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Abstract

In the present study, precise, animal-based biometric data on the space needed for the body
dimensions of individual pigs (static space) were collected. Per batch, two groups of eight pig-
lets each were formed after weaning (35 days old). Using three-dimensional cameras that
recorded a piglets’ pen from above and newly developed software, the static space of indivi-
duals was determined over 6 weeks. The area covered by an individual increased almost lin-
early with increasing body weight (R*=0.97). At the end of rearing (25 kg body weight), an
individual covered 1704 cm? in standing position, 1687 cm? in sitting posture and 1798 cm? in
a recumbent position. According to the allometric equation: Space = k x body weight®%’,
k values for the static space in standing position (k = 0.021), in recumbent position in general
(k=0.022) and in lateral recumbent posture (k = 0.027) were calculated. Compared with spa-
tial requirements in different countries, the results of static space obtained in the present study
revealed that pigs weighing 25 kg are provided with 0.09-0.18 m? free space per pig which is
not covered by the pig’s body. This free space can be used as dynamic space needed for body
movements or social interactions. The present study was not intended to enhance space
recommendations in pig farming, but to demonstrate the amount of free space in a pigs’
pen. It was shown that innovative technologies based on image analysis offer completely
new possibilities to assess spatial requirements for pigs.

Introduction

In modern pig production, pigs are often kept in small, poorly structured pens and the amount
of space that is provided for each piglet frequently meets only the minimum legal require-
ments. However, adequate space allowance is a factor which contributes exceedingly to animal
welfare (Hurnik & Lewis 1991). Thus, it is known that restricted space allowance can increase
plasma cortisol concentrations as well as aggressive behaviour in pigs and can contribute to tail
biting outbreaks (Hemsworth et al. 2013; Kim et al. 2017). Furthermore, exploratory and play-
ing behaviour can be reduced when pigs are kept at low space allowances (Nakamura et al.
2011). In most countries, specific guidelines for pig production currently exist and the min-
imum spatial requirements are usually tailored to the weight of the individual animal.
Usually, these minimum requirements are given in m” per pig for a certain body weight or
a body weight range. However, spatial requirements differ between countries around the
world and a uniform method for calculating the adequate space allocation for pigs is lacking.
The guidelines for space allocation result, in the majority of cases, from the equation: Space =
k x body weight*®*” which was proposed by Petherick (1983) and confirmed in several later
studies (Gonyou et al. 2006; Petherick & Phillips 2009; Spoolder et al. 2012). In this formula,
k represents a space allowance coefficient and body weight is converted from a three-
dimensional (3D) into a two-dimensional (2D) concept. However, the results of different stud-
ies revealed different k values even for the same body weight class, which was most probably
caused by different study designs. Consequently, different recommendations for appropriate
space allowance were given (Gonyou et al. 2006).

Indeed, it is not a simple matter to determine how much space an individual animal needs.
In the past, different scientific approaches were developed to gain a deeper knowledge of the
space required by pigs for maintaining their welfare and biological performance. According to
McGlone & Pond (2003), the floor space in a conventional pig pen consists of two compo-
nents: used space and free space. While used space was defined as the space occupied by
the pigs’ bodies, free space was specified as the remaining, unoccupied space which can be
used for different behavioural activities. Petherick (1983) suggested three different kinds of
space: the area that an animal requires due to its body dimensions (static space), which cor-
responds to the ‘used space’ defined by McGlone & Pond (2003), in addition to the space
needed for behavioural activities (dynamic space) and the space that is necessary for
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interactions between the animals (social-interaction space). The
dynamic space was defined in more detail as the space needed
for non-locomotor body movements and to make normal pos-
tural adjustments (McGlone et al. 2004; Pastorelli et al. 2006).
In contrast to the dynamic or social interaction space, the static
space of pigs in a pen can be measured for each individual by
means of its body dimensions and consequently the amount of
free space can be quantified. This can be an important approach
to evaluate current spatial requirements in pig farming (Hurnik &
Lewis 1991; Anil et al. 2007). Published data about the exact body
dimensions of pigs in different age and weight categories are
sparse (Moustsen et al. 2011; Meyer et al. 2012; Fels et al. 2016)
and where these data are available they have often involved labour
intensive weighing and measuring of many animals (Moustsen
et al. 2011; Meyer et al. 2012). A standardized, precise method
which can be applied easily on farms has not been available so far.

Hence, for the present study, a novel image-based monitoring
system was used in order to measure static space occupied by
individual weaner and growing pigs showing different body posi-
tions in their familiar environment. Individuals were monitored
by cameras from above in their home pen without the necessity
for any human handling. Thus, the aim of the present study
was to measure the static space of individual group-housed pigs
up to a body weight of 25 kg in their familiar surroundings, in
order to determine the static space requirements of pigs during
rearing.

Materials and methods
Animals and housing

The present study was carried out on the research farm of the
University of Veterinary Medicine Hannover, Foundation,
Germany. On the farm, a total of 80 sows and their piglets up
to 11 weeks old were kept in a conventional housing system.
Piglets were hybrids (Genetics: German National Breeding
Program - BHZP, db Victoria x db 77 Pietrain) and were kept
in farrowing pens with crates for the sow until weaning at 35
days old. Male piglets were castrated within the 1st week of life
and male and female piglets were tail docked and marked with
an individual ear tag at the same time. After weaning, piglets
were mixed into groups of eight and reared in these groups up
to the age of about 11 weeks, before being sold for fattening.
All weaned piglets were kept in conventional rearing pens with
a fully slatted plastic floor providing a space allowance of
0.35 m” per animal (pen dimensions: 1.73 x 1.60 m®). For each
animal, a feeding place was available where the dry feed was

Table 1. Average body weights (+sp) of individuals depending on the week after
weaning and age

Week after Age of piglets Average body weight
weaning (week) (kg)

1 5 9+1.2

2 6 10+£1.3

3 7 11+2.0

4 8 15+2.6

5 9 19+3.0

6 10 21+29
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given ad libitum. Water was also offered ad libitum in one nipple
drinker per pen. The light was turned on at 06.00 h and off at
16.00 h. Additionally, there was one window in the compartment;
thus, there was a daylight incidence as well.

For the present study, in a total of three batches, all suckling
piglets were weighed individually 1 day before weaning. Per
batch, 16 piglets were selected for the study according to their
weight and sex and two groups of eight animals each were formed
on the day of weaning. Thus, a total of 48 piglets were used, kept
in groups of eight, each group balanced by weight and sex. The
initial body weight of all piglets was 9 + 1.2 kg (mean + standard
deviation (sp)), the average final weight at the end of the study
was 21 +2.9 kg (Table 1). In each group, the piglets were marked
individually on their backs with numbers 1-8, using blue stock
marking spray before being moved to the rearing pens. Per
batch, the two newly formed groups were kept in two adjacent
pens in the same rearing compartment for a period of 6 weeks.
Once a week, the piglets were weighed again and the numbers
on their backs renewed.

Technical equipment and image analysis

On the ceiling of each experimental pen, at a height of 2.5m, a
camera (Kinect V2M for Xbox One, Microsoft Corporation,
Redmond, Washington, USA) was fixed and connected to one
personal computer each. Pictures of the piglets’ pen were taken
from above and sent via USB 3 (universal serial bus 3-cables) to
the two personal computers, which were located in another
room outside the piglets’ compartment. Image analysis software
was installed on each of the two personal computers, which was
developed by a company for image analysis and robotics (CLK
GmbH, Altenberge, Germany http:/www.clkgmbh.de/index.php/
en/bildverarbeitung-en/). Pictures from the cameras were stored
by the software at 10-s intervals and the floor space covered by
each individual piglet within a group was calculated in each
image by a specific algorithm (CLK GmbH, Altenberge,
Germany). This algorithm processed the information of 2D
images to identify the pigs based on the contrast between the
bright pig and the darker floor. In addition, 3D images were
used for distinguishing the pigs from the ground level based on
body height information. When the pig’s body was recognized,
the covered floor space was calculated automatically. Piglets
recognized by the program as individuals had a green line
drawn around them and were marked with a number (Fig. 1).
A blue line was drawn around piglets that could not be identified
correctly by the program as individuals, and they were not used
for the present study. The floor space covered by a correctly iden-
tified and numbered piglet was specified by the program in cm?.
The calculated results for space covered by individual piglets were
initially saved in CSV (comma-separated values) file format and
could be opened subsequently with Microsoft Excel (Microsoft
Office 2010, Microsoft Corporation, Redmond, Washington,
USA).

Correct function of the software was verified by measuring a
plastic pig model, using a laser triangulation method under
laboratory conditions. A deviation of 0.03 when measuring the
plastic pig model using the new software under farming condi-
tions compared to the highly accurate laser triangulation method
indicated the high specificity of the software for measuring indi-
vidual body spaces. Data were collected once a week for 1 h in the
morning (between 10.00 and 12.00 h) for a total period of 6 weeks
per batch. All images analysed by the software were checked by a
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Fig. 1. Image of a piglet group generated by the program for image
analysis. Animals identified as individuals have a green line drawn
around them and are numbered 1-3. Picture: CLK GmbH

M. Fels et al.

(Altenberge, Germany).

human observer, in each case verifying whether individual piglets
in a group had been identified correctly by the program, marked
with a number and subsequently analysed. When the images were
checked by an observer, the body posture of each piglet was
described and assigned manually to the space coverage data
given by the software for the respective individual on the respect-
ive image. For analysis, five different body positions were distin-
guished. The different body positions were defined in
accordance with Anil et al. (2007) as follows:

1. Standing: The pig was upright on all four legs.

2. Sitting: The piglet’s body was supported by the two front legs.

3. Lying in ventral position: The pig lay on its belly with no, one
or two front legs tucked under the body.

4. Lying in ventrolateral position: The pig lay on its belly with
hind legs extended sideways.

5. Lying in lateral position: The pig lay on one side of its body,
not supported by legs.

The results of covered floor spaces were assigned to the col-
lected body weights (kg) of individual piglets. Subsequently, in
a body weight range between 7 and 25 kg, different weight classes
of piglets were defined containing animals of similar body weights
which differed by <0.2 kg. Consequently, the mean space covered
by piglets of each weight class was calculated. In total, 8818
images of individual piglets were analysed.

Statistics

Statistical analysis was carried out using IBM SPSS Statistics
(Version 23, IBM, New York, USA) and SAS (Version 9.4, SAS
Institute Inc., Cary, USA). First, the Shapiro-Wilk test was per-
formed to assess data for normal distribution. The data were nor-
mally distributed, and data for different weeks and weight classes
were treated as independent samples since not every individual
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was measured repeatedly in all weight classes and weeks.
One-way analysis of variance (ANOVA) was carried out followed
by post hoc Student Newman-Keuls tests to detect any significant
differences between the mean floor spaces covered by piglets of
different body weight classes in different body postures (standing,
lying, sitting). For statistical analysis of static space occupied in
different recumbent positions in different weeks of the experi-
ment, a two-factorial analysis of variance was carried out accord-
ing to the following model:

¥y = p + position; + week; + (position X week)ij +ej

where y is the covered floor space (static space), i is the overall
mean, position is effect of recumbent position (i = ventral, ventro-
lateral or lateral), week is effect of week of experiment ( j = weeks
1-6), position x week is interaction between recumbent position
and week and e is random residual error.

Linear and quadratic effects of time (weeks) were determined
for each recumbent posture (ventral, ventrolateral and lateral)
using analysis of contrasts (orthogonal polynomial model).

Pearson’s correlation test followed by calculation of R* was
carried out in order to find any linear relationships between the
body weight classes of piglets and the respective space covered
by individuals in different body postures.

Results

Space coverage of individual piglets in different weight classes
and weeks

In order to analyse the static space covered by individual piglets,
37 weight classes from 7.0 up to 25.0 kg body weight were formed
in 0.5 kg-steps (Table 2). The analysis of all different body weight
classes and the corresponding mean covered floor spaces revealed
that there was a linear increase in the floor space covered by
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Table 2. Mean covered floor spaces in standing, lying and sitting position for different weight classes
Covered floor space (cm?)

Weight class® n Standing Lying® n Ventral n Ventro-lateral n Lateral n Sitting
7.0 195 793 838 11 802 45 847 6 761
7.5 93 892 882 3 861
8.0 167 861 915 18 898 22 925 20 858
8.5 316 919 930 24 897 45 946 8 934 4 852
9.0 602 959 980 8 934 49 970 7 1090 6 949
9.5 465 960 1010 5 970 67 1013 7 991
10.0 159 985 1005 96 987 52 1033 1 1278 3 955
10.5 416 1029 1116 5 1065 4 1180 7 1031
11.0 392 1068 1119 19 1093 64 1117 4 1248 22 1039
115 509 1060 1175 116 1175 91 1152 14 1318 13 1095
12.0 338 1108 1195 81 1170 42 1225 2 1423 5 1086
12,5 87 1100 1173 27 1165 6 1208 2 1099
13.0 166 1153 1195 20 1188 11 1237 6 1147 4 1052
135 96 1215 1250 9 1201 5 1337
14.0 56 1189 1319 11 1315 2 1325 1 1265
145 227 1244 1301 13 1237 92 1308 2 1369 14 1233
15.0 209 1255 1348 40 1301 90 1337 16 1527 1 1239
155 136 1314 1391 120 1379 48 1385 8 1604 6 1204
16.0 112 1307 1378 13 1344 50 1377 1 1672 2 1285
16.5 46 1340 1451 23 1377 23 1525 6 1321
17.0 46 1330 1458 14 1375 20 1501 3 1561
175 92 1423 1615 11 1444 31 1657 3 1766 5 1387
18.0 122 1427 1477 42 1443 26 1525 2 1560 1 1351
18.5 49 1428 1586 7 1576 29 1555 6 1745 4 1294
19.0 232 1486 1602 65 1534 62 1605 30 1745 18 1504
19.5 114 1435 1547 23 1516 78 1559 4 1564 2 1412
20.0 144 1496 1616 10 1583 74 1621 17 1432
20.5 54 1424 1543 9 1462 58 1556
21.0 54 1578 1721 20 1610 58 1757 7 1771 9 1498
215 46 1550 1679 11 1666 16 1688 3 1669
22.0 13 1634 1804 1 1694 20 1806 32 1800 1 1402
22.5 57 1602 1755 27 1710 92 1766 12 1842 & 1528
23.0 65 1533 1722 27 1648 97 1734 1 1783 5 1604
235 21 1547 1618 11 1556 11 1645 4 1716
24.0 26 1728 1803 5 1733 14 1825 1 1853 3 1508
24.5 22 1580 1655 16 1631 14 1666 1 1720 4 1566
25.0 25 1704 1798 13 1781 7 1830 8 1687

“Body weight + 0.02 kg.
bAverage of all measurements taken in ventral, ventrolateral and lateral position.

individual piglets with increasing body weight (R* = 0.97, Fig. 2).
A similar correlation between the floor space covered by an indi-
vidual piglet’s body and its body weight class was also found when
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analysing each body position separately. In Fig. 3, the relation-
between body space
are shown for standing (R*=0.95), sitting (R* = 0.94) and lying
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Fig. 2. Mean floor space (cm?) covered by individuals depending on their body weight
class. The mean covered floor space relates to all body postures (standing, lying in
different positions and sitting). n=8818 measurements.

(R*=0.97) piglets. In Fig. 4, the relationships between covered
floor spaces per pig and body weight classes for three different
recumbent postures are presented (lateral: R* = 0.82; ventrolateral:
R?=0.94; ventral: R* = 0.96).

In many weight classes (8.0, 11.5, 17.0, 17.5, 19, 20.0-21.0 and
22.0-23.0 kg), piglets covered significantly more space in a recum-
bent position than in a standing posture (P <0.001, Table 2). In
weight classes where no significant difference between standing
and lying was detected, at least the same tendency was found
(Table 2). Sitting pigs took up significantly less space than lying
pigs (P<0.001) in weight classes of 7.0, 8.0, 11.0, 11.5, 15.5,
17.5, 18.5, 19.0, 20.0, 21.0, 22.5, 23.0 and 24.0 kg (Table 2).

At the end of the rearing period (body weight class: 25 kg),
individual piglets covered 1704 cm® in a standing position,
1687 cm® when they were sitting and 1798 cm” in a recumbent
posture, on average. For ventral recumbent position, 1781 cm?
were needed whereas 1830 cm® were measured for ventrolateral
position. For lateral recumbent position, no image was available
for the 25 kg-weight class. The highest value for static space of
a piglet in lateral recumbent position was detected in the 24 kg
weight class (1853 cm?).

Pigs lying in the lateral recumbent position occupied more
space (overall mean: 1555 cm®, sem: 150.6 cm®) than pigs lying

1900
1700 |
& [
E 1500
8
8 1300
w
5 lying:
2 1100 y =52:27x + 543.55
- R?= 08532
g standing:
£ s y = 47-34x + 53056
o R*=0.9706
H sitting:
700 y = 45-518x + 529-47
R* = 0.9379
5 7 ] 11 13 15 17 19 21 23 25

Weight class (kg)
s standing xsitting & lying

Fig. 3. Mean floor space (cm?) covered by standing, lying (average of ventral, ventro-
lateral and lateral position) and sitting piglets, standing: n=5969 measurements,
lying: n=2633 measurements and sitting: n =216 measurements.
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Fig. 4. Mean floor space (cm?) covered by piglets in ventral, ventrolateral and lateral
recumbency, ventral: n=974 measurements, ventrolateral: n=1515 measurements
and lateral: n =143 measurements.

in the ventrolateral position (overall mean: 1357 cm?, sEm:
130.7 cm?, P<0.001) which in turn occupied more space than
pigs in the ventral position (overall mean: 1325cm? sEMm:
152.4 cm®, P=0.002). As the age of the pigs increased, the
space occupied in all lying positions increased linearly (P <
0.001) and there was no evidence for any quadratic response in
space occupation with time (Fig. 5).

Calculation of k values

From the results of static space of piglets in different body posi-
tions obtained in the present study, k values were calculated,
enabling a direct comparison to earlier estimated k values for
the equation: Space = k x body weight®®®” (Table 3). It became
evident that k values for pigs in a standing position were no dif-
ferent in a weight range between 10 and 24 kg (k =0.021). For
lying piglets in general, k=0.022 was calculated in a weight
range from 15 to 24 kg, while for lighter recumbent piglets a
slightly higher k value was determined (k=0.023). The k value
calculated for lateral recumbent position decreased slightly with
increasing body weight. While for piglets weighing 10 kg on aver-
age, k=0.028 was calculated, this value reduced continuously

1800
1600 -
1400
1200
1000+
800+
600 -
400+
200+

Covered floor space (cm?)

9
Age of piglets (weeks)

mventral = ventro-lateral mlateral
Fig. 5. Covered floor space (cm?) in ventral, ventrolateral and lateral recumbency dur-

ing six weeks, n=2632 measurements.
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Table 3. K values for different body weight classes according to the age of
piglets

k value (k x body weight®¢°7)

Weight class Age

(kg) (weeks) Standing Lying® Lateral
9 S=1/ 0.022 0.023 0.025
10 0.021 0.022 0.028
12 0.021 0.023 0.027
15 8-10 0.021 0.022 0.025
19 0.021 0.022 0.024
21 0.021 0.022 0.023
24 0.021 0.022 0.022

K values were calculated from the static space requirements assessed in the present study.
“Average of all measurements taken in ventral, ventrolateral and lateral position.

with increasing body weight to k =0.022 for pigs weighing 24 kg,
on average.

Static space determined in the present study compared to
legal spatial requirements

Legal space requirements or non-legal space recommendations in
different countries around the world are presented in Table 4.
Requirements for weaner and growing pigs differ slightly between
countries. Table 4 also shows the amount of space that - accord-
ing to the biometric data obtained in the present study - would be
covered by an individual piglet of a certain body weight (m?*/pig).
It is important to emphasize that in the present study, fundamen-
tal biometric data on the body space are presented, which do not
necessarily correspond to the real space requirements of pigs kept
in groups. Nevertheless, it may be interesting to compare the
results with common spatial requirements.

Discussion
Measurement of static space by image analysis

The aim of the present study was to measure the floor space that
an individual pig took up from the day of weaning at 5 weeks old
until the end of the rearing period at 10 weeks old. Therefore, a
computer-assisted method was used, allowing precise calculation
of the static space of an individual in its familiar environment.
The importance of measuring the static space in farm animals
as a basis for discussing existing space requirements has already
been demonstrated in several studies (Briese & Hartung 2009;
Giersberg et al. 2015, 2016; Fels et al. 2016; Spindler et al.
2016). In the present study, an innovative method based on auto-
matic image analysis was used to measure the static space occu-
pied by pigs in their home pen without requiring handling. The
software was able to measure precisely the areas taken up by
the animals in different body positions, whereby the individuals
remained in their familiar environment without human presence.

Hardly any data on the static spatial requirements are available
for pigs of ages and weight ranges between weaning and the
beginning of the fattening period. Space recommendations for
these age categories are based mainly on theoretical calculations
or on experiments analysing the effects of space restriction on
daily weight gain (Gonyou et al 2006). In the present study,
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the hypothesis of a linear increase of static space requirements
with increasing body weight was verified — namely for five differ-
ent body positions separately. It was also demonstrated by precise
measurements that lying pigs cover more space than standing pigs
and that most space is taken up in lateral recumbency.

Space requirements based on allometric equations

Mathematical formulae presented in earlier studies for calculating
adequate space allowance were based mostly on body weights of
individual pigs and included a constant factor, k, which differed
between the recommendations given by various researchers. In
general, the allometric equation k x body weight”®®” was used,
converting the body weight into a 2D concept, i.e. floor area
(Gonyou et al. 2006). According to Gonyou et al. (2006), who
analysed a variety of data obtained by several published studies
using broken-line and linear analysis, the critical k value at
which growth performance decreases is similar in nursery and
grower-finisher pigs: they identified k=0.034 as the critical
value below which the available space should not fall
Nevertheless, a multiplicity of different k values does currently
exist to calculate optimal space allocation for pigs. Petherick
(1983) defined k=0.047 for pigs in lateral recumbency with
legs extended and k=0.025 for pigs in semi-lateral recumbent
posture. For sternal recumbent position, k=0.019 was defined.
Pastorelli et al. (2006) suggested k = 0.041 for growing pigs in lat-
eral recumbency and Ekkel et al. (2003) described k = 0.033 for an
area between fully recumbent and sternum posture. This formula
was confirmed by Petherick & Phillips (2009).

Thus, it became evident that there is a lack of knowledge con-
cerning the space requirements of weaned and growing pigs. The
present study was intended to provide a basis to evaluate earlier
recommendations by determining accurate animal-based data
concerning static space requirements of weaned piglets during a
period of 6 weeks. It must be emphasized that it was not the
intention of the present study to give final recommendations
for optimal stocking densities for piglet rearing but to present pre-
cise biometric data concerning body space coverage of pigs that
could also be helpful when establishing new regulations.

Calculation of k values for static space and their relevance for
pig husbandry and transport

From the results of the present study, k values were calculated
which can be used for allometric equations. According to
Gonyou et al. (2006), allometric relationships should remain con-
stant over a range of body weights since the shape of the pig
remains largely the same. This hypothesis was confirmed in the
present study since the k values calculated from the results of
space coverage were almost the same for a weight range between
9 and 24 kg for the standing position (k=0.021) and for lying
position in general (k=0.022). The k value decreased slightly
with increasing body weight for the lateral recumbent position
only, i.e. from k=0.028 (10 kg) to k=0.022 (24 kg). In addition,
results for lateral recumbency showed the lowest correlation
between body weight and space coverage compared with the
other body postures (R*=0.82). A possible reason could be a
change in body proportions with increasing age of pigs that
became more evident in the lateral position when the legs were
measured as well. Nonetheless, suitability of the allometric prin-
ciple and the previously developed allometric equation was
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Table 4. Mean covered floor spaces (static spaces) obtained in the present study in relation to spatial requirements in different countries

Recommended

Mean covered space/pig (m?) Mean space covered in lateral

Country Body weight (kg) space/pig (m?)? (current results) recumbency/pig (m?) (current results)
Europe (EU) 5-10 0.15 0.1 (10 kg) 0.13
10-20 0.2 0.15 (20 kg) 0.16 (19.5 kg)
20-30 0.3 0.17 (25 kg) 0.19 (24 kg)
Switzerland <15 0.2 0.1 (10 kg) 0.13
15-25 0.35 0.15 (20 kg) 0.16 (19.5 kg)
0.17 (25 kg) 0.19 (24 kg)
Australia 10 0.14 0.1 (10 kg) 0.13
20 0.22 0.15 (20 kg) 0.16 (19.5 kg)
25 0.26 0.17 (25 kg) 0.19 (24 kg)
Canada 10 0.16 0.1 (10 kg) 0.13
20 0.25 0.15 (20 kg) 0.16 (19.5 kg)
26 0.29 0.17 (25 kg) 0.19 (24 kg)
USAP 5.4-13.6 0.15-0.23 0.1 (10 kg) 0.13
13.6-27.2 0.27-0.37 0.15 (20 kg) 0.16 (19.5 kg)
0.17 (25 kg) 0.19 (24 kg)
0.1 (10 kg) 0.13
USAS 10-25 0.19 0.15 (20 kg) 0.16 (19.5 kg)
0.17 (25 kg) 0.19 (24 kg)
0.1 (10 kg) 0.13
Korea 10-30 03 0.15 (20 kg) 0.16 (19.5 kg)
0.17 (25 kg) 0.19 (24 kg)

Spatial requirements in different countries refer to:
Europe (European Union): Anonymous (2008a) (legal requirement).

Switzerland: Anonymous (2008b) (legal requirement); 0.35 m?/pig corresponds to space requirement in Germany (20-30 kg, Anonymous 2016) (legal requirement).

Australia: Anonymous (2008c) (non-legal recommendation).

Canada: Anonymous (2014) (non-legal recommendation).

PUSA: Fritschen & Muehling (1987) and Anonymous (2003) (non-legal recommendation).
“USA: Walker (2015) (non-legal recommendation).

Korea: Cho & Kim (2011) (legal requirement).

confirmed by the precise animal-based data obtained in the pre-
sent study.

When comparing k values calculated in the present study to
earlier suggestions for static space requirements, it became evident
that lower values were determined by the exact measurement of
body dimensions by image analysis. For piglets in lateral recum-
bent positions, k values of 0.041 (Pastorelli et al. 2006), 0.047
(Petherick 1983) or 0.033 (Ekkel et al. 2003) were recommended
previously. Even the highest measured k value in the present study
(k=0.028 for lateral recumbent posture) was far below these earl-
ier recommendations. However, it must be emphasized that space
requirements determined in the present study do not consider
empty spaces between individual pigs or huddling behaviour.
The space between the pig’s front and hind legs was also not
taken into account for biometric measurement. However, this
‘personal’ space cannot always be shared with other pigs and
may not be classified as actual free space. Thus, it can be assumed
that the real space requirement for a group of piglets may often be
greater or — in case of huddling — sometimes even lower than the
measured static values for individuals. This is, of course, also
given by the fact that dynamic and social space could not be con-
sidered in the present study and piglets have to be offered some
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additional space to the static space. In particular, as pigs get
older they presumably need more space, mainly in lateral recum-
bency, because huddling behaviour decreases with increasing age.
Furthermore, there are environmental effects on the space
requirement of pigs, for instance, the ambient temperature or
the pen design. Considering this, data on static space should
not be used solely for space recommendations. In this context,
it must be noted that there will always be a discrepancy between
allometric and biometric data on space requirements since bio-
metric data fail to take into account empty spaces, for instance
between hind and front legs or due to individual distance caused
by thermoregulatory behaviour or social hierarchy.

Spatial requirements of animals also depend on the duration of
stay in the respective environment. Thus, during animal trans-
port, the available space can be reduced but must allow pigs to
perform some essential behaviours such as drinking and resting.
In contrast, in stables pigs have to carry out locomotor and social
behaviours and need sufficient space for creating dunging areas
(Petherick & Phillips 2009). Consequently, different k values
can be suggested for pigs during transport or in their long-term
environment. According to Petherick & Phillips (2009), for ani-
mal transport, k=0.027 can be recommended in order to offer
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sufficient space for all pigs to lie simultaneously. This agrees well
with the results for k values in lateral recumbent posture found in
the present study. For the 12 kg body weight class, k = 0.027 was
found and even lower k values were calculated up to the 24 kg
weight class (k =0.022). When weaner and grower pigs are trans-
ported, they usually weigh up to 12 kg (transportation of weaned
piglets for further rearing at different locations) or 24 kg and
more (transportation of growing pigs for fattening at different
locations). Thus, the determined k values could be used directly
for evaluating recommendations for animal transport in these
bodyweight categories.

However, there are currently no specific regulations concern-
ing space allowance for pigs of different body weights, apart
from the requirement that 235 kg/m”> must not be exceeded for
pigs around 100 kg body weight in the European Union (EU).
According to recommendations of the European Farm Animal
Welfare Council (FAWC 1991), k =0.021 is recommended to cal-
culate the adequate space allowance during animal transportation
which corresponds to the result of k = 0.021 for static space of pigs
up to 24 kg body weight in a standing position. Nevertheless,
according to the results of the present study, there would be insuf-
ficient space for all pigs to lie simultaneously if the recommenda-
tions of FAWC (1991) were implemented. However, it must be
pointed out that the recommendations of FAWC (1991) were
given independent of animal species and thus not especially for
pigs. In 2013, the European Farm Animal Welfare Council pub-
lished an advice on space and headroom allowances for transport
of farm animals and defined k = 0.022 as appropriate for standing
animals while k = 0.027 was suggested for all animals lying simul-
taneously (FAWC 2013). According to the results of the present
study, k =0.022 enables all pigs to lie simultaneously in different
recumbent positions and k = 0.027 would be sufficient for simul-
taneous lying in lateral recumbency in all weight classes up to
24 kg. Thus, the recommendations of FAWC (2013) can be con-
firmed by the results of the present study, even if only the static
space requirements were fulfilled using the presented k values.
It should be borne in mind that using the k values of the present
study, there would be no gaps between the animals if all pigs lie
down simultaneously. However, since in weight classes of
>12 kg k values <0.027 were calculated, k =0.027 is still consid-
ered suitable for pigs up to 24 kg. According to FAWC (2013)
it should also be kept in mind that providing too much space dur-
ing transport can cause welfare problems and injuries, for instance
by increasing the risk of pigs falling down.

Static space requirements of piglets compared to (legal)
spatial requirements in different countries

A further interesting aspect that the current results revealed was
that in cases of space allowances recommended in previous stud-
ies for housing pigs, the animals always have some extra space in
addition to their static space requirement, for performing differ-
ent behaviours or social interactions. The k value for sternal
recumbent position recommended by Petherick (1983) on its
own seems too low (k=0.019) compared to the value required
by lying piglets obtained in the current investigation (k =0.022).
Regarding the space requirements for pig housing in different
countries around the world, it was also found that in each country
considered in the present study, the piglets were provided with
some extra space in addition to their static space requirements
in order to perform different behavioural activities.
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Of particular note are the countries Korea and Switzerland,
where legal spatial requirements are relatively high and the free
space per pig is up to 0.2m’. In Germany, a similarly high
amount of free space for piglets weighing 20-30 kg was found;
however, for lighter piglets, the space provided in Germany is
lower and corresponds to EU regulations. In the EU, for piglets
weighing 10 kg, only 0.02 m* free space remains when a piglet
lies in lateral recumbency and for lying pigs weighing 19.5 kg, a
mean free space of 0.04 m* was detected. The lowest amount of
free space was found for the USA according to recommendations
of Walker (2015). In the USA, no legal spatial requirements exist.
When following the space allowance recommended by Walker
(2015), for pigs weighing 25 kg a mean free space of 0.02 m*
was determined and pigs in lateral recumbent position need the
entire space recommended per pig for their static space.
Nonetheless, when considering the recommendations given by
Fritschen & Muehling (1987) and by the Swine Care Handbook
(Anonymous 2003), a similarly high amount of free space as in
Korea and Switzerland was calculated for the USA. Australia
and Canada occupy a middle position compared to other coun-
tries with 0.09 and 0.12 m? free space per pig (25 kg body weight).

EFSA (2005) suggested that a group of ten pigs requires an
extra k=0.002 per animal to separate a dunging area from a
lying and activity area. Pigs prefer to divide their home pen
into areas for different activities such as feeding, drinking, lying
and dunging (Geers 2007). Thus, the home pen must provide suf-
ficient space to create such functional areas. When only the static
space requirements of pigs are fulfilled, there is no space left for
pigs to separate their pens into different areas. In countries
where space requirements allow only a low amount of free
space in the pen, the welfare of the animals might be reduced.
However, when evaluating space recommendations it must be con-
sidered that it is not feasible for farmers to change pen size or group
size at frequent intervals (Anil et al. 2007). Therefore, space recom-
mendations especially for piglets at the end of the rearing period
should be taken into account when evaluating current regulations.
At the end of the rearing period (24-25 kg body weight), in most
countries almost half of the required space per pig can be used as
free space since it is not taken up by the pigs’ bodies. Especially in
small groups of pigs, a small amount of free space can prevent the
animals from showing natural behaviours and from dividing their
environment into functional areas. In large groups, this problem
can be less severe as the space available for activity can be shared
with pen mates and if some animals are resting, more space is avail-
able for other active pigs (Anil et al. 2007).

In the present study, detailed biometric data on static space
requirements of weaner and growing pigs in different body posi-
tions were presented, resulting from a precise animal-based meas-
urement. The study was not intended to enhance space
recommendations for pig production, but to demonstrate the
amount of free space which remains per pig after deducting the
space needed by the pig’s body. This free space is necessary for
the pigs to carry out natural behaviours and to separate the pen
into different functional areas. It became evident when consider-
ing the spatial requirements in different countries that an individ-
ual pig at the end of the rearing period can use nearly half of the
space provided per animal as free space. However, in lower weight
classes up to 20 kg, the space is often further restricted. The
results of the present study could be useful, particularly when
drawing up space recommendations for pigs during transporta-
tion since in this case spatial requirements should be based largely
on static space data. In the present study, it was also shown that
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innovative technologies using image analysis offer completely new
possibilities for assessing spatial requirements for pigs.
Nevertheless, the suitability of the earlier suggested allometric
equation could also be confirmed since it was possible to identify
valuable k factors for calculating static space requirements for pigs
up to 25 kg body weight.
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