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ABSTRACT

There is considerable variation in the recommended minimum space allowance for growing pigs in sci-
entific literature, and growing pressure, arising from recent reviews of current animal welfare standards
for pigs, to increase the minimum space allowances set in legislation in some countries (e.g., European
Union countries and New Zealand). The space provided for growing pigs needs to accommodate their
physical body size in addition to social behaviour, activity, and essential functional behaviours.
However, recommended minimum space allowances vary according to criteria such as temperature, live
weight, flooring type, group size, behaviour, and enrichment availability. Though there may be justifica-
tion for increasing current space requirements, this will present a practical issue on existing farms and
could even result in unintended negative welfare outcomes, depending on how farmers address an
increased requirement for space. This is not helped by inconsistent scientific approaches to assessing
the effect of space on pig performance, and a lack of information on how space allowance impacts a pig’s
affective state. This review explores the scientific basis of the most common approaches to determining
minimum space allowances for growing pigs and discusses the various factors that influence and interact
with their spatial requirements. Consideration is given to their nutrition, physical environment, health,
and behaviour to understand the welfare, performance, and practicality implications of differing recom-
mendations for space allowance. More research is needed that investigates a range of space allowances to
better understand the relationship between animal welfare and performance outcomes, and space allow-
ance. This must replicate commercial conditions so that recommendations are relevant, future-focused,

and achieve positive welfare outcomes in a practical but meaningful manner.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Implications

Introduction

Compared to the current minimum space allowance required
for growing pigs in most countries, the existing literature recom-
mends that between 13 and 140%, more space should be provided.
The justification for these recommendations varies according to
the criteria upon which they are based, and the methodology that
was applied. Animal welfare should be the foremost consideration
when setting welfare standards, however, given the potential for
unintended negative welfare outcomes, and significant practical-
ity, economic and environmental considerations for existing farms,
it is important that recommendations consider these aspects to
ensure the sustainability of pork production.
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On an existing pig unit, space availability determines herd size
and production potential, and thus is one of the foremost consider-
ations, and the second largest cost associated with pig production
(Carpenter et al., 2018). The size and design of pig housing have a
significant impact on several factors including animal welfare out-
comes, finances, building and resource consents, environmental
emissions, labour requirements and stockperson working
conditions.

The space provided for growing pigs should meet their static
space requirements in accordance with their physical body size,
in addition to space for activity and to facilitate resting, feeding,
drinking, dunging, and exploration behaviours. The available space
must also enable appropriate social behaviour (Spoolder et al.,
2012). Assessing the welfare of growing pigs in the context of their
housing should include a range of animal-based welfare and
resource-based indicators, including those relevant to pig health,
their physical environment, and their ability to express highly
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motivated behaviours. An animal welfare assessment framework
such as Welfare Quality®, AssureWel, or the Five Domains Model
(Mellor and Reid, 1994; Mellor et al., 2020) can be used to collate
scientific evidence relating to these indicators, and then infer the
likely mental state (affective state), and thus the welfare status,
of the animals in question.

Most of the scientific literature on the subject of space allow-
ance for growing pigs would suggest that sufficient space will
result in healthy pigs that have a good feed intake and average
daily gain, low morbidity in terms of injury and disease, and low
mortality. Aggression and other behaviour problems will be mini-
mal, and their thermoregulatory needs will be met. Sufficient space
should prevent negative affective states such as hunger and thirst,
frustration, fear, discomfort and pain. The provision of enrichment
or occupational material will provide opportunities for pigs to
experience positive affective states associated with exploration,
positive social interactions, interest and activity, through improv-
ing the quality of their environment.

It may seem unreasoned to suggest that pigs could be provided
with ‘too much’ space, particularly in the context of animal wel-
fare. However, unless other factors are changed where space allow-
ances on existing farms increase, there are implications for
meeting pigs’ thermal needs, balancing temperature requirements
at different stages with ventilation rates to maintain air quality,
and hygiene. This may present a particular challenge where a very
large area is provided, which also tends to occur at the start of a
production stage (e.g., recently weaned piglets). Certainly, from a
practical perspective, ‘too much’ space is costly, wasteful upon
resources, including extra labour required for cleaning, with
greater overhead running costs including maintenance, ventilation,
bedding material and heating. Buildings are expected to have a life
of 20-plus years, and some aspects of their design are irreversible
and thus remain unchanged once decided. However, there is pres-
sure, and to some extent, justification, to increase the minimum
space allowance for growing pigs. That being said it is unclear as
to what the optimal space allowance for growing pigs is to achieve
good welfare, given that there are interacting criteria that influence
welfare outcomes.

This review aims to summarise and evaluate the existing liter-
ature on space allowance for growing pigs, to explore the impact of
space on pig welfare and performance, and the practical implica-
tions of increasing space allowance on existing farms. It will also
identify knowledge gaps in the existing literature and important
considerations for future research as it applies to improving our
understanding of the spatial requirements of commercially farmed
growing pigs.

Calculating the minimum space allowance for growing pigs

Space allowance for pigs is typically expressed as the number of
square metres per animal, with the inverse being the stocking den-
sity (the number of animals per square metre). However, without
also understanding the age, weight or size of the pigs in question,
these units of measure are relatively meaningless (Spoolder et al.,
2012). In the early 1980s, Petherick and Baxter (1981) used allom-
etry to establish the static spatial requirements of livestock. Allom-
etry describes the growth relationship between part of an animal
and the whole of it, regardless of age and weight (Petherick,
2007). Petherick (1983) introduced an allometric equation that
described the relationship between a pig’s weight and its linear
dimensions. This equation is currently used to calculate the mini-
mum space allowance for growing pigs as follows:

Space allowance per pig (m?) = k x Liveweight(kg)®®7.
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In the above equation, ‘k’ is a coefficient (also known as a ‘k
value’) that ranges between 0.018 and 0.047 to represent the static
space that pigs require according to various lying positions
(Table 1). Additional research has expanded upon these coeffi-
cients to attribute other factors to different k values, including
social and thermoregulatory behaviour.

Static space represents the animal’s physical size. There are
additional requirements for dynamic space, which is the area
needed for non-locomotor movements (i.e., turning, stretching,
postural adjustments) and space for social interaction. As well as
the area needed for the animal’s physical dimensions, movement,
and behaviour, space requirements are influenced by the type of
flooring, presence of bedding, temperature, humidity, and group
size. Therefore, the recommended k value may change in accor-
dance with these factors.

Globally, most of the legislative requirements for farmed pigs
use the same allometric equation to set the legal minimum for
space allowance for growing pigs (Table 2). For example, in New
Zealand, minimum standard No. 6 in the Code of Welfare for Pigs
(NAWALC, 2018) sets out the requirements of pig housing, including
the minimum space allowance. Currently, this is determined using
the above equation with a k value of 0.030, based on the space

Table 1
Summary of the reported relationships between k values, pig posture and behaviour,
and related environmental conditions (source: Table 54 in EFSA, 2022).

K Description (behaviour, posture, References

value temperature)

Petherick and Baxter,
1981

Petherick and Baxter

1981; Petherick 2007.

0.018  Space required for sternal lying

0.025 This space allocation is just below the
critical point where spatial preference of a
group of pigs is exceeded and not all pigs
can occupy their preferred area of a pen
simultaneously. This has also been
described as lying ‘semi-recumbent’: lying
on one side with the legs tucked close to
the body

0.033  Space required for ‘half recumbency’ lying
at thermoneutral conditions, where space
sharing will occur to the tune of 20-40%.
Also described as space needed for ‘social
lying behaviour.’

Ekkel et al., 2003.

0.034 Space required for lying and activity at EFSA, 2005
thermoneutral conditions. The assumption
is that 80% of pigs are lying and 20% are
active, at any given time

0.036 Space required for lying and activity at EFSA, 2005

thermoneutral conditions, plus additional
space for the maintenance of separate
dunging and lying areas. This was the
recommended minimum space allowance
for pigs up to 110 kg where ambient
temperature will not exceed 25 °C

0.039 Derived from a meta-analysis. Below this
space allowance, pigs kept on fully slatted
floors will start to reduce their lying time in
response to reduced space, according to a
prediction model

0.047 Space required for pigs to lie separately
(without touching one another) in a fully
lateral position. EFSA recommended that
this should be the minimum space
allowance for pigs up to 110 kg where
ambient temperature is likely to exceed
25 °C

0.072 Derived from a meta-analysis. Below this k
value, pigs on a solid floor will start to
reduce their lying time, according to a
prediction model

Averos et al., 2010

Petherick and Baxter,
1981; EFSA, 2005

Aver6s et al., 2010
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allowance that Edwards et al. (1988) found led to optimal pig per-
formance on slatted floors. New Zealand’s welfare code (NAWAC,
2018) is currently under review, with proposals to increase the
current k value by up to 56% by adopting a k of 0.047. Australia
and the European Union (EU) also currently use a k value of
0.030 as the basis of calculating the minimum space allowance (de-
scribed in the EU directive as the ‘unobstructed floor area’) for pigs.
The EU uses specific weight bands from 10 kg to >110 kg (exclud-
ing serviced gilts and sows) (EU Council Directive 91/630/EEC). The
use of weight bands rather than an absolute weight means that the
average k value in the EU is actually 0.028 (EFSA, 2022). Canada
uses a k value of 0.0335 to calculate the minimum space allowance
for growing pigs, but at the end of a production phase, a short-term
decrease in space allowance of up to 15% for grower-finishers
(from 40 to 150 kg) and a decrease of up to 20% for nursery/weaner
pigs (from 10 to 40 kg) are currently permitted. This is on the con-
dition that there are no resulting compromises to animal welfare
as demonstrated by average daily gain, mortality, morbidity and
treatment records, and the prevalence of vices such as tail biting
(NFACC, 2014). In situations where this caveat is implemented,
pigs may be kept at space allowances that have a k value of
0.027-0.028.

K values in the literature

The recommended k value may change depending on which cri-
teria are examined in relation to space allowance. Whilst most rec-
ommendations have been related to pig performance in the past
(e.g., Edwards et al., 1988; Leek et al., 2004; Anil et al., 2007), some
studies have reported the impact of space on physiological indica-
tors of stress, including cortisol and immune function (Turner
et al., 2000; Kim et al., 2017, Kaur 2018).

Turner et al. (2000) compared two group sizes (20 vs 80 pigs per
group) at two stocking densities (50 kg/m? vs 32 kg/m?) and
reported higher lesion scores and an impaired humoral response
to disease challenge (Newcastle disease) in pigs kept at the higher
stocking density. Kim et al. (2017) recommended optimal space
allowances for five different growth stages. It is worth nothing that
this is not typical of Australasian farms, which tend to be 2-3
stages at most. Average daily gain (ADG), stress responses (serum
cortisol) and inflammatory responses (serum tumour necrosis
factor-ot and serum interleukin-1B levels) were measured. Serum
cortisol concentrations and pro-inflammatory cytokine levels
increased with decreasing space allowance (Kim et al., 2017). The
recommended space allowances for the five stages corresponded

Table 2
Summary of k values used to calculate space allowances for growing pigs in different
countries.

Country Minimum space for growing
pigs (k value)

Australia 0.03

New Zealand (Currently proposed to 0.03

increase pending review)

Germany 0.03

USA No minimum

Poland 0.03

Spain 0.03

Canada 0.0335 (with caveats)

Netherlands 0.035

Finland' Average k value of 0.044

Denmark 0.03

UK 0.03

T Finland has greater space requirements for growing pigs than the EU directive
requires and calculates it differently (not with a k value), as: 0.17 m? + (weight in
kg/130). This represents an average k value of 0.044 from 10 to 110 kg (actual k
value range = 0.040-0.053).
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to k values of 0.028 up to 25 kg, 0.034 (25-45 kg), 0.039 (45-
65 kg), 0.040 (65-85 kg), and 0.033 (85-115 kg). Kaur (2018)
examined the space requirements of weaner pigs, informed by
their growth, behaviour, and cortisol response to different space
allowances. Pigs were kept at six space allowances between a k
of 0.023 and 0.039. Space allowance did not influence ADG, but
pigs spent more time sitting at lower space allowances. In contrast
to Kim et al. (2017), cortisol levels were significantly higher at
greater space allowances, possibly due to increased physical activ-
ity (Kaur, 2018).

Pig behaviour (e.g., activity time budgets, feeding behaviour,
aggression) has also been studied and related to k values (Scollo
et al., 2014) in addition to other parameters (e.g., lesion scores,
treatment records, lameness scoring). There is evidence that beha-
vioural and physiological responses of pigs may be negatively
impacted at a higher space allowance than that which affects com-
monly studied performance parameters such as ADG, feed conver-
sion ratio (FCR), and feed intake (Meunier-Salaiin et al., 1987;
Callahan et al,, 2017). This is congruent with the understanding
that high levels of performance do not necessarily indicate optimal
welfare.

Early work establishing the space requirements of pigs focused
on their spatial preferences. In one experiment using partly slatted
pens, cold air was deliberately blown up through the slats to make
it an unpleasant place to rest relative to the solid floor area (Baxter,
1985). The number of pigs per pen was then increased until the
space allowance resulted in pigs beginning to lie on the slatted
area. At this space allowance, the pigs’ motivation to access more
space was stronger than their preference for thermal comfort. This
occurred at k values between 0.025 and 0.027 (Baxter, 1985).

A meta-analysis of 21 studies investigating the performance of
nursery and grower-finisher pigs at different space allowances
estimated the critical k value to be between 0.0317 and 0.0348
(Gonyou et al., 2006). Below these values, the average daily gain
was reduced. Others have reported similar results with k values
below 0.034 (Meunier-Salaiin et al., 1987; Street and Gonyou
2008; Wolter et al., 2000). Ekkel et al. (2003) confirmed
Petherick’s (1983) suggestion that a k of 0.033 should be a starting
point for discussions on space requirements for growing pigs. Kaur
(2018) found that feed efficiency was greatest at a k of 0.0335 and
pigs at space allowances below this spent less time feeding but
compensated by increasing the frequency of feeding events. Aver-
age daily gain was greatest at a space allowance of k = 0.039 and
lowest at a k of 0.023. The ADG at a space allowance of 0.030
and 0.035 were intermediate (Kaur, 2018). These findings indicate
that growth is reduced below a k of 0.0335.

When comparing pig performance and behaviour at varying
space allowances, access to the feeding area should be considered
as a confounding influence on traits such as average daily gain.
Meunier-Salaiin et al. (1987) and Ekkel et al. (2003) provided ad li-
bitum access to feed throughout their experiments, but feeder
space (not specified) was the same across all treatments which
had varying space allowances. In the study by Meunier-Salaiin
et al. (1987), the k values at the end of the experiment ranged from
0.023 to 0.069 across the three treatments. Conversely, Street and
Gonyou (2008) provided one ad lib feeder (32 cm wide) per nine
pigs in each treatment, thus differing group sizes and space allow-
ances had the same feeder space per pig. Kaur (2018) and Wolter
et al. (2000) had a constant feeding space in each treatment, with
both providing approximately 4 cm of trough space per pig.
Gonyou et al. (2006) did not consider feeder space as a factor when
performing a broken line analysis of space restriction on pig
growth performance.

A review of space allowance for growing pigs summarised that
weight gain and feed conversion efficiency were impaired at space
allowances below 0.034 for pigs up to 110 kg (EFSA, 2005). The
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same review proposed that under thermoneutral conditions, the
minimum floor area required by growing pigs is equivalent to a k
value of 0.036. This enables space for resting, exploration, social,
and dunging behaviours and is calculated using the below
assumptions:

k = 0.033 for a group with 80% of pigs lying down (Ekkel et al.,
2003).
k=2 *0.019 = 0.038 for the remaining 20% of active pigs.

This was calculated by doubling the k value of 0.019 estimated
by Petherick (1983) for sternal lying based on an assumption that
exploration, social interactions and walking to the feeder or dung-
ing area requires at least twice that amount of space.

A k of 0.002 was estimated to be the minimal space required to
allow a pig to strictly separate the dunging area from the resting
area (assuming that a group of 10 pigs would require approxi-
mately one body space of k = 0.019 for dunging and to avoid having
to lie in their excrement).

The final k value of 0.036 was calculated as: 80% * 0.033 + 20%
*0.038 + 0.0019 = 0.036 (EFSA, 2005).

The underlying assumptions for the above recommendation
have not been quantified experimentally. This was a notional
approach based on daily behaviours performed by pigs. Indeed,
some studies have suggested higher minimum k values to accom-
modate a range of behaviour and to promote optimal performance.
EFSA’s updated review in 2022 stated that they now consider the k
value of 0.036 to underestimate the spatial requirements of pigs;
however, no alternative k value was proposed (EFSA, 2022).

EFSA also noted that the extent to which inadequate space
impacts animal welfare differs depending on other factors such
as ambient temperature, group size and flooring type (EFSA,
2022). Averos et al. (2010) conducted a meta-analysis involving
21 scientific publications to quantify the relationship between
growing pig resting behaviour (expressed as the percentage of time
spent lying) and housing conditions (space allowance, group size,
and fully slatted vs solid flooring). Lying behaviour was chosen
as an indicator related to lying comfort and therefore animal wel-
fare (Averos et al., 2010), although lying comfort was not evaluated
specifically. This approach effectively sought to predict the k values
that resulted in maximal lying time for fully slatted and solid floor-
ing systems, the assumption being that this was indicative of opti-
mal space for welfare. There was no effect of group size on lying
time; however, two k values were proposed - 0.039 for fully slatted
flooring, and 0.072 for solid flooring systems (Averos et al., 2010).

It should be noted that the r? coefficients associated with the
aforementioned k values were 0.32 and 0.14 for fully slatted and
solid flooring, respectively, so they should be interpreted cau-
tiously. The authors also suggested that a k of 0.047 overestimated
the spatial needs of pigs, as it does not take into account the distri-
bution of behaviour over time, different lying postures, space shar-
ing, and the social and behavioural dynamics within the group
(Aver6s et al., 2010). Additionally, lying time is influenced by fac-
tors other than flooring and space allowance. Lying time increases
with age (Nasirahmadi et al., 2017) and increasing temperature
(Spoolder et al., 2012), and decreases with enrichment provision
(Machado et al., 2017).

It is unclear how much ‘personal space’ pigs need, and Baxter
(1985) suggested that when pigs are kept in stable social groups,
they may have little requirement for a personal ‘comfort bound-
ary’. Perhaps, it is more accurate to acknowledge that it is difficult
to assess and therefore accommodate, rather than it being unlikely
to exist. As EFSA (2005) noted, there was no quantification of how
much ‘interaction space’ (defined as the space needed for social
behaviour) growing pigs need. Positive displays such as affiliative
behaviour, social nosing and play have not been considered in
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the context of how much space should be provided to encourage
these behaviours. One aspect that may be related to ‘personal
space’ is that pigs can avoid disturbing one another when moving
through various areas e.g., resting, activity, and dunging zones.
Hennig-Pauka and van Altrock (2023) suggested that a ratio
between the resting and activity area of 1.5:1-2.5:1 would prevent
such disruptions between active and resting pigs.

An important consideration is that growing pigs are not kept at
the minimum space allowance constantly. If this were the case,
pigs would need to be moved very frequently into incrementally
larger pens as their live weight increased week by week. In prac-
tice, pigs are kept in pens of a fixed size for a given period of time.
This means when pigs are first moved into a pen, they have signif-
icantly more space than the minimum. Space allowance decreases
over time as the pigs ‘grow into’ the space provided. This increase
in size and relative decrease in space requires the pigs to be moved
to a larger pen (or the group being split across more than one pen)
to ensure adequate space is provided. Depending on the farm, this
may happen between two and four times before the pigs reach
their finishing weight. It is the period immediately prior to pigs
being moved that they are closest to the minimum space allow-
ance. At this point, with a k of 0.030, a slight impact on feed intake
and other production measures may be seen (Kornegay and Notter,
1984; Edwards et al., 1988). It is not clear what impact this may
have on pig welfare, which may be affected before measurable
impacts on performance are evident. However, this period of con-
straint represents a very short stage at the end of the production
phase (a matter of days). Furthermore, another common practice
is to remove the heaviest pigs from finishing pens approximately
two weeks before all of the pigs are sent to slaughter, which
increases the space allowance of the remaining pigs.

Scientific approaches to investigating space allowance and its
effects

There are two predominant methods by which the effects of dif-
ferent space allowances have been investigated experimentally.
The common method uses the same pen size across different treat-
ments but changes the number of pigs in each pen to achieve dif-
ferent space allowances per pig in the same total area. Studies
using this methodology are potentially confounded by comparing
different group sizes as well as different space allowances without
an ability to separate these effects. The area of unused space per
pig increases in proportion to group size. This was demonstrated
by McGlone and Newby (1994) where it was calculated that pigs
in groups of 80 had 36% more unused space per individual than
pigs in a group of 20. Whilst each pig takes up space in a pen, they
also contribute free space to the shared area as well, and they ‘time
share’ the available space (EFSA, 2005).

Group size will also influence factors in the pigs’ physical envi-
ronment - for example, the production of CO, is increased, as is the
amount of excreta, with larger groups (Vitali et al., 2021). Pen soil-
ing, manure gases and CO, levels have all been associated with
environmental stress, compromised health and the development
of abnormal behaviours such as ear biting and tail biting (Vitali
et al.,, 2021; EFSA, 2022).

Other than changing group size to achieve different space
allowances for comparison, another common experimental
method is to compare pigs kept at a constant space allowance by
modifying the pen dimensions weekly in line with pig growth
(e.g., Anil et al., 2007; Scollo et al., 2014). Neither approach is com-
parable to a commercial farming context. Unlike most experimen-
tal situations, pigs are not moved to a slightly bigger pen every
week to keep them as close to the minimum space allowance as
possible. As already mentioned, pigs grow into a pen over time,
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because an initially higher space allowance is provided. This means
that in a commercial setting, the minimum space allowed is only
reached for a short period in the last days of a production stage.
The effect of temporary space restriction on productivity and wel-
fare is not well understood and has not been examined
scientifically.

Influence of space allowance on pig welfare and performance
Nutrition and feeding

Pigs need to consume an adequate quantity of a balanced diet to
promote good health, growth and development. Positive affective
states associated with adequate nutrition include satiety and gas-
trointestinal comfort (Mellor et al., 2020). Many factors influence
the voluntary feed intake of pigs. Aspects such as the thermal,
social and physical environmental conditions interact with genet-
ics, health, and diet composition (Nyachoti et al., 2004). Previous
studies have reported poorer feed conversion efficiency when
space is restricted (Carpenter et al., 2018). Increasing floor space
allowance led to an increased ADG and final weight in heavy finish-
ing pigs (Johnson et al., 2017) and the inverse was reported in fin-
ishing pigs where overall ADG and average daily feed intake
decreased linearly as space allowance decreased (Thomas et al.,
2017). The effect on ADG was observed before the threshold k
value of 0.0336 was reached, which has been described as the crit-
ical k value for adequate feed intake in grower-finisher pigs
(Gonyou et al., 2006). Both Carpenter et al. (2018) and Thomas
et al. (2017) were of the view that a k value of 0.0336 may not
be sufficient to achieve optimal pig performance. Neither investi-
gated any aspect of growing pig welfare, only pig growth.

Reduced growth rates at lower space allowances could infer
reduced welfare where this is attributed to stress-induced catabo-
lism resulting in compromised biological function (Hyun et al.,
2005). This inference is supported by significantly higher salivary
cortisol concentrations in pigs that were characterised as slower
growing relative to their pen mates (Smulders et al., 2006). Feeding
space per pig may also play a role, which becomes more con-
strained as pigs become physically larger. Interruptions during
feeding, competition at the feeding area, and resulting aggression
at the feeder may reduce feed intake and negatively impact animal
welfare arising from fear, injury, and hunger. Botermans et al.
(2000) varied the accessibility of feed (one vs four feeding places
per 16 pigs), as well as the presentation of the feed (trough vs four
feeding places per 16 pigs) and water availability at feeding (wet:
dry feeding vs dry feeding). Additionally, three pigs from each
group representing different sizes (small, medium, large) were
weighed, blood sampled and examined for lesions (Botermans
et al., 2000). Biting, pushing and head-knocking at the feeder, in
addition to an increase in tail and ear bites, have been reported
where an inadequate environment contributed to increased com-
petition and aggression in growing pigs (Botermans et al., 2000;
Laskoski et al., 2019).

An investigation of the interaction between feeder space and
three floor space allowances (representing k values of 0.019,
0.031 and 0.044) in weaners found that more ear and tail lesions
were observed at the lowest floor space allowance. Increasing the
feeder space counteracted the negative effect of a low space allow-
ance, and increasing the space allowance alleviated the negative
impact of limited feeder space (Laskoski et al., 2021). In contrast
to previous research (Laskoski et al., 2019), daily feed intake was
not affected by space allowance, feeder space or their interaction
in this study. This may have been due to an increased number of
feeder visits and altered patterns of feeding behaviour to compen-
sate. Additionally, the pigs in the study by Laskoski et al. (2021)
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were weaners, and therefore usually consume small, frequent
meals compared to grower-finisher pigs, which are more com-
monly studied.

Housing and physical environment

The physical conditions that pigs experience can have negative
impacts on their welfare where they are unable to control their
exposure to them, particularly if they are present most, or all, of
the time (Mellor et al., 2020). The available space can interact with
these factors (e.g., poor flooring, extreme temperatures, inadequate
ventilation) in ways that can either exacerbate or alleviate their
impact. Resulting negative experiences could include chilling or
overheating, physical discomfort, pain, respiratory discomfort,
and skin irritation. Opportunities for positive welfare occur when
the physical environment provides conditions that promote com-
fort (e.g., physical, thermal, olfactory, auditory), and provide space
for lying, activity (Mellor et al., 2020), appropriate behaviour and
separation of functional areas.

The climactic environment required by pigs to maintain a con-
stant and adequate body temperature varies according to the pig's
size/weight (Boon, 1982), the size of the group (Bruce and Clark,
1979), flooring (Averds et al., 2010), the type of ventilation system
(Chantziaras et al., 2020), feeding levels (Quinou et al., 2001), air
speed (Bruce and Clark, 1979; Boon 1982), temperature and direc-
tion of incoming air at pig level, and other sources of heating (e.g.,
bedding) (Hayne et al., 2000). Under thermoneutral conditions, no
additional energy is needed for pigs to maintain the balance
between heat production and heat loss. Heat production depends
on metabolism and is affected by feed intake, feed composition,
production, activity levels and stocking density (Nannoni et al.,
2020). Heat loss depends on convection, conduction, radiation
and evaporation.

Under thermoneutral conditions, pigs will lie in the warmest
area and establish a dunging area that is located away from where
they rest, often in a relatively cooler section of a pen (Nannoni
et al., 2020). Young pigs are highly sensitive to the influence of
air speed. Air speed differences and localised draughts influence
the areas selected for dunging and lying (Randall et al., 1983).
Draughts in the lying area have been observed to cause aberrant
dunging behaviour (Randall et al., 1983).

The optimal temperature for pigs during the first week follow-
ing weaning is approximately 28 °C. This is because daily feed
intake is low during this week as piglets transition to a new diet,
and this reduced feed intake leads to fat loss and hence temporar-
ily reduced thermal insulation (Le Dividich and Herpin, 1994). In
one study, temperature fluctuations of as little as 3 °C increased
the incidence of postweaning scours (Le Dividich, 1981). The pigs
themselves generate heat, and this is accounted for when temper-
ature and ventilation rates are set. However, a small number of
pigs in a relatively large lying area, even if it was covered or ken-
nelled, may not sufficiently maintain a warm enough lying area.

A warm air temperature in the lying area and a relatively cool
temperature in the dunging area are achieved in a system with
mechanical ventilation by maintaining a stable airflow pattern
irrespective of the ventilation rate and temperature of the ventilat-
ing air (Randall et al., 1983). These ventilation rates (expressed as
m? per hour per kg live weight) are adjusted over time as the pigs
get older. One of the challenges to ensuring a stable air flow is the
size of a room or building in which pigs are housed. The minimum
number of air changes per hour will depend on room design, air
inlet placement (Banhazi et al., 2011), manure system and subse-
quent manure gases (Tabase et al., 2020). In many common Aus-
tralasian systems, a minimum of 1.2-1.5 air changes per hour is
used (Banhazi et al., 2011) to maintain even air quality and to avoid
pockets of over-ventilated and under-ventilated areas in the room.
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To maintain a comfortable environment for pigs, ventilation
must fulfil multiple requirements: control of air temperature and
relative humidity, whilst keeping concentrations of airborne man-
ure contaminants (such as ammonia and hydrogen sulphide, dust,
airborne pathogens and endotoxins) (EFSA, 2007) below desirable
thresholds, and control the speed at which air passes over pigs. Rel-
ative humidity is challenging to measure, so air temperature is
used as the proxy to determine the ventilation rate. However, this
may conflict with the aforementioned requirements, as humidity
and odour levels can rise in cold weather when it is necessary to
maintain optimum temperature and minimise the rapid passing
of air over the pigs.

Pen soiling may occur due to inadequate thermoregulation
(from both high and low temperatures), draughts, and the pen
design. The risk of pen soiling is also greater where the space
allowance is too low for pigs to separate the functional areas of
the pen. Where pigs change their resting behaviour in response
to an inadequate thermal environment, they may begin dunging
in the area previously designated for lying. Likewise, if the pigs’
preferences change regarding the suitability of the dunging area,
or their environment is changed (e.g., the size or dimensions of
the pen), this can lead to soiling other areas of their pen (Larsen
et al,, 2018; Nannoni et al., 2020). Pen soiling has been associated
with higher urinary norepinephrine concentrations in growing pigs
(Smulders et al., 2006), compromised hygiene and air quality, dis-
turbed resting behaviour and increased agonistic interactions
(Aarnink et al., 1996; Hillmann et al., 2004; Smulders et al.,
2006). Additional animal welfare impacts arise from an inability
to avoid lying in soiled areas, leading to affective states such as dis-
comfort and pain associated with an increased risk of lameness
(Smulders et al., 2006).

The main risk factor contributing to pen soiling is an inadequate
pen climate particularly when the lying area is too warm or
draughty (Larsen et al., 2018). Additionally, the pen design and lay-
out can have consequences if, for example, a wet feeding system
leads to spillage on a solid floor or if the dunging area is used for
activity, creating disturbances in a part of the pen where pigs
require a safe and calm environment (Nannoni et al., 2020). Pen
shape may contribute to this. A long rectangular pen may encour-
age pigs to dung along a side, which does not properly allow sep-
aration of the dunging and lying/activity/feeding areas. In this
scenario, pigs are unable to properly separate their eliminative
behaviour from other pigs which may be resting or engaging in
activity (Randall et al., 1983). Long rectangular pens can make it
difficult for pigs to reach dunging areas and drinkers, leading to
soiling of the lying area.

Health

Disease prevention is important to ensure good welfare. Good
management, high levels of hygiene, and minimal exposure to
urine and faeces underpin this. The available space can influence
pig health and physical fitness, which may be compromised when
there are limited opportunities to exercise, leading to muscle de-
conditioning, reduced bone density and fatigue (EFSA, 2007;
Mellor et al., 2020). Opportunities for positive welfare occur when
pigs are in good health, can exercise, and are in good physical
condition.

One of the most effective management strategies to minimise
the spread of disease on pig farms is to practice ‘All In All Out’
(AIAO) management (EFSA, 2007). This approach maintains
batches of pigs that are moved together through each stage of pro-
duction. These pigs are effectively the same age and weight, mak-
ing it easier to meet their nutritional, spatial and thermal
requirements. Moving pigs as a batch enables facilities to be
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cleaned and disinfected before the next cohort of pigs is intro-
duced. This breaks the cycle of pig disease and improves hygiene
by reducing the pathogen load in the pigs’ environment.

The consequences of breaching an AIAO routine are that there is
inadequate cleaning and disinfection between batches of pigs, and
there is potential mixing of different age groups of pigs. An absence
of AIAO management was reported as the most important on-farm
factor associated with increased pleurisy in pigs (Jager et al., 2012).
Keeping pigs with an age difference of more than one month in the
same airspace and repeated moving and mixing during the rearing
phase were also significant risk factors associated with pleurisy,
which may be heightened if space allowance is required to increase
on existing indoor farms. If farmers are not able to increase the size
or number of their current buildings, one way to meet increased
space allowance requirements whilst maintaining current produc-
tion levels could be to move pigs more frequently. However, this
would not be recommended on the basis that moving and mixing
pigs is a source of stress, as illustrated by effects on physiology,
behaviour, health, and performance (Stookey and Gonyou, 1994;
Tuscherer et al., 1998; Coutellier et al., 2007). Stable social environ-
ments are important for establishing rules such as approach and
avoidance, group hierarchy and social networks (Biittner et al.,
2015). With a greater number of movements, cleaning and disin-
fection are less likely to be done to an effective standard and
may not be possible at all, if there is no ability to leave pens empty
for long enough to clean and disinfect between batches.

In warm temperatures (>20-25 °C, depending on live weight),
pigs will make behavioural adaptations to increase evaporative
and respiratory heat loss (Hillmann et al., 2004; Nannoni et al.,
2020). Under these conditions, it is important that pigs have suffi-
cient space to maximise heat loss and make postural adjustments
such as lying in lateral recumbency, avoid having physical contact
with other pigs, and access areas with cooling mechanisms such as
water drippers or misters. If pigs are still too warm after making
behavioural adjustments, they will reduce their feed intake
(Nyachoti et al., 2004). Pigs on partly slatted floors may also alter
their dunging behaviour as they prefer to use the cooler slatted
area for resting or will wallow in the dunging area in an attempt
to cool down. This has implications for pig health due to poor
hygiene. Concrete slatted floors are 2-4 °C cooler than a solid con-
crete floor in the same room, and straw bedding can increase the
temperature by up to 8 °C (Huynh et al., 2004). In pens where part
of the floor is solid concrete and part is slatted, more pigs choose to
lie on the slats than on the solid area due to the thermal properties
of this flooring type, creating challenges for keeping the solid por-
tion of the pen clean (Aarnink et al., 2001).

Where a larger space is provided, pigs may establish multiple
lying areas, with some choosing to make the lying area of other
pigs their dunging place. Excessive space allowance may result in
pigs not being motivated to move away from the other pigs to per-
form their excretory behaviour (Larsen et al., 2018). With too
abundant space in the resting area, it has been observed that pigs
often defecate in unoccupied corners or against walls (Aarnink
et al,, 1993). Young pigs may choose to dung in the middle of the
pen, as this is perceived to be far enough away from the lying area.
As the pigs get older, this often continues once this behavioural
pattern has become established.

The consequences of poor hygiene can be significant if this
impacts pig health, and therefore welfare. A study by Wathes
et al. (1989) investigated the effect of moderate, chronic cold stress
immediately postweaning on piglets that were inoculated with an
enterotoxigenic strain of E. coli. In the group subjected to the great-
est cold stress (15 °C), 14% of piglets died. All presented with scour-
ing, weight loss and poor condition prior to death (Wathes et al
1989). None of the piglets kept at 30 °C showed evidence of scours.
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Behaviour

When pigs are introduced to a new pen or space, they will
investigate their environment to establish its layout, including
the location of feeders/troughs and drinkers as well as preferential
lying and dunging areas. Their motivation for this is to keep their
lying and feeding areas clean and to site the dunging area in a place
that has the least activity (Randall et al., 1983). The space require-
ments of an individual pig whilst dunging are assumed to be equiv-
alent to the space needed for standing (Baxter, 1985). However, the
social rank may influence the space needed for elimination beha-
viour as socially dominant pigs had more localised elimination pat-
terns than lower-ranking individuals, indicating that the latter may
be repeatedly disrupted whilst in the dunging area (Baxter, 1985).
Pigs prefer a well-lit, low-activity area for elimination as they
adopt an unstable posture, particularly when dunging (Randall
et al., 1983). As such, the design of this area is important for pro-
moting positive affective states such as safety and security and
avoiding unexpected or variable situations when in a vulnerable
position (Mellor et al., 2020).

The daily elimination frequency could be another consideration
influencing the size of the dunging area, as this is related to the
occupation rate of this zone. The urination and defecation fre-
quency of finishing pigs during a five-minute observation period
were 1.95 and 0.65%, respectively (Smulders et al., 2006). The num-
ber of daily elimination events decreases over time from 13.9
events/pig/day at 25 kg, to 6.2 events/pig per day at 105 kg
(Aarnink et al., 2006).

The space that pigs occupy when lying is, on average, half of a
fully recumbent pig due to space sharing as a group when lying
together. Ekkel et al. (2003) showed that on average, 60% of the
lying animals appear to lie down in a fully recumbent position.
As a group, there is a mixture of pigs lying fully recumbent on their
side, semi-lateral, sternal, and some that are standing. Space allow-
ance should be considered with this in mind. Pigs at different ages
(from weaners to finishers) spent ~70% of the time at rest regard-
less of space allowance indoors and they shared the lying space
with one another (Ekkel et al., 2003). The space allowances in this
study ranged from a k of 0.030 to a k of 0.034. As pigs grew from 30
to 100 kg, overlying behaviour reduced and lateral lying increased
(Ekkel et al., 2003). Insufficient space will restrict the pigs’ ability
to lie comfortably, particularly when most of the group is lying
simultaneously (EFSA, 2022). This can lead to disturbance and dis-
placement of the resting pigs and increased conflict amongst group
members.

A more recent study examined the social behaviour and spatial
proximity of group-housed pigs on partly slatted flooring
(Camerlink et al., 2022). Weaners were kept in groups of 10 at a
space allowance of 1.0-1.5 m? per pig, and an ambient tempera-
ture averaging approximately 22 °C. The pigs were observed during
the week of weaning, and again three weeks later. Approximately
10% of the time they were engaged in active behaviours, with the
reminder comprising lying and sleeping. Pigs were lying mostly
in full body contact (over 48% of observations), or in part body con-
tact (over 42% of observations). Only 9% of the time were pigs seen
lying away from others. Lying behaviour is related to the effective
temperature of the pigs’ environment, but also to their normal
behaviour. Research investigating interactions between metabo-
lism and pig behaviour has shown that comfort behaviour under
thermoneutral conditions is represented by pigs lying together
and touching one another - described as looking like “cigars in a
box” (Geers, 2007). Early experiments have shown that growing
pigs preferred to huddle together at night than operate a switch
to turn on a radiant heat source, suggesting that pigs prefer to keep
warm through having contact with one another whilst resting
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(Baldwin, 1974). Van Putten (2000) described the lying behaviour
of pigs thus:

“Pigs are sound sleepers, packed tightly together like spoons in a
canteen of cutlery. However, this seems of less importance during
the rest in the early afternoon than during the one in the night.
There are obvious reasons for this behaviour. It does keep all mem-
bers of the group warm in cold days, and it offers more protection
from predators than sleeping apart. Nevertheless, pigs try to find a
resting-place with protection from the rear and - even more impor-
tant - with a good view of the area in front. I am elaborating on this
because, for our pigs, these priorities have not really changed since
they were domesticated.”

A group of pigs lying laterally without contact with one another
can be a behavioural indicator of heat stress. This is a behavioural
adaptation to high temperature that may be accompanied by pant-
ing, drinking more water, lying in the dunging area and reducing
their feed intake to reduce heat production (Hillmann et al,
2004; Spoolder et al., 2012; Nannoni et al., 2020).

Though pigs may be provided with enough space to meet their
static, dynamic and activity requirements, they may not utilise the
available space if the environment does not meet their needs. Play
behaviour is an important indicator of positive affective state and
is thought to only occur once an animals’ primary needs are met
(Horback, 2014). Adequate physical and thermal comfort are pri-
mary needs (Horback, 2014), and therefore, it follows that pigs
experiencing thermal stress may be less interested in engaging in
behaviours such as exploration, investigation and play. Smaller
pigs such as weaners have a very narrow interval between their
lower critical temperature and upper critical temperature thresh-
olds (Larsen et al, 2018). When pigs experience temperatures
below their thermal comfort zone, they spend more time lying
sternally to minimise their contact with the floor, seek contact
with other pigs through huddling and increase their feed intake
(Nannoni et al., 2020).

Normal positive social behaviour between pigs kept in a group
includes social nosing, vocalising, lying in contact, and play beha-
viour (Camerlink et al., 2022). Behavioural synchronicity may be
seen where pigs have shared periods of activity, feeding, and rest.
Interaction space is likely related to group size, as with larger
groups, it would be expected that the frequency of interactions
between pigs would be greater (EFSA, 2005). There is little evi-
dence of any impact of group size on lying time or overall beha-
vioural time budgets (Street and Gonyou, 2008). Pigs kept at a
space allowance of 1 m? per pig from 25 kg to approximately
160 kg were less active and spent less time engaged in feeding
behaviour compared to pigs kept at 1.5 m? per pig over the same
weight range (Cornale et al., 2015). However, there was no differ-
ence in lying time between these treatments. The final k values at
the end of the experiment were 0.034 and 0.050 for the 1 m? and
1.5 m? treatments, respectively (Cornale et al., 2015).

Environments designed to meet the pigs’ spatial, social, and
behavioural needs will encourage play, exploration, and positive
social behaviour (e.g., social nosing, behavioural synchronicity,
communication). When strongly motivated behaviours are absent,
or their occurrence is reduced due to their environmental living
conditions, negative affective states such as boredom and frustra-
tion will arise (Mellor et al., 2020). The addition of enrichment
material such as hanging toys, deformable and destructible items
like jute, and organic materials (wood, straw, hay, fodder beet),
olfactory enrichment (Machado et al, 2017) and even music
(Cardona et al., 2022) have been associated with increased social
interactions towards pen mates (Cornale et al., 2015), exploration
(Turner et al., 2003), improved learning ability when trained to
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associate an audible cue with a food reward (Ralph et al., 2018),
and reduced body and ear lesions (Buckova et al., 2022).

The effect of space allowance coupled with access to enrich-
ment material has been reported in several studies (Beattie et al.,
1996; 2000; Jensen et al., 2010; Vermeer et al., 2014; Li et al.,
2021). However, in most cases, there is either no control group rep-
resenting the effect of no enrichment or only one control group
without enrichment at only one space allowance. Beattie et al.
(1996), for example, investigated the effect of low space allowance
in barren pens vs high space allowance in enriched pens with peat
and straw but did not include treatments to represent the interac-
tion of high space allowance in barren pens or low space allowance
in enriched pens.

Li et al. (2021) was the exception to these earlier studies and
housed growing pigs at three space allowances (0.5, 0.7 or 0.9 m?
per pig) with or without enrichment (four suspended rubber toys
per pen). Aggressive behaviour was reduced with enrichment pro-
vision, especially at the lowest space allowance. Water use was sig-
nificantly higher in the treatments without enrichment, thought to
be caused by redirected exploratory behaviour towards drinkers (Li
et al., 2021). Beattie et al. (1996) concluded that providing more
than 1.1 m? to pigs between 6 and 12 weeks of age conferred no
benefit, and that enrichment played a greater role than space
allowance in providing for welfare. This was evidenced by less fre-
quent displays of harmful social behaviour and aggression com-
pared to pigs without enrichment (Beattie et al., 1996). From
these studies, the opportunities to enhance welfare are also influ-
enced by the quality of a pigs’ environment in addition to, and
sometimes more than, the amount of space provided.

Conclusion

The influence of space on a pig’s welfare, in terms of affective
state, is not well understood. There are many interacting factors
that have the potential to enhance or compromise welfare in com-
bination with the available space. The considerable variation in
recommended k values for growing pigs, and the complex relation-
ships between space and other components important for pig wel-
fare, need to be considered when developing animal welfare policy.
Furthermore, the lack of welfare-centric research should be taken
into account when policy positions are proposed by regulators in
relation to recommended standards for space allowances for pigs.

The k values currently used to set animal welfare standards and
regulations for minimum space allowances were established over
40 years ago. Since then, our understanding and assessment of ani-
mal welfare have advanced significantly, as have the technologies
used in pig production, and the pigs themselves. Consequently,
there is a strong argument for validating these k values under mod-
ern, commercial production settings, and expanding the parame-
ters beyond performance thresholds to include animal welfare.

In line with this, there may be justification for increasing the
current k value of 0.030 that is used as the minimum space
requirement for commercially farmed pigs in most countries, to
ensure growing pigs experience positive welfare. However, the rec-
ommended relative increase in literature varies from 13% (Gonyou
et al.,, 2006) to 20-56% (EFSA, 2005) up to 140% more space (Averds
et al., 2010). The existing recommendations are based upon differ-
ent criteria including pig weight, temperature, housing features
and flooring type; and various approaches to evaluating pig wel-
fare (health, behaviour, physiology) and performance (growth, feed
intake). Added factors like group size, space sharing, social struc-
ture, behavioural synchronicity, and enrichment provision compli-
cate our understanding further.

Increasing the minimum space allowance for growing pigs has
implications for existing indoor farms when the current herd size
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is not reduced. There is a possibility of reduced welfare depending
on the approach that farmers use to meet a change to current
requirements. Welfare may be reduced if the frequency with which
pigs are moved increases, and/or unfamiliar pigs are mixed to re-
balance groups in order to stay within the required minimum
space allowance.

Future research needs to apply a holistic, science-based assess-
ment of animal welfare encompassing nutrition, health, physical
environment and behaviour, in addition to performance, to deter-
mine the optimal spatial requirements for growing pigs.

To achieve positive welfare, the quantity of space and the qual-
ity of space need to be addressed through pen design and providing
enrichment opportunities to promote the expression of normal
positive behaviours such as exploration and play and to reduce
negative behaviours including aggression, aberrant dunging, and
behavioural vices.
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