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Abstract

Appropriate space allowances for animals are yet to be specifically determined for lairage. Space allowances that may be suitable for
animals in lairage are suggested, based on reviewed studies of animals in transport, lairage and on farm. The longer animals are in
lairage the more space they require, in order to be able to get up and lie down and lie undisturbed by congeners. Little work has
been done on air quality and air flow characteristics in lairages.  The range of ventilation must be sufficient to control levels of toxic
or irritant gases such as carbon dioxide and ammonia and to remove excess heat and humidity; the latter being particularly relevant
for pig lairages in hot weather. Intensities of sound measured in lairages often exceed 85 dB and there is evidence to suggest that
such levels can be stressful especially for pigs; and human shouting appears particularly aversive to animals. Cattle vocalise in response
to painful stimuli and to convey information to conspecifics that may be related to fear and distress. There is limited evidence that
sheep adapt to continuous sound, provided it is not too loud, but respond to intermittent sounds such as gates banging and human
shouting. Vocal communication between sheep may be less important than that between cattle and pigs. Levels of vocalisation are
potential indices of animal welfare. Animals’ prior experiences and factors such as sex, group size and constitution, pen design, and
climatic or environmental conditions affect their welfare and responses to conditions in lairage.
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Introduction

Lairages perform several roles (Warriss et al 1992). They

provide a point for ante mortem inspection and a reservoir

of animals in order that the slaughter line is able to run at a

constant, efficient rate. They provide an opportunity for

animals to dry off should they arrive wet prior to slaughter.

They are thought to promote welfare as they allow animals

to rest and thereby recover from the stresses of handling and

transport from farm or market. This latter role is dependent

upon conditions in the lairage being conducive to rest and

must, therefore, be as stress-free as possible. There are a

number of factors that can contribute to this: animals should

have enough space; ventilation in the lairage should be of an

adequate standard and the environment should be reason-

ably quiet. This review focuses on these three factors, all of

which were highlighted by the Farm Animal Welfare

Council as of particular importance for the welfare of

farmed animals prior to slaughter (FAWC 2003). 

Stocking density

The terminology that’s used to express the relationship

between animals and space can often be imprecise. The

term, ‘stocking density’ should be used to express the

weight of the animal per unit floor area (eg kg m–2) but is

often used in place of ‘stocking rate’, which describes the

number of animals per unit floor area (eg head m–2). In turn,

‘stocking rate’ may also be used to describe the inverse

which, correctly, is the ‘space allowance’: the floor area

allocated per animal (eg m2 per head). In this review I have

tended to use the terminology of each cited reference,

provided this is clarified by the units used; otherwise I have

used the terms as defined above. 

Overstocking may occur when lairage capacity has not been

increased in line with a general trend towards increased

throughput (Warriss 1994). High pen stocking rates can lead

to heat stress in hot weather and prevent animals from

resting owing to interference from their congeners. Animals

penned at high stocking densities may not only suffer

physical restriction from water but access may also be

limited through social (dominance) behaviour. Stocking

density cannot be considered in isolation; other important

factors influencing both welfare and animals’ responses to

different stocking densities include: group size and sex,

group constitution (of which the most important factor is

whether the other animals are familiar or unfamiliar) pen

design and climatic or environmental conditions. In

addition, animals’ space requirements will change over time

(FAWC 2003, paragraph 46). Reflecting this need, FAWC
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(2003) and Weeks et al (2008a) noted that several UK

operators specify two stocking rates: one for short daytime

lairage and one providing a more generous allowance for

overnight lairage. To ensure acceptable levels of welfare,

animals are required to have sufficient space, at least, to

stand up, lie down and turn without difficulty, although

higher stocking rates that would preclude these basic

actions may be acceptable for short periods (FAWC 2003,

paragraph 78). Unless otherwise stated, most recommenda-

tions for stocking rates in the literature reviewed below are

based on such physical requirements of animals.

Cattle

Fear in cattle may contribute significantly to the establish-

ment of dominance. In an exchange between two animals

where one is clearly larger, healthier, stronger and older, it

may take no more than a movement, gesture or threat to

make the smaller animal submit or yield space (Albright &

Arave 1997). An aggressive bull will turn his body perpen-

dicular to a challenger to display his full height and length

and, if challenged, will display aggression by bunting or

striking with his head (Houpt 1998). Pen shape is of partic-

ular importance in bulls with aggression being reduced in

long, narrow pens in which each bull can ‘defend’ a line of

fence, compared to squarer pens of the same area. FAWC

(2003, paragraph 46) recommend, in the promotion of

welfare, that groups of beef bulls are slaughtered on arrival

to limit stress from competitive aggression. In UK lairages,

cattle are invariably kept in the groups in which they arrive,

thus those from farms could be in the company of familiar

conspecifics whereas cattle sourced from markets will tend

to be mixed prior to transport. Lawrence (1994) recom-

mends group sizes on farm of no more than 20 cattle and

states that in groups of 40 or more, dominance hierarchies

are unstable, particularly in groups of young bulls. Jarvis

et al (1996) recorded group sizes in lairage from 1–27 with

a median of 8 and Weeks et al (2008a) found a similar range

from 1–34, also with a median of 8. 

There appears to be little information on space allowances

for cattle in lairage. A suitable recommendation for

overnight lairage might be equivalent to that for the bedded

area of cattle housing which increases with liveweight from

2.6 m2 for 400 kg animals to 3.6 m2 for cattle of 700 kg

(British Standard 5502 1990). There are difficulties associ-

ated with predicting space allowances for cattle due to

variable and unknown marketing weights (Scientific

Committee on Animal Health and Animal Welfare

[SCAHAW] 2002). This review noted that standing and

lying require approximately the same floor area although

the transition between the states (changes in posture such as

getting up or lying down) requires additional space. Randall

(1993) suggested that the formula A = 0.021 W0.67 m2 (where

A is space allowance in m2 and W is the liveweight of the

animal in kg) be used to calculate space allowances for

cattle transported for up to 5 h. This might be useful for

calculating minimum space allowances for short-term

lairage (a 400 kg animal would have 1.2 m2 and a 700 kg

animal 1.7 m2 on this basis). A recent survey of UK lairages

noted that cattle space allowances, of cattle in randomly

selected pens, varied from 1.3 to 19.8 m2 per animal with an

overnight median of 3.0 m2 per head (Weeks et al 2008a).

Studies of beef cattle on farm (eg Gupta et al 2007; Gygax

et al 2007) have shown no disadvantages to welfare of

increased space allowances. They noted potentially

improved growth, health and cleanliness, reduced social

stress and increased behavioural repertoire, including more

lying. There is need for further work to assess cattle welfare

and responses to lairage at different space allowances:

relating these to group size and composition (sex, age,

familiarity), pen shape and previous journey duration. It is a

possibility, in particular regarding bulls, that space

allowances for cattle in stable social groups on farm are not

appropriate in lairage.

Sheep

In general, sheep are not mixed in lairage, which may be

beneficial for welfare as, irrespective of breed, flocks of

sheep drawn from different sources do not readily integrate

into a socially homogeneous group (Winfield et al 1981)

and pre-pubertal lambs tend to associate with flock-mates

when mixed, with no differences in behaviour at high

(1.0 m2 per lamb) or low (0.3 m2 per lamb) space allowances

(Ruiz-de-la-Torre & Manteca 1999). As with other species,

more work has been done on the conditions and welfare

consequences of transport (as reviewed by Knowles 1998)

than on lairage. Space allowances that make it possible for

sheep to lie down in transit are approximately 0.25–0.27 m2

per sheep (Cockram et al 1996; Kent 1997) whereas obser-

vations of lairage by Kim et al (1994) estimated 1 m2 per

sheep was required before most animals lay down. This is

greater than the 0.56 m2 per sheep in lairage recommended

by the Meat and Livestock Commission (1974). For

comparison, the recommended floor space allowance for a

32 kg hog on a farm varies from an average of 0.6 m2 on

slats to 0.8 m2 on straw (Loynes 1983) and for lambs up to

12 months old from 0.75–0.9 m2 per sheep (Defra 2003b).

Again, both such space guidelines could be reasonably used

for animals laired for a few hours but at least 0.9 m2 per

sheep are needed for overnight lairage.

For sheep in overnight lairage, a significantly positive

correlation was found between increased space allowance

and the likelihood that over two-thirds of the group was

observed lying resting (Kim et al 1994). Median group size

was 37 (range 2–93) with most sheep or lambs stocked at

0.5 to 2.0 m2 per animal, although there was one instance of

over 5 m2 per sheep. A recent UK survey (Weeks et al

2008a) of 11 sheep lairages found median group size was

48 (range 7–455). Kim et al (1994) concluded that more

work would need to be done on the influence of pen shape

and space allowance on the lying behaviour of sheep in

lairage. Under experimental conditions, Boe et al (2006)

found that small groups of 4 sheep lay for slightly longer in

deep rather than wide pens and that reducing floor space

from 1.0 to 0.5 m2 per sheep significantly reduced

synchrony of lying as well as total lying time with a large

increase in the number of displacements. The latter point

may be especially relevant in lairages, where animals
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should be able to rest undisturbed. In terms of behaviour in

lairage, Kim et al (1994) observed significantly more

movement in small groups of sheep kept at high space

allowance than in larger groups of sheep with lower space

allowance. At higher stocking rates sheep would occasion-

ally walk over conspecifics that were lying and it was also

noted that these sheep showed an insignificant reduced

tendency to show aggression or groom than those individ-

uals with more space. Kim et al (1994) noted that sheep

that were tightly stocked at under 0.5 m2 per animal

appeared to react less to humans in the passageway than

those stocked less tightly, but at low space allowances

sheep are less likely to show overt responses. 

It is not easy to estimate stocking density. Warriss et al

(2003) found girth measurements to be the most reliable

method of estimating liveweight followed by a head count,

but this is unlikely to be feasible for the commercial lairage

situation. When standing and crowded together, a group of

sheep may appear to have ample pen space as their fleeces

are compressed, yet there may be insufficient space for all

of them to lie without touching one another (SN Brown

personal observation 2006). For this reason, for sheep,

stocking rates may be more relevant than stocking densities

based on weight. Knowles et al (1998) recommended

stocking densities should be defined in terms of m2 per

100 kg rather than m2 per animal but this requires

knowledge of the liveweight. A risk of excessive stocking

density is heat stress which has been shown to limit sheeps’

ability to dissipate heat while also increasing heat exchange

between individuals during transport (Knowles et al 1998),

and this can apply in lairage. Thus, particularly where sheep

have been in transit for long periods, when lairage time is

prolonged, when their fleece is thick and in warm or hot

conditions, space allowances should be generous. The liter-

ature reviewed above indicates this should be a minimum of

0.9 m2 per head but, as with cattle, responses (including

lying behaviour) of different categories of sheep to space

allowances, group size and pen shape should be measured in

future research before specific recommendations are made.

Pigs

Of the three red-meat species considered here, pigs are by

nature the most aggressive and tend to form dominance hier-

archies. When a number of unacquainted pigs are mixed for

the first time, they fight to establish a dominance hierarchy,

usually of a simple linear type. The fighting behaviour is

generally mouth-to-neck attacks with strong thrusts

sideways and upwards (McBride et al 1964). Skin damage in

slaughter pigs is significantly greater cranially (Geverink

et al 1996). The establishment of the hierarchy occurs within

24 h of mixing but the level of aggression drops dramatically

after approximately one hour (Symoens & van den Brande

1969). On farm, it has been found that instability within the

dominance hierarchy is increased with stocking density

thereby increasing stress and aggression (Turner et al 2000).

The relevance of this to the transient conditions in lairage is

not known. The behaviour of pigs in lairage can vary with

duration of transit and length of time of feed withdrawal

(Brown et al 1999a, b) as well as with sex and genotype

(Warriss 2003). Studies of aggression in lairage (Moss 1978;

Geverink et al 1996; Fraquenza et al 1998) show that most

fighting takes 10 min to get going and occurs, generally,

within the first 30–60 min. There only tends to be a few

occurrences thereafter although, in larger groups, sporadic

fighting can continue for longer. Brown et al (1999a)

observed that pigs which had been deprived of food for up to

18 h showed a peak in fighting behaviour at between

40–60 min. A greater proportion of the most feed-deprived

pigs fought, and fighting continued for longer compared

with those that had fed within an hour before arrival in

lairage, with variation in aggression levels and duration

between farms of origin. For this study, authors did not

record group size or stocking rate but it was noted that pigs

transported with full stomachs could become travel sick.

Moss (1978) recorded more intense fighting in small groups

of ten pigs with greater space allowance (0.85 m2 per pig)

than in groups of 20 pigs stocked at 0.26 m2 per pig. Rabaste

et al (2007) observed that pigs kept at the same space

allowance of 0.59 m2 per 108 kg pig in ‘large’ (30 pigs)

groups in lairage fought for about 10% of the time; ten times

more (P < 0.001) than those in ‘small’ groups of 10 pigs

which were seen to lie more (P < 0.05). In five Dutch

slaughterhouses, skin damage resulting from fighting in

larger groups of pigs (mean group size 50 pigs, range

27–90) was significantly associated with increased time in

the lairage and with greater space allowances (in the range

0.37 to 1.0 m2 per pig) (Geverink et al 1996). For compar-

ison, minimum recommended space allowances for pigs on

farm are 0.66 m2 per 100 kg pig on fully-slatted floors

(Smith 1994) with similar space suggested in the UK codes

of recommendation for pigs between 85 and 110 kg (Defra

2003a). This could, therefore, be an appropriate space

allowance for pigs laired for several hours or overnight.

In order to minimise fighting which causes stress, physical

damage and reduced meat quality, it is clearly ideal to

avoid mixing unacquainted pigs in lairage pens. (Warriss

1996). If the mixing of strangers cannot be avoided, group

size should possibly fall under the 20–30 mark which is an

accepted estimate of the numbers recognisable by indi-

vidual pigs (Fraser & Broom 1998). In Denmark, it is

considered best practice to maintain pigs in their rearing

groups of 15 from farm through to slaughter (Barton-Gade

et al 1993). Schmolke et al (2003) found no difference in

performance or tail-biting behaviour, on-farm, in

grower/finisher pigs stocked at 0.76 m2 per pig and kept in

groups of 10, 20, 40 or 80 and also noted no evidence of

sub-grouping in the largest group size. They did not,

however, comment on levels of agonistic behaviour.

Grandin (1990) indicates that subordinate pigs have

greater opportunity to escape from the most aggressive

pigs when group size is large (around 200 animals). It is a

common commercial practice to mix large groups of unac-

quainted pigs together in lairage pens (Rabaste et al 2007).

When unfamiliar pigs are mixed there can be substantial

differences in the manner of agonistic encounters and
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resultant physical and physiological damage between indi-

vidual pigs or groups of pigs (Moss 1978; Geverink et al

1996), which may be due in part to the length of fast

(Brown et al 1999a). Recent measurements in 12 UK

lairages found that typical group sizes were between

21 and 60 pigs per pen (maximum 88) and space

allowance was in the range 0.33–2.75 with a median of

0.59 m2 per 90–100 kg pig (Weeks et al 2008a).

The adverse consequences of fighting may affect pigs in

neighbouring pens in lairage which, at the very least, will

be disturbed by loud vocalisations accompanying fighting.

In order to reduce the amount of time spent fighting, it

would be logical to decrease the time spent in lairage to a

minimal period. Indeed, this was suggested, along with

reduced stocking density, by Geverink et al (1996) for the

Dutch abattoirs they surveyed.  However, longer periods

may, in some instances, be beneficial for overall welfare as

pigs seem able to recover from many stressors, including

fighting and, as such, a lairage time of 2–4 h is often

recommended (Warriss 2003). Warriss et al (1995) found

plasma cortisol levels were significantly lower in pigs that

had rested in lairage for 3 h than in those slaughtered

shortly after transport, irrespective of whether they had

been mixed in lairage or not. 

The reduced carcase quality that results from fighting may

be used as a retrospective indicator of welfare. Poor meat

quality such as pale, soft exudative (PSE) meat relates to the

recent ante-mortem welfare of pigs and can be indicative of

high levels of stress in lairage as well as during transport,

whereas dry, firm, dark (DFD) meat is often associated with

more prolonged stress and exhaustion (Tarrant 1993).

Fabrega et al (2007) found lower welfare to be significantly

associated with DFD meat (odds ratio: 2.25) using a ques-

tionnaire-based ‘welfare index’. Meat quality problems

usually result from a combination of stressors and therefore

do not correlate directly with stocking density. For example,

the risk of PSE meat decreased with increased stocking

density for short transit times; yet increased with increased

stocking density (up to 0.25 m2 per 100 kg pig) when trans-

portation time was over 3 h (Guardia et al 2004). In this

survey, which encompassed five Spanish abattoirs, the risk

of PSE also increased in summer, indicating that high

stocking density had a likely association with heat stress in

the transported pigs. The authors also suggested that pigs

tend to lie down after 2–3 h in transit, having adapted to

their new environment, and the ‘low’ stocking density

(0.5 m2 per 100 kg pig) would enable them to do so.

Observations by Kim et al (2004) support this, with a higher

percentage of pigs lying during transport at ‘lower’ (0.39 m2

per 100 kg pig) than at ‘medium’ (0.35 m2 per 100 kg pig)

or ‘high’ (0.31 m2 per 100 kg pig) stocking density. They

also reported that plasma concentrations of glucose,

creatine kinase and lactate dehydrogenase returned to

resting levels after 2 h in lairage and, further, that the

incidence of PSE was greatest for groups of pigs transported

at high stocking densities. It should be noted that the

stocking densities used in these two studies (Guardia et al

[2004] and Kim et al [2004]) were high relative to the

0.425 m2 per 100 kg pig specified by EU Council

Regulation (EC No 1/2005) on protection of animals during

transport and related operations, although the high (0.31 m2

per 100 kg pig) rate is used commercially. Studies by

Lambooy et al (1985) found that pigs were quicker to lie

down during transportation when stocked at 0.66 m2 per pig

and that at 0.39 m2 resting was disturbed because not all pigs

could lie down at once on the transporter.

For UK abattoirs, Warriss et al (1998) suggest around 3 h

should suffice for pigs to recover from the stressful effects

of transportation and reduce the occurrence of PSE meat.

However, the study in Spanish abattoirs where mortality is

relatively high, indicated no reduction in PSE meat with

time in lairage and a slightly higher risk of PSE meat for

genetically-susceptible strains with increased time in lairage

(Guardia et al 2004). Potential stressors, such as stocking

density, group size and composition and aspects of the

thermal environment were not measured in this study,

however, the authors did suggest that more aggressive

males were more likely to produce PSE meat. Experimental

work by Santos et al (1997), in combinations of temperature

and relative humidities (RH) and either short (30 min) or

long (2–3 h) periods in lairage, found that the long resting

period reduced the incidence of PSE/DFD with the

exception of the hottest and most humid treatment (35°C

and 85% RH). In this trial, pigs were stocked at approxi-

mately 0.55 m2 per 100 kg pig. These results were broadly

confirmed by other experiments in controlled-environment

lairage by Fraqueza et al (1998), who found no benefit to

pig welfare of 3 h in lairage compared with 30 min when

temperatures were 35°C and 85% RH. They also found that

only around 7% of the newly-mixed pigs stocked at 0.66 m2

per pig in groups of 30 fought, and 95% were lying down

after 2 h in lairage. Despite this, skin damage was greater

after longer lairage. More pigs lay down quicker at 35°C

than at 20°C, but they appeared to fight more intensely at

the higher temperature which could, in part, explain the

higher incidence of PSE meat after 3 h lairage at 35°C. 

Several studies have measured a number of aspects of pig

welfare during transportation (reviewed by Lambooij 2000)

including space allowances (Warriss 1998). There is less

information about welfare in lairage (reviewed by Warriss

2003). In particular, there is a pressing need for stocking

density to be considered in a multifactorial approach to pig

welfare in lairage. Relevant factors would include genotype,

group size, sex and age, temperature, humidity, air

movement, pen shape, flooring as well as transit time, time

in lairage, behaviour, physiology and meat quality. Ideally

all factors should be monitored for the same group of pigs

from farm through to slaughter.

It is impossible to evaluate the effect of stocking density on

welfare, in isolation. For example, lower stocking densities

enable unfamiliar pigs to fight more intensely but, at the

same time, may allow subordinate pigs the opportunity to

escape from dominant ones and, after a settling time,

provide sufficient space for all pigs to lie and rest.
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Conversely, in winter, low stocking density in poorly

insulated and open lairages is likely to lead to cold stress.

Group size and pen shape are highly likely to be important

co-factors. At high stocking density, in the very long, narrow

pens commonly found in lairages, pigs are likely to mix with

only a few conspecifics in proximity and not to move around

the whole pen. Thus, their social behaviour could be more

akin to that of a smaller group. If stocking density were

lower, however, aggression could increase not only due to

increased space allowance, but also because of the opportu-

nity to interact with more individuals. Both practical experi-

ence and experimental evidence shows an increase in heat

stress at high temperatures, maximised at high humidities

and at high stocking densities. A further factor influencing

stress in lairage is the genetic susceptibility of the pigs,

which varies between strains. A positive response to the

halothane test indicates susceptibility to stress, and one study

has found that highly stress-susceptible genotypes benefited

from longer times (up to 5 h) in lairage to recover from

transport stress (De Smet et al 1996).

Until further information becomes available, the guidance

provided in the review by SCAHAW (2002) could be used

in lairage, subject to more generous allowances being used

when air temperatures and humidities are high. The

SCAHAW guidance is: “Where pigs must be held for a

period before loading onto a transport vehicle or after

unloading, the space allowance provided should be

according to the following formulae:

For 3 h or more: A = 0.03W0.67 m2; for 30 min to 3 h:

A = 0.026W0.67 m2 and for up to 30 min: A = 0.0192W0.67 m2

whereby A = area in m2 per pig and W is weight of pig in kg).” 

For 100 kg pigs, this works out as 0.42 m2 per pig for short

lairage, 0.57 m2 per pig for lairage up to 3 h and 0.66 m2 per

pig for lairage over 3 h, ie overnight.

Table 1 summarises possible space allowances for cattle,

sheep and pigs in lairage, based on current knowledge.

Ventilation and air quality

Ventilation needs to be sufficient, at the very least, to

prevent build up of carbon dioxide and noxious gases such

as ammonia. Inadequate ventilation is indicated by low air

movement at animal level and by high levels of pollutant

gases, such as ammonia which can be measured relatively

easily. Indeed, the smell of ammonia is sufficient to indicate

that minimum ventilation rates are not being achieved.

Health and Safety maximum permitted exposure for

humans is 25 ppm in the UK and this is a guideline

maximum for livestock. Maximum ventilation is needed to

remove excess heat and moisture, particularly in hot

weather. An easily measured indication of sufficient venti-

lation in hot weather is the temperature difference between

the inside of the building and the outside which, in general,

should be less than 3°C (Seedorf et al 1998). Ventilation

needs, therefore, to be adjustable in order to accommodate

different weather and stocking conditions within the lairage.

Observation of the animals allows an animal-based assess-

ment of welfare, whereby panting in ruminants and

wallowing/moisture-seeking in pigs may be associated with

the animals overheating; and huddling or shivering an indi-

cation that they are too cold. However, ruminants are very

cold tolerant and unlikely to offer any visual clues of venti-

lation too low to remove noxious gases in winter. 

Lairages face the unique problem of encountering unpre-

dictable and frequently varying numbers of animal and yet,

for practical reasons (such as ease of animal movement), are

seldom environmentally-controlled to take this into account.

Lairages are rarely designed for good control of ventilation,

having poorly-defined air inlets and outlets and often relying

on natural ventilation or fan-assisted natural ventilation. It is

technically very difficult to measure the ventilation rate in

buildings that have large, open sides as the more accurate

methods rely upon the use of tracer gases that tend to disperse

unevenly and too quickly in such conditions. We have found

no reported measurements of ventilation rates or characteris-

tics in lairages. Some lairage designers and operators appear

to take the pragmatic view that an animal’s time in lairage is

so short that it suffices to protect it from the extremes of

climate. However, more careful siting and design could inex-

pensively improve thermal comfort and air quality for both

humans and animals. Principles of ventilation control,

including the relative siting of air inlets and outlets, are given

by Randall and Boon (1994).

Cattle and sheep

Ruminants have a wide range of thermoneutrality from about

10 to 30°C (Webster 1983) and the rumen maintains a flow of

nutrients and energy to the animal even after a short period of

feed withdrawal. They are likely, therefore, to be able to

tolerate temperatures in most lairages perfectly adequately. At

high stocking densities, in particular, good ventilation is

needed to remove noxious gases at all air temperatures and

this is likely to need to be in excess of the minimum 0.35 m3

h–1 kg–1 liveweight suggested by Charles (1994), particularly

where slatted floors are used. Weeks et al (2008a) found in

some lairages the mean daytime ammonia levels in summer

were as high as 18 ppm for cattle and 22 ppm for sheep, with

individual readings well in excess of the recommended

maximum of 25 ppm (Groot Koerkamp et al 1998) thereby

indicating that ventilation rates were insufficient. There

appears to be no knowledge of the relative aversiveness of

different concentrations of ammonia gas in the air to cattle and

sheep, however, to promote welfare the levels of this known

irritant and noxious gas should be kept as low as possible

(under 3 ppm, approximately the threshold of detection by

most humans and commonly used chemical crystal detectors).

Animal Welfare 2008, 17: 275-284

Table 1   Suggested space allowances for short and long

lairage which may need to be adjusted for particular

circumstances and increased in hot weather.

Space allowance

(m2 per head)

Cattle

(700 kg)

Sheep/lambs

(≤1 year old) 

Pigs

(90–100 kg)

Short lairage (< 3 h) 1.7 0.56 0.42

Long lairage (> 3 h) 3.6 0.8 to 1.0 0.66
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Maximal ventilation rates in excess of 4 m3 h–1 kg–1 may be

needed, especially in hot weather and when lairages are

stocked to capacity, in which case fan-assisted ventilation is

likely to be needed. Air movement should be easily detected

at animal height and, for comfort and good welfare, resting

animals should not be observed panting.

Pigs

Most pigs are reared in insulated farm buildings with

control of temperature and ventilation using fans. This is

aimed at conserving feed by keeping the pigs in or close to

their thermoneutral (comfort) zone, which for fed pigs is

approximately 20–23°C (Webster 1983). The recommended

range of air temperature for 80 kg pigs in buildings is

approximately 15–29°C (Wathes et al 1983). Slaughter

pigs, which have not been recently fed, may find it harder to

keep warm, although there is no evidence that during time

in lairage they suffer cold stress, where the body tempera-

ture drops. Some older pig lairages may provide insufficient

protection from chilling winds and, in cool weather, pigs

have been observed shivering (Knowles et al 1998). For

welfare reasons these authors recommended that pigs

should not be continuously showered when ambient temper-

atures are below 5°C. Brent (1986) states that air movement

above 0.2 m s–1 will cause discomfort to pigs, particularly

when they are underfed and air temperatures are below their

lower critical temperature. Pigs in lairage are generally

fasted, however the lower critical temperature is lower with

high stocking density and if straw bedding is provided.

A potential problem in most pig lairages during summer

months is the high humidity produced by the use of misting

sprays, designed to cool and clean animals prior to slaughter.

In combination with high temperature, high humidity causes

heat stress (Santos et al 1997). Warriss (2003) notes that it is

important for lairage ventilation to be sufficient to prevent

high humidities that reduce heat loss by evaporation from

pigs at high ambient temperatures. In Brazil, Perdomo et al

(1999) noted reduced on-farm performance and feed intake of

sows in hot weather (> 22°C), particularly when air flow

dropped below 0.2 m s–1 under natural ventilation. They

concluded that mechanical ventilation and faster airflow was

necessary for pigs in hot weather but that natural ventilation

sufficed in cooler conditions. Weeks et al (2008a) measured

air speeds proximal to pigs in lairage and found summer

means of up to 0.6 m s–1 with means in winter below 0.2 m s–1.

The suggested range of ventilation for 100 kg pigs is 1.65 to

16.5 m3 h–1 in normal UK animal housing (calculated from

Charles 1994; Table 1). However, this lower rate may be

insufficient to maintain carbon dioxide levels below the 0.3%

recommended by Brent (1986), who suggests 6.6 m3 h–1 pig–1.

Similarly, maximum ventilation rates may need to be of the

order of 135 m3 h–1 pig–1 to maintain a temperature lift of no

more than 3°C over ambient (Brent 1986).

In an experimental-choice experiment, pigs significantly

preferred to be in chambers free from atmospheric

ammonia, and proportionately reduced their visit time and

duration to chambers with concentrations of ammonia of

10, 20 and 40 ppm (Wathes et al 2002). However, the higher

concentrations of ammonia were not instantly aversive and

animals voluntarily spent up to 60 min prior to withdrawing.

Thus, exposure to moderate (eg 10 ppm) levels of ammonia

in lairage for short periods of time (< 1 h) in lairage might

not be aversive to pigs. Nonetheless, as for ruminants, levels

should be kept to a minimum to promote good welfare.

Noise

Lairages can be relatively noisy, especially when compared

with most farm environments. This is due partly to the fact

that animals are being continually moved in and out, with

the necessary opening and closing of gates and doors.

However, it is also because they tend to be situated adjacent

to two major sources of noise: one is the unloading area,

where vehicles manoeuvring, being washed out and being

unloaded are all noisy operations and the other is the

abattoir itself, which is usually very noisy because of the

operation of the equipment, radios and personnel.

Moreover, for the purposes of hygiene, surfaces are hard,

reflecting and amplifying rather than absorbing sound. A

further source of noise is from animal vocalisations which,

especially in pigs, may be an indication of fear and stress. 

Livestock generally possess more acute hearing than

humans and are, thus, sensitive to both environmental and

animal sounds inaudible to humans. The extended

frequency range probably evolved to enable them to detect

and monitor the activity of predators at a considerable

distance. Delpietro (1989) reported cases of cattle showing

defensive responses to the screams of vampire bats. Thus,

livestock may be especially alarmed by or fearful of very

high pitched sounds (above about 6–8 kHz).

Typical average levels of noise measured in animal housing

on farms in Sweden by Algers et al (1978b) were

58.6 dB(A) for fattening pigs and 57.3 dB(A) for cows.

They did not measure noise exposure for beef cattle or

sheep but stated that typical measures for grazing cattle ‘in

calm nature’ were 35 dB(A). The authors proposed that a

sound equivalent level over 24 h was set at 45 dB(A).

Experiments on noise with lambs by Ames and Arehart

(1972) indicated that prolonged exposure to loud noise (eg

100 dB for 8 h) increased their respiration rate. Lambs not

previously exposed to loud noise had elevated heart rates

when exposed to 100 dB. Algers et al (1978a) review

evidence from studies in man and other animals, such as

rats, that loud noise is stressful, with short-term physiolog-

ical responses but ‘unknown long-term consequences’.

Characteristics of sound

In order to put some of the measurements of sound and the

auditory capacities of livestock into context, some charac-

teristics of sound and hearing in humans are briefly

outlined. The frequency of sound vibrations, also known as

the pitch, is measured in Hertz (Hz). The range of frequen-

cies that the human ear can detect (auditory range) is

generally within 20 Hz to 20 kHz. Humans are most

sensitive to tones in the range of 500 Hz to 4 kHz which

includes the range of normal speech (ie within this range we

can hear quieter sounds). The ear’s response to increasing
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https://doi.org/10.1017/S096272860003219X Published online by Cambridge University Press

https://doi.org/10.1017/S096272860003219X


Welfare in lairages   281

sound intensity is a ‘power of ten’ or logarithmic relation-

ship. This is one of the motivations for using the decibel

scale to measure sound intensity. It is generally felt, for

loudness, that the power must be increased by about a factor

of ten to sound twice as loud. Sound meters and the decibel

scales (dB A, B or C) have been developed to reflect the

sensitivity of the human ear but are also considered appli-

cable to animals, particularly in the frequency range of

sounds likely to be generated within lairages. The threshold

of hearing for (young) humans is 0 dB (at 4 kHz) and above

125 dB the sound becomes loud enough to cause pain.

Cattle

Vocalisations and hearing in cattle are important for

communication and they also respond to the vocalisations

of other species (Phillips 1993) as might be expected in

herd animals that evolved in multi-species grazing envi-

ronments and which are prey to carnivores. Cattle vocali-

sations generally range between 50 and 1,250 Hz (Kiley

1972). Vocalisations of newly-weaned calves with funda-

mental frequencies as low as 31 Hz have been recorded

(Watts & Stookey 2000) and this is in the long-ranging

infrasonic region used by elephants. Indeed, cattle, with an

auditory range between 25 Hz and 35 kHz, can detect

lower pitched sounds than other farm species and the

frequency of their most acute hearing is the same as pigs

at 8 kHz (Heffner & Heffner 1992).

Cattle can be calmed by playing soothing music. Dairy

breeds are more sensitive to sound and touch than beef

breeds (Lanier et al 2000). Shouting at dairy cows appears

to be very aversive to them (Pajor et al 1999). Algers and

Jensen (1991) cite that Plyashchenko and Sidorov (1984)

found reduced milk yield in dairy cows exposed to 1.4 h of

80–100 dB of noise twice daily. Sounds made by humans

handling cattle provoked greater reactivity and increased

heart rates for these animals than equipment sounds such as

gates banging (Waynert et al 1999). Lanier et al (2000) also

noted that cattle appeared more stressed by intermittent loud

human vocalisation, particularly when high-pitched like a

child’s, than by noises such as the ringing of telephones or

gates slamming. Weeks et al (2008b) measured the latter at

75–90 (mean 84) dB(A) and noted the crush systems used

to restrain cattle for ear-tag reading were a source of high

intensities of sound (consistently 85–90 dB[A]). 

Cattle may produce specific and more numerous vocalisa-

tions in response to painful stimuli such as hot-iron

branding (Watts & Stookey 1999). Grandin (2001)

recorded that cattle vocalised in response to poor handling

(eg use of electric goads or prods) and to equipment

problems at beef slaughter plants. She proposed the level

of vocalisation as an index of cattle welfare in the abattoir.

Thus, evidence exists that cattle vocalisation may convey

specific information related to fear and distress to

conspecifics in lairage which could affect their ability to

rest even more than volume alone. Weeks et al (2008b)

recorded the mean levels of vocalisations from cattle in the

range 80–90 dB(A). Both qualitative and quantitative

aspects of noise should perhaps be considered for a

thorough evaluation of its impact on welfare in lairage.

Sheep

Sheep appear to adapt to increased noise levels, particularly

when these are relatively continuous, such as the noise of

transport vehicles at around 60–90 dB(A), although they

may show an initial rise in heart rate (Hall et al 1998). Kim

et al (1994) noted that sheep in lairage appeared more

responsive to human vocalisation and to mechanical noise

such as metal banging and hosing than to noises of animal

origin (eg pig or cattle vocalisation or cattle

fighting/mounting) but they did not record noise levels.

Weeks et al (2008b) found mean sound levels from clanging

gates and other fittings in 11 sheep lairages to be 76 dB(A)

and they recorded sheep vocalisations at around 70 dB(A).

The auditory range of sheep is 125 Hz to 40 kHz with the

most sensitive frequency a little higher than cattle and pigs

at 10 kHz (Heffner & Heffner 1992). Unlike cattle, sheep do

not vocalise in response to painful stimuli. Apart from

vocalisation between ewes and their lambs, vocal communi-

cation between sheep has not been studied in detail.

Pigs

Auditory stimuli are used extensively by pigs as a means of

communication in all social activities (Gonyou 2001).

Alarm or aversive stimuli are transmitted to conspecifics by

auditory cues as well as via pheromones (Vieuille-Thomas

& Signoret 1992). For example, Weary et al (1998)

suggested that high-pitched (above 1 kHz) vocalisations by

piglets were indicative of pain during castration. The heart

rate of piglets increased more in response to high than to

low frequency (pitched) sounds and when the high-pitched

sounds were also loud, the piglets moved away (Talling et al

1996). In a further experiment, it was found that intermit-

tent, sudden sounds provoked greater responses in pigs than

constant sounds (Talling et al 1998a).

The auditory range of pigs is between 55 Hz and 40 kHz and

their sense of hearing is more sensitive in the range 500 Hz

to 16 kHz (particularly acute around 8 kHz [Heffner &

Heffner 1992]). Typically, pigs are exposed to noise levels

of around 73 dB on farms in the range 20 Hz to 6.3 kHz, and

to levels on transport lorries of 91 dB at below 16 kHz

(Talling et al 1998b). In four lairages these authors

measured noise levels between 76 and 86 dB, with up to

97 dB in the pre-stun pens. The movement of machinery as

well as pig vocalisations were found to be a major source of

noise and it was concluded that the sound levels and types

of sound pigs were exposed to in transit and in lairage were

likely to be aversive, and should therefore be regulated to

improve welfare (Talling et al 1998a). Rabaste et al (2007)

recently measured sound levels in Canadian lairages in the

range 82–108 dB. This is in accordance with levels reported

by FAWC (2003), indicating that noise levels recorded in

pig lairages varied between 74–90 dB (A) with levels in

handling systems rising as high as 120 dB(A) which is

approaching the pain threshold for humans. The FAWC

report did not provide details of the source or frequency of

these sounds. Weeks et al (2008b) measured the sound from

gates clanging at a consistent 85 dB(A) and found the

principal source of loud noise in spot measurements to be

pig vocalisations which averaged 80–103 dB(A).

Animal Welfare 2008, 17: 275-284
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In an experimental situation, Geverink et al (1998b)

exposed pigs to recorded lairage machinery or pig vocalisa-

tions, with white noise or no sound as controls, and found

no significant differences in salivary cortisol or heart rate

response between the sounds; each played at 85 dB(A) for

10 min. However, these recordings, at a constant level of

sound, may not reflect the real-life variable noises pigs are

exposed to in lairage. Similarly, Algers and Jensen (1985,

1991) experimentally exposed nursing sows and piglets to

recordings of fan noise at 85 dB(A) and found significantly

decreased massaging of the udder and hence reduced milk

production. In another study, Kanitz et al (2005) exposed

pigs to daily or three-times weekly broad-band noise at

90 dB for two hours. This caused both short-term adreno-

cortical and long-term stress effects which adds to the

evidence that the noise levels in lairages, which are often at

this level, are likely to be stressful to pigs. 

For pigs, the source and frequency (or pitch) of sounds and

whether they are intermittent or continuous, appears to have

implications for welfare. A system for automatically detecting

and recording pigs’ stress vocalisations, specifically, has been

developed (Schon et al 2004) and levels of these could

provide a useful index of welfare in the lairage environment.

Animal welfare implications

For all species, both the qualitative and the quantitative

aspects of noise should be considered for a thorough evalu-

ation of impacts on welfare. In particular, the frequency

distributions of potentially aversive sounds need to be

measured. Both high stocking rates and mixing of animals

should be avoided in order to minimise social stress,

fighting, disturbed rest and to improve access to water. More

research is needed to establish the aversiveness of lairage

conditions to animals with varied history. The evidence to

date suggests that for optimum welfare, cattle and sheep

should be slaughtered without delay and pigs after a short

period in lairage. However, there is no current evidence that

longer periods in lairage are detrimental to welfare if quiet,

spacious, well-bedded, well-ventilated and thermally-

comfortable conditions are provided together with easy

access to clean water (and feed where appropriate).
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