with their head pointing towards the back wall. 310 

 [Figure 6]  311 

4. Discussion 312 

A major cause of piglet mortality was crushing when sows were lying down or 313 

rolling. There are differences in previous studies as to whether rolling behaviour 314 

compared to the posture change lying down from standing is a considerable cause 315 

of crushed piglets (Damm et al., 2005). However, the present study is in 316 

accordance with Weary et al. (1996) and Weary et al. (1998) from indoor loose 317 

housed sows, which showed that crushed piglets as a consequence of rolling 318 

behaviour, make up for about 65 % of the crushings and lying down from 319 

standing caused the remaining 35 %, as opposed to outdoor huts where only 25 % 320 

of the piglets were crushed as a consequence of rolling (Vieuille et al., 2003). 321 

Previous studies indicated that the risk of crushing depends on which type of 322 

rolling behaviour the sow performed. In this experiment, 87 % of the piglets 323 

crushed by rolling were crushed when sows were rolling from udder to the side. 324 

This is in accordance with Weary et al. (1996) and Weary et al. (1998) who found 325 
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that rolling behaviour from udder to side accounts for more crushed piglets than 326 

rolling behaviour from side to udder. Sows take up more space in the pen when 327 

they are lying on the side compared to lying on the udder. Piglets can be trapped 328 

when sows change posture from lying on the udder to lying on the side because 329 

sows take up the space where piglets were lying and lie down on top of the 330 

piglets. Rolling behaviour from udder to side, being more risky than rolling 331 

behaviour from side to udder, can also be a consequence of the sows having less 332 

control of the rolling from udder to side than rolling from side to udder. 333 

Therefore, sows may crush more piglets when rolling from udder to side because 334 

of the less controllable nature of this type of posture change. 335 

Rolling from side to udder makes up for a small part of the crushed piglets, even 336 

though piglets often lie near the sows’ udder. In 72 % of the rolling behaviour 337 

SUNT, more than half of the piglets were near the sow. The piglets are often lying 338 

near the sow when this behaviour occurs because piglets tend to lie near the sow’s 339 

udder the first 24 hours after birth (Hrupka et al., 1998; Pedersen et al., 2006), and 340 

rolling from side to udder (SUNT) is a part of the sow’s behaviour that terminates 341 

nursing and can be observed at a low frequency soon after birth (Jensen et al., 342 

1991; Petherick, 1983). Rolling from side to udder seems more controllable for 343 

sows than rolling from udder to side, and sows take up a smaller or the same part 344 

of the pen floor, which can explain the low risk of trapping piglets. 345 

Protected rolling (USPR) only caused 2 % of the piglets to be crushed by rolling. 346 

This indicates that piglet rails and slanted walls gave protection to the piglets 347 

when sows were rolling from udder to side with their back against the wall or the 348 

piglet protection rails. This protection can possibly be compared to farrowing rails 349 

in crates, which efficiently prevents crushing as a consequence of rolling (Damm 350 

et al., 2005a; Weary et al., 1996). Weary et al. (1996) found that fast rollings 351 

cause more crushed piglets than slow rollings.  The rails and slanted wall may 352 

affect the speed of the rolling behaviour and thereby reduce the risk of crushing. 353 

The reduced risk for the piglets when sows were performing rolling behaviour 354 

near piglet rails and slanted walls (USPR) can be because piglets choose not to lie 355 

in these areas of the pen. Sows might avoid the sloped floor and choose to lie on 356 

the slatted part of the pen, which might be unattractive for the piglets, and thereby 357 
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reduces the risk of being crushed. This is in accordance with the results. In 86 % 358 

of the USPR, there were no piglets near the sow.  359 

The litters were balanced within the first 24 hours. There is not a precise 360 

registration of time of balancing the litters, other than 12 to 24 hours after BFP. 361 

Therefore there will be a period from parturition until balancing the litters when 362 

some sows have a litter larger than 12 to 13 piglets, just as there will be a period 363 

during parturition when there are fewer than 12 to 13 piglets. There is also great 364 

variation between sows as to how long the parturition lasts. Therefore the number 365 

of piglets near the sow during the first 24 hours will vary. This could affect the 366 

number of crushed and trapped piglets during this period, as sows with a large 367 

litter size are associated with a higher incidence of crushing (Weary et al., 1998). 368 

The results indicate that sloped floor in the resting area of the pen combined with 369 

a certain pen design can reduce the number of USNP and the number of trapped 370 

piglets. It would be beneficial to reduce the risky rolling behaviour as it causes 371 

most crushed piglets. The sloped floor might alter the movement of the sow and 372 

thereby reduce the risky rolling behaviour as it might be uncomfortable for the 373 

sow to perform rolling behaviour without any support from pen walls or piglet 374 

rails.  According to McGlone and Morrow-Tesch (1990) sloped floor reduces 375 

piglet mortality, which is in resemblance with the results from the reduced 376 

number of trapped piglets in CCS compared with CCL. Collins et al. (1987) found 377 

no differences in piglet mortality between a sloped floor pen and a crate. The 378 

reduced number of USNP and trapped piglets was only evident in CC pens and 379 

not in CA pens. In both types of pens sows chose to rest away from the intended 380 

resting area with sloped floor and chose to rest on the level part of the floor 381 

instead. Therefore the effect on rolling behaviour and trapped piglets in CCS pens 382 

is confounded with the lying behaviour. The effect on rolling behaviour and 383 

trapped piglets could be caused by sows avoiding the sloped floor by lying on the 384 

level part and making protected rollings (USPR) near the piglet rails instead of 385 

non-protected rollings (USNP) onto the sloped floor.  386 

The different results obtained on sloped floor between the two pen designs may be 387 

attributed to differences in the design of the pen and in how the sows and piglets 388 
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use the pen. The results indicate that the sows in sloped floor pens chose to lie and 389 

rest more on the level floor area. There are no registrations on the effect of sloped 390 

floor on the behaviour of the piglets. If the piglets also tend to avoid the sloped 391 

floor, they might be faster to migrate into the piglet creep, and thereby reduce the 392 

number of trapped piglets. The sloped floor might be pushing the sows to rest in 393 

other places in the pen than the intended resting area. This is in contrast to results 394 

from Arey (1993) who found that growing pigs had a preference for sloped floor. 395 

The difference can be caused by differences in the gradient on the sloped floor. 396 

The gradient on the sloped floor in the test with growing pigs was 6 % as opposed 397 

to 10 % in the present study. Sows might find the 10 % gradient uncomfortable to 398 

lie on. Growing pigs have a preference for sloped floor and were generally lying 399 

with their heads pointing up or down the slope and seldom across (Arey, 1993; 400 

Bruce, 1990). In the present study, sows were not able to lie with their head up- or 401 

downhill. This position has led to increased piglet mortality for farrowing and 402 

lactating sows in sloped floor crates (McGlone and Morrow-Tesch, 1990). In the 403 

present study, sows were able to lie on the slope floor with their back uphill, 404 

which Collins et al. (1987) observed was the preferred position for farrowing and 405 

nursing sows in sloped floor pens. Sows choosing to lie away from the resting 406 

area with the sloped floor can be an effect of sows not being used to the sloped 407 

floor. Preference tests have shown it takes up to one week for sows to get used to 408 

a new type of floor (Phillips et al., 1996). As sows in the present study were 409 

moved into the farrowing pen four to five days before expected farrowing date, 410 

the sows might not have got used to the sloped floor.  411 

5. Conclusion 412 

Rolling behaviour of sows was the cause of most crushed piglets. Rolling 413 

behaviour caused 64 % of the crushed piglets and lying down from standing 414 

caused 36 % of the crushed piglets. Rolling behaviour can be divided into three 415 

different parts of rolling behaviour. Rolling from udder to side without protection 416 

(USNP) crushed significantly more piglets than rolling from udder to side near 417 

slanted wall or piglet protection rails (USPR) and rolling from side to udder 418 

(SUNT). 419 
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Sows in CCS performed significantly fewer USNP than sows in CCL. Likewise 420 

the number of trapped piglets was significantly lower in CCS than CCL. The 421 

lower frequency of USNP was most likely the cause of fewer trapped piglets. For 422 

sows in CA pens there were no differences in the frequency of USNP and the 423 

number of trapped piglets. The results indicate that in the pen CCS, risky rolling 424 

behaviour can be reduced with sloped floor. On the other hand the results on lying 425 

behaviour showed that sloped floor pushed sows to rest on the level part of the 426 

floor. Therefore an apparent coherence between sloped floor and rolling 427 

behaviour cannot be established. More investigation is needed to examine rolling 428 

behaviour of sows and behaviour on sloped floor pens. 429 
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Figure 1: Pen design piglet Creep in the Corner of the pen and Sloped floor (CCS). Pen design 

piglet Creep in the Corner of the pen and Level floor (CCL). 

 

1
 The pen wall was 50 cm high with closed plates 

2
 The pen wall was 100 cm high. The bottom 50 cm was a closed wall with plates, and the top 50 

cm was an open pen wall with bars. 

3 
The pen wall was 100 cm high with bars. 

4
 The pen wall was 100 cm high with closed plates. 

 



22 

 

 

Figure 2: Pen design piglet Creep Across the pen and Sloped floor (CAS). Pen design piglet 

Creep Across the pen and Level floor (CAL). 

 

1
 The pen wall was 50 cm high with closed plates 

2
 The pen wall was 100 cm high. The bottom 50 cm was a closed wall with plates, and the top 50 

cm was an open pen wall with bars. 

3 
The pen wall was 100 cm high with bars. 

4
 The pen wall was 100 cm high with closed plates. 
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a. USPR - Udder to Side, Protected Rolling 

 

 

b. USNP - Udder to Side, Non Protected rolling 

 

 

c. SUNT - Side to Udder, Nursing Termination 

 

Figure 3: Categorization of the three different types of rolling behaviour with definitions and 

illustrations: a USPR, Rolling from Udder to Side, Protected Rolling. The sow lies near the 

slanted wall or the piglet protection rails and rolls from udder to side with the back against wall 

or protection rails. b. USNP Rolling from Udder to Side, Non Protected. The sow lies at a 

random place in the pen and rolls from udder to side without protection from the slanted wall or 

protection rails. c. SUNT Rolling from Side to Udder, nursing termination
*
. The sow rolls from 

side to udder independently of the slanted wall or protection rails. 

*
If the sows are rolling over and standing up in one movement, the behaviour will be categorized 

as standing up and not rolling. 
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Figure 4: Number of rollings from udder to side, non protected (USNP) per sow per day from birth 

of first piglet and three days ahead (least square means +/- std.error). Columns with different 

letters are significantly different (P=0.0074). Data was analysed according to generalized linear 

model (model 3). CCL was pen design piglet Creep in the Corner of the pen and Level floor. CCS 

was pen design piglet Creep in the Corner of the pen and Sloped floor. CAL was pen design piglet 

Creep Across the pen and Level floor. CAS was pen design piglet Creep Across the pen and 

Sloped floor.
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Figure 5: Number of trapped piglets by rolling per sow from birth of first piglet and three days 

ahead (least square means +/- std.error). Columns with different letters are significantly different 

(P=0.01). Data was analysed according to generalized linear model (model 4). CCL was pen 

design piglet Creep in the Corner of the pen and Level floor. CCS was pen design piglet Creep in 

the Corner of the pen and Sloped floor. CAL was pen design piglet Creep Across the pen and 

Level floor. CAS was pen design piglet Creep Across the pen and Sloped floor. 
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Figure 6: Least square means +/- std.error within pens of the number of hours per day per sow 

where the sows were lying sternally or laterally from birth of first piglet and three days ahead on 

the following areas*: Sloped floor/ slanted wall, Level floor/gangway, middle of the pen or in 

front of the piglet creep area from birth of first piglet and three days ahead. Different letters 

between pen designs and within areas of the pen are significantly different (P<0,001). Data was 

analysed according to Model (5). CCS was pen design piglet Creep in the Corner of the pen and 

Sloped floor. CCL was pen design piglet Creep in the Corner of the pen and Level floor. CAS was 

pen design piglet Creep Across the pen and Sloped floor. CAL was pen design piglet Creep Across 

the pen and Level floor. 

*The sows were categorized lying in the middle of the pen, if piglets could be lying longitudinally 

on both sides of the sow. Sows were categorized lying on the sloped floor/slanted wall, level 

floor/gangway, in front of creep if the sows were lying in these areas near the pen walls.
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Table 1: Distribution of sows and gilts in the four different pens and average number of totalborn 

per litter within each group (in brackets are the lowest and highest litter size within each group).  

 Sloped floor Level floor 

 CCS
* 

CAS
*
 CCL

*
 CAL

*
 

Animals:     

Gilts 5 8 4 5 

Sows 18 14 16 15 

Sum 23 22 20 20 

Litter size:     

Average totalborn  per 

litter  

(min-max) 

16.9  

(12-22) 

13.4 

(4-18) 

14.0  

(5-19) 

13.5  

(4-19) 

*
CCS was pen design piglet Creep in the Corner of the pen and Sloped floor. CAS was pen design 

piglet Creep Across the pen and Sloped floor. CCL was pen design piglet Creep in the Corner of 

the pen and Level floor. CAL was pen design piglet Creep Across the pen and Level floor. 
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Table 2: Definitions of the behavioural elements observed from birth of first piglet and three days 

ahead 

Behaviour Definition 

Lying laterally Sow is lying on the side with one shoulder or 

hind quarter/ ham touching the floor. Three or 

four legs can be seen on one side of the sow. 

Lying sternally Sow is lying on the belly without a shoulder 

touching the floor. 

Rolling Sow rolls from sternal to lateral recumbancy 

or reverse without any other posture involved. 

Sitting Both feet on the sow’s front legs as well as the 

sow’s posterior are touching the floor. 

Standing/walking Sow stands on all four legs. 

Lying on sloped floor Sow is lying on the part of the floor with a 

slope (for the level floor pens corresponding 

to the same area). At least 2/3 of the sow is 

lying on the sloped floor. 

Lying partly on sloped floor Sow is lying in the middle of the pen with 

both sloped floor and level floor (for the level 

floor pens corresponding to the same area). 

Lying away from sloped floor Sow is lying away from the sloped floor (for 

the level floor pens corresponding to the same 

area). At least 2/3 of the sow is lying on the 

level floor. 

No pigs near the sow No pigs near the sow when the sow is lying 

down from standing, sitting or rolling. 

Less than half of the pigs near 

the sow 

Less than half of the pigs are near the sow 

when the sow is lying down from standing or 

sitting. When the sow is rolling less than half 
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of the pigs are near the sow on the side where 

the sow is rolling. 

More than half of the pigs 

near the sow 

More than half of the pigs are near the sow 

when the sow is lying down from standing or 

sitting. When the sow is rolling more than half 

of the pigs are near the sow on the side where 

the sow is rolling 

Trapping/crushing, lying 

down 

Sow traps or crush a piglet in lying down 

movement
1 

Trapping/crushing, rolling Sow traps or crush a piglet in rolling 

movement
1 

Piglet born Registration of piglets born alive or stillborn. 

1 
Trapping or crushing of piglets included the following incidents: the piglet is trapped under the 

sow, but escaped because of reaction of the sow; the piglet is trapped under the sow, but escaped 

by itself; the piglet is crushed under the sow and dies. 
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Table 3: Number of piglets being trapped and crushed under the sows from birth of first piglet and 

three days ahead, when sows perform rolling behaviour and when sows were lying down from 

standing to sternal or lateral lying. 

 Trapped piglets Crushed piglets 

 Number Percent Number Percent 

Lying down from standing or sitting 95
a 

36 28 37 

Rolling behaviour 168
b 

64 47 63 

Sum  263 100 75 100 

a,b
Numbers having different superscripts (in the same column) differ significantly (P = 0.04) when 

analysed according to a generalized linear model (model 1). 
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Table 4: Number of piglets being trapped or crushed under the sow from birth of first piglet and 

three days ahead as a result of the rolling behaviour by category (cf. Figure 3).  

Rolling behaviour Trapped piglets Crushed piglets 

 Number Per cent Number Per cent 

USPR, Udder to side protected rolling 6
a 

3 1 2 

USNP, Udder to side non protected 124
b 

74 40 85 

SUNT, Side to udder nursing termination 38
c 

23 6 13 

Sum 168 100 47 100 

a,b,c 
Numbers having different superscripts (in the same column) differ significantly (P < 0.001) 

when analysed according to a generalized linear model (model 2). 
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Table 5: Percent of incidents the sow rolled when there were no piglets, less than half of the 

piglets or more than half of the piglets near the sow. The observations were made from birth of 

first piglet and three days ahead.  

Rolling behaviour
1 

No piglets near 

the sow 

Less than half of 

the piglets near 

the sow 

More than half of 

the piglets near 

the sow 

USPR, Udder to side 

protected rolling 
86 10 3 

USNP, Udder to side 

non protected 
45 36 19 

SUNT, Side to udder 

nursing termination 
10 18 72 

1
The distribution was analysed with χ

2
 – test, P<0.001. 

 


