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RESUM 

aplicació pràctica, la validesa i la repetibilitat d’un sistema 

s d’engreix. La capacitat d’aplicació, la sensibilitat, 

al llarg del temps de les mesures basades en l'animal 

aluar mitjançant cinc estudis. A més a més, al llarg de la 

 com a eina d’assessorament per resoldre problemes de 

 anàlisi descriptiva de les mesures basades en l’animal 

quest treball es va avaluar tant l’aplicació pràctica del 

capacitat per discriminar-les entre sí. Tanmateix, el treball 

r granges que presenten algun problema de benestar. El 

anges es pot desenvolupar fàcilment i requereix poca 

reix una mitjana de 6 hores i 20 minuts per cada visita. La 

als amb  bursitis moderades i greus, porcs moderadament 

rtaments socials positius i negatius, i l’exploració, permet 

ixò, altres mesures basades en l’ animal, especialment les 

que estan relacionades amb el principi de bona salut, presenten una variabilitat massa baixa per poder 

diferenciar significativament les granges entre sí. Mitjançant models Generalitzats Mixtes es van 

extrapolar límits de confiança a nivell de població per cadascuna de les mesures estudiades. Aquest 

mètode pot ser útil per identificar granges que presenten algun problema de benestar determinat en 

relació a una població establerta. Al segon i tercer estudi, es van avaluar un total de 11,647 porcs allotjats 

en 91 explotacions comercials provinents de tres sistemes intensius (convencional a França i Espanya, 

sobre palla a França, i Ibèric intensiu a Espanya) així com dos sistemes extensius (Ibèric en extensiu, 

Porc Negre Mallorquí) mitjançant el protocol Welfare Quality®. Tot dos estudis descriuen dades sobre la 

prevalença i distribució de diversos indicadors de benestar en una gran varietat d’explotacions amb la 

finalitat d’identificar una sèrie de factors causals. Els resultats corresponents als principis de bona 

alimentació i bon allotjament es presenten en el segon estudi mentre que els de salut es descriuen en el 

tercer. Basant-se en les mesures d’alimentació i allotjament es poden establir diferències significatives 

entre els sistemes de producció. En canvi, les mesures de salut no es diferencien de manera significativa 

entre els cinc sistemes de producció estudiats. En aquests treballs, s’identifiquen una sèrie de factors 

causals potencials per les bursitis moderades i greus, els porcs bruts, i l’apinyament. El impacte d’aquests 

factors causals varia en funció del sistema de producció estudiat. En referència al sistema intensiu 

convencional es mostren factors causals potencials per als animals amb ferides severes, les mossegades 

de cues i les coixeses. La presa  d’informació sobre factors de l’ambient (com ara el tipus de menjadora, 

tipus de terra, densitats, etc.) així com característiques dels animals (fase d’engreix, estatus de castració) 

 

 

L’objectiu d’aquesta tesi fou avaluar i discutir l’

d’avaluació del benestar en granges comercials de porc

selectivitat, validesa contextual i repetibilitat 

incloses al protocol Welfare Quality® es van av

tesi es va considerar la utilització del protocol

benestar. En el primer estudi es presenta una

incloses al protocol d’avaluació del benestar. En a

protocol en 30 granges intensives com la seva 

proposa una metodologia pràctica per identifica

protocol Welfare Quality® per porcs d’engreix en gr

intervenció per part del pagès. Tot i així, reque

variabilitat entre granges en la presència d'anim

bruts (<50% del cos brut), expressió de compo

discriminar granges intensives entre sí. Tot i a



pot ajudar a la detecció de granges que tenen

benestar esmentats. El quart estudi es centr

comportament en porcs Ibèrics en condicions i

del Welfare Quality®, titulat “comportament ad

intensives), les quals allotjaven una totalitat de 2

positius així com l’avaluació qualitativa del com

de porcs Ibèrics. En canvi, no es troben di

exploratori i en la relació humà-animal entre

freqüència elevada de comportament social ne

de falta de benestar. Tot i així, les variacions tro

 més probabilitats de presentar algun dels problemes de 

a en l’avaluació del benestar mitjançant mesures de 

ntensives i extensives. En aquest treball, el quart principi 

equat”, es va avaluar en 21 granges (11 extensives i 10 

5,856 porcs Ibèrics. Els comportaments socials negatius i 

portament són sensibles a canvis a l’allotjament i maneig 

ferències significatives en l’expressió del comportament 

 els porcs Ibèrics criats en extensiu i en intensiu. La 

gatiu registrada en condicions intensives és un indicador 

bades en la freqüència de comportament social positiu i 

avaluació qualitativa del comportament sembla útil per a 

xpressió del comportament natural. Finalment, el cinquè 

ensives convencionals, la repetibilitat després d'un  temps 

 incloses en el protocol Welfare Quality®. Els resultats es 

atiu i avaluatiu. Des d' una perspectiva discriminativa, tant sols 

la brutícia moderada al cos i la relació humà-animal són consistents al llarg d’un període de temps 

perllongat. Tanmateix, s’observen algunes inconsistències entre el coeficient de correlació de Spearman i 

el coeficient de correlació intra-classe a l'estudiar la repetibilitat d’algunes mesures (ex. animals amb 

lesions severes  o animals molt bruts). L’avaluació qualitativa del comportament no és consistent al llarg 

del temps excepte si es refereix únicament a la posició relativa d’una granja en una sola visita. Per altra 

banda, una aproximació avaluativa com és la dels  “límits d’acord” pot ser  útil per a detectar granges amb 

problemes de benestar persistents. 

Com a comentari general, el protocol Welfare Quality® per porcs d’engreix es pot aplicar fàcilment en una 

gran varietat d’explotacions comercials. Tot i així, la durada total del protocol pot ser percebuda com a 

massa llarga per part d’alguns dels agents implicats (com ara ramaders, industria o empreses 

certificadores). La sensibilitat dels indicadors de salut és aparentment massa  baixa. La interpretació 

d’alguns resultats en termes de benestar animal, especialment els de comportament, s’ha de realitzar 

amb molta cura sobretot quan es comparen explotacions provinents de sistemes de cria molt diversos. 

Una interpretació equivocada d’un resultat pot erròniament afavorir o perjudicar un ramader o un sistema. 

Finalment, el protocol Welfare Quality® pot tenir enfocaments diversos que poden ser pràctics i 

complementaris com a eina d’assessorament, tot i que es va dissenyar com una eina per auditar.  

 

 

 

 

 

d’exploració no són tan fàcils d'interpretar. L’

discriminar les explotacions basant-se en l’ e

estudi avalua, en una mostra de 15 granges int

perllongat de les mesures basades en l’animal

van discutir des d’un punt de vista discrimin



 

SUMMARY 

and discuss the feasibility, validity and repeatability of a 

n commercial farms. The feasibility, sensitivity, selectivity, 

f several animal-based measures of the Welfare Quality® 

rmore, across the thesis, the use of the protocol as an 

presents a descriptive analysis of several animal-based 

or pigs kept under intensive conventional conditions on 30 

protocol on intensive farms and its capacity to discriminate 

s to propose a practical methodology to identify farms with 

re Quality® protocol for growing pigs on farm is easy to 

equires little input from the farmers; however, it takes an 

isit. The between-farm variability of moderate and severe 

 social “positive” and negative behaviours and exploration 

ional farms. Nonetheless, other animal-based measures, 

 principle, have too low variability to differentiate among 

farms. Confidence limits were inferred at population level for each animal-based measure by means of 

Generalized Linear Mixed models. This methodology can be useful to identify farms with poor welfare in 

relation to a given population. In the second and third studies, a total of 11,647 pigs housed on 91 

commercial farms of three intensive systems (conventional in France and Spain, straw bedded in France, 

and Iberian intensive in Spain) as well as two extensive systems (Iberian extensive, Mallorcan Black pig)  

were assessed applying the overall Welfare Quality® protocol. Both studies yield data about the 

prevalence and distribution of several welfare outcomes in a wide variety of commercial farms with the aim 

to identify possible causal factors. The results from the good feeding and housing principles are presented 

in the second study whereas those of health are given in the third study. Important differences between 

production systems can be established based on animal-based measures of the feeding and housing. In 

contrast, health measures do not differ significantly between the five production systems studied. Several 

possible causal factors of moderate and severe bursitis, moderately and severely soiled body and 

huddling were identified and their respective impact varied according to the production system. In the 

intensive conventional system, several possible causal factors for severely wounded animals, tail biting 

and lameness were identified. The recording of simple environmental-based factors (such as the feeding 

system, the type of floor, the space allowance, etc.) as well as characteristics of the animals (growing 

stage, castration status) can be useful to detect farms that are more likely to show one of the previous 

welfare concerns. The fourth study focuses on the assessment of welfare through behavioural measures 

in Iberian pigs in intensive and extensive conditions. The fourth principle of the Welfare Quality® protocol, 

 

 

The objective of this thesis was to evaluate 

welfare assessment system for growing pigs o

contextual validity and repeatability over time o

protocol were evaluated in five studies. Furthe

advisory tool was considered. The first study 

measures of the welfare assessment protocol f

farms in Spain. It evaluates the feasibility of the 

among intensive conventional farms. It also aim

a particular welfare problem. The overall Welfa

perform on intensive conventional farms and r

average time of 6 hours and 20 minutes per v

bursitis, moderately soiled body, expression of

allows discrimination among intensive convent

especially the ones related to the good health



labelled “Appropriate behaviour”, was assesse

total of 25,856 Iberian pigs. Changes in occurre

and discussed when comparing Iberian pigs ei

and “positive” social behaviours as well as the 

in the housing and management of Iberian pigs

and intensive reared Iberian pigs in the expres

relationship. The high occurrences of negative so

an indicator of poor welfare; however, interpre

behaviour and exploration are not straightforwar

d on 21 farms (11 extensive and 10 intensive) housing a 

nce of behaviour and qualitative measures are evaluated 

ther in intensive or extensive rearing conditions. Negative 

qualitative behaviour assessment are sensitive to changes 

; in contrast, no differences are found between extensive 

sion of exploratory behaviour and in human-animal 

cial behaviour recorded in intensive conditions are clearly 

tations of variations in the frequencies of “positive” social 

d. The qualitative behaviour assessment appears useful to 

n of natural behaviour. Finally, the fifth study evaluates the 

e of the mean prevalence of several measures from the 

ensive conventional farms of growing pigs. The results are 

iscussed using both a discriminative and an evaluative approach. From a discriminative perspective, only 

moderately soiled body and the human animal relationship showed a high consistency over a long period 

of time. However, inconsistencies are found between Spearman’s correlation coefficient and intraclass 

correlation coefficient when interpreting the repeatability of several quantitative measures such as severely 

wounded animals and severely soiled body. Unless the assessment related only to the relative ranking of 

a farm within the same visit, the qualitative behaviour assessment is not consistent over time. Adopting an 

evaluative approach such as the limits of agreements can be useful to detect farms that present persistent 

welfare problems.  

As a general comment, the Welfare Quality® protocol for growing pigs is feasible in a wide range of 

commercial conditions even though the overall duration may be perceived as too long by stakeholders. 

The sensitivity of health indicators appears to be low. Interpretation of several outcomes, especially 

behavioural ones, in terms of animal welfare, must be cautious, especially when comparing farm units 

from diverse rearing systems. An erroneous interpretation of an outcome can over or underrate a farmer. 

Several approaches of the Welfare Quality® protocol can be practical and complementary to be used for 

advisory purposes. 

 

 

 

 

 

 

 

 

discriminate farms on the basis of the expressio

test-retest repeatability over a long period of tim

Welfare Quality® protocol in a sample of 15 int
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General  Introduction 

1. ANIMAL WELFARE 
 

1.1. Importance of animal welfare 
 

Animal welfare did not arouse, origi

society arouse the scientific interest in animal

nally, as a science. Instead, ethical concerns from the 

 welfare. Since the 1960s, there has been an increasing 

interest of the effects of intensive production on animal welfare. The publication of Animal 

The New Farming Industry by Ruth Harrison in 1964 produced a huge public reaction. 

governments and international bodies, having a great 

ct both on the consumers/marketing and the farmers (Sandøe and Christiansen, 2008). Besides 

f the animals, the improvement of welfare is known to 

nce, as well as the food quality and safety (Jones and 

etal interest in animal issues has come philosophical 

times the border between science and ethic hazy. Still, 

udgement should be well differentiated (Broom, 

1991a). Ethical decision on what should be considered as acceptable or not for the animal will be 

taken after welfare has been scientifically measured.  

 

1.2. Concept of animal welfare 
 

Before measuring animal welfare, an agreement should be reached on how should be 

actually defined animal welfare. Three main approaches, with their own strengths and weaknesses, 

are generally accepted.  

A first approach links welfare to the absence of negative emotions and the presence of 

positive ones. Concerns for animal welfare are generally based on the assumption that non-human 

animals can subjectively experience emotional states and hence can suffer or experience pleasure 

(Dawkins, 2000; Mendl and Paul, 2004; Boissy et al., 2007a). European legislation refers to animals 

as ‘sentient beings’ (Treaty of Amsterdam, 1997). The suffering of an individual animal is precisely 

what the public is concerned about and nowadays the majority of scientists accept that animal 

suffering, and the degree of animal consciousness that this implies, are essential aspects of animal 

welfare (Rushen, 2003). Several studies have achieved to measure animals motivations and 

emotions through behavioural and physiological changes; however, these methods are not free of 

problems of interpretation (Paul et al., 2005; Mendl et al., 2009). Furthermore, few studies have 

Machines: 

This social concern has led to initiatives by 

impa

an increasing preoccupation for the respect o

positively affect the health and disease resista

Boissy, 2011). With the proliferation of soci

literature on animal welfare that makes some

the process of welfare assessment and ethical j
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dealt with the animal’s full range of emotion

years) (Rushen, 2003).  

A second approach assesses an anim

biological function (Broom and Johnson, 199

state as regards its attempts to cope with its e

the organism will activate the functioning

physiological stress responses and several b

responses can ultima

al experiences over a long period of time (months or 

al’s welfare based on the presence of an adequate 

3). The welfare of the individual is then defined as its 

nvironment (Broom, 1986). To cope with a challenge, 

 of body repair systems, immunological defences, 

ehavioural responses. The biological cost of these 

tely affect the growth, heath and reproduction of the animal (Barnett et al., 

gies, welfare can vary over a wide range, from very 

dicators of fitness should, then, be combined 

rt in coping with a challenge in order to give a more 

Johnson, 1993). For example, indicators such as the 

ctorial diseases should be combined with behavioural 

hysiological (e.g. cortisol levels, immune response) 

d that, as it happens for the assessment of emotional 

and indicators of biological functioning is not always 

ce, decreased weight gain of pigs resulting from 

decreased space allowance (Meunier-Salaün et al., 1987) have been detected in the absence of any 

effects on plasma corticosteroid levels (Rushen, 1991). 

Finally, some definitions are based on the concept of harmony between the animal and its 

environment and the consequent ability to perform normal patterns of behaviour (Hughes and 

Duncan, 1988). Normal behavioural pattern is usually associated with the behaviour show by most 

members of a species under natural conditions. Such behaviour can be compared with the behaviour 

displayed by animals in more confined conditions and, as it provides the basis for animals’ 

requirements, it can be used as a welfare assessment. However, the definition of what should be 

considered as normal or not or even prejudicial or not for the animal is not straightforward 

especially when dealing with animals housed in a variety of housing conditions. It’s fair to think 

that domestic species have undergone genetic adaption to their new niches living among humanity 

(Price, 1984), making adaptation in captivity/confined conditions less challenging. In addition, 

animals are usually very flexible and often have several alternative strategies available in their 

natural behaviour (Spinka, 2006). Then, there is not necessarily a welfare problem if domestic 

animals or animals kept in captivity do not show the same pattern of behaviour as their wild 

counterparts (Veasey et al., 1996). Moreover, some behavioural patterns that are clearly natural are 

in fact detrimental to the welfare of the animal (e.g. flight reactions). Despite the previous 

limitations, welfare is clearly impaired when the inability to show a particular behaviour result in 

pain or suffering. Such behaviours are usually known as behavioural (or ethological) needs and 

should be given a particular emphasis in a welfare assessment.  

2001). Since there are various coping strate

good to very bad (Broom and Johnson, 1993). In

together with measures that quantify the effo

accurate evaluation of welfare (Broom and 

mortality rate and the occurrence of multifa

(e.g. redirected injurious behaviours) and p

indicators. However, it should be emphasize

states, the link between animal welfare state 

straightforward (Rushen, 1991). For instan
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These apparently divergent definition

reaches the state of harmony when it is k

motivations. When the situation moves away

of physiological mechanisms and behaviour

successfully or not wi

s are, in fact, three complementary issues. The animal 

ept in an environment that allows it to satisfy its 

 from this ideal state, the animal will use a wide range 

s to cope with its environment. The ability to cope 

ll depend on the individual itself and on how much it has to cope with. The 

impossibility to cope with an aversive situation may lead to the appearance of injuries or diseases 

(Broom and Johnson, 1993) and consequently to pain and suffering. Integrating those different 

t is needed to achieve animal welfare. It is generally 

nimal is determined by its capacity to avoid suffering 

 words, welfare comprises physical and mental health 

 includes several aspects such as absence of thirst, 

d the expression of normal behaviour (Five 

992).    

 

Extensive farming has been given little emphasis in animal welfare science compared to 

confined animals. Extensive conditions can be defined as those where the animal receives 

infrequent handling and require a low capital investment (Manteca and Ruiz de la Torre, 1996). The 

general opinion of extensive animals leaving in a “natural” environment less controlled by humans 

(Lynch et al., 1992) and the perception of less stress and health problems in extensively kept 

animals (Hemsworth et al., 1995) are two main reasons for this lack of welfare concerns in 

extensive systems. Extensive animals have a greater opportunity to express their normal behavioural 

patterns than intensively reared animals. However, despite being free to show natural behaviour, an 

animal may experience negative emotional states and altered biological functioning if the 

environmental challenges overwhelm its evolved coping strategies (Dwyer, 2009). For example, 

extensive animals may experience hunger in poor pastures and show changes in biological 

functioning associated with malnutrition. Furthermore, several studies suggest that the behavioural 

needs of animals are not necessarily met in all extensive environments and that some environments 

may be suboptimal for welfare (Dwyer, 2009). As commented previously, welfare is much more 

than the absence of behavioural restriction. Extensive rearing systems present particular challenges 

to welfare linked to the large seasonal variations (food supply, climate), predation and infrequent 

supervision (Petherick, 2005). Animals in extensive systems can be grazing across large areas and 

there is limited opportunity to frequently observe animals. Extensive systems present threats to 

animal welfare that can differ markedly from those in intensive systems. Therefore, despite the lack 

approaches, an agreement is reached on wha

accepted, then, that the welfare of a sentient a

and sustain fitness (Webster, 2005a). In other

(Dawkins, 2004; Webster et al., 2004) and

hunger, discomfort, disease, pain, injuries, stress an

freedoms of the Farm Animal Welfare Council, 1

 

1.3. Welfare in extensively kept animals
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of social concern, the welfare of extensive animals has to be measured and assessed in a scientific 

OF ANIMAL WELFARE  

annot be measured directly and by a single measure, 

ary (Fraser, 1995) and makes use of a great variety of 

t. These parameters are included into two main types: 

measures. 

 

It is possible to assess welfare looking at the environment of the animals. Resource and 

the environment is acceptable for the animals. Much 

s such as space allowance, type of floor, group 

housing, presence of perches, etc. Those indirect measures are based on assumptions concerning the 

relationships between aspects of the environment and the actual welfare state of the animals. 

Environmental-based factors are fundamental for the provision of advice on the prevention of a 

welfare problem and for the detection of a risk of deficient welfare. Information on the risk of 

welfare problems is particularly important to detect problems whose incidences are rare. Short 

questionnaires on management routines such as feeding or procedures such as castration, de-

horning, ear tagging etc. may also be very useful in practice. According to a study on expert 

opinion, Whay et al. (2003a) reported that the most relevant environmental measures for pigs were: 

assessment of barren conditions, water and food facilities, bedding (cleanliness and thermal 

comfort), space allowance, ventilation, lighting, and absence of sharp edges and availability of 

group housing.  

 

2.2. Animal-based measures 
 

Instead of measuring the provision of good husbandry, welfare can be measured by 

observing the animal more directly. Animal-based measures involve both animal observations and 

the use of farm records of the animals (Whay et al., 2003b). Animal-based measures fall into four 

main categories: Performance (including post-mortem measurements), health, physiology and 

behaviour. 

way. 

 

2. MEASUREMENT 
 

Welfare is multidimensional and it c

rather animal welfare science is multidisciplin

parameters for the overall welfare assessmen

resource/management-based and animal-based 

 

2.1. Resource and management-based measures 

management-based measures can indicate if 

legislation is based on environmental-based measure

6 



General  Introduction 

2.2.1. Performance measures 
 

The accumulation of all attempts to c

affect the animal and thus its performance

approximation of the welfare state of the anim

that longevity could serve as an overall assess

welfare should ultimately hasten death. Perfo

that may experience a herd over time. Howev

and varying widely among studies and among countr

performances do not guarantee an optimise welf

but also many welfare deficiencies. Some e

next. Mortality, excluding culled or active

animals becoming so sick that they die prio

compared and the mortality rate is significan

ope with several challenging situations will ultimately 

. Examination of records can give a first general 

als on a farm. For example, Hurnik (1988) proposed 

ment of welfare, since all serious challenges to animal 

rmance parameters give an overview of the problems 

er, their unspecificity makes them difficult to interpret 

ies. As well, it has to be emphasised that good 

are. For example, broilers show a high growth rates 

xamples of usual performance parameters are given 

 euthanized animals, merely reflects the number of 

r to slaughter. If two animal husbandry systems are 

tly higher in the first than in the second then we can 

say that the welfare is less good in the first (Hurnik and Lehman 1988, Broom 1991a). Mortality 

 then be a health indicator. Still, mortality rate depends of many factors such as the housing 

ger and Heinrichs, 1997) resulting in an unspecific 

measure unless the causes of death are well known. A large list of reproductive performance 

parameters can be elaborated (still birth rate, litter size, abortions, farrowing rate, culling rate, 

weaning to oestrus interval, interval between calving, etc.). They are usually used by vets to detect 

significant welfare or management problems. Poor reproductive performance can be linked to stress 

situations as well as many other reasons that are not directly related to welfare (oestrus detection, 

timing of insemination, storage of semen, differences between genetic strains, etc.). Methods of 

calculation of these parameters can vary between different national recording schemes or 

commercial software packages (Almond et al., 2006). For that reason their reliability is questioned 

for farm assessments. Feed intake and growth rate in growing pigs (Meunier-Salaün et al., 1987), 

egg/milk/flee depressed production, and abnormal eggs are other performance parameters that can 

be useful to detect a welfare or management problem. Finally, several measures of “meat quality” 

can be indicators of acute stress (lairage, management at the slaughterhouse) or chronic stress 

(handling, transport etc). The prevalence of PSE and DFD meats are indicators of those welfare 

problems in pigs (Dalmau et al., 2009).  

 

2.2.2. Health measures 
 

Health problems remain some of the most serious welfare problems for farm animals 

(Scientific Veterinary Committee, 1997). Health refers to the state of the body and brain in relation 

would

system, group size and stockmanship (Losin
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to the effects of pathogens, parasites, tissue 

effects involve pathology (that is the

damage or physiological disorders. Since all of these 

 detrimental derangement of molecules, cells and functions that 

rious agents or deprivations), the health of an animal is 

th pathology (Broom, 2006).  As the welfare of an 

 cope with its environment (Broom, 1986); then health 

e of health indicators is that their link to suffering is 

idated than other types of indicators.  

an explicit indicator of poor welfare. A disease is a 

up of signs or symptoms. Some diseases are produced 

ys by far the most important role in the incidence and 

ad easily from farm to farm and their apparition is 

zky's Disease are examples of those monofactorial 

other types of diseases are highly environmental-

 of those diseases largely depends on the combination of several 

ns of the farm. For that reason they are generally 

activity and the related immunological response that 

follow difficulties in coping with the environment are shown to reduce the fitness of an individual 

increasing the incidence of diseases (Broom and Johnson, 1993; Broom, 2006). Multifactorial 

diseases are considered to reflect the overall quality of the environment of the animals; hence, they 

should be carefully considered within a welfare assessment system. Pododermatis in broilers, 

mastitis and lameness in dairy cows, swine respiratory complex in fattening pigs, MMA (Metritis-

Mastitis-Agalactia) syndrome in sows are some examples of multifactorial diseases.  

While clinical signs of a pathology is a clear indicator of poor welfare, the health (and 

therefore the welfare) of an individual can be also impaired even though it does not apparently 

suffer from stress, injury or disease (Broom, 1991b). For instance, an agent may be present in the 

animal’s body without having any effect on the animal and pathology is absent. As soon as the 

agent causes a ‘derangement’, the animal will have to cope with this pathology. The effort in coping 

may range from a light difficulty to a harmful effect on the biological functioning causing pain and 

suffering. In those former cases, health indicators lack of sensitivity and evaluation of welfare 

should rely on physiological and behavioural changes. 

Despite early recognition of the importance of health for animal welfare (Broom, 1986), 

health problems as a source of animal welfare have been underestimated and underused (Rushen, 

2003). Health indices should be carefully taken into account into a farm assessment (Rousing et al., 

2001) and a special emphasis should be given to epidemiology in animal welfare research (Rushen, 

2003).  

 

occurs in living organisms in response to inju

its state as regards its attempts to cope wi

individual is its state as regards its attempts to

is an important part of welfare. The advantag

clearer, and therefore they are more easily val

The appearance of injuries or diseases is 

pathological condition characterized by a gro

by a well defined pathological agent who pla

severity of the disease. They generally spre

usually explosive. Swine Fever and Aujes

diseases (Straw et al., 2006). In contrast, 

dependent. The impact

management, housing and hygienic conditio

referred as multifactorial diseases. Adrenal 
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 2.2.3. Physiological measures 
 

Both failure to cope with the enviro

welfare (Broom, 1986). Diseases, injuries, im

suffering and therefore of poor welfare; how

The intents to cope with several challenges w

nment and difficulty in coping are indicators of poor 

paired growth or reproduction are clear indicators of 

ever, welfare can be poor without suffering and pain. 

ill induce changes in physiological responses that may 

be useful to evaluate the motivational state of the animal (Broom, 1991b). 

arameters in a welfare assessment some of their 

hysiological changes are difficult to interpret and are 

milar changes in physiological responses can occur in 

l levels, for example, may rise in both fear inducing 

to sexual activity (Rushen, 1991). Second, there is usually an important 

rameters may exhibit circadian pattern (Blache et al., 

ited for their feasibility at field level. Finally, they 

s invasive and special material for recollection. It has 

imals during the handling may reduce the validity of 

Heart rate and stress hormones are main examples of physiological indicators used in 

animal welfare measurement. Heart rate is a fast response to changes in the environment. An 

increased in heart rate is associated to an active response (‘fight or flight’) while bradycardia occurs 

when the animals is immobile (‘freezing’). Sheep heart rate increased on exposure to a strange 

person/dog (Baldock and Sibly, 1990); and a strong bradycardia response in response to a sudden 

unpredicted stressor can be observed in low resistant pigs (characterized by a back test) (Hessing et 

al., 1994). As heart rate can be affected not only by a stress response but also by an increased 

activity, results have to be readjusted on the basis of activity levels. High environmental 

temperatures and circadian rhythms are other influencing factors.  

Hypothalamic-pituitary-adrenal (HPA) activity with the release of catecholamines and 

cortisol has been widely use as indicator of stress. There is clear evidence that levels of adrenalin, 

noradrenalin and glucocorticoids increase as a response to acute stress. Release of glucocorticoids is 

slower than catecholamines and can be monitored non-invasively via metabolites excreted in urine 

and faeces (Wasser et al., 2000). Transport (Dalin et al., 1993; Candiani et al., 2008), shearing 

(Hargreaves and Hutson, 1990), surgical castration (Mellor and Murray, 1989), dehorning (Morisse 

et al., 1995) and mixing of unfamiliar animals (Merlot et al., 2004) are some examples of short term 

challenges that have been associated with an increased in HPA activity. However, how chronic 

stress affects the activity of the HPA axis still remains unclear. There are relevant discrepancies 

between research groups on how housing methods affect corticosteroid levels (Rushen, 1991).  

Before considering physiological p

limitations should be highlighted. First of all, p

not always associated with poor welfare. Si

situations of opposite affective states. Cortiso

situations and in response 

variability between individuals and some pa

2011). Physiological parameters are also lim

usually require methods that are more or les

also to be considered that the stress of the an

the data.  
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Changes in the immune response are

stress response. Changes in the homeostasis a

which there is a change in the rate of synthe

haptoglobin, C-reactive protein, and serum am

been used to monitor inflammatory processe

been recognised that animal APP are not on

also for analysing various non-inflammatory

diseases and stress (Murata et al., 2004). The

 considered to be more reliable indicators of chronic 

re known to induce an “acute phase response” during 

sis and release of acute phase proteins (APP) such as 

yloid. The quantification of APP concentration has 

s in farm animals (Eckersall, 1995). Recently it has 

ly useful for monitoring inflammatory processes but 

 conditions such as pregnancy, parturition, metabolic 

 level of APP in the plasma has been demonstrated to 

be useful in the assessment of animal welfare. Geers et al. (2003) found a relation between 

haptoglobin level at slaughter on the one hand and management, housing conditions, and health 

centration has been used, for example, to identify the 

s (Pallarés et al., 2008), stress linked to long transport 

ory et al., 2007). However, it may be difficult to 

ion of the HPA axis (stress response) from an 

inflammation. To improve the understanding of APP 

tudies should establish common criteria for clinical 

ents (Murata et al., 2004). Finally, it should be taken 

into account that, as it happens for stress hormones changes, immune responses may reflect only 

some, and not all, types of challenge to animal welfare (Rushen, 1991; Moberg, 2000; Porges, 

2002).  

2.2.4. Behavioural measures 
 

Behaviour can be a sensitive indicator of the animal’s perception of environmental changes. 

Variations in behavioural patterns often represent the first level of response of an animal to an 

aversive or stressful environment. Behaviours which differ in pattern, frequency or context from 

those which are shown by most members of the species in conditions that allow a full range of 

behaviours are usually considered ‘abnormal’ behaviours (Fraser and Broom, 1990). The 

development of ethograms of livestock in natural or seminatural environment gives a sight of how 

the animals operate in a wide variety of natural features. For instance, Graves (1984), Jensen 

(1986), Stolba and Wood-Gush (1989) reported behaviours of pigs in semi-natural environment. 

These studies have provided information used in designing new housing and management systems 

for pigs (Gonyou, 1994). In addition to those basic studies, other authors have compared the 

behaviours of extensively raised animals with the behaviour displayed by the same species in more 

restricted conditions (Kerr and Wood-Gush, 1987; Krohn et al., 1994; Shimmura et al., 2008). 

Nonetheless, interpretation of variations in behaviour is usually not straightforward and originates 

many discussions on what should be considered as normal or not or even prejudicial or not for the 

during fattening on the other hand. APP con

presence of diseases (Eckersall, 2000), lesion

(Candiani et al., 2008) or to rearing conditions (Am

distinguish an increase of APP caused by the activat

increase of APP due to a latent infection or 

functioning and its interpretation, further s

veterinarians and scientists for APP measurem
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animal, especially when dealing with anim

Passillé, 2009).  

Behaviours clearly indicate poor 

Behaviour is commonly used in the clinica

changes in behaviour brought about by diseas

(Broom, 1987; Fraser and Broom, 1990). Det

als housed in a variety of systems (Rushen and de 

welfare when associated with physical suffering. 

l assessment of health and particularly of pain. The 

e are used by veterinarians in the diagnosis of disease 

ection of behavioural changes is particularly important 

 prevention and control of pathologies. Behaviour is 

arameter to assess pain on farm (Viñuela-Fernández et 

 pain in pigs include reluctance to move and a lack of 

 1990). These and other signs of pain, whether related 

 in detail by several authors (e.g. Houpt and Wolski, 

les to evaluate more subtle signs of pain based on 

obromylskyj et al., 2000). Mainau et al. (2010), for 

core in sows kept in farrowing crates based on the 

havioural indicators of pain represent, definitively, a 

 level.  

, other changes in duration and frequency of normal 

behaviour are recognized as indicators of mental suffering (e.g. frustration).  Possible signs of stress 

include startle or defence responses, avoidance, suppression of feeding and sexual behaviour, 

excessive levels of aggression, stereotypic behaviour, lack of responsiveness or apathy, decreased 

complexity of behaviour, and the time required to resume normal activity after a stressor (Cook et 

al., 2000). Still, Mason and Latham (2004) suggested that variations in behaviour are not a sign of 

poor welfare; but only if associated to other specific symptoms, may be a warning sign of potential 

suffering. The link between behaviour, chronic stress and poor welfare is here again not easily 

quantificable. Despite the controversy on what should be considered as a ‘need’ or not and whether 

it is driven by internal or external factors, it is clear that preventing an animal from carrying out a 

certain behaviour in a given situation might cause signs of suffering (Jensen and Toates, 1993). 

Redirected injurious behaviours such as feather-pecking in hens or tail biting in pigs partly linked 

with a lack of exploratory activity are clearly abnormal behaviours that may easily lead to pain. It 

should be accepted then that exploration is a behavioural need and that the assessment of levels of 

exploratory activity as well as frequencies of redirected behaviours in hens or pigs can be used as 

indicators of welfare. The impossibility to display a behavioural need can also derive towards the 

appearance of stereotypies. An animal performing a stereotypic behaviour repeats a relatively 

invariant sequence of behaviours, which has no obvious function (Fraser and Broom, 1990). Sows 

in stalls unable to nest before farrowing that show bar-biting; tong-rolling in cows; crib-biting in 

horses; bar-biting in sheep are some examples of stereotypic behaviours found in domestic 

ungulates (Bergeron et al., 2006). Curiously no clear stereotypic behaviour has been described in 

in subclinical diagnosis and thereafter in the

also considered as the most commonly used p

al., 2007). Examples of behaviour indicating

normal social behaviour (Fraser and Broom,

to diseases or injuries, have been considered

1982; Straw et al., 2006). In addition, sca

behavioural changes have been validated (D

instance, developed an ease of farrowing s

behaviour of the sows and their piglets. Be

practical way to assess welfare at commercial

In addition to pain related behaviours
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growing pigs. Assessment of several behaviours can be very useful indicator and predictor of 

ore reaching the state of pain, frustration or chronic 

le to evaluate “if the animals actually have what they 

eafter to avoid more subtle causes of impaired welfare 

the animal. Several methodologies are focused to find 

ion at farm level. 

perant conditioning have been used to assess the 

 of the animals in a given housing (Fraser and Nicol, 

t obvious and direct ways of asking what an animal 

 is mainly used to ask the animals what they prefer 

een two or more options. In operant conditioning the 

a resource or to perform a behaviour is measured 

 work needed to get different resources is increased 

ple). A resource ends up being ‘inelastic’ when the 

ast, a reward is ‘elastic’ if the animal stops working or 

ws assessing what resources or behaviour the animal 

nimals can still be influenced by early experiences and 

they may not work for the choice that is better for their long term welfare. For example, dairy cows 

tend to choose wider stalls even though wider stalls can become dirtier increasing the risk of 

mastitis (Rushen et al., 2008). Taken these difficulties into consideration, preference tests can 

provide evidences of the animal’s perception of what conditions are the best for its welfare. The 

animal’s welfare will then be improved if it is housed under these conditions. Such example is given 

by Mason et al. (2001) who achieved to link welfare indicator (increased in cortisol) with 

motivations in minks (through price elasticity of demands). The study suggests that caging mink on 

fur farms does cause the animal’s frustration, mainly because they are prevented from swimming. 

Results from preference tests undergone in experimental or commercial conditions (Dawkins, 2004) 

can be useful to detect which environmental factors are perceived as important by the animal. Once 

validated an environmental factor can be transferable to a welfare assessment as an environmental-

based measure.  

Innovative methodologies to assess animal’s affect are in expansion providing a new 

approach of animal welfare. These methodologies expect to encompass the limitations of 

behavioural (and physiological) indicators of affective states. In addition to emotions, which are by 

definition short-lived (Dantzer, 2002), the concept of welfare involves more persistent affective 

states that influence the way in which the individual perceives and reacts to its environment 

(Lazarus, 1991). The impact of housing for example on the mental state of the animal is over a long 

period of time while much emotions that have been assessed such as pain and fear last for a short 

period of time. The question of how to integrate the animal’s full range of emotional experiences 

physical and mental suffering. However, bef

stress (failure to cope), it should be achievab

want” as alleged by Dawkins (2004), and ther

and be aware about less detectable needs for 

a way to assess animals’ motivation and emot

Choice (or preference) tests and o

motivation as well as to improve the comfort

2011). Preference testing is one of the mos

prefers in its environment. A simple choice test

giving them the opportunity to choose betw

effort an animal makes to gain access to 

(Dawkins, 1983). Gradually, the amount of

(pressing a plate, or opening a door for exam

input from the animal still increases; in contr

work less to obtain it. This methodology allo

considers the most important. However, the a
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(affect) over such a long period of time repres

(Rushen, 2003). Recent studies on the cognit

overcome those limitations. Shettleworth (2

processing including attention, learning, memory

narrower definition of cognition as: having

process in relation to others, where the repre

ents one of the main limitations of welfare assessment 

ive component of emotion in animals look forward to 

001) defines the term cognition as the information 

 and decision-making. Broom (2010a) proposes a 

 a representation in the brain of an object, event or 

sentation can exist whether or not the object, event or 

ring at the time. This definition clearly differentiates a 

resentation occurs on something absent. Several recent 

10) have investigated the possibility that an animal’s 

 be altered by its emotional state, those in negative 

e negative outcome will occur. The influence of affect 

 attention, memory and judgement has been called 

ysis of cognitive predispositions and cognitive biases 

may provide a way to better understand long-lasting 

et al., 2007a) and have a deeper approach of positive 

e animal’s motivations and affects can provide an 

objective evaluation of what the animal ‘want’ in experimental conditions. Results from those 

controlled studies may give advices on what type of housing and management conditions should 

insure more quality of life for a given species or breed. Result may be, in a future, extrapolate to 

commercial conditions and provide information on which aspects of welfare the animals consider as 

a priority. At the time, these methodologies are not feasible enough for been used as animal-based 

indicator in a welfare assessment system. 

An alternative approach based on observer ratings has been proposed to assess the quality of 

an animal’s relationship with its environment (Wemelsfelder, 2007). Ratings by human observers 

have long been used by animal scientists and veterinarians to assess certain physical traits (e.g. body 

fat: Russel et al., 1969), and can also be applied to the assessment of behaviour and a variety of 

welfare-relevant variables (e.g. pain: Dobromylskyj et al., 2000). The use of observer rating as a 

methodology to evaluate the animal’s experience or quality of life is referred as “Qualitative 

Behaviour Assessment” or QBA (Wemelsfelder, 2007). This methodology relies on the ability of 

human observers to integrate perceived details of behaviour, posture, and context into descriptions 

of an animal’s style of behaving, or ‘body language’, using descriptors such as ‘relaxed’, ‘tense’, 

‘frustrated’ or ‘content’ (Wemelsfelder, 1997).  Judgments on scoring the descriptors rely on the 

ability of the observer for complex perception and interpretation of behaviours. The QBA is then 

vulnerable to various forms of bias from a single observer (e.g. influenced by personal view) or 

from a group of observers (e.g. cultural bias) and may open the door to an anthropomorphic 

projection. Its apparent ‘subjectiveness’ may be highly criticised and controversial. Still, several 

process is directly detectable or actually occur

cognitive process to “abstractions” where rep

studies (Harding et al., 2004; Doyle et al., 20

interpretation of an ambiguous situation may

states being the more likely to respond as if th

on a range of cognitive processes including

cognitive bias (Mendl et al., 2009). The anal

induced by repeated emotional experiences 

affective disorders in farm animals (Boissy 

emotions (Boissy et al., 2007b).  

Innovative methodologies to measur
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studies have demonstrated the biological validity of the QBA as an integrative methodology 

 Wemelsfelder, 2008). In a recent review, Meagher (2009) 

d limitations, qualitative observer ratings can be a 

 in an assessment at farm level. 

easures 

imal, animal-based measures are likely to be the most 

interactions between environmental factors make the 

lfare of the animals not always clearly understood 

loor type, drinkers, feeders, ventilation system, etc.), 

d human animal relationship are three main types of 

lfare problem (outcome) (Waiblinger et al., 2001). In 

res (dehorning, tail docking, tooth clipping, etc.), the 

se or not of local anaesthetics and long lasting 

cases, the relationship between housing, management, 

self (age, immune system, reproductive stage, etc.) is 

complex. The relative importance of each factor on the appearance of a given welfare problem 

remains difficult to predict especially in a long term situation. For example, housing animals in 

groups promotes normal social interactions, but if poorly managed this system can lead to an 

increased in aggressive interactions (Spoolder et al., 2009). Furthermore, those complex interactions 

may favor one aspect of welfare and be detrimental for another aspect of welfare. As an example, 

Rodenburg et al. (2008) showed that laying hens in non-cage systems made better use of the 

resources available, were less fearful and had stronger bones than hens in furnished cages; however, 

the latter had lower mortality rates and provided better air quality. An epidemiologic approach 

through risk assessments has not been overlooked in animal welfare (Rushen, 2003; Smulders, 

2009). Influencing factors may provide an estimation of the risk of impaired welfare; however the 

respective impact of those factors is not well understood and is not precise enough to undertake an 

assessment system based only on those factors. Moreover, all influencing factors have probably not 

been identified yet. Animal-based measures overcome the previous limitation as they evaluate the 

actual welfare state of the animal on-farm (Main et al., 2007). Animal-based measures (outcomes) 

indicate the effect of those indirect environmental-based measures and their interactions on the 

animal. They are generally considered more valid measures of welfare compared to environmental-

based measures and should be applicable across production systems. However, animal-based 

measures are not free of difficulties, either. The first problem is that they are, sometimes, difficult to 

interpret. Some animal-based indicators such as injuries (tissue damage) are clearly linked to poor 

(Rousing and Wemelsfelder, 2006;

concluded that despite some challenges an

legitimate and very useful scientific tool, especially

 

2.3. Animal-based vs. environmental-based m
 

Since welfare is a condition of the an

direct reflection of its welfare state. Many 

links between the environment and the we

(Capdeville and Veissier, 2001). Housing (f

management (feeding, hospital pens, etc.) an

influencing factors on the prevalence of a we

some cases, such as in pain related procedu

link between the management of such procedures (u

analgesics) and welfare is confident. In other 

human animal relationship and the animal it
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welfare. However, the link between other anim

- with impaired welfare, is at the time not cl

through future studies. Second, it has to be c

al-based indicators - especially behavioural measures 

early understood and may require a correct validation 

onsidered that only a sample of animals is observed. 

This sample has to be representative of all the animals on the farm. A third limitation of most 

animal-based measures is that recording can be difficult whereas recording of environmental-based 

measures is quite easy and demands less resources (Bartussek, 2001). Environmental-based 

le. Environmental and animal-based measures present 

ntly, the combination of both types of parameters will 

lfare (Johnsen et al., 2001) and, hopefully, enable not 

e animals but also to evaluate potential risks to their 

 extensively kept animals 

er from intensively reared animals as a result of the 

graphy, climate, pasture quality etc.). The welfare of 

ill depend upon the details of the system, upon 

management (Rushen et al., 2008) and upon many interactions between those factors. This 

complexity is exacerbated in extensive systems where there is a lack of literature regarding the 

impact of the housing/rearing systems. Some environmental-based measures used in intensive 

systems are inappropriate for extensive systems; whereas other specific aspects of the environment 

are of major importance (handling facilities, winter housing, presence of shade, quality of the water, 

wallowing facilities, risk of predation, quality of the pasture, etc.). The heterogeneity in extensive 

environments has favoured the development of a wide diversity of local breeds suited to particular 

conditions. Different genetic backgrounds can affect the response to specific stressors and 

subsequent adaptation of a breed to its environment. Breeds of ewes differ in the quality of maternal 

behaviour (Dwyer, 2008) and there are breed differences in neonatal lamb vigour (Dwyer et al., 

1996) and in lamb’s ability to discriminate its mother (Nowak et al., 1987). Likewise, fear response 

of ruminants varies between breeds even when they have been reared under the same management 

system (Boissy et al., 2005). Genetic background of maternal behaviour and fear response has been 

demonstrated also in pigs (Grandinson, 2005). The lack of knowledge on the impact of detailed 

environmental factors on a specific breed make that the appearance of a welfare problem may be 

even more unpredictable in extensive conditions than in intensive ones. Animal-based measures 

(outcomes) should, in theory, reflect how the animals cope with this complex situation and be valid 

across systems. Some animal-based measures rely on the ability to closely approach the animals. 

This may be the main limitation of the application of animal-based measures on extensively 

measures are also more likely to be repeatab

both advantages and disadvantages. Conseque

give the most valid assessment of animal we

only to assess the current welfare state of th

welfare. 

 

2.4. Challenges in measuring welfare of
 

Extensively reared animals may diff

great heterogeneity of the environment (topo

animals in any type of housing system w
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managed animals that have generally large 

injuries, body condition and fear of handlin

feeding, or during confinement period

flight distance. Nevertheless, examination of health, 

g could be assessed during specific husbandry tasks, 

 (Turner and Dwyer, 2007). In addition to feasibility 

constraints, species that are traditionally extensively managed tend to be subtle in their expression 

of pain, injury or distress, as they have evolved as predated species as commented by Romeyer and 

992). Thereafter, the detection of signs of poor welfare may be more difficult in these 

tween pigs kept under intensive and extensive 

imal-based measures may not be accurate enough to 

of the main concerns in extensive husbandry.  

RES INTO PROTOCOLS: OVERALL ASSESSMENT OF 

ent system 

 farm animal welfare and the demand for product 

labelling which assures the consumer of the welfare-friendly origin of food, the need for on-farm 

welfare assessment systems has significantly increased. Animal welfare is multidimensional and 

can be measured in many different ways. Still, none of the measures previously mentioned can give 

the full picture alone. Welfare must be assessed by a combination of measures (Webster, 2005b; 

Fraser, 2006) that can be environmental-based (resource and management) and animal-based.  

 

It is generally agreed that if an assessment tool is to be successfully used on individual farms it must 

(Waiblinger et al., 2001):  

 Involve measures that are reliable (repeatable), valid and precise 

 Be easily operated by trained people 

 Require limited time so that repeated measures on many farms are possible 

 Reveal the causes of impaired welfare and thus potential improvements of the 

husbandry and management system 

3.2. Applications of a welfare assessment system 
 

The features and development of the welfare assessment system will greatly be influenced 

by its particular application. There are four broad categories of potential applications for animal 

welfare assessment systems (Main et al., 2003a): Research tool; Enforcement of legislative 

Bouissou (1

animals. Whether the expression of pain varies be

conditions has not been reported. Finally, an

evaluate the quality of the stockmanship, one 

 

3. COMBINATION OF MEASU
WELFARE 
 

3.1. Overall assessm
 

Due to growing public concern for
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requirements; Certification schemes (voluntary); and as an Advisory/management tool. There is 

een these categories. 

research is often designed to quantify the welfare of 

ms or to compare different treatments. As a research tool, the 

nt for peer review in publications but it does not 

al farmers. 

sed to evaluate compliance with national or European 

urrently resource-based. For example, assessment of 

ecessary suffering”) requires an assessment of the 

legislative requirements, an assessment system 

ible to use by experienced persons. 

There has been a large increase in voluntary certification schemes in some countries 

 Wood 1999). Membership of these schemes is not a legal requirement and is 

often associated with a marketing claim. Certification schemes often include a basic requirement to 

here are often additional welfare standards that have to 

be assessed in a similar fashion (Main et al., 2001). Farm assurance standards have been developed 

for most livestock sectors including pigs (Main and Green, 2000; Main et al., 2001). The standards 

should be clearly definable, understandable and unambiguous for all interested parties, including the 

consumers. It should include all resources and husbandry practices on a farm that could affect the 

welfare of any individual of the species covered by the scheme (Main, 2009). As well, it should 

include all types of stock such as the management of cull animals.  

Welfare assessment can also be used in a non-controlling framework as an advisory tool 

where farmers use welfare assessment to monitor welfare over time and receive advice about 

suggested solutions to observed welfare problems. Welfare assessment results may be reported back 

to the farmer with a comparison of his performance with other farmers using similar systems 

(‘benchmarking’).  

 

3.3. Choice of measures and scoring scale 
 

The choice of measures for an overall assessment of welfare is determined on the basis of 

feasibility, validity and repeatability (Winckler et al., 2003). Taking into account those properties, a 

scoring scale has also to be defined for each measure. 

 

 

though a large degree of interrelationship betw

On-farm welfare assessment in basic 

animals in certain husbandry syste

protocol needs to be sufficiently transpare

necessarily need to be understood by individu

On-farm welfare assessment can be u

legislation even though most legislation is c

compliance with cruelty legislation (“unn

animal’s welfare through direct measurements. For 

must be clear, unambiguous, flexible and feas

(Bartussek, 1999;

comply with relevant welfare legislation but t
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3.3.1. Validity 
 

One of the main concerns regarding w

is actually measuring what it is supposed 

accuracy (free from systematic errors), spe

2007).  For instance, human-animal relationsh

human; recording of negative social behavio

evaluation of skin lesions should estimate 

comparing measures proposed to be taken on f

elfare assessment is the extent to which an indicator 

to measure. By definition validity is determined by 

cificity, and scientific validity (Martin and Bateson, 

ip test (HAR) has to reflect the animal’s perception to 

ur should be related to situations of fear and stress; 

aggressive behaviour, etc. Validity can be checked 

arms to more sophisticated measures used as 

references (or possible “gold standard”) for animal welfare assessment in controlled experiments 

(criteria validity or concurrent validity). Another form of validity, named construct validity (or 

predictive validity) is investigated by formulating hypothesis on the relationship between welfare 

and some other variables (Scott et al., 2001). Drugs such as anxiolytics and consequent changes in 

behavioural patterns are a method to assess construct validity. For example, Rushen et al. (2007) 

demonstrated using local anaesthesia that pain tends to be cause of gait aberrations in dairy cows. 

Construct validity is also achieved when demonstrating the causal relationship between treatment 

 welfare measure). A third type of validity, named 

consensus (or face) validity is a subjective judgement that a measure is thought to be valid, as 

judged by one or more experts (Scott et al., 2001). Whay et al. (2003a) identified outcome measures 

for the welfare state of several species through a consensus of expert opinion. The measures of pig 

welfare most frequently identified as being of importance by an expert panel are represented in 

Figure 1.  

(e.g. housing) and an effect (e.g. outcome

Cumulative sum of ranking of importance of top ten animal-based measures

0 5 10 15 20 25

Lameness

Limb lesions (post-mortem)

Records of Mortality

Medicine records

Lung pathology

Feeding behaviour

Body condition

Limb lesions (observation)

Response to novel object

Social behaviour

 
Figure 1 Ten animal-based measures of pig welfare most frequently identified as being of importance 

by an expert panel (consensus validity) (Adapted from Whay et al., 2003a) 
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3.3.2. Repeatability 
 

Repeatability (or reliability) is define

object. Inter-observer repeatability is evaluate

of the same animals get similar scores. In

d as the similarity of repeated measurements on one 

d if two (or more) persons carrying out an observation 

tra-observer repeatability analyses if the same person 

assign similar scores to the same object. Inter and intra-observer repeatability of a measure can be 

whether assessed under experimental or commercial conditions. Many animal-based measures have 

-observer or between-observer repeatability. On the 

tween different assessors and within assessors on an 

ieve. In fact, repeatability represents one of the main 

ures (de Rosa et al., 2003; Lensink et al., 2003). A 

seases or the mortality rate for example results 

ries with well-developed health-recording systems. 

3.3.3. Feasibility 

For inclusion in a welfare assessment system, a measure should be easy to carry out on 

commercial conditions and short time consuming. Most of the physiological measures and several 

behavioural indicators may be excluded for been too invasive or for requiring too much time 

(Smulders et al., 2006). Non invasive techniques to assess HPA axis activity such as faecal cortisol 

or more recently cortisol in the hair (Stalder and Kirschbaum, in press) may be useful to study 

chronic stress and welfare at herd level. Still, the cost of cortisol determination should be 

considered. Plesch et al. (2010) evaluated behavioural measures related to dairy cow behaviour in 

terms of their suitability for inclusion in an on-farm assessment. Seven of the fifteen potential 

measures were discarded with respect to limited observation times. According to Spoolder et al. 

(2003), the feasibility criterion can be particularly restrictive and can act as the main factor for 

exclusion of animal-based measures. Selection based on feasibility is relatively easy and is often 

reported (Bartussek, 1999).The identification of a feasible behavioural measure on farm may be 

particularly challenging.  

 

3.3.4. Scoring scale 
 

Welfare indicators can be quantified using different types of scales. In animal welfare 

science the choice lies mainly between the ordinal (categorical) and the continuous (interval) 

scoring scales (Scott et al., 2001). Ordinal scale has been the most frequently created scale for 

been assessed at individual level for intra

majority of studies, the robust agreement be

animal-based measure appears not easy to ach

limitations of the use of animal-based meas

valuable indicator such as the incidence of di

unreliable at commercial level unless in count
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welfare measurement, yet it presents di

measurement is created when the welfare trait

differences between a response and a cons

underlying attribute is continuous then 

fficulties in analysis and interpretation. Interval 

 is continuous rather than categorical in nature and the 

tant is generally known (Scott et al., 2001). If the 

the ordinal scale may lose information and its sensitivity 

may be compromised. A categorical measure may therefore lose validity to gain repeatability. 

Continuous scales have been much less studied in animal welfare except for subjective ratings that 

 use continuous Visual Analogue Scale (VAS) (Meagher et al., 2009). VAS is a 

elieved to range across a continuum of values and can 

1990). Originally, it was developed for rapid and easy 

 it has been reported to produce ratio data with high 

ity (Willianson and Hoggart, 2005).  

ethods of welfare assessment 

A protocol requires combining measures to form an overall assessment, either to describe a 

situation (e.g. housing systems) or to make an absolute assessment on it (checking compliance with 

welfare standards). The method of aggregation of measures depends greatly of the application that 

will be given to the welfare assessment system. Several types of evaluation models – descriptive, 

normative and prescriptive – can be distinguished and they play different roles in a decision process 

based on several measures (Bell et al., 1988; Botreau et al., 2007a). Descriptive models are use to 

describe a pre-existing situation that is stable and independent of any observation. This approach 

provides the ability to describe and compare observed situations. Normative models tell how things 

should be or how people should act, and aim at providing evaluation procedures to check the 

adequacy of observed behaviours relative to pre-defined norms. This is, for example, the case for 

many formal labelling processes (e.g. certification, restaurant rating, etc.). Finally, prescriptive 

models are used to help people make better decisions and to improve their activity. Prescriptive 

models aim to gather and organise relevant information so as to facilitate the construction of 

recommendations to reach a goal. According to Botreau et al. (2007a) the formal evaluation 

procedure for assessing animal welfare could be seen as both a normative and a prescriptive model. 

In addition to the choice of measures, a tricky and critical decision has to be taken on the relative 

weights assigned to each of them (Spoolder et al., 2003). As Sandøe et al. (1996) point out, the 

weighing of the different measures may depend not only on science but on ethical assumptions as 

well. Bracke et al. (2002a) proposed weighting coefficients derived from a classification of 

commonly

measurement tool to assess a variable that is b

not be measured easily (Wewers and Lowe, 

self-assessment of pain in humans for which

sensitivity to change and good construct valid

 

3.4. Aggregation methods and existing m

 

3.4.1. Aggregation: an overview 
 

20 



General  Introduction 

scientific evidence with an additional validation by comparison of expert opinion (Bracke et al., 

eights of each measure relies then on expert opinion 

als and what societies find acceptable or not.   

isting methods of welfare assessment 
 

Several monitoring systems have been developed in Europe, ranging from simple checklists 

these systems are largely based on environmental-

hereas rare observations are done on the animal itself 

s prioritize thus the feasibility and repeatability of 

ty. The main differences between those protocols lies 

an overall ‘scoring’ of welfare. An overview of these 

in pigs, cattle, and poultry - is presented below and 

resumed in table 1 and figure 2. 

 

The ethical account described by Sorensen et al. (2001) is based on expert judgment and 

opinion on a set of data collected during experimental investigations and inspections. The prototype 

method aimed to provide the farmer with detailed information about welfare status on the farm. 

Assessments of welfare were based on information from four sources: 1) the housing system, 2) the 

management, 3) records of animal behaviour, and 4) records of health. The results of the welfare 

assessment were presented to the farmer in an annual welfare report and the information might then 

be used to guide the farmer in improving welfare but there was no formal aggregation of the 

measures (Botreau et al., 2007a, 2007b). One limitation of the ethical account is that it is based on 

expert opinion. Experts, especially the ones from different background, may have different point of 

views on the interpretation of parameters. For instance, a vet may prioritize health while an animal 

scientist may focus on behaviour. Furthermore the method does not allow comparing welfare levels 

from different farms. It does not certify either a welfare standard. 

 

 Systems based on minimum requirements 

 

Those systems are based on minimum requirements that a farm or a housing system, for 

example, must fulfil. A series of parameters are considered and for each of them a threshold is 

defined. This is the case for the Freedom Food Scheme, which was set up as a farm assurance and 

food labelling scheme by the Royal Society for the Prevention of Cruelty to Animals (RSPCA) in 

2002b).  The determination of the relative w

and ethical judgement on what counts for anim

 

3.4.2. Ex

to more complex index systems. Most of 

measures presumed to affect animal welfare w

except for performance indicators. These system

the overall methodology rather than its validi

in how parameters are aggregated to obtain 

systems - which cover welfare assessment 

 Ethical account in Denmark 
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1994. A second example is based on the application of the Hazard Analysis and Critical Control 

Point (HACCP) for pig housing proposed by Von Borell et al. (2001). Control points relate to 

are already defined by the legislation or are based on the current knowledge of 

tific-based. The method can be easily explained and it 

rs. However, it may be too restrictive as no distinction 

 and a farm that fails on many aspects (Botreau 

ent 

also referred as ‘Tiergerechtheitsindex’ (TGI), was 

NI 35L (Bartussek, 1999). In 1994, it was reworked in 

g, 2001; Sundrum and Rubelowski, 2001). Both 

ystem on animal welfare. Index systems have been 

s, and laying hens, especially with regard to organic 

ntensive housing systems, such as crates for sows and 

ges for laying hens, cannot be carried out. Environmental and management parameters 

constitute the main part of the index system, and only a few animal-based parameters are included 

in the assessment. The parameters are recorded on the farm in about an hour by specially trained 

inspectors. In general, the ANI system is highly practicable and highly repeatable (Hörning, 1998; 

Amon et al., 2001). In ANI 35L points are assigned to different areas of the housing and 

management: 1) possibility of movement, 2) social contact, 3) quality of floor, 4) climate, and 5) 

stockman care. ANI 35 L was developed as a means of certifying the level of animal welfare on 

farms. In the ANI 200, scores are assigned to seven different aspects of the housing and 

management: 1) locomotion, 2) feeding, 3) social behaviour, 4) resting, 5) comfort, 6) hygiene and 

7) stockman care. In pigs, the assessment is supplemented with parameters relating to defecation 

and urination. ANI 200 was developed as a method for on-farm welfare assessment which would 

allow farms to be compared with certification purposes. It also aims to provide advice and support 

for farmers (Sundrum and Rubelowski, 2001). The method of aggregation (sum of scores) is 

discussed by Botreau et al. (2007a). In this scoring method, raw data are transformed into welfare 

scores on a numeric value scale independently of the sample of farms observed. Then, weights are 

attributed to the values obtained for the different parameters. Finally, an overall score is calculated 

as a “weighted mean” of the scores obtained for each parameter. This type of aggregation allows 

compensations between parameters (Spoolder et al., 2003). As a consequence, a farm that would 

obtain averages scores for all parameters can obtain the same overall score that a farm with extreme 

scores for different parameters.  

certain limits that 

good farming practice and might not be scien

presents a high repeatability between assesso

is made between a farm that fails on only one aspect

et al., 2007a). 

 

 Index systems of welfare assessm

 

The ‘Animal Needs Index’ (ANI), 

developed in Austria during the 1980s into A

Germany as a German version, ANI-200 (Hörnin

systems assess the impact of the housing s

developed for assessing welfare in cattle, pig

production. Assessments of welfare in very i

battery ca
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 Decision support system to asses

 

A method proposed by Bracke et al. 

s welfare status in farm animals 

(2002a, 2002b) in the Netherlands attempts to capture 

the known relationships between ‘attributes’ (parameters) in a computerised database and make 

them available for welfare assessment. This method is based on scientific research and focuses on 

s been developed in pregnant sows in crates; however, 

all farm animal species and any housing system. It is 

 to assess animal welfare at farm level (Johnsen et al., 

sum of scores and as commented for the index 

t systems based on animal-based measures 

protocols with animal-based measures, low 

, 2001; Mollenhorst et al., 2005). One limitation was 

d not be detected. Previous works investigating the 

 schemes on dairy cattle welfare have demonstrated that defining resources 

alone may be ineffective in delivering high welfare standards (Main et al., 2003b). As mentioned 

previously, many interacting resources affect the welfare state of an animal and it can be difficult to 

correlate resources and the actual welfare state with any degree of certainty. Limitations of the 

protocols based mainly on the evaluation of the environment have led animal welfare scientists to 

have a different approach of welfare and focused on the identification and validation of measures 

based on the animals. It has been recently accepted that since the animal’s welfare state depends of 

how well that animal is able to survive and to remain fit within the particular constraints of the 

husbandry system in which it lives, the assessment should be preferentially based on measures taken 

on the animals (Whay et al., 2003b). Many animal-based measures have been used as tools to assess 

one specific welfare issue at a time. Examples include plumage scoring in hens (Freire et al., 1999), 

skin lesion scoring in pigs (Mouttotou et al., 1999; Leeb et a1., 2001) and locomotion and lameness 

scoring in cattle (Whay and Main, 1999). Since 2000, reliance on animal-based measures in 

certification schemes has increased. Tosi et al. (2001) described several environmental and animal-

based indicators applied on dairy farms in Italy. Capdeville and Veissier (2001) developed in a 

research project in France an on-farm assessment system of dairy cows’ welfare mainly based on 

animal-based measures. The University of Bristol has also proposed an animal-based welfare 

assessment protocol for pigs, dairy cattle and laying hens in a research study assessing the welfare 

impact of the RSPCA Freedom Food scheme (Whay et al., 2003c). Those two innovative systems 

mainly based on animal-based measures are described below. 

welfare assessment of housing systems. It ha

according to the author, it can be applied to 

not clear whether this method is also sensitive

2001). The aggregation method is an implicit 

systems, it allows compensation (Botreau et al., 2007a).   

 

 Increasing interest for assessmen

 

When comparing several of those existing 

correlations have been found (Johnsen et al.

that variations within housing systems coul

impact of farm assurance
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The on-farm assessment system for d

uses a multidimensional approach based on

welfare indicators most commonly measured

etc.) was produced. The aggregation method o

ad hoc rules based on expert opinion are 

airy cow proposed by Capdeville and Veissier (2001) 

 the five freedoms (FAWC, 1992). A list of the 49 

 in animals (behaviours, injuries, social interactions, 

f those measures is based on a sum of scores to which 

considered to limit compensation between measures 

ant of the same domain are considered together, before 

ent of a need. This required making many small sets 

ntial aggregations. This hierarchical process limits 

essed through numerous measures. As in the scoring 

system), weights are introduced to consider the 

nt of a need. Finally a score is given to the farm for 

each basic need and then for the five freedoms together. One of the main limitations of this method 

is its opacity and its difficulty (Botreau et al., 2007a): only the expert who developed the model 

knows its weaknesses and strengths. 

Whay et al. (2003b) proposed a much easier method of aggregation based on rankings to 

compare welfare between farms of calves on the basis of 19 parameters corresponding to respiratory 

health, nutrition and general appearance. The overall rank of a farm was the mean of the 19 partial 

ranks this farm obtained on each parameter. All parameters (partial ranks) were considered as 

having the same importance for welfare. Thresholds were established on the average values (ranks) 

obtained from the population of farms studied. Therefore, the score obtained by a farm depends on 

how this farm performs in comparison with other farms. This method enables to compare farms. It 

is clear and easy to understand and to standardise. It can help farmers to rank their farm among 

others and to become more aware of the conditions in which their animals are living. The main 

limitation of this method is that the overall ranking of a farm depends on the population observed. 

Its application as a labelling system is therefore limited (Botreau et al., 2007b). 

 

 

 

 

 

 

 

 

 

 

 

 

(Botreau et al., 2007b). Few parameters relev

being included in the evaluation of the fulfilm

of measures and then making many seque

problems of overweighting items that are ass

systems commented before (ANI, Decision support 

relevance of each parameter for the fulfilme
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Figure 2 Combination of welfare parameters into welfare assessment system (Adapted from Johnsen 

et al., 2001) 
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UKCompare and 
rank farms on a 
given set of 
farms

Ranking, 
Benchmarking

Sum of ranks 
obtained by a 
farm on a given 
population

Cattle, pigs Benchmarking 
system

FranceTo compare 
farms.
Certification or 
labelling
schemes

ScoreMultidemension
al approach. 
Weihted sum of 
scores with ad 
hoc rules

CattleOn-farm 
assessment of 
dairy cows’
welfare

The 
Netherlands

Evaluation of 
housing systems
Certification or 
labelling shemes

ScoreWeighted sum 
of scores

Sows 
(applicable to 
other species)

Decision
support
system

Austria
Germany

To compare 
farms.
Certification or
labelling
schemes
Implemented in 
legislation in 
Austria
Used by organic 
organisations

ScoreWeighted sum
of scores

Cattle, pigs, 
laying hens

ANI 35L
ANI 200

UK 
Germany 

To check the 
respect for the 
current laws or 
within 
certification 
schemes based 
on the strict 
fulfilment of a 
series of 
specifications

Yes/no 
answer on 
requirements

ChecklistCattle, pigs, 
poultry

Minimum
requirement

DenmarkAdvisory tool for 
the farmer

ReportNon-formal 
aggregation
based on
expert’s opinion

Cattle, pigsEthical
account

CountryPotential usesResults of
assessment

Method of
aggregation

SpeciesName of
assessment

UKCompare and 
rank farms on a 
given set of 
farms

Ranking, 
Benchmarking

Sum of ranks 
obtained by a 
farm on a given 
population

Cattle, pigs Benchmarking 
system

FranceTo compare 
farms.
Certification or 
labelling
schemes

ScoreMultidemension
al approach. 
Weihted sum of 
scores with ad 
hoc rules

CattleOn-farm 
assessment of 
dairy cows’
welfare

The 
Netherlands

Evaluation of 
housing systems
Certification or 
labelling shemes

ScoreWeighted sum 
of scores

Sows 
(applicable to 
other species)

Decision
support
system

Austria
Germany

To compare 
farms.
Certification or
labelling
schemes
Implemented in 
legislation in 
Austria
Used by organic 
organisations

ScoreWeighted sum
of scores

Cattle, pigs, 
laying hens

ANI 35L
ANI 200

UK 
Germany 

To check the 
respect for the 
current laws or 
within 
certification 
schemes based 
on the strict 
fulfilment of a 
series of 
specifications

Yes/no 
answer on 
requirements

ChecklistCattle, pigs, 
poultry

Minimum
requirement

DenmarkAdvisory tool for 
the farmer

ReportNon-formal 
aggregation
based on
expert’s opinion

Cattle, pigsEthical
account

CountryPotential usesResults of
assessment

Method of
aggregation

SpeciesName of
assessment

Table 1 Main assessments of farm animal welfare at farm level (Adapted from Johnsen et al., 2001 

and Botreau et al., 2007a). 
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The five freedoms of the farm 

multidimensional approach of welfare. Many

potentially available for a welfare assessmen

in relation to 

animal welfare council provide a basis for a 

 measures with their own strengths and limitations are 

t. Further on, one kind of decision that has to be taken 

welfare assessment concerns the quality of the evidence (Broom, 2010b). A 

n the feasibility of that measure (and its associated 

odology) at field level and its validity and reliability when detecting a given welfare problem. 

The data obtained from that measure should be methodologically and statistically robust enough 

ial level. Meanwhile another kind of decision has to be taken on the way in 

which different types of measures can be considered together in order to form an overall evaluation 

of welfare. The method of aggregation of measures will depend greatly of the application that will 

ng a multidimensional and understandable welfare 

based indicators led the E.U. to fund a large-scale 

ce a European standard for welfare assessment 

4. WELFARE QUALITY® ASSESSMENT PROTOCOLS 
 

4.1. Overall aim of the Welfare Quality® project 
 

The Welfare Quality® (WQ®) project started in 2004 being a partnership of 44 institutions 

from 13 European countries. One of the main proposals of this project was to develop an integrated 

standardised methodology for the on-farm assessment of welfare in cattle, pigs and poultry from 

farm to slaughter, based mostly on animal measures (Blokhuis et al., 2003). Later on, the project 

was extended to four Latino American countries: Mexico, Brazil, Uruguay and Chile. 

A number of studies have shown that European citizens are becoming increasingly 

concerned about the way in which animals are treated in the production of animal food products 

(Bennett, 1996; Miele and Parisi, 2001). However, there is no common standard for assessing 

animal welfare and for providing consumers with the relevant information. An understandable 

European standard for animal welfare with appropriate labelling system will help provide 

consumers with information on the products they buy (Blokhuis et al., 2003). To achieve 

standardisation and minimise duplication of effort, information should be obtained in a harmonized 

and multidisciplinary way from different working groups. Furthermore, since welfare problems - as 

challenging balance should be found betwee

meth

once applied at commerc

be given to this welfare assessment system.  

The increased interest in developi

assessment system based mainly on animal-

project, Welfare Quality® that aims to produ

(Blokhuis et al., 2003). 
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perceived by the animals - do not recognise national boundaries, this uniformity should be achieved 

ork of aggregation 

e used by certification bodies providing assurances to 

consumers, by agencies enforcing legislation, or by welfare researchers. For marketing purposes the 

regation should allow an absolute score for any farm to be produced. It should be 

nd and ease communication with stakeholders. Finally, the overall framework has to 

l and applicable whatever the species and the production system. A multidimensional 

was undertaken since the beginning of the project. 

Council (1992) were considered as a basis to 

develop such monitoring systems. 

ar set of criteria that followed a set of general requirements 

 The set of criteria must be exhaustive. For example, containing every important aspects of 

animal welfare quoted in the literature 

 It must be minimal. Redundancy between criteria should be avoided. For example, 

containing only necessary criterion 

 Criteria must be independent of each other. The interpretation of one criterion should not 

depend on that from another 

 The set of criteria should be agreed by all stakeholders 

 It should be composed of a limited number of criteria in order to be legible 

 

To be selected, a particular welfare criterion had to (Botreau et al., 2007a): 

 

 Be applicable to any farm animal species 

 Be mainly based on animal-based measures 

 Limit compensation between criteria and may allow compensation within criteria 

 Exclude hazards with a low probability (like fire or attacks by predators) 

  

Following all the previous rules, a set of 12 independent but complementary welfare criteria was 

established. To ease communication with stakeholders, those criteria were grouped into 4 main 

principles of animal welfare: good feeding; good housing; good health; and appropriate behaviour 

at an international level (Blokhuis, 2008).  

 

4.2.  Building an understandable framew

 

The WQ® assessment system may b

framework of agg

easy to understa

be universa

and multidisciplinary approach of animal welfare 

The five freedoms of the Farm Animal Welfare 

 

A first step was to define a cle

(Bouyssou, 1990; Botreau et al., 2007a): 
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(Table 2). Those principles and criteria establish a common framework for the development of 

monitoring systems for the three species concerned and whatever the production system studied. 

 
 
Table 2 Principles and criteria from the Welfare Quality® evaluation 
 

Positive emotional state

Good human-animal relationship

Expression of other behaviours

Expression of social behaviours

Appropriate behaviour

Absence of pain induced by management procedures

Absence of diseases

Absence of injuries

Good health

Ease of movement

Thermal comfort

Comfort around resting

Good housing

Absence of prolonged thirst

Absence of prolonged hunger 
Good feeding

CriteriaPrinciples

Positive emotional state

Good human-animal relationship

Expression of other behaviours

Expression of social behaviours

Appropriate behaviour

Absence of pain induced by management procedures

Absence of diseases

Absence of injuries

Good health

Ease of movement

Thermal comfort

Comfort around resting

Good housing

Absence of prolonged thirst

Absence of prolonged hunger 

Principles Criteria

Good feeding

 
 

The aggregation relied on expert opinion on what counts for animal and what societies find 

acceptable or not. Experts were asked to give their opinion on situations or data sets and weightings 

were calculated to match their answer. Rules were based on expert opinion and were designed to 

limit compensation between criteria (Capdeville and Veissier, 2001; Botreau et al., 2007c).  Then 

the aggregation method was based on a weighted sum of scores. This leads to a hierarchical 

structure where the information at each level remains available, particularly at the criteria level. A 

sequential process is followed to construct welfare criteria from measures taken on farms, then to 

form principles and finally to aggregate principles into an overall score of welfare assessment 

(Botreau et al., 2007b; Figure 3) 
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lfare Quality® to integrate several measures into an 

reau et al., 2007b) 

e Quality® 

using one or several measures, mostly based on the 

imal-based measures should evaluate the performance 

of the production cycle and in different housing and 

management conditions. Inclusion into the monitoring system was scientific based and was 

determined on the basis of validity, repeatability and feasibility (Winckler et al., 2003). Initially, a 

list of possible measures was identified from the existing literature (consensus validity) for each one 

of the species and type of production concerned (e.g. sows and piglets; growing pigs). Those 

measures had to cover the different dimensions of welfare and be practical under commercial 

conditions. Several animal-based measures of behaviour, physiology, injury, disease, mortality, etc. 

had been previously developed and validated for assessing welfare under experimental conditions 

(Archer, 1973; Rushen and de Passillé, 1992; Fraser, 1995; Von Borell et al., 2001). Some of these 

measures could not be applied under commercial conditions (low feasibility) and were consequently 

eliminated for further validation. For instance, most physiological measurements that are too 

invasive and costly or several behavioural observations which are too time consuming were not 

considered. An additional limitation was the difficulty of interpretation that can give some of these 

measures on farm (Barnett and Hemsworth, 1990). The measures that were potentially feasible on 

farm or slaughterhouses needed, then, simplification and an additional study on its validity and 

repeatability.  

It was agreed that all parameters – except behavioural parameters – would be assessed using 

a three-point scale ranging from 0 to 2 (ordinal scale). A score of zero is indicative of acceptable 

welfare, a score of 1 indicates some compromise of welfare, and a score of two indicates 

unacceptable welfare. For feasibility or repeatability reasons two scores could be fused.  

re
s

(~
 3

0)

 
 
Figure 3 Hierarchical structure designed in We

overall welfare assessment (Adapted from Bot

 

4.3. Selection of measures in the Welfar
 

Each welfare criterion was assessed 

direct observation of the animals. Selected an

of a husbandry system at a certain moment 
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Most of the animal-based measures

independent validity and repeatability

 included in the protocol have been tested for their 

 in pilot studies. In the case of sows and growing pigs, those 

uality Reports Nº.10 edited by Forkman and Keeling 

ere agreed for consensus validity and studied for their 

s discussed and evaluated on training sessions. Table 3 

ter-observer repeatability and feasibility of the animal-

 

Ma iteria cou in veral animal-based measures, however some areas still 

ck l ndicator. In those cases, a set of resource or management-

bas  included. For example, dehydration parameter which lack of feasible animal-

bas e is defined by means of a description of water supply and its management. Other 

nv  that were considered easy to carry on were included into the 

mon n order to be able to diagnose the possible causes of welfare deficiencies.    

 

Tab e validity, inter-observer repeatability and feasibility on farm of the animal-

based measures included into the Welfare Quality® protocol for growing pigs (studies from Forkman 

and

studies are regrouped within the Welfare Q

(2009). The great majority of the measures w

repeatability. Their feasibility on farm wa

summarizes the assessment of the validity, in

based measures included into the WQ® protocol for growing pigs. 

ny cr l fd be de ed by se

la ed of any of reliab e animal-based i

ed measures were

ed measur

e ironmental-based measures

itoring system i

le 3 Summary of th

 Keeling, 2009) 

Animal-based 
measures 

(what it is supposed 
to measure) 

Validity Inter-observer Feasibility on 
Repeatability farm 

Body condition 
(poor feeding) 

Related to reproductive failure in sows 
Not studied in growing pigs 
Specificity: many diseases such as 
PMWS may also lead to very poor 
body conditions. 
Consensus validity 

Assessed during training 
in growing pigs. Good. 

Good 

Bursitis 
(comfort around 
resting) 

Related to floor quality and floor type. 
Moderate bursitis doesn’t seem to be 
painful once appeared but may cause 
pain during development. Eroded 
bursitis can be painful. 
Possible confounding factors: age 

Three point scale:  
rs = 0.5 – 0.6  

Good 

Manure on body 
(heat stress) 

Related to thermal stress: Pigs at high 
ambient temperature were dirtier. 
Specificity: Animals soiled also showed 
a higher risk of urinary disorders, 
mastitis in sows. 
Possible confounding factors: type of floor; 
space allowance. 

% pigs soiled:  
rs = 0.7 – 0.9 

Good 

Shivering 
(cold stress) 

Recognised as physiological 
adaptation to a cold environment. 
However none of the treatments used 
in the pilot study induced shivering 
Specificity: Can also be related to 
diseases (fever); neurological disorders. 

Not evaluated for low 
incidence 

Good 
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Pan
(hea

Extreme pantin cognised as a 
ical a on to a hot 

environment. However none of the 
treatments used in the pilot study 
i i

t gher in pigs 
high t 

 

Respiration rate 
(breaths/min): 
rs = 0.9 
Extreme panting: not 
evaluated for low 
incidence 

Respiration 
rate has a low 
feasibility 
Panting 
should be 
easy to 
assess. 

ting 
t stress) 

g is re
physiolog daptati

nduced shiver
Respiration ra

 

ng 
e was hi
er environmenhoused in

temperature
Huddling  
(cold stress) 

mal str igs 
d at low ambient temperature 

g uency of 

ible confo actors: type of 
floor; s o ce. 

rs = 0.6 – 0.7 Good Related to ther
maintaine

ess: p

displayed a hi her freq
huddling. 
Poss unding f

pace all wan
Lam
(abn

n

 to physical injury, infection or 
inherent leg weakness. 
The relationship between lameness 
scor nd pai well known 
Consensus vali
Possible confo  factors: 
abnormal gait d a smooth floor 

Growing pigs taken out 
individually to a passage 
way and scored on a 
four-point scale:  
not significant 
differences between 
observers 
Growing pigs assessed 
within the pen on a three 
point scale: not 
assessed 

Impossible to 
take out pigs 
to a passage 
way. 
Lameness has 
to be 
assessed 
within the pen. 

eness 
ormal gait due to 
ful lesions) pai

Related

es a n is not 
dity 
unding
ue to 

Wounds 
(injuries of the skin 
due to physical or 
social environment) 
 

Validated by measures of aggression 
comparing different housing 
environments or feeding regimes (in 
short term housings). Validity unknown 
under long term housing. 
Possible confounding factors: age; 
gender; castration 

Categories of Severity: 
rs = 0.2 – 0.7 
Total Counts of lesions: 
r = 0.9  
 

May be time 
consuming.  
Difficult to 
count lesions 
on dirty pigs 

Tail biting lesions 
(injuries due to tail 
biting) 

Severely wounded animals experience 
pain. 
Multifactorial problem and episodic. 
Difficult to predict. 
Confounding factors: docked/undocked 
tails; age; weather 

Not available. Expected 
to be high. 

Good. 

Coughs and sneezes 
(respiratory diseases) 

Prevalence of coughing is related to 
prevalence and severity of lung 
damage. The quantification of 
coughing and sneezing can estimate 
pneumonia and atrophic rhinitis indices 
respectively. 
Specificity: Environmental 
contaminants can produce signs of 
respiratory disorder 
Consensus validity 

Not assessed Number of 
coughs and 
sneezes per 
group of 
animals 
should be 
assessed 
easily. 

Pumping 
(respiratory diseases) 

Laboured respiration due to parasitic, 
bacterial, viral invasion of the lungs 
Specificity: may also be due to 
anaemia or a great increase in body 
temperature 
Consensus validity 
 

Not evaluated for low 
incidence 
Expected to be high. 

Good 
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Twi
(res

l d tion: Indicator of 
 

Not evaluated for low 
incidence. Expected to 
be high when 
considering severe 
nasal distortion 

The detection 
of severe 
nasal 
distortion 
should be 
feasible 

sted snouts 
piratory diseases) 

Severe nasa
atrophic rhinitis
 

istor

Rec
(ent

May be due to 
increase the intra-abdominal pressure 
(enteritis, diarrhea, cough, liquid 
feeding, etc.) 

ali

Not assessed 
Expected to be high 
when considering the 
presence of the absence 
of extrusion 

Good tal prolapse 
eric diseases) 

many factors that 

Consensus v dity 
Sco
(ent seases) 

ay be linked to 
 or systemic diseases 

ll as miscellaneous conditions  
a ary to some 
n iet. 
li

Not assessed.  May be 
difficult to 
assess on 
dirty floors or 
slatted floor 

uring 
eric di

Specificity: m
gastrointestinal
as we
Confounding f ctor: may v

g to the d
dity 

extent accordi
Consensus va

Skin condition 
(dis

The inflammation or discolouration of 
 presence of 

diseases restri he skin or 
systemic diseases. 
The skin may be altered by many other 
factors: nutrition, sunburn, local 
inflammation due to the impact of the 
floor etc. 
Consensus validity 

Not assessed Good 
eases of the skin) the skin can indicate the

cted to t

Hernias 
 

May be due to an infection or an 
abscess. 
Specificity: strong genetic component 
(heredity) 

Not assessed. 
Expected to be high 
when considering the 
presence or the absence 
of umbilical or inguinal 
hernias 

Good 

Social behaviour 
(aggressions; positive 
social behaviour) 

First level of response to an aversive or 
stressful environment. Agonistic 
behaviour can affect the health and the 
performance of the animals. 
The link between positive social 
behaviour and positive emotions is not 
straightforward. 

Negative social 
behaviour: rs= 0.4 –0.6 
Positive social 
behaviour: rs= 0.6 - 0.7 
Total social behaviour: 
rs= 0.7 – 0.8 

Methodology 
based on 
repeated scan 
sampling is 
feasible. 

Exploratory 
behaviour 
 
 
 

Lack of exploration can lead to 
redirected behaviours and health 
problems. Exploration is considered as 
a behavioural need in growing pigs 

Investigation of the pen: 
rs= 0.8 – 0.9 

Methodology 
based on scan 
sampling is 
feasible. 
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HAR
(obv
anim

Predictability with handling treatments 
(minimum intervention of stockman; 
mild interaction with a soft stick; 
aversive interaction with an electric 

ay be sensitive to the 
man contacts. The 
e pigs to explore the 

new environment (the observer) may 
confound the results. 
Confounding factors: pen shape and 

y also influence the panic 
response of the animals. 

HAR test: rs= 0.6 – 0.9 May be 
difficult to 
evaluate in 
overcrowded 
pens.  

  
ious poor human-
al relationship) 

prod) 
Specificity: M
frequency of hu

hmotivation of t

size ma

QBA 
(emotional state) 

Coherence with quantita
behavioural and physiolo
measures at experiment
using a Free-Choice-Prof

tive 
gical 

al level and 
iling (FCP) 

has to be 
lidated in further studies  

Specificity: a qualitative approach may 
suffer anthropomorphism, cultural bias, 

The fixed qualitative 
rating scale showed a 
high repeatability 
between four UK vet 
students watching video 
recording of the animals:  
Kendall’s W= 0.6 – 0.7  

Good 

methodology. 
The use of a fixed scale 
va

contextual bias etc.  

 

5. OVERALL EVALUATION OF THE MONITORING PROTOCOL 
 

Aiming to overcome the limitations of the protocols already established, Welfare Quality® 

has proposed a multidimensional framework to evaluate welfare. A set of measures, mainly based 

on the direct observation of the animal, has been selected from the literature and each measure has 

been evaluated in pilot studies for its independent validity, repeatability and feasibility. Further on 

the final monitoring protocol has to be tested under commercial conditions for: 1) Its feasibility on a 

routine basis and through many different farms; 2) Its sensitivity to discriminate among farms; 3) Its 

validity at field level; 4) Its repeatability over time; 5) Its adequacy as an advisory tool. 

In total, ten monitoring protocols have been proposed. Three of them concerned the porcine 

species: sows and piglets on farm, growing pigs on farm, and pigs at slaughter. This thesis will 

focused on the monitoring protocol of growing pig on-farm.  

 

5.1. Feasibility and sensitivity 
 

Welfare measures may vary in precision, relevance and relative contribution to an overall 

welfare assessment (Botreau et al., 2007c). The relevance and the sensitivity of the measures 

included into the protocol have to be assessed at field level. In addition their feasibility as part of a 
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whole monitoring system must be checked 

difficult balance will have to be found betw

Observations in experimental conditions are u

may be necessary to run observations on a la

local conditions. Information on the range of 

minimum, maximum, and standard error - on

are very demanding and are rarely carried out

al., 2007c). In order to show significant diffe

sustainable development, it is necessary to

variation for each indicator. The sensitivity of an ov

discriminate between farms (not all farms 

discriminate between production systems. 

in a wide range of commercial conditions. Then, a 

een the sensitivity of that measure and its feasibility. 

sually not sufficient to obtain such information and it 

rge scale of farms from different rearing systems and 

variation of each measure - such as mean percentage, 

ce applied at field level is needed. These observations 

 to identify the distribution of all measures (Botreau et 

rences in contribution of various housing systems to 

 quantify the within and between housing systems 

erall assessment system refers to its capacity to 

obtain the same results) as well as its capacity to 

Variations in observations lead to variations in the 

assessment so that farms with welfare problems can be identified. They include the effects of 

anaged as well as specific system-animal interactions. 

hen enable differentiation between living conditions of 

 to actual variations between farms (Blokhuis, 2008). 

n welfare can be considered to have its effect on 

duals it is proposed not to recommend the use of average values taken at farm level alone, but 

rather to try to describe also the variation within the farm (Botreau et al., 2007b). Intra-farm 

variability describes the extension of a welfare problem within a farm and allows to evaluate if an 

indicator is representative of the actual welfare state of the overall group of animals present on the 

farm. Goossens et al. (2008) studied the variability of several animal-based measures (aggression, 

approach-avoidance, tail and ear biting behaviours, rubbing, dirtiness, scratches, tail and ear lesions 

and coughing) within a population of 41 farrow-to-finish farms. Further on, a benchmarking system 

based on a sum of ranks was studied for the measures that presented sufficient variability. To our 

knowledge, further tests of the sensitivity of an overall monitoring system of animal welfare have 

not been carried out.  

 

To sum up, information on the relevance and the sensitivity of a measure is needed to: 

 Evaluate the incidence of each measure. If the incidence of a welfare problem is rare, 

information about the housing or the management may be of a more importance 

(Rousing et al., 2001). If a measures is not sensitive enough it may need refinement. 

 Have more objective judgements on which levels of a given measure should be 

considered as normal or not in a given housing/rearing system. The description of the 

range of variation of behaviours within a housing system or a between housing system 

should reveal the pattern of that measure. Further on a benchmarking system may be 

established. 

variations in the way the farming system is m

The monitoring systems developed must t

animals and their sensitivity must correspond

To make an evaluation at farm level, whe

indivi

35 



General  Introduction 

 Adjust the aggregation model to 

assessment remains sensitive (e

(Botreau et al., 2007b).  

 

the characteristics of the measures so that the overall 

.g. not all units obtain the same assessment score) 

ms will be based on the most practicable prototype monitoring 

systems that still conserve most of the variation between farms and between production systems. 

ne of the measure included into the protocol will be 

 a function of level of detail and in a context of 

omplete prototype monitoring system will be run on a 

ystem. A second step will be to quantify the variation 

different production systems. 

5.2. Interpretation of the outcomes: selectivity and contextual validity  

stems is a key requirement when developing widely 

t problem concerns the selectivity of a measure within 

a given environment – the measure should describe what it is supposed to describe and nothing else 

(Martin and Bateson, 2007). Measures should then be comparable in different environments and 

emphasis should be kept on only measures valid across systems. Concerns about contextual validity 

arise when differences in context potentially threaten the validity of a measure. The same outcome 

of an indicator may have different meaning in different contexts. The validation (including 

consensus validity) of the measures included into the WQ® protocol has been mainly estimated for 

animals kept under intensive conditions. Can this validation be extrapolated to extensive rearing 

systems? Does the same measure mean the same in different rearing systems? These two questions 

should be considered when evaluating the validity of the overall protocol. 

In fact, to be aware of the limitations in the interpretation of the welfare outcomes, all the 

parameters included into the welfare assessment system have to be quantified, compared and 

discussed in a large variety of housing and management conditions.  

 

5.3. Benchmarking and setting thresholds 
  

Some scientists actually argue that instead of attempting to ‘measure’ animal welfare, the 

role of science should be seen as identifying, rectifying and preventing welfare problems (Fraser, 

1995). For that reason, much attention has been given recently to the study of risk factors in animal 

welfare (Smulders, 2009). The WQ® protocol has not been thought as a risk assessment tool. 

The final monitoring syste

The relevance and the sensitivity of each o

assessed. The sensitivity will be studied as

comprehensiveness. The first version of the c

sample of 30 farms from a same production s

of each measure as well as their feasibility in 

 

 

The validity of a measure across sy

applicable welfare assessment systems. A firs
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Instead it aims to detect farms or housing

problems leading towards a ce

 and management systems with particular welfare 

rtification/labelling of those farms. Nevertheless, to be successful, a 

e causes of impaired welfare and thus potential 

nagement system (Waiblinger et al., 2001). This 

ement in animal welfare (Whay et al., 2007). The 

a given welfare problem and how much their efforts 

(intervention programme).  

llow the identification of farms with current welfare 

 of farms. As mentioned previously, a benchmarking 

 based on sum of ranks was proposed by Whay 

easure thresholds or norms are established. Once the 

rns, the targets farms can be identified and prioritised 

ammes. Information on a farm’s performance relative 

 encouragement effect as many farmers are motivated 

with their colleagues (Main et al., 2003a). Benchmarking can be useful to raise 

awareness and can help to set thresholds (Keeling, 2011). 

Secondly, the welfare assessment protocol should be efficient to assess and compare the 

relative strengths and weaknesses of each production system. Welfare concerns may have more 

severe consequences in one system that in another. It is essential to identify which factors are the 

main sources of variation within each system. The detection of causal factors will help to predict 

which production systems or farms are more likely to show a given welfare deficiency. This 

prediction will provide a basis to rectify and prevent welfare problems within an existing system. 

As mentioned before, animal-based observations give the most direct insight into how animals are 

coping within their own environment. However, as part of the process of stimulating behaviour 

changes, it is essential that animal owners and carers also understand the significance of these 

welfare measures (Whay et al., 2007). Besides been fundamental in an intervention programme, a 

risk assessment may reveal the existence of possible confounding factors. Those factors should be 

taken into consideration to prevent misinterpretations and guide the aggregation method (Bouyssou, 

1990). The epidemiological approach is a well-represented tradition in animal health research; 

however, it remains underutilised in animal welfare science (Rushen, 2003). To be able to assess 

risk quantitatively, information on the links between possible causal factors and their consequences 

on welfare outcomes is needed. 

 

 

 

welfare assessment tool should reveal th

improvements of the husbandry and ma

requirement is fundamental to drive improv

farmers should know how they can prevent 

actually improve the welfare of their animals 

First of all, the assessment should a

deficiencies in relation to a given population

system (welfare comparisons among group of farms)

et al., 2003b. For each category of welfare m

limits are placed on particular welfare conce

for further evaluations and intervention progr

to its peers (‘benchmarking’) is an important

to compete 
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5.4. Test-retest repeatability 
 

Measures taken on animals tend to be

variation. Inter-observer reliability was evalu

the WQ® protocol (Forkman and Keeling, 2

an adequate training and by merging severa

considered that this last option may lower the

effect, the variation of a measure may be owin

themselves. Test-retest repeatability measures the agreem

same subjects on at least two different occasions (Scott et al., 2001)

assessments over time is especially impor

assessment protocols are going to be u

 subject to variations. The observer can be a source of 

ated for the great majority of measures included into 

009). Inter-observer repeatability can be improved by 

l detailed scores into fewer categories. It should be 

 sensitivity of the measure. In addition to an observer 

g to fluctuations in the environment or in the animals 

ent between observations made on the 

. The repeatability of 

tant and constitutes a special case where welfare 

sed for certification purposes with infrequent assessments. In 

ill take place in longer intervals of supposedly more 

). The consistency of an assessment system over time 

 level. Thereafter, changes over a long period of time 

te), to changes in the management or resources of the 

farm, or be linked to the batch (animals) itself. The results of an assessment tool need to be 

representative of the long-term situation of a farm instead of being sensitive to changes that are 

insignificant for the welfare state of the animals (Knierem and Winckler, 2009). Thus, the 

consistency of a welfare assessment should be studied at different moments of the production cycle 

when no major changes on the farms occurred. Test-retest repeatability of the approach test in cattle 

(Lensink et al., 2003; Rousing and Waiblinger, 2004) with a number of days between has been 

assessed on farm. Winckler et al. (2007) assessed the consistency of several animal-based 

parameters for dairy cattle during five visits at two-month intervals on eight farms. The results of 

the previous studies showed a limited consistency of the majority of the measures. Results of test-

retest repeatability over a long period of time have not been undergone in growing pigs. 

The assessment of welfare should be quite separate from any ethical judgement but once an 

assessment is completed, it should provide information that can be used to take decisions about the 

ethics of a situation (Broom, 2010b). This thesis aims to evaluate the robustness of an overall 

welfare assessment system discussing the protocol from a descriptive and prescriptive point of 

view. It does not pretend to decide what should be considered as acceptable or not for the welfare of 

the animals. Either it seeks to provide an aggregation or scoring scale for reflecting the welfare of a 

farm. Besides depending on the robustness of the overall protocol applied at commercial level, this 

final step relies on the final application of the protocol and may be, at the end, highly dependent of 

ethical considerations. 

order to be cost effective, such assessments w

than six months (Knierem and Winckler, 2009

is studied at farm level instead of individual

may occur due to seasonal effects (e.g. clima



 

OBJECTIVES 

 

The general objective of this thesis is to evaluate and discuss the feasibility, validity and repeatability 

or growing pigs on commercial farms.  

 

aluate the feasibility of the welfare assessment system in intensive and extensive conditions. 

 

 

2. To evaluate the sensitivity of the Welfare Quality® assessment protocol to detect welfare variations 

between farms and between production systems. 

 

 

3. To assess the selectivity and contextual validity of the results obtained from the application of the 

welfare assessment system in different production systems. 

 

 

4. To evaluate the repeatability over a long period of time of the animal-based measures included in 

the Welfare Quality® protocol. 

 

 

5. To test the Welfare Quality® protocol as a tool to identify and prevent welfare problems at farm 

level. 

 

 

 

 

 

 

 

 

of the Welfare Quality® assessment protocol f

The specific objectives are as follows: 

 

 

1. To ev
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APPLICATION OF THE WELFARE QUALITY® PROTOCOL TO ASSESS 
GROWING PIGS KEPT UNDER INTENSIVE CONDITIONS IN SPAIN 

Based on Temple D, Dalmau A, Ruiz de la Torre JL, Manteca X, Velarde A 2011. 
Application of the Welfare Quality® protocol to assess growing pigs kept under 
intensive conditions in Spain. Journal of Veterinary Behavior 6: 138-149  



 

 



 

 

 

lfare Quality® protocol for growing pigs on farm. The 

otocol was evaluated on 30 Spanish conventional farms and a 

elfare problems was proposed. A total of 64,496 pigs was 

assessed based on 12 criteria related to the four welfare principles of good feeding, housing, health and 

appropriate behaviour. Good feeding, housing and health measures were scored at pen or individual level 

according to a three-point scale ranging from 0 (good welfare) to 2 (poor or unacceptable). Appropriate 

behaviour was assessed by means of scan sampling of social and exploratory behaviour, qualitative behaviour 

assessment and human-animal relationship test. The mean time for carrying out the full protocol was 6h20min 

± SD = 51min per visit. The between-farm variability of moderate and severe bursitis, manure on less than 

50% of the body (moderately soiled body), expression of social positive and negative behaviours and 

exploration allowed discrimination among farms. However, other animal-based measures, especially the ones 

related to the good health principle, presented very little variation that could be used to differentiate among 

farms. For each animal-based measure, confidence limits were estimated to make statistical inferences at 

population level. This methodology could be useful to identify farms with poor welfare conditions.   

 

 

Key words: animal-based measures, animal welfare, farm, growing pig, welfare assessment system, Welfare 

Quality® 

 

 

Running title: Welfare assessment on growing pig farms 

 

 

 

 

 

 

 

 

ABSTRACT 

 

 

This study is a first step in the validation of the We
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INTRODUCTION 
 

The Welfare Quality® project aims

consumers and European bodies regarding the welf

It was suggested that a protocol be create

measurements in an objective and scientific

poultry and pigs, although in the present pap

that welfare comprises physical and mental h

includes several aspects such as absence of 

stress and the expression of normal behaviou

of this general concept of animal welfare and

 to provide reliable and standardized information to 

are conditions within which animals are grown. 

d to assess animal welfare by integrating different 

 way. The protocols consider three species: cattle, 

er, only pigs are considered. It is generally accepted 

ealth (Webster et al., 2004; Dawkins, 2004) and that it 

thirst, hunger, discomfort, disease, pain and injuries, 

r (Farm Animal Welfare Council, 1992). On the basis 

 after an agreement was established among consumers, 

stakeholders, policy makers and scientists, Welfare Quality® has been defined using four main 

ding, ii) Good housing, iii) Good health and iv) 

ples is defined by a set of independent but 

) in turn characterized by one or various measures. 

ow well that animal is able to survive and to remain fit 

within the particular constraints of the husbandry system in which it lives (Whay et al., 2003), 

preference is given to animal-based measures in contrast to resource and management based 

measures. The decision on whether or not to select relevant measures is scientifically based and this 

choice is determined on the basis of validity, feasibility, and repeatability (Winckler et al., 2003). 

For that reason, each measure was studied for its independent validity to pig welfare and reliability 

between observers. Simple procedures to assess behaviour and to score lesions were defined and 

validated by various research groups through Europe (Courboulay and Foubert, 2007; Meunier-

Salaün et al., 2007; Dalmau et al., 2009).  Later, several selected measures were proposed and 

integrated into an overall assessment system for sows and piglets on farm, growing pigs on farm 

and finishing pigs at the slaughterhouse. In the present article, only those for growing pigs on farm 

are assessed. 

For the overall protocol to be feasible, it should require little input from the farmers, should 

be easy to perform in practical conditions and should require little time. The assessment systems 

used by the certification schemes already in place in Europe are mostly based on the checking of 

resources and management whereas the Welfare Quality® assessment emphases animal-based 

measures. Therefore, a first step of this study was to estimate the time required to perform the 

overall assessment. It also presents a descriptive analysis of several animal-based measures of the 

welfare assessment of intensively kept pigs on 30 Spanish farms as well as an evaluation of the 

sensitivity of the protocol, that is, its capacity to discriminate among intensive conventional farms. 

principles of animal welfare: i) Good fee

Appropriate behaviour. Each one of these princi

complementary criteria (Botreau et al., 2007

Since the animal’s welfare state depends on h

45 



Chapter  1 

Finally, it aims to propose a practical methodology to identify farms that are more likely to present 

mal-based measure. 

as tested on growing pigs kept under intensive 

conventional conditions on 30 farms in Spain. Selection of farms was based on management 

practices, farm size and veterinary records. The selected farm sample was considered representative 

ons of pigs r intensive conditions in Spain. All farms were conventional with 

an oduction system n concrete floor, including six farms with fully slatted floor; pigs 

entered the farms with an average weight of 19 ± SD =1.8 kg and left to be slaughtered at an 

average weight of 105 ± 2.9 kg.  Two farms included a post-weaning period, where piglets entered 

the farms weighing 5 kg. Age of the growing pigs during the survey ranged from 8 to 24 weeks old 

(mean ± SD = 16 ± 3.9; median= 15). The size of the farms ranged from 300 pigs to 9 400 pigs 

(Table 1). Pigs were kept in groups of an average of 14 animals (14 ± 4.5; 14), but on one farm 

some pens contained up to 42 animals. During the days of assessment, environment temperatures 

ranged from 16ºC to 28ºC. The Welfare Quality® protocol was assessed on nine farms by one 

observer and on 21 by another. To minimize differences between observers and to standardize the 

scores from the visits, observers were given identical training before the assessment.  

 

Table 1 Farm size relative to number of intensive pigs. 

 

Average number of pigs Number of farms 

poor welfare for a given ani

 

MATERIAL AND METHODS  
 

Farm sample 
 

The welfare assessment system w

of the conditi kept unde

 indoor pr  o

300 - 999 

1 000 - 1 999 

2 000 - 4 999 

> 5 000 

7 

10 

12 

1 
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Protocol for growing pigs  
 

 principles of animal welfare (Good feeding, good 

ur) that were subdivided into 12 independent criteria 

h one of these criteria, a set of measures were used, 

 studies (Table 2) 

(Velarde et al., 2007).  

t, general information related to the farm was recorded by means 

f a ha wered by the farmer as well as by visual inspection. The 

uest rded management, prevention of diseases, feeding, hygiene 

mana mperatu  castration routine, euthanasia criteria, and production and 

mort s. Aft ormation had been collected, the visit consisted of 

behavioural observation e assessment and scan samplings of social and 

explo r. F isit ended with the evaluation of animal-based measures related 

principles. The time needed to perform the different parts of 

the visit was recorded.  

Table 2 Recorded measures for the welfare assessment of growing pigs on farm. 
 

  Welfare Criteria Measures 

The protocol consisted of four main

housing, good health and appropriate behavio

(Keeling and Veissier, 2005). To assess eac

selected according to their validity, feasibility and repeatability in previous

At the beginning of the visi

o  questionnaire t t was ans

q ionnaire reco  information on 

gement, te re regulation,

ality record er the general inf

s by means of a qualitativ

ratory behaviou inally, the v

to the good feeding, housing and health 

 

Good feeding 1   Absence of prolonged hunger Body condition score 

  2   Absence of prolonged thirst  Water supplya 

Good housing 3   Comfort around resting Bursitis, absence of manure on the 
body 

 4   Thermal comfort Shivering, panting, huddling 

  5   Ease of movement Space allowancea 

Good health 6   Absence of injuries Lameness, wounds on body, tail biting 

 7   Absence of disease  
  

Coughing, sneezing, pumping,  
twisted snouts, rectal prolapse, 
scouring, skin condition, ruptures and 
hernias 

  8   Absence of pain induced  
     by management procedures 

Castration, tail dockinga 
  

Appropriate behaviour 9   Expression of social behaviours Social behaviour 

 10  Expression of other behaviours Exploratory behaviour 

 11  Good human-animal relationship Fear of humans 

  12  Positive emotional state Qualitative Behaviour Assessment  

aResource-based measures.  
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Animal-based measures of feeding, housing and health 
 

Feeding, housing and health measures

three-point scale ranging from 0 to 2. The as

awarded where welfare was good; a score of

some compromise on welfare; and a score of 

measure, the number of animals or pens sco

where a condition was either present or abs

(Table 3). The pigs of ten selected pens were asse

 were scored at pen or individual level according to a 

sessment scales were selected so that a score of 0 was 

 1, as when applicable and feasible, where there was 

2 where welfare was poor and unacceptable. For each 

red as either 1 or 2 was noted down. In some cases, 

ent, a binary (0: absent / 2: present) scale was used 

ssed throughout the farm. Pen locations were 

rgest view of it. As far as possible, all rooms were 

in a room was in proportion of the total number of pigs 

d in this sampling. Pigs were individually scored for 

n, bursitis, pig dirtiness (or manure on the body), 

 the body, tail biting, lameness, pumping (heavy and laboured breathing), twisted snouts, 

rectal prolapse, skin condition, and hernias. Shivering, panting and huddling measures were 

assessed before the observer entered the pen and by observing the whole group. Huddling was 

assessed only in resting animals, being assessed first, just before the animals began to stand up as a 

response to the observer presence. Coughs and sneezes were evaluated in 6 different points of the 

farm considering all the animals that could be seen and controlled from the corridor. To assess 

them, pigs were forced to stand up and subsequently observed for 5 minutes (Geers et al., 1989). 

The number of coughs and sneezes and the number of animal coughing and sneezing were counted; 

coughs and sneezes were considered separately.  

Then, all the other measures were scored from inside the pen because observations taken 

from the corridor resulted in under-evaluation of the number of lesions (Coubourlay and Foubert, 

2007). All these measures, except scouring, were assessed individually. Scouring was assessed 

directly at pen level, as the observer looked for areas with diarrhea in zones with fresh faeces inside 

the pen (Table 3). Wounds on the body, skin condition, pig dirtiness (moderately and severely 

soiled body) and bursitis were evaluated from only one side of each pig as there was no statistical 

difference in the amount of lesions and dirtiness scored on the right and left side of the animal 

(Coubourlay and Foubert, 2007).  

 

 

 

 

 

 

 

spread fairly within the farm so as to have the la

assessed and the number of animals sampled 

per room. Hospital pens were not considere

shivering, panting, huddling, body conditio

wounds on
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Table 3 Scoring scale for animal based- ing and health. 

n
m

Description 

measures of feeding, hous

A imal-based Score 
easures 

Bo  C h a good body condition dy ondition 0 Animal wit
  y condition: Animal with visible spine, hip and pin bones 
Bursiti 0 No evidence of bursae 

2 Poor bod
s 

 1 Moderate bursitis: one or several small bursae on the same leg or one 
a 

 ursitis: several large bursae on the same leg or one 
y large bursa or any eroded bursae 

Manure on the body

large burs
2 Severe b

extremel
 0 Less than 20% of the body surface is soiled 

 y soiled body: more than 20% but less than 50% of the body 
surface is soiled with faeces 

  ly soiled body: over 50% of the body surface is soiled with 
faeces. 

Hu li Pig lying with less than half of its body lying on top of another pig 

1 Moderatel

2 Severe

dd ng 0 
  Pig lying with more than half of its body lying on top of another pig 
Pan n reathing. 

2 
ti g 0 Normal b

  breath in short gasps. 
Shi r on of any body part 

2 Rapid 
ve ing 0 No vibrati

  2 Slow and irregular vibration of any body part, or the body as a whole 
Wo d
body 

0 If all regions of its body have up to 4 lesions un s on the 

 2 Severely wounded: when more than 10 lesions are observed on at 
least two body zones or if any zone has more than 15 lesions 

Tail biting 0 No evidence of tail biting; superficial biting but no evidence of fresh 
blood or of any swelling 

 2 Bleeding tail and/or swollen infected tail lesion, and/or part of tail 
tissue missing and presence of crust 

Lameness 0 Normal gait or difficulty in walking, but still using all legs; swagger of 
caudal body while walking; shortened stride 

 1 Severely lame, minimum weight-bearing on the affected limb 
  2 No weight-bearing on the affected limb, or not able to walk 
Pumping 0 No evidence of laboured breathing 
  2 Evidence of laboured breathing 
Scouring 0 No liquid manure visible in the pen 
 1 Areas in the pen with some liquid manure visible 
  2 All faeces visible inside the pen is liquid manure 
Skin Condition 0 No evidence of skin inflammation or discoloration 
 1 Localized skin condition: more than zero, but less than 10% of the 

skin is inflamed, discoloured or spotted 
  2 Widespread skin condition: more than 10% of the skin has an 

abnormal colour or texture. 
Hernias 0 No hernia/rupture 
 2 Bleeding lesions, hernias/ruptures and/or hernias/ruptures touching 

the floor 
Twisted snouts 0 No evidence of twisted snouts 
  2 Evidence of twisted snouts 
Rectal prolapse 0 No evidence of rectal prolapse 
  2 Evidence of rectal prolapse 
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Behavioural measures 
 

Appropriate behaviour was assesse

qualitative behaviour assessment (QBA) and 

Social and exploratory behaviour w

scored as either active or inactive. The 

d by means of social and exploratory behaviour, 

human-animal relationship (HAR) test. 

as assessed by means of scan samplings. Pigs were 

behaviours recorded from active pigs were as follows: 

positive social behaviour, negative social behaviour, exploratory behaviour and others (eating, 

drink (Fig ehaviour was divided into investigation of the pen and 

investigation of enrichment material (Figure 1). Before beginning the scan, the assessor entered the 

room re tha al ding up. The observation of all the animals was recorded 

five minutes later f ach pen was observed five consecutive times with a two 

is method, validated by Courboulay and Foubert 

(2007), was performed at three different observation points of the farm so as to give a good overall 

40 - 80 animals were observed from each point of 

 scans were started on an average at 12:00 noon. 

 

Figure 1 Recorded behaviours during the scan observations of pigs. 

 
 
 

The qualitative behaviour assessment (QBA) was carried out at six observation points per 

farm during a total of 15 minutes. The QBA uses descriptive terms with an expressive connotation 

to reflect animals’ experiences of a situation (Wemelsfelder, 2007). A rating scale was used to score 

pigs at group level based on 20 different terms: 1.Active, 2.Relaxed, 3.Fearful, 4.Agitated, 5.Calm, 

6.Content, 7.Tense, 8.Enjoying, 9.Frustrated, 10.Sociable, 11.Bored, 12.Playful, 13.Positively 

occupied, 14.Listless, 15.Lively, 16.Indifferent, 17.Irritable, 18.Aimless, 19.Happy and 

20.Distressed. The scale was of 125 millimetre long whose left side (or minimum) meant that the 

expressive quality indicated by the term was entirely absent in any of the pigs observed, and right 

ure 1). Exploratory bing, etc.) 

 to ensu t all anim s were stan

rom outside the pen. E

and a half minutes interval between two scans. Th

representation of the farm. Approximately, 

observation (120-180 animals in total) and the

 

“POSITIVE”: sniffing, nosing, licking 

NEGATIVE : aggressive behaviour or social 
behaviour with a response from the disturbed 
animal  

SOCIAL behaviours 

Expression of 
OTHER behaviours 

EXPLORATION 

ACTIVE 
pigs 

Pen: sniffing, nosing,  
licking part of the pen 
Enrichment  material 

OTHER: all active behaviours not cited above 
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side (maximum) indicated that the descriptors

using this scale on the basis of the number o

inten

 was  dominant across all pigs. Scoring was conducted 

f animals showing each one of the terms used and the 

sity of the behaviour registered in those animals. 

al Relationship (HAR) was evaluated according to the fear of human test 

validated by Courboulay and Foubert (2007). For this test, ten selected pens were tested throughout 

the farm. Each pen was assessed as a whole. Only two possibilities were considered for this test: 0 – 

ore than 60% of the animals in the pen showing panic 

 animals faced away from the observer or huddled in 

verall methodology of assessment can be found in the 

gs (2009). 

Statistical analyses were performed by means of the Statistical Analysis System (SAS® 9.1; 

software SAS Institute Inc., Cary, NC; 1991-2001). Between-farm variability for each animal-based 

measure was evaluated by means of non-parametric models (PROC GENMOD) considering the 

variable farm as a fixed effect. A binomial distribution was used for body condition, housing and 

health animal-based measures. For the count data, such as behaviours recorded in the social scan, 

and cough and sneezes, a poisson or negative binomial distribution was used on the basis of the 

value of the deviance (Cameron and Trivedi, 1998). Since the social scan included five consecutive 

scans for each observation point, the variability between the three observation points assessed 

(within–farm variability) was evaluated for each behaviour recorded. The residual maximum 

likelihood was used as a method of estimation and the least square means of fixed effects 

(LSMEANS) were used when analysis of variance indicated differences (P < 0.05).  

Considering that the farm sample was representative of the Spanish farm providing 

intensive conditions, confidence limits of the population were estimated for each measure by 

applying pseudo-liquelihood techniques similar to that introduced by Breslow and Clayton (1993). 

A logistic regression was used in a Generalized Linear Mixed Model (PROC GLIMMIX), where 

farm was considered as a random classification variable. Thresholds were defined for each measure 

establishing a confidence level of 0.80. Farms that presented prevalences higher than the upper 

confidence limit were detected. 

  

 

 

 

Human Anim

No panic response to human presence; 2 – M

to the human presence. Panic was defined as

the corner of the pen.  

More detailed information about the o

Welfare Quality® Assessment protocol for pi

 

Statistical analysis 
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RESULTS 
 

Duration of the protocol 
 

e me tim eq ed ap  the Welfare Quality® assessment was 381 ± 51 min (6 h 

 m  ra ing rom 15 in to 580 min. Table 4 summarizes the average time to 

e c  pa  of  a ssment. 

 

 different parts of the Welfare Quality® protocol. 

Mean SD Median Min Max 

Th an e r uir to ply

21 min ± 51 in) ng  f  3  m

accomplish th prin ipal rts  the sse

 

Table 4 Average time in minutes to record the

 

  

General information recording 72 33.0 60 30 200 

Questionnaire alone 37 10.3 35 25 60 

Qualitative Behaviour Assessment 30 5.5 30 20 45 

Scan sampling of behaviours 86 14.7 85 70 120 

Feeding, Housing, Health measures 130 22.9 125 100 170 

 

 

Animal-based measures of feeding, housing and health 
  

The average prevalence of the feeding, housing and health measures with the minimum and 

maximum value are shown in Table 5. The highest prevalence was found for moderate bursitis. 

Panting, shivering, huddling, wounds on the body, tail biting, lameness, pumping, hernia and 

scouring scored as 2 presented prevalences below 2%. Moreover, none of the pigs assessed on the 

30 intensive conventional farms from this study presented twisted snout or rectal prolapse. Table 5 

also illustrates within-farm variability showing the mean number of pens affected across farms. 

Some measures such as bursitis, cough and sneezes, skin condition and moderately soiled body 

could affect almost 100% of the pens assessed when present on a farm, resulting in low within-farm 

variability. Conversely, other measures such as tail biting or wounds on the body affected a lower 

number of pens (a maximum of 40% of the pens assessed) when present on a farm, thereby 

resulting in higher within-farm variability   

Moderate bursitis (Chi-square = 727.6; df = 29; P <0.0001), severe bursitis (218.7; 29; P < 

0.0001), moderately soiled body (537.4; 29; P < 0.0001), coughs (50; 29; P = 0.0094) and sneezes 
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(106.8; 29; P < 0.0001) demonstrated signi

farms using the logistic 

ficant variability to allow for discrimination between 

model.  Comparison between farms helped identify different prevalences 

 is given in Figure 2 for moderately soiled body. 

 body, huddling, panting, shivering, wounds on the 

ss, pumping, localized and widespread skin condition, 

d a prevalence and variability too low to allow 

ogistic model.  

Confidence limits were calculated for each measure to allow a practical detection of farms 

that are more likely to present a welfare deficiency for a particular measure, and to extrapolate at 

population level (Table 6). Pseudo-liquelihood estimates perform poorly in cases with binary 

repeated observations, with a relatively small number of observations available (Molenberghs and 

Verbeke, 2005). Estimations were seriously biased when applied to the binary measure scouring 

scored as 2. Therefore, confidence limits for this measure were not estimated. Given that an average 

of 130 animals were assessed by farm, one case of poor body condition, panting, lameness, 

pumping, or hernia observed within a farm would exceed the upper limit of normality established in 

this study. Using wounds on the body as an example and inferring at population level, four 

conventional farms from the survey would be detected as farms that were more likely to present 

poor welfare with regard to this measure, with a confidence level of 0.80 (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

for each of these measures. An illustration

Conversely, body condition, severely soiled

body, tail biting, moderate and severe lamene

both scouring scores and hernia presente

differentiation among farms by means of the l
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Table 5 Descriptive statistics obtained from the farm sample, of each animal-based measure from the 

iples goo ee g, u g  health. Results are expressed in percentage of animals 

Mean SD Median Min Max Proportion of 
pens affected 
across farms 

princ of d f din  ho sin and

affected in relation to the number of pigs assessed on each farm.  

 

 

Poor Body Cond n  0 0.37 0.0 0.0 1.5 0-20 itio .1 

Moderate bursiti 45 21.04 51.2 7.2 83.1 30-100 s .6 

Severe b is 4 5.66 2.0 0.0 22.9 0-90 

Moderatel oile ody 16. 13.43 17.2 0.0 43.4 0-100 

verely ed y 3 6.31 2.0 0.0 32.1 0-50 

ing   0 0.22 0.0 0.0 1.0 0-10 

0.00 0.0 0.0 0.0 0 

1.3 1.78 0.4 0.0 7.3 0-40 

Severely wounded  0.9 1.38 0.3 0.0 5.8 0-40 

ursit .4 

y s d b  6 

Se soil bod .7 

Pant .1 

Shivering   0.0 

Huddling 

Tail biting 0.9 2.02 0.0 0.0 8.1 0-30 

Lameness 1 (severe) 0.2 0.43 0.0 0.0 1.6 0-20 

Lameness 2 (no weight bearing) 0.2 0.45 0.0 0.0 1.8 0-20 

Pumping   0.1 0.25 0.0 0.0 0.8 0-10 

Twisted snout 0.0 0.00 0.0 0.0 0.0 0 

Coughsa 15.8 0.25 7.8 0 106.2 0-83 

Sneezesa 19.7 0.19 12.8 2.2 84.3 17-100 

Prolapse 0.0 0.00 0.0 0.0 0.0 0 

Pens with Scouring 1b 12.3 18.70 5.0 0.0 70.0 0-70  

Pens with Scouring 2b 0.3 1.83 0.0 0.0 10.0 0-10 

Localized skin condition  2.8 4.64 0.9 0.0 17.3 0-90 

Widespread skin condition 3.6 5.97 0.0 0.0 20.1 0-90 

Hernia 0.1 0.27 0.0 0.0 1.1 0-10 

aExpressed in percentage of coughs or sneezes emitted in relation to the number of pigs assessed. 

bExpressed in percentage of pens affected in relation to the number of pens assessed 
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Figure 2 Distribution of the mean prevalence of moderately soiled body in percentage of pigs affected per 

farm. Different letters indicate significant difference between farms (P < 0.05). 
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Table 6 Lower and upper Confidence Limits of the percentage of animals affected for each animal-

ciples. A confidence level of 0.80 was assumed.  

 Animal-base easu
 

lower CL upper CL 

based measure assessed within the four welfare prin

 

d m re 

Good feeding 
 
Poor Body C ition 0.02 1.07 ond
Good housing 
 
Moderate bu s 25.03 64.52 rsiti
Severe bursi 0.97 7.64 
Moderately s  bo 3.72 29.32 
Severely soil ody 0.60 6.61 
Panting  0.01 1.02 
Huddling  0.45 4.25 

tis 
oiled dy 
ed b

Good Health 
 
Severely wounded animal  0.22 2.42 
Tail biting  0.05 2.35 
Lameness scored as 1 0.02 1.17 
Lameness scored as 2 0.02 1.15 
Pumping  0.02 1.00 
Coughsa 4.25 29.76 
Sneezesa 8.15 30.29 
Pens with Scouring 1b 2.49 37.39 
Localized skin condition 0.32 5.12 
Widespread skin condition 0.14 6.28 
Hernia  0.01 1.09 
Appropriate Behaviour 
 
Active 56.56 78.98 
Positive social 8.01 15.88 

Negative social 3.55 7.14 
Exploration 24.80 39.01 

Other 41.25 59.89 
Pens with panic 2.34 32.89 

 
aExpressed in percentage of coughs or sneezes emitted in relation to the number of pigs assessed. 

bExpressed in percentage of pens affected in relation to the number of pens assessed. 
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Figure 3 Lower and upper limit of the mean percentage of severely wounded animals per farm. A 

confidence level of 0.80 was used to allow inference at population level.  

 

 

Behavioural measures 
 

Descriptive statistics of active, social and exploratory behaviours recorded are presented in 

Table 7. The average percentage of active pigs was 67.7%. Approximately 18% of active intensive 

pigs performed social behaviour and negative social interactions ranged from 1.5% to 14.6% of all 

active behaviours. 
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Table erc ge nim per ing the behaviours recorded during the scan sampling in 

tion  the mber activ igs erved in each farm, and percentage of pens with more than 

60% of the pigs showing a panic response, over the total of pens assessed.  

 

 Median Min Max 

7 P enta of a als form

rela  to  nu  of e p obs

  Mean SD

Active 67.7 12.51 68.9 47.3 89.1 

Positive social 12.2 5.1

Negative social 5.4 2.66

Exploration 31.3 8.0

Other 50.7 10.80 

Pens with panic 13.7 19.91 

2 10.8 3.2 26.9 

 4.8 1.5 14.6 

0 31.3 14.9 53.4 

52.5 28.8 66.3 

5.0 0.0 80.0 

 

 

Active behaviour (Chi-square = 200.81; = 29; P < 0.0001), social positive (172.0; 29;  P < 

0.0001) and negative (97.0; 29; P < 0.0001) interactions as well as exploratory (190; 29; P < 

0.0001) and other behaviours (212; 29; P < 0.0001) demonstrated significant variability to allow for 

discrimination between conventional farms applying the logistic model. Moreover, there was a 

significant difference ( P < 0.05) between the three observation points of the scan sampling on 20% 

of the farms assessed with respect to positive behaviour; on 30% of the farms with respect to 

negative behaviour; on 33% of the farms with respect to exploratory behaviour; on 37% of the 

farms with respect to “other” behaviours and on 70% of the farms with respect to the total of active 

behaviours. Confidence limits were estimated for the measures recorded on the social scan as well 

as for the human animal relationship test (Table 6). A representation of the sensitivity of a measure 

combined with the lower and upper inferred limit established by the threshold methodology is 

exposed for social negative behaviour in Figure 4. Farms that presented significantly higher 

occurrences of social negative behaviour applying the logistic model were also identified as farms 

with a higher probability of presenting poor welfare with regard to this measure, using the threshold 

methodology based on confidence limits.    

The mean length of the scale scored by QBA is shown in Table 8. Standard deviations of 

descriptors indicated certain homogeneity between farms using the same production system. 

However, ranges of descriptors – except for “distressed” - were wide; indicating that some farms 

differed from the others on the basis of the qualitative assessment. The evaluation of the variability 

between farms for the QBA could not be verified because of the complexity of the statistical model. 
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     Different letters indicate significant difference between farms (P < 0.05). 

 

Figure 4 Distribution of occurrence of social negative interactions among farms. Broken lines 

illustrate the lower and upper inferred limit for the occurrence of negative social behaviour, with a 

confidence level of 0.80.  
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Table 8 scriptive statistics of the qualitative behaviour assessment expressed in millimetres of the 

qualitat sse ent s e est she r each descriptor across farms.  

 

Descriptors Mean SD Median Min Max 

 De

ive a ssm cal abli d fo

Active 7 8.53 75.1 54.7 90.7  4.4 

Relaxe 5 12.67 60.7 25.5 73.3 

Fearfu 17 13.00 19.4 0.0 69.4 

Agitate 6 13.58 65.3 34.0 86.8 

Calm 5 14.11 58.3 25.9 83.3 

Conten 43 11.57 45.4 24.3 63.9 

Tense 38.9 25.92 26.0 6.9 93.5 

Enjoying 36.2 9.43 34.7 20.8 62.5 

Frustrated 29.4 12.29 26.6 11.1 63.9 

Sociable 66.4 19.04 63.9 29.4 95.8 

Bored 53.6 12.40 55.6 27.1 75.0 

Playful 35.6 13.31 37.5 15.3 66.0 

Positively Occupied 41.7 11.42 42.8 19.4 63.9 

Listless 17.7 8.93 16.6 1.4 38.9 

Lively 55.5 20.16 50.7 24.3 90.3 

Indifferent 68.4 19.76 69.4 22.9 97.2 

Irritable 43.2 20.85 37.7 9.7 94.9 

Aimless 50.1 15.81 49.5 24.5 98.8 

Happy 42.3 14.01 43.1 19.7 65.3 

Distressed 2.9 5.83 1.4 0.0 31.7 

d 6.8 

l .9 

d 6.4 

8.8 

t .1 
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DISCUSSION 
 

main objective of the present study was to evaluate the feasibility of the assessment 

g pigs as well as its capacity to discriminate among 

se a practical methodology that would allow for the 

en welfare measure. 

 should involve a short duration, be relatively easy to 

uld require little input from the farmers. The average 

col on growing pigs present on farm was 6 hours 20 

minutes. This may be considered to be an efficient system of welfare evaluation at farm level as it 

gives an accurate view of the compliance of a farm to the 12 criteria that constitute animal welfare. 

However, it may also be considered as excessively long in comparison with stakeholders’ 

requirements (producers, retailers, certification agencies etc.). In the future, so as to be compatible 

with the expectations of the stakeholders, strategies to reduce the time required to conduct the farm 

visit should be undertaken. The interview, the only part of the protocol that required the farmer 

participation, takes roughly 40 minutes ranging from 25 to 60 minutes depending on the interest 

shown by the farmers. In addition, there was a variation in the time taken to record general 

information because the time spent making schemes of each room was much longer on big farms, 

taking 200 minutes on the biggest one. Having a general design of these types of farms before the 

visit would probably shorten this part of the protocol. Farm size and the distance between buildings 

also affected the time required for the QBA, scan sampling of behaviours, and the recording of 

feeding, housing and health measures. The number of animals per pen and the density, the 

behaviour of the animals (frightened or not), the dirtiness of the pigs and the light intensity within 

the buildings are other examples of factors that might have influenced the recording time of feeding, 

housing and health measures.   

 

 

 

 

 

 

The 

protocol for assessing the welfare of growin

conventional farms. Also, it aimed to propo

detection of farms with poor welfare for a giv

  

Feasibility of the protocol 
 

To be feasible, the monitoring system

perform on commercial conditions, and it sho

time required for conducting the entire proto
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Feeding, housing and health animal-bas
 

Poor body co

ed measures 

ndition is the sole animal-based measure indicator of the good feeding 

uality® protocol. Its low sensitivity within the logistic 

iciency for prolonged hunger was expected under an 

gs are usually fed ad libitum. When reliant on natural 

nmental conditions would probably present a higher 

nditions, the variability and sensitivity of the protocol 

 severe bursitis) as well as moderately soiled body 

th faeces) allowed discrimination among intensive 

 resting” one of the most sensitive criteria. Moderate 

iled body can be considered more frequent problems 

hen present on a farm, these measures tended to affect 

in-farm variability while between-farm variability was 

 on concrete floor, other factors as the quality of the 

, 1999), and pig age (Gillman et al., 2008) can explain 

the high between-farm variability in the apparition of bursitis.  The prevalence of pigs with 

moderately soiled body (16.6 ± 13.4%) and severely soiled body (3.7 ± 6.3%) are similar to the 

prevalence reported by a survey of French farms with concrete floor which reported prevalence of 

13.6 ± 14.8% and 3.6 ± 8.9% for each score of pig dirtiness, respectively (Courboulay et al., 2009). 

This similarity demonstrates that the mean prevalence of pig dirtiness tended to be consistent within 

a same production system independent of the geographic localization of the farm. It might be 

possible that factors affecting resting as the proportion of slatted area within a pen would have a 

greater impact on the apparition of pig dirtiness than fluctuation of environmental temperatures. 

However, further research on the impact of risk factors on the prevalence of pig dirtiness is needed.  

Shivering, panting and huddling, which are animal-based indicators of thermal comfort, 

were either not present or shown prevalence lower than or close to 1%. On the days of assessment, 

temperatures ranged from 16ºC to 28ºC and appeared to be insufficiently extreme to induce 

shivering or panting in response to thermal environment. Huddling was more sensitive to thermal 

changes as compared with panting and shivering in the conditions found in the present study. It 

presented little dispersion of the data but its variability was increased by the presence of extreme 

values. According to the confidence limits established from the farms studied in this survey, a farm 

would be more likely to present a welfare deficiency when more than 4.2% of the animals assessed 

show huddling behaviour. 

With the exception of coughs and sneezes, all other measures of health presented very low 

prevalence and little variability. Interpretations of this result depend on the type of measure studied. 

principle considered by the overall Welfare Q

model in detecting farms with a welfare def

intensive production system within which pi

foraging, pigs raised on unfavourable enviro

incidence of poor body condition. In those co

about the good feeding principle is expected to increase.  

Both scores of bursitis (moderate and

(from 20 to 50% of the body soiled wi

conventional farms making “comfort around

and severe bursitis as well as moderately so

compared to all other measures. Moreover, w

a large number of pens, resulting in low with

high. Even if on all farms pigs were housed

concrete, stocking densities (Mouttotou et al.
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For example, some measures from the Welfa

present or absent, while others such as sever

been established all through their validation i

condition that is either present or absent, such

low prevalences indicate that there seems to 

Twisted snouts are characteristic of atrophic r

study of Danish herds (Petersen et al., 2008

respiratory rate caused by a respiratory disord

temperature. Therefore, the occurrence of pum

respiratory sign. Twisted snouts and pumping should 

deterioration of respiratory health. In contrast with these latter 

swine production units experience cases of r

of rectal prolapse were seen among the pigs

move to hospital pen pigs with rectal prolap

these pens were not included with the sample

of rectal prolapse or hernia on a farm assesse

an important health problem but also a seve

re Quality® protocol reflect a condition that is either 

ely wounded animals depend on a threshold that had 

n previous studies. Concerning measures that reflect a 

 as twisted snouts, pumping, rectal prolapse, or hernia, 

be no major health problem among the visited farms. 

hinitis and low prevalence as the 0.10% registered in a 

), are expected. Pumping results from changes in the 

er, a dysfunction of other organs or an increased body 

ping in pigs should be considered as a serious 

be considered as indicators of a severe 

two uncommon measures, most 

ectal prolapse (Straw et al., 2006). However, no cases 

 assessed in this study. Intensive pig farmers tend to 

se as well as pigs suffering severe hernia. However, 

 of pens assessed. Consequently, the presence of a case 

d by the Welfare Quality® protocol reflects not only 

re management problem, as affected pigs should be 

housed in hospital pens. Concerning health measures for which an applicable and feasible threshold 

had been established all through their validation in previous studies, such as severely wounded 

animals or lameness, the lack of sensitivity found in this survey might be unexpected as they are 

considered relatively frequent welfare concerns on intensive farms. The prevalence of wounded 

animals (0.9%) was consistent with the mean prevalence (0.5%) found by Courboulay et al. (2009) 

applying the same methodology. Using less restrictive scoring scales, other studies found much 

higher prevalences (Mullan et al., 2009, Whay et al., 2007). The number, severity and distribution 

of lesions considered in the scoring scale cause such differences. Therefore, to increase the 

sensitivity of the assessment of wounded animals without affecting the feasibility of its assessment, 

a scoring scale with a reduced number of scratches could be defined. The average prevalence of 

growing pigs with lameness (0.4%) was lower than the average prevalences found in other studies 

(Petersen et al., 2004, van den Berg et al., 2007). In comparison with these studies, moderate 

lameness was not recorded. Lameness was considered a reliable measure when pigs were 

individually taken out to a passage way and scored on a four-point scale in which moderate 

lameness was registered (Geverink et al., 2009). Nevertheless, as letting pigs out of the pen was not 

feasible in commercial conditions; moderate lameness was not taken into account because of the 

difficulty in evaluation from inside the pen.  In the slaughterhouse, the prevalence of moderate 

lameness was 2.8% (Dalmau et al., 2009), comparable to results obtained by van den Berg et al. 

(2007), and 0.2% severe lameness, that were comparable to those encountered in the present study. 
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Thereafter, the assessment of lameness seems to be accurate but not very sensitive for feasibility 

 that all behaviours recorded on the social and 

tive behaviours, thus excluding resting pigs. The 

 high variability between farms and a significant 

same farm. This observation highlights the importance 

ctive behaviours and not as a percentage of total 

corded in this study were very similar to the values 

rding to these authors, positive and negative social 

% of all active behaviour, respectively, whereas 

 were recorded in the present survey. This similarity 

g methodology.  

onventional farms was found for positive and 

negative social behaviours. This variability between farms may result from the interaction of several 

factors. The extent of negative behaviours such as aggressions is mainly affected by management 

methods and design of the housing system. Potential sources of aggression include crowding on 

limited available space, access to a limited resource, mixing of unacquainted animals (Ewbank and 

Bryant, 1972; Kelley et al., 1980; Erhard et al., 1997). However, several other factors inherent to the 

animals, such as the age (Courboulay et al., 2009), the castration status (Fredriksen et al., 2008), and 

the breed (Breuer et al., 2003) may also contribute to differences among farms with respect to the 

expression of negative behaviour. Therefore, a combination of environmental-based factors and 

characteristics of the animals assessed contribute to the outcome of social behaviour. The respective 

impact of each factor on social behaviour is difficult to identify. The quantification of the variability 

between scan points should reveal the effect of environmental factors on the expression of social 

behaviours as influencing factors linked to the animals tended to be the same within a farm. For 

example, the majority of Spanish conventional farms follow an “all in all out” management; 

therefore, the age of the pigs during the day of survey was the same for all the animals. Also, on a 

same farm all the pigs were either castrated or not and of the same breed. Significant differences 

between scan points of negative social behaviour were seen on 30% of the farms. Consequently, 

each room within a farm represents a unit with specific combination of environmental factors that 

affected the expression of social behaviours. The methodology of assessment of social behaviours is 

not only sensitive to between-farm differences but also to within-farm influencing factors. 

reasons. 

 

Behavioural measures 
 

Emphasis must be given to the fact

exploratory scan were expressed as the total of ac

percentage of active behaviours showed a

variability between observation points of the 

in expressing behaviours as the total of a

behaviours.  

Occurrences of social behaviours re

reported by Courboulay et al. (2009). Acco

behaviours accounted for 12.7% and 2.8

corresponding occurrence of 12.2% and 5.4%

emphasizes the reliability of the scan samplin

A significant variability among intensive c
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Therefore, possible causes of variability should be studied not only at farm level but also at room 

s of confidence limits from the farms surveyed, a farm 

ctions would be considered as more likely to present a 

ciency with regard to social negative behaviour. The threshold established by means of 

ost significantly different farms of this survey.  

nces between intensive conventional farms in the 

nipulative materials increases the occurrence of 

, in this study, only 8% of the pens surveyed provided 

ronmental variables as the type of floor, feeding 

e presence of suitable rooting material in the 

ll these factors may explain the variability in the 

) test aims to detect the fear response of the animals 

toward human beings. The variability of this measure was too low to fit with the logit model 

proposed in this study. However, inferences can be made by means of confidence limits at 

population level. Using this method, a farm with more than around 30% of pens housing pigs 

showing a panic response should be considered as more likely to obtain a welfare deficiency for the 

fear of human criteria. Fear of humans is largely determined by the way stockpeople interact with 

their animals (Hemsworth et al., 1989). However, there are other important factors linked to the 

animal itself such as age (Dalmau et al., 2009) or genetic background (Boissy, 1995), and even 

factors linked to the environment such as the space allowance, which might affect the fear response 

of the animals toward the observer and therefore these factors should be taken into consideration 

when interpreting the results from the HAR test.  

The qualitative behaviour assessment (QBA) may serve as an integrative methodology that 

could guide the interpretation of the quantitative assessment of behaviours of the scan observations. 

This approach deals with the complex notion of “quality of life” that reflects a dynamic approach, 

which inquires as to what animals like or prefer doing and what opportunities they have to fulfil 

these interests (Wemelsfelder, 2007). Several descriptors presented wide ranges indicating that 

differences between conventional farms might be identified. Nonetheless, these observations could 

not be verified because of the complexity of the statistical model.  

 

 

 

 

 

level.  

Inferring at population level by mean

presenting more than 7.1% of negative intera

welfare defi

confidence limits allows the detection of the m

There were also significant differe

frequencies of exploration. Providing ma

explorations (Studnitz et al., 2007). However

tires, fixed chains or other material. Other envi

management, novelty (Studnitz et al., 2007), and th

pens may stimulate the pigs to explore. A

occurrence of exploratory behaviour. 

The human-animal relationship (HAR
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CONCLUSIONS 
 

Many animal-based measures assess

growing pigs on-farm present high variab

ed within the Welfare Quality® protocol applied to 

ility and allow for discrimination among intensive 

ariability are difficult to interpret, especially for 

risk factors identification should be undertaken. Next, 

the methodology proposed to identify farms with a particular welfare problem appears to be useful, 

lly for animal-based measures that present low prevalence. This methodology does not 

as good or bad welfare but allows a practical detection 

ven welfare deficiency. Finally, the overall protocol is 

s and requires little input on the farmers. However, it 

involves an average time of 6 hours and 20 minutes per visit.  

Assessment of farms from different production systems is necessary to increase the 

sensitivity of animal based measures from the protocol as well as to establish thresholds on a farm 

sample more representative at European level, and to evaluate the feasibility of the overall protocol, 

especially in extensive conditions.  
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THE WELFARE OF GROWING PIG
 ASSESSMENT OF FEEDING AND HOUSING 

S IN FIVE PRODUCTION SYSTEMS: 

Based on Temple D, Courboulay V, Manteca X, Velarde A, Dalmau A 2012. 
The welfare of growing pigs in five different production systems: assessment of 
feeding and housing. Animal 6: 656-667 

 



 

 



 

 

 

riod to assess the welfare of growing pigs in five different 

in Spain using the Welfare Quality® protocol. This study 

f “good feeding” and “good housing”. Multiple Generalized 

ear Mixed Models were performed for each measure to evaluate differences between production systems 

and to detect possible causal factors. Pigs in the conventional system presented the lowest prevalence of poor 

body condition while extensive Mallorcan Black pigs and extensive Iberian pigs were associated with a 

decreased prevalence of bursitis and pig dirtiness. The straw bedded system presented a lower prevalence of 

bursitis but poorer hygiene and more susceptibility of poor body condition than the conventional system. The 

age of the animals had a significant effect on the appearance of bursitis in the three intensive systems studied. 

The type of floor was a significant causal factor of bursitis and pig dirtiness in the conventional system and 

among intensive Iberian pigs. The feeding system was another causal factor of pig dirtiness on more than 50% 

of the body in the conventional system whereas pig dirtiness on less than 50% of the body was influenced by 

the age of the animals. The prevalence of huddling animals in the conventional system was associated with 

the highest stocking densities and the lowest environmental temperatures. The results indicate that there were 

important differences between production systems based on animal-based indicators of the good feeding and 

housing principles. The recording of the age of the animals, type of floor, feeding system, stocking density and 

environmental temperature can be useful to predict the appearance of a given welfare measure of “good 

housing” on a farm. 

 

 

Keywords: animal welfare, housing systems, growing pig, causal factors 
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IMPLICATIONS 

 

Animal-based observations give the most direct insight into how animals are coping within 

their own environment, but it is essential that farmers understand their significance. A welfare 

essment system should provide information to assess and compare the relative strengths and 

entify which factors are the main sources of 

m. Besides being fundamental in an intervention 

 existence of possible confounding factors that should 

isinterpretations. This study presents a descriptive 

cience across countries.  

lfare of pigs in different production systems. Since the 

concrete floors and relatively high stocking densities 

y predominate throughout Europe. Recently, consumer 

concerns about animal welfare lead to an increasing interest for alternative production systems. 

Special attention has been given to the straw bedded system as straw is considered as one of the 

most appropriate ways in intensive conditions to meet the behavioural need of the pigs (Directive 

91/630/EEC). Several studies have been conducted to compare the welfare of growing-finishing 

pigs in either conventional system or straw bedded accommodation (Lyons et al., 1995; Scott et al., 

2006; Courboulay et al., 2009). Both systems show advantages and disadvantages that should be 

focused specifically in each production system. The proportion of farms using housing with straw 

bedding varies widely between countries. At present, around 7 % of growing pigs in France are 

housed on straw bedding while very few Spanish farms use deep litter systems for its a priori 

incompatibility with high environmental temperatures and limited availability of the material. 

Parallely, an increasing attention is given to outdoor production systems, which are usually found in 

specific locations. Mallorcan Black pigs and Iberian pigs represent approximately 15% of the 

overall population of growing pigs in Spain and are found in specific areas of the country. In both 

systems, pigs are reared extensively; still, noticeable differences between those two systems are 

seen in the way the animals are fed and managed (Jaume and Alfonso, 2000; Rodríguez-Estévez et 

al., 2009). Currently, Iberian pig system has greatly intensified leading to a reduction of the 

production cycle and the systematic use of fodder. Intensive Iberian pigs are housed in a wide 

variety of accommodations ranging from indoor slatted pens to outdoor paddocks. Such 

intensification is generally associated to a decrease in animal welfare; however much knowledge 

ass

weaknesses of a production system, as well as to id

variation within a given production syste

programme, a risk assessment can reveal the

be taken into consideration to prevent m

epidemiological approach in animal welfare s

 

INTRODUCTION 
 

Many studies seek to compare the we

Green Revolution, conventional farms with 

displaced more traditional systems and greatl
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still remains to be transferred, especially in

Giraldo, 2006).  

Despite a general interest to compare

on commercial farms across countries. On

information that makes reliable the comparis

protocols provide the tool that makes poss

standardized way by observers that received a

 the Iberian pig sector (Aparicio Tovar and Vargas 

 production systems, few studies have been developed 

e of the main reasons is the lack of harmonized 

on of data from different sources. Welfare Quality® 

ible the assessment of farms through Europe in a 

n identical training. Moreover, the assessment system 

ariety of farming systems (Blokhuis, 2008). Welfare 

f animal welfare: i) Good feeding, ii) Good housing, 

ach of these four principles comprises several 

treau et al., 2007) in turn characterized by one or 

 animal-based measures for being more valid when 

o its attempts to cope with its environment (Capdeville 

and Veissier, 2001; Whay et al., 2003). Animal-based measures give an indication of the 

rtain moment of the production cycle. Nonetheless, 

he provision of advice on the prevention of a welfare 

 deficient welfare. It is accepted that the most valid 

assessment of welfare is obtained combining both types of measures (Johnsen et al., 2001).  

In addition to the comparison between production systems, much attention has been given recently 

to the study of risk factors in animal welfare (Smulders, 2009). Within a same housing system, 

farms can differ for many welfare indicators and intra-farm variability may also be high 

(Courboulay et al., 2009; Temple et al., 2011). Even though a given housing system may constitute 

a risk factor for the welfare of the animal by itself; possible explanations should be given to 

understand differences between farms from a given production system. Some variables may 

represent a risk in all production systems while other ones simply make no sense in a specific 

system. Those causal factors can be useful to offer proper advice to farmers to improve the welfare 

of their animals. Key causal factors can also give an estimation of which type of welfare problem 

are more likely to appear on a given farm. The visit could then be focused on the target animal-

based measures. Finally, identification of possible causal factors may reveal possible confounding 

factors.  

“Good feeding” and “housing” are the first two principles contemplated by the Welfare 

Quality® protocol. “Good feeding” includes the absence of prolonged hunger and absence of 

prolonged thirst while “good housing” refers to three criteria: comfort around resting, thermal 

comfort and ease of movement. Poor body condition represents a valid and feasible indicator for 

malnutrition or under nutrition. Dehydration could not be defined in terms of animal-based 

measures into the Welfare Quality® project for its lack of feasibility. Several animal-based 

measures indicators of housing have been selected for their validity and repeatability in pilot 

should be applicable and valid in a wide v

Quality® contemplates four main principles o

iii) Good health and iv) Appropriate behaviour. E

independent but complementary criteria (Bo

various measures. Preference was given to

measuring the state of the animal as regards t

performance of a husbandry system at a ce

resource-based factors are still essential for t

problem and on the evaluation of the risk of
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studies. Bursitis has been widely studied either in epidemiological surveys (Mouttotou et al., 1999; 

Gillman et al., 2008) or in experimental conditions (Lyons et al., 1995; Scott et al., 2006). 

red between different types of flooring (Courboulay et 

affect excretory behaviour as well as lying behaviour 

ns (Geers et al., 1986; Hacker et al., 1994). However, 

as it happens for huddling behaviour, pig dirtiness has been little studied under commercial 

s.  

This paper reports part of a welfare assessment study carried out on a sample of commercial 

farms from five different production systems of growing pigs by a team of French and Spanish 

 should be considered as good or bad welfare. Instead, 

tcomes and possible causal factors on a wide variety of 

 the basis of hypotheses that could be tested in future 

lity® protocol was applied on 91 farms and the results 

ples are presented in this paper. 

MATERIAL AND METHODS 
 

Farm selection and housing systems 
 

A total of 91 farms of growing pigs were assessed applying the Welfare Quality® protocol 

over a two year period (2007-09). Sixty one of these farms were evaluated in Spain and 30 in 

France. Selection of farms was based on management practices, farm size and veterinary records. 

Farm sampling concerned the main production systems of growing pigs found whether in France or 

in Spain. Intensive systems included 52 Spanish and French conventional farms with concrete floor, 

eight straw bedded farms in France and 10 intensive farms of Iberian pigs in Spain. Extensive 

systems included 11 Iberian extensive units and 10 extensive Mallorcan Black pig exploitations. 

Data were collected on the feeding system (liquid feed in trough, dry hopper, wet feed hopper, 

turbomat, dry food on the ground, on pasture), average environmental temperature and on the type 

of floor (fully slatted floor, partly slatted floor, solid concrete floor, straw or sand). All fully slatted 

floors were concrete slatted floors. Space allowance was calculated taking into account the length 

and the width of the pen or paddock in relation to the number of animals housed in that pen or 

paddock.  

 

 

 

Prevalences of pig dirtiness have been compa

al., 2003; Scott et al., 2006) and factors that 

have been identified under controlled conditio

condition

researchers. It does not pretend to define what

it presents a description of several welfare ou

farms. Such a descriptive approach may form

explanatory studies. The overall Welfare Qua

from the “good feeding” and “housing” princi
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Sampling of animals 
 

On each intensive farm, 10 pens of growing pigs were randomly selected. If there were less 

hereas if there were more than 15 pigs in the pen, 15 

were arbitrarily selected. Pigs were categorized into three growing stages: 

irst growing stage: at the beginning of the growing process (less than 90 days old). 

ge: mid growing period from 90 to 130 days old.  

f the growing process and before leaving to the 

 old).  

nsive pigs, a fourth category included pigs older than 

pigs were surgically castrated or not were also taken 

pigs from 530 pens were assessed. On the day of 

assessment, pig age ranged from 29 days old to 180 days old (SD = 34). Among pigs kept on 

concrete floor, 64% were housed on fully slatted floors and 36% on partly slatted floor without 

bedding. Space allowance ranged from 0.20 to 1.56 m2 per pig (median = 0.68, Q1 = 0.58, Q3 = 

0.75). As for the feeding system, 22% of the pigs were liquid fed in trough two to four times a day, 

38% were fed by dry hopper ad libitum, 37% by wet feed hopper ad libitum  and 3% by turbomat 

once or twice a day. Finally, environmental temperatures ranged from 16 to 29ºC (median = 23, Q1 

= 21, Q3 = 25). French and Spanish conventional systems were considered as the same production 

system; however some differences in the distribution of several environmental variables should be 

considered. More than 90% of concrete floors on French farms were fully slatted floors; liquid 

feeding system in trough was only seen in France; and all the temperatures were recorded above 

21ºC in France. 

In the straw bedded system, 1 110 pigs of an average of 112 days old (SD = 42.0) ranging from 41 

days old to 194 days old, were assessed in 74 pens. Space allowance ranged from 0.3 to 3.0 m2 per 

pig (median = 1.2, Q1 = 0.7, Q3 = 2.9). 19% of the animals were liquid fed in trough, 59% were fed 

by dry hopper and 22% by wet feed hopper. Feed allowance was the same as in the previous 

production system. In straw bedded pens, environmental temperatures ranged from 15 to 40ºC 

(median= 23, Q1 = 20, Q3 = 24). This system was assessed only in France. 

A total of 1 255 Iberian pigs kept in intensive conditions were evaluated in 58 pens or paddocks. Pig 

age ranged from 37 days old to 280 days old (SD = 80). 16% of intensive Iberian pigs were housed 

than 15 pigs in a pen all pigs were assessed, w

 F

 Second growing sta

 Third growing stage: at the end o

slaughterhouse (from 130 to 180 days

Among intensive Iberian pigs as well as exte

180 days old. Information on whether male 

into account. 

 

Pig and pen characteristics 
 

A total of 11 647 pigs from 719 pens or paddocks were evaluated. 

In the conventional system, 7 030 
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on fully slatted floors, 18 % on partly slatted floors without bedding, and 47% on concrete floor 

tdoor access, and 19 % housed in outdoor paddocks on 

from 0.30 to 5.4 m2 per pig (median = 1.4, Q1 = 0.8, 

libitum by dry hopper (86%) or by trough (14%). 

o 24ºC (median = 22, Q1 = 19, Q3 = 23). This system 

s of an average 250 days old (SD = 97) ranging from 

s old were assessed in 31 different paddocks. The average space allowance 

per pig was 430 m2 (SD = 578). On the days of assessment pigs were supplemented with fodder as 

the availability of natural resources was insufficient. Supplementation was given manually once or 

a trough (26%) or dry hopper (19%). The Mallorcan 

Black pig production system was the second extensive system assessed. A total of 824 Mallorcan 

k pigs of an average 220 days old (SD = 100) ranging from 75 days old to 405 days old were 

 allowance per pig was 692 m2 (SD = 818). All pigs 

were on pasture and were supplemented with household refusals, bran, legume seeds, cereals and 

figs. Supplementation was done manually, once or twice a day, whether on the floor (18%) or in 

per (47%). The remaining 5% were entirely reliant on 

pasture. During the days of assessment, the average environment temperature was 18ºC and 25ºC in 

extensive Iberian and Mallorcan Black pigs, respectively.  

 

Measurements 
 

Assessments were performed by four observers, two of them in Spain and the other two in 

France. In order to minimize difference between observers and to standardize the scores from the 

visits, observers followed the same training prior beginning the assessment. 

 

Poor body condition 
Pigs were visually examined in the pen and any pig with a poor condition (visible hip bones and 

backbone) was counted. The assessment was done as follows: 0 – No visible hip bones and 

backbone; 2 – Visible hip bones and backbone. 

 

Bursitis 
Bursitis was visually examined from a maximum distance of one meter from the animal. Only one 

side of the animal was inspected. Each animal was considered using the following individual scale: 

0 – no evidence of bursa/swelling; 1 (moderate) – one or several small bursa (comparable in size to 

with whether a resting area on straw or an ou

deep sand or straw. Space allowance ranged 

Q3 = 2.6).  All the pigs were dry fed ad 

Environmental temperatures ranged from 12 t

was assessed only in Spain. 

Under extensive conditions, 1 428 Iberian pig

42 days old to 420 day

twice a day whether on the floor (55%) in 

Blac

evaluated in 24 paddocks. The average space

trough (30%) and given ad libitum in dry hop
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a grape; 1.5 - 2.0 cm) or one large bursa (comparable in size to a walnut; 3.0 - 5.0 cm diameter); 2 

 large bursa (comparable to a tangerine; 5.0 - 7.0 cm 

ned as how soiled the pig was with faeces. Only the 

as assessed; pigs soiled with mud were not considered as dirty. Only one side 

e three categories were: 0 – less than 20% of the body 

) – more than 20% but less than 50% of the body 

led body) – more than 50% of the body surface was soiled.  

dling, shivering and panting 
resting animals, just before the animals began to stand 

his measure was assessed visually from the corridor. 

ying with more than half of its body in contact with 

he other. It was not considered huddling when an 

individual was just side by side besides another animal. 

Shivering was defined as the slow and irregular vibration of any body part, or the body as a 

whole. This measure was assessed visually from the corridor and considered for each animal 

assessed as present or absent.  

Panting was defined as a rapid breath in short gasps. This parameter was assessed visually 

from the corridor and considered for each animal assessed as present or absent. 

 

More detailed information about the overall methodology of assessment can be found in the 

Welfare Quality® Assessment protocol for pigs (2009). 

 

Statistical Analysis 
 

The pen or paddock was the experimental unit. Data were expressed as the number of 

animals affected out of the number of animals assessed in each unit. To account for possible 

dependence between observations on pens from the same farm, random farm effects were included 

into the model. Data were also clustered at pen level and modelled for over-dispersion. Multiple 

Generalized Linear Mixed Models for binomial data were performed separately for each welfare 

measure using the GLIMMIX procedure of the SAS statistical package Version 9.1 (SAS Inst.Inc., 

(severe) – several large bursa, or one extremely

diameter), or any eroded bursa. 

 

Pig dirtiness 
Pig dirtiness (manure on the body) was defi

presence of manure w

of the body of individual pig was assessed. Th

surface was soiled; 1 (moderately soiled body

surface was soiled; 2 (severely soi

 

Hud
Huddling was the first measure done, only in 

up as a response to the observer presence. T

Huddling was considered when a pig was l

another pig and any part of the body was in top of t
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2002, Cary, NC, USA). Residual pseudo-likelihood was used as estimation technique (Wolfinger 

and O’Connell, 1993).  

farm (i) + v pen (i) 

where y is the number of animals affected, n the number of animals assessed, β0 the intercept, β k 

 the causal factors, and u farm and v pen are the residual 

are the five production systems of growing pigs: 

tensive Mallorcan Black pig, extensive Iberian. 

models were developed for each intensive system to 

type of floor, the feeding system, the growing stage, 

e. At the expense of throwing away information, these 

two last continuous variables (density and temperature) were converted into categorical variables by 

id strong assumptions about the linear relation between the outcome 

measure and the causal factor (Altman et al., 1994). Causal variables were entered into the model as 

fixed effects.  

Statistical analyses consisted of initial univariable screening to determine variables 

statistically associated with each welfare indicator. Variables were taken forward for multivariable 

analysis when significant at P < 0.2 (Dohoo et al., 2009). Where variables were highly correlated 

(PROC SPEARMAN) or showed a strong association (PROC FREQ with the CHISQ option), the 

most biologically plausible variable was selected for inclusion in the final model. Stepwise 

backward selection was performed to identify the variables that had a significant association (P < 

0.05) with the outcome measure. The country effect was considered into each model of the 

conventional system. When the country effect vanished in the analysis while other factors were 

added to the model, “country” ceased to be an interest as a separate factor. Observer effect was also 

included into each final model and taken out when it did not alter the interpretation of fixed effect. 

The ratio of the generalized chi-square statistic and its degrees of freedom was considered to check 

how well the variability in the data had been properly modelled and that there was no residual over-

dispersion. Goodness of fit was also assessed visually by means of standardized Pearson residuals 

(Lee et al., 2006). When data did not allow a proper modelling, identification of causal factors was 

not done. 

Spearman correlation coefficients were calculated to investigate the association between the 

different animal-based measures from the good housing principle. 

 

 

The general form of the model was: 

 

Logit (y/n) = β0 + β1 X 1 i + …+ β k X k i  + u 

 

the regression coefficient predictors, X k i  are

variances of the random effects.  

First, models were built to comp

conventional, straw bedded, intensive Iberian, ex

Then, to avoid misinterpretations, separate 

identify possible causal factors such as the 

stocking density and environment temperatur

means of quartiles to avo
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RESULTS 
 

bl v s n r ording to the production system studied, for each 

es of Welfare Quality® 

Anim e ur

Ta e 1 Pre alence  and sta dard e rors acc

animal-based measure of the good feeding and housing principl

 

al-bas d meas e Conventional Straw bedding Intensive 

Iberian  

Extensive Extensive 

Mallorcan Iberian  

Black pig 

Poor body condition 0.4+/- 0.14b 0.9+/- 0.31a 0.9+/- 0.38ab 1.9+/- 0.75a 1.0+/- 0.58ab 

Moderate bursitis 43.5+/- 1.01a 3.8+/- 0.62bc 14.4+/- 2.20b 2.1+/- 0.74c 7.3+/- 0.98bc 

Severe bursitis 7.8+/- 0.53a 0.2+/-

Moderately soiled body 23.5+/- 1.06

 0.13b 1.7+/- 0.68b 0.0+/- 0.00 0.3+/- 0.22b 

- 2.62a 9.6+/- 2.16a 0.3+/- 0.20b 0.9+/- 0.62b 

Severely soiled body 5.3+/- 0.60b 15.6+/- 2.65a 10.7+/- 3.76ab 0.1+/- 0.04c 0.7+/- 0.56c 

Huddling 3.5+/- 0.60 1.9+/- 0.84 0.0+/- 0.00 0.0+/- 0.00 0.0+/- 0.00 

Shivering 0.0+/- 0.00 0.1+/- 0.11 0.0+/- 0.00 0.0+/- 0.00 0.0+/- 0.00 

Panting 0.2+/- 0.07 0.7+/- 0.27 0.0+/- 0.00 0.9+/- 0.54 0.0+/- 0.00 

a 30.8+/

Values within rows with different letters are significantly different  

 

 

Poor body condition 
 

Differences in the prevalence of poor body condition between production systems 
Prevalences of poor body condition among pigs from different production systems are 

shown in Table 1. There was an increased prevalence of poor body condition in pigs in the straw 

bedded system and extensive Mallorcan Black pigs compared with pigs in the conventional system 

(Table 2).  
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T tic-regression model of poor body condition of growing pigs for production system able 2 Logis

 

System OR CI 

Con tiona 1  ven l 

Straw bedded 6.3 1.8, 22.3 

Intensive Iberian  2.3 0.6, 8.6 

Extensive Iberian  1.7 0.4, 6.4 

Extensive Mallorcan Black pig

Random effect 

 4.3 1.2, 15.9 

Estimate SE 

Farm 2 0.5 

Pen 0.75 0.04 

 Intercept coefficient= - 6.2 

  Odds ratios (OR); 95% confidenc

 

Prev

e intervals (CI); standard errors (SE) 

alences associated with poor body condition 
Among extensive Mallorcan Black pigs, the highest prevalence of poor body condition was 

recorded in pigs entirely dependent on pasture (3%) while pigs supplemented with cereals in trough 

showed the lowest prevalence (0.4%). In the straw bedded system, pigs that finalized their growing 

period presented the lowest prevalence of poor body condition (0.1%). Prevalence and variability of 

poor body condition were considered insufficient to undergo a correct modelling for this measure to 

detect possible causal factors. 

 

Bursitis 
 

Differences in the prevalence of bursitis between production systems 
Prevalences of moderate and severe bursitis among pigs from different production systems 

are shown in Table 1. Pigs on conventional farms presented the highest prevalence of moderate 

bursitis while extensive Mallorcan Black pigs presented the lowest prevalence. Considering severe 

bursitis, pigs housed on conventional farms presented the highest prevalence. None severe bursitis 

was registered among extensive Mallorcan Black pigs. The odds of having a severe bursitis was 

estimated as being 42.1 times greater in pigs housed in the conventional system than in extensive 

Iberian pigs (Table 3).  

  

 



 

 

Table 3 Logis ate a re bur s well as for both types of pig dirtiness (moderate and severe soiled body) for production 

syste rowing pig

 

de urs  a Severe bursitis b 
Moderately  

soiled body c 

Severely 

 soiled body d 

tic-regression models of moder nd seve sitis a

m of g s 

 
Mo rate b itis

System OR CI OR CI OR CI OR CI 

Extensive Iberian 1  1  1  1  

Conventional 10.6 4.8, 23.3 42.1 4.3, 413.0 56.5 7.9, 403.9 11.7 1.2, 112.6 

Straw bedded 0.6 0.3, 1.8 1.0 0.1, 25.5 67.0 8.1, 549.2 39.6 3.3, 472.9 

Intensive Iberian 1.4 0.5, 4.1 6.2 0.5, 82.9 21.1 2.4, 185.6 20.7 1.7, 247.2 

Extensive Mallorcan 

Black pig 
0.3 0.1, 1.1 - - 1.0 0.1, 23.8 0.4 0.01, 62.6 

Random effect Estimate SE Estimate SE Estimate SE Estimate SE 

Farm 0.6 0.1 1.2 0.3 1.2 0.3 1.0 0.2 

Pen 1.5 0.1 1.2 0.1 2.7 0.1 2.7 0.1 

 a Intercept coefficient= -2.7   
                                   b Intercept coefficient= - 2.9 
                                   c Intercept coefficient= - 5.4  
  d Intercept coefficient= -5.7  

                                   Odds ratios (OR); 95% confidence intervals (CI); standard errors (SE) 
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Prevalences and possible causal factors associat
In the conventional system, prevalen

ed with moderate and severe bursitis 
ce of moderate and severe bursitis varied by growing 

stage, stocking densities and type of floor as detailed in Table 4. There was an increased risk of 

gs in the mid growing period (average 107 days old) 

mpared with pigs that initiate their growing period 

d in concrete pens with the higher stocking densities 

wer risk of moderate bursitis whereas space allowance 

 not have a significant effect on the appearance of severe bursitis. There was a trend for 

increased bursitis among pigs on fully slatted floors; however, the confidence interval contained the 

unity. 

The prevalence of moderate bursitis among intensive Iberian pigs varied by growing stage 

and floor type (Table 4). The risk of moderate bursitis (Table 5) increased among Iberian pigs 

housed on fully slatted floor. The odd of moderate bursitis decreased as the pigs get older (average 

267 days old). 

In the straw bedded system, the highest prevalence of moderate bursitis was registered in 

the mid growing period (6.0%) and finishing period (4.5%) while pigs that entered the growing 

period showed the lowest prevalence (0.9%). Pigs on straw in their mid and final growing stages 

presented an increased risk of moderate bursitis compared with pigs that initiate their growing stage 

(OR 6.9; 2.1, 22.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

moderate and severe bursitis (Table 5) in pi

and finishing pigs (average 150 days old) co

(average 68 days old). Moreover, pigs house

(1st Q: average 0.58 m2/animal) presented a lo

did
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Table 4 Number and prevalence of growing pigs in the conventional system and intensive Iberian 

pigs with moderate and severe bursitis by riable selected for multivariate analysis  va

 

 Conventional Intensive Iberian 

 
Moderate 

bursitis 

Severe 

bursitis 

Moderate 

bursitis 

Variable n % n % n % 

Growing s  (da old)tage ys        

category 1: < 90 da ld 6 30.8 60 3 83 18.0 ys o 61

category 2: 90 – 130 days old 1200 42.2 215 7.6 17 29.5 

category 3: 131 – 180 days old 1161 58.5 239 12.1 45 15.8 

category 4: > 180 days old     35 7.8 

Space allowance (m2 per pig)       

Q1 590 28.9 99 4.9   

Q2 691 45.9 144 9.6   

Q3 886 52.8 162 9.6   

Q4 801 49.8 114 7.1   

Floor type       

Partly slatted 1187 42.1 90 3.2 22 9.6 

Fully slatted 1816 45.2 432 10.8 62 29.8 

Concrete with resting area     56 9.7 

Outdoor on deep bedding     7 3.1 
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Table 5 Multivariate logistic binomial mixed models of possible causal factors associated with 

ate a d se re b rsitis n the conv ntional system and intensive Iberian pigs  moder n ve u  i  e

 

 Conventional Intensive Iberian 

 Moderate bursitis a Severe bursitis b Moderate bursitis c 

Variable OR CI OR CI OR CI  

Growing stage ays old)(d        

categor  < y d 1  1  1  y 1:  90 da s ol  

category 2: 90  130 ays ol  1. 1.3, 2.0 3.2 2.1, 4.8 0.6 0.2, 1.6 – d d 6 

categor 3  18 ays 2.2 1.7, 2.8 5.1 3.4, 7.8 0.9 0.5, 1.9 y 3: 1 1 – 0 d  old 

category 4: > 180 days old     0.3 0.1, 0.6 

Space allowance (m2 per pig)       

Q1 1  1    

Q2 1.3 1.1, 1.7 1.5 0.9, 2.3   

Q3 1.4 1.1, 1.7 1.2 0.8, 1.8   

Q4 1.3 1.1, 1.7 1.2 0.8, 1.9   

Floor type       

Partly slatted 1  1  1  

Fully slatted 1.3 1.0, 1.6 1.5 1.0, 2.3 3.4 1.7, 6.9 

Concrete with resting area     0.5 0.1, 1.7 

Outdoor on deep bedding     0.6 0.1, 3.1 

Random effect Estimate SE Estimate SE Estimate SE 

Farm 0.5 0.1 0.7 0.2 0.5 0.4 

Pen 1.3 0.1 1.2 0.1 1.3 0.3 

a Intercept coefficient= 0.002 
b Intercept coefficient= -3.1 
c Intercept coefficient= - 3.6 

  Odds ratios (OR); 95% confidence intervals (CI); standard errors (SE) 
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Pig dirtiness 
 

Differences in the prevalence of manure on
systems 

 the body (pig dirtiness) between production 

ure on less than 50% of the body (moderately soiled body) was 

pared with extensive systems (Table 1). Considering 

rely soiled body), extensive Mallorcan Black pigs and 

est prevalences. Moreover, among intensive systems, 

tly a higher prevalence of manure on more than 50% 

al system. The odd of being moderately soiled was 

-straw than in extensive Iberian pigs (Table 3). 

sociated with pig dirtiness 
revalence of manure scored as 1 (moderately soiled body) and scored as 2 (severely 

ed according to the type of floor, the feeding system 

ailed in Table 6. Moderately soiled body also varied 

depending on the growing stage whereas it was not identified as a possible causal factor for severely 

soiled body. In the conventional system, there was an increased risk of both scores of manure on the 

body (Table 7) in partly slatted floor compared with pigs housed on fully slatted floor. Pigs in their 

final growing stage presented higher odds of moderately soiled body compared with pigs that 

entered the growing period. There was a significant increased risk of severely soiled body among 

liquid fed pigs in trough compared with pigs fed by wet feed hopper. Environmental temperatures 

did not have a significant effect on the apparition of pig dirtiness. The factor country was included 

into the final models of both types of pig dirtiness as it had a relevant effect on the final results of 

the analysis. 

Among intensive Iberian pigs, the highest prevalences of moderately soiled body and 

severely soiled body (16% and 32%, respectively) were found in pigs housed on partly slatted floor 

while the lowest prevalences were observed in pigs on fully slatted floor (0.4% and 0.0%, 

respectively). The type of floor was the sole significant causal variable. Iberian pigs on partly 

slatted floor presented a significant higher odd of moderately soiled body compared with pigs on 

fully slatted pens (OR 36.1; 2.9, 448.8). 

In the straw bedded system, the highest prevalence of severe soiled body (27%) was 

registered among finishing pigs compared to pigs that initiate their growing period (8%). The 

growing stage was the sole variable identified as significant causal variable of the prevalence of pig 

dirtiness in pigs on straw bedding. The odd of moderately soiled body (OR 2.1; 1.2, 3.7) and 

severely soiled body (OR 4.6; 1.8, 11.8) increased among older pigs compared with younger ones.  

The prevalence of man

significantly higher in intensive systems com

manure on more than 50% of the body (seve

extensive Iberian pigs presented also the low

the straw bedded system presented significan

of the body compared with the convention

estimated as being 67 times greater in pigs on

 

Prevalences and possible causal factors as
The p

soiled body) in the conventional system vari

and environmental temperature levels as det
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Table 6 Number and prevalence of growing-finishing pigs in the conventional system with moderate 

iled body and se ere s iled ody  variable selected for multivariate analysis so v o  b by

 

 Conventional 

 
Moderately  

soiled body 

Severely  

soiled body 

Variable n % n % 

Country

 

     

Spain 643 16.6 145 3.8 

France 955 32.3 227 7.6 

Growin ge ys )g sta  (da  old      

category 1: < 90 days old 428 21.4   

category 2: 90 – 130 days old 705 24.8   

category 3: 131 – 180 days old 447 22.5   

Floor type     

Partly slatted 992 24.7 171 6.1 

Fully slatted 590 20.9 197 4.9 

Feeding system     

Liquid feed in  trough 514 37.4 141 10.3 

Dry hopper 484 18.2 129 4.8 

Wet feed hopper 550 21 94 3.6 

Turbomat 29 16.1 1 0.6 

Temperature (ºC)     

Q1: 16 – 20.9 237 14.8 44 2.7 

Q2: 21 – 22.9 388 21.7 73 4.1 

Q3: 23 – 24.9 331 29.3 109 9.7 

Q4: 25 - 29 631 27.2 143 6.2 
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Table 7 Multivariate logistic binomial mixed models of possible causal factors associated with both 

types of pig dirtiness (moderate and severe soiled body) in the conventional system 

 

  a Intercept coefficient= -2.1   
  b Intercept coefficient= -3.9   

       Odds ratios (OR); 95% confidence intervals (CI); standard errors (SE) 
 

 

 

 

 Conventional 

 Moderately soiled body a Severely soiled body b 

Variable OR CI OR CI 

ountryC      

Spain 1  1  

France 6.6 3.0, 14.3 6.5 2.2, 19.8 

Growing s (day d)tage s ol      

category 1: < 90 old 1    

category  – 1 day 1.3 0.9, 1.9   

category 3: 131 –  days d 1.6 1.1, 2.4   

days 

 2: 90 30 s old 

180  ol

Floor type     

Partly slatted 1  1  

Fully slatted 0.3 0.2, 0.6 0.1 0.02, 0.1 

Feeding system     

Liquid feeding by trough 1  1  

Dry hopper 0.6 0.4, 1.0 0.6 0.3, 1.1 

Wet feed hopper 1 0.5, 2.1 0.2 0.1, 0.6 

Turbomat 0.4 0.1, 1.1   

Temperature (ºC)     

Q1: 16 – 20.9 1  1 1 

Q2: 21 – 22.9 1 0.6, 1.5 0.8 0.4, 1.8 

Q3: 23 – 24.9 0.9 0.5, 1.6 2.1 0.9, 5.3 

Q4: 25 - 29 1.2 0.7, 2.0 0.8 0.3, 2.0 

Random effect Estimate SE Estimate SE 

Farm 0.8 0.2 1.1 0.3 

Pen 2.8 0.2 2.2 0.1 
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Huddling 
 

Differences in the prevalence of huddling between production systems 
ong extensive Iberian pigs, intensive Iberian pigs and 

). The prevalence of huddling animals housed on 

ferent from the prevalence found in pigs in the straw 

Prevalences and possible causal factors associated with huddling behaviour 
The prevalence of huddling animals in the conventional system varied by growing stage, 

stocking densities, type of floor, and temperature levels (Table 8). Prevalences of huddling animals 

by causal variable are shown for each country to have a better view of the patterns of prevalences. 

There was an increased risk of huddling behaviour (Table 9) associated with the highest stocking 

densities. Moreover, there was an increased risk of huddling among pigs housed in the lowest 

environmental temperatures compared with pigs housed in the highest environmental temperatures. 

There were no significant differences in the risk of huddling between growing stages and between 

types of floors as the confidence intervals (CI) included unity (P > 0.05). The factor country was 

included into the final model of huddling behaviour as it had a relevant effect on the final results of 

the risk analysis of this measure presenting a much higher prevalence in France. None significant 

causal factor could be identified among pigs in the straw bedded system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No huddling animal was registered am

extensive Mallorcan Black pigs (Table 1

conventional farms was not significantly dif

bedded system (OR 1.7, 0.4, 7.0).  
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Table 8 Num and pre nce of g ing-finishing pigs huddling in the concrete conventional 

system by variable selected for multivariate analysis 

 

ber vale row

 Conventional 

 F ce Spain Total ran

Variable % n % n % n 

Country       

Spain     49 1.4 

France     194 6.5 

      Growing st (days oldage ) 

category 1: < 90 l 3 10.6 11 1.4 130 6.6 days o d 12

category 2: 90 – 130 days old 50 4.8 38 2.3 88 3.3 

category 3: 131 – 180 days old 24 3.1 1 0.1 24 1.3 

Space allowance (m2 per pig)       

Q1 154 11.8 20 2.8 175 8.7 

Q2 20 3.1 16 2.0 36 2.5 

Q3 24 3.4 6 0.7 29 1.8 

Q4 0 0 10 0.8 10 0.7 

Floor type       

Partly slatted 0 0 11 1.0 38 1.5 

Fully slatted 195 6.8 38 1.5 199 5.1 

Temperature (ºC)       

Q1: 16 – 20.9 0 0 28 1.9 28 1.9 

Q2: 21 – 22.9 42 11.8 18 1.4 58 3.5 

Q3: 23 – 24.9 35 3.9 0 0 34 3.1 

Q4: 25 - 29 117 6.9 3 0.6 119 3.2 
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Table 9 Logistic binomial  models of possible causal factors associated with huddling behaviour 

 conventional sys m 

 mixed

in the te

 

 Conventional 

 Huddling 

Variable OR CI 

Count   ry 

Spain 1  

Franc 2.1, 27.4 

Growin  stage (days old)

e 7.5 

g    

catego 1: < 9 ld 1  

cate : 90 – days old 0.8 0.4, 1.6 

categor 31 80 days old 0.7 0.3, 1.5 

ry 0 days o

gory 2  130 

y 3: 1  – 1

Space allowance (m2 per pig)   

Q1 1  

Q2 0.3 0.1, 0.6 

Q3 0.2 0.1, 0.5 

Q4 0.1 0.01, 0.2 

Floor type   

Partly slatted 1  

Fully slatted 2.1 0.7, 6.5 

Temperature (ºC)   

Q1: 16 – 20.9 1  

Q2: 21 – 22.9 0.7 0.2, 2.1 

Q3: 23 – 24.9 0.3 0.1, 1.1 

Q4: 25 - 29 0.2 0.1, 0.7 

Random effect Estimate SE 

Farm 0.9 0.4 

Pen 2.4 0.2 

                                               Intercept coefficient= - 7.8  
                           Odds ratios (OR); 95% confidence intervals (CI); standard errors (SE) 
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Shivering and panting 

Prevalences of shivering and panting were under 1% and no significant differences between 

s (Table 1). Identification of possible causal variables 

 of housing 
 

In the conventional s stem, the strongest statistical correlation was found between both 

core f pig irtiness (r = 0.5; Table 10). Other correlated variables were statistically significant at 

w es ( 0.0 0.30). In intensive Iberian pigs, the highest statistical correlation was also 

un twe oth es of pig dirt ess (r = 0.6; Table 11). Additionally, both scores of manure 

dy were negatively correlated with moderate bursitis in intensive Iberian pigs (r = -0.5). In 

the straw bedded system, the highest correlation was found between moderate soiled body and 

huddling (r = - 0.2, P < 0.05). 

 

Table 10 Spearman correlation coefficients between the different animal-based measures from the 

good housing principle evaluated on 52 intensive conventional farms in France and in Spain 

 

 
Moderate 
bursitis 

Severe 
bursitis 

Moderately 
soiled body 

Severely 
soiled body 

Huddling 

 

systems were found for any of these measure

was not possible for these measures.  

 

Associations between animal-based measures

y

s s o d  

lo valu r = 2 – 

fo d be en b typ in

on the bo

Moderate 
bursitis 

1     

Severe 
bursitis 

0.3*** 1    

Moderately 
soiled body 

-0.2** 0.1** 1   

Severely 
soiled body 

-0.02 0.2** 0.5*** 1  

Huddling -0.04 0.01 -0.1 0.1 1 

 
** correlated at P < 0.01 
*** correlated at P < 0.001 
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earm  corre tion co fficients between the different animal-based measures from the 

o  prin le ev uated n 10 intensive Iberian pig farms 

 
Moderate 
bursitis 

Severe 
bursitis 

Moderately 
soiled body 

Severely 
soiled body 

Table 11 Sp an la e

good h using cip al o

 

Moderate 1    
bursitis 
Severe 
bursitis 

0.2 

Moderately 
soiled body 

-0.5*** 

Severely 

1   

0.1 1  

soiled body 
-0.5*** 0.2 0.6*** 1 

 
            *** correlated at P <0.001 

actors 

owing stage and the space allowance were highly 

correlated (r = 0.7, P < 0.001). This correlation was weak in the conventional system (r = 0.3, P < 

0.001). Among intensive Iberian pigs, there was an association between the type of floor and the 

space allowance. Fully slatted and partly slatted floors were associated to lower space allowance 

while concrete floor with bedding or outdoor access and outdoor deep bedding floors housed pigs in 

higher space allowance (chi-square = 63, df = 9, phi-coefficient = 0.9, P < 0.001). Inclusion of the 

observer effect did not alter the interpretation of any of the fixed effect. 

 

DISCUSSION 
 

Poor Body Condition 
 

Poor body condition has been little studied as a welfare indicator of growing pigs. In the 

Welfare Quality® protocol, poor body condition is the sole animal-based measure indicator of 

“good feeding”. Extensive Mallorcan Black pigs presented a higher risk of poor body condition 

compared with pigs in the conventional system. Mallorcan Black pigs are reared following 

traditional methods based on profitability of resources. Five percent of the pigs were entirely 

dependent on pasture which might have increased the risk of poor body condition. On the other 

side, pigs in the straw bedded system that were fed in more controlled conditions were also 

 

Associations between possible causal f
 

In the straw bedded system, the gr
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associated with an increased risk of poor body condition. Scott et al. (2006) reported more prevalent 

loss of body condition in the straw bedded system than in the fully slatted system and associated it 

with poorer hygiene and wasted animals, generally associated with Postweaning Multisystemic 

MWS most commonly affects pigs at 2- 4 months of 

inforced in the present study by the fact that few cases 

nd of the growing period. 

ses in the subcutaneous connective tissue as a result of 

s and lymphatic vessels after pressure on the skin over 

ou et. al, 1998). Moderate and severe bursitis are 

r, each type of bursitis was considered separately for 

igs in the conventional system presented the highest 

sive Mallorcan Black pigs showed the lowest one. 

valence of moderate bursitis between the conventional 

ce of severe bursitis was also recorded in the 

conventional system; however no significant differences were seen between pigs in straw bedding, 

intensive Iberian pigs and pigs in extensive conditions. Severity of bursitis is associated with a hard 

environment that increases pressure and impact on pigs’ limbs (Lyons et al., 1995; Mouttotou et al., 

1998). Severe bursitis is therefore expected to be less sensitive than moderate bursitis when 

comparing production systems with smooth flooring. 

The differences between production systems found in the present study were in accordance 

with previous studies on the conventional system, straw bedded accommodation and outdoor 

housing (Guy et al., 2002; Gillman et al., 2008). Still, the variability within intensive systems was 

high even in the straw bedded system and should be explained by several causal factors. Among 

intensive Iberian pigs, fully slatted floor was clearly a causal factor for moderate bursitis; however 

no significant differences were observed between partly slatted floor, concrete floor with resting 

area and outdoor access, and outdoor paddocks with deep sand bedding. Solid concrete floor 

without bedding was identified as a risk factor of bursitis in previous studies (Gillman et al., 2008). 

Also Mouttotou et al. (1999), showed that bedding that covered the lying area was the most 

important factor that reduced the risk of bursitis. Therefore, a significantly higher risk of bursitis 

would have been expected in partly slatted floors compared to soil or bedded floors. Moderate 

bursitis and manure on the body were negatively correlated among intensive Iberian pigs. Detection 

of moderate bursitis may have been underestimated in floors where pigs were found dirtier. 

Contrary to intensive Iberian pigs and to the results found by Gillman et al. (2008), in the 

Wasting Syndrome (PMWS). Knowing that P

age (Segalés et al., 2006), this hypothesis is re

of poor body conditions were recorded at the e

 

Bursitis 
 

A bursa is a fluid filled sac which ari

exudation of fluid from traumatized capillarie

a bony prominence (Smith, 1993; Mouttot

indicators of comfort around resting; howeve

reflecting different aspects of discomfort. P

prevalence of moderate bursitis while exten

Intensive Iberian pigs had an intermediate pre

and the straw bedded systems. The highest prevalen
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conventional system, fully slatted floor was 

compared to partly slatted floor. As commen

floor quality account for such differences inst

the predominant confounding factor of moder

commented by Guy et al. (2002) and Gillman

presented a higher risk of bursitis as greater b

on the limbs. Opposite results were observed

bursitis decreased in pigs that finalized their g

housed in different types of floor through their growi

not identified as a significant causal factor of bursitis 

ted by Mouttotou et al. (1999), it is possible that the 

ead of the type of floor per se. The growing stage was 

ate and severe bursitis in the conventional system. As 

 et al. (2008) older animals housed on concrete floors 

ody weights exert additional pressure of the concrete 

 in intensive Iberian pigs, where the risk of moderate 

rowing period (average 267 days old). Iberian pigs are 

ng period going from one type of paddock to 

the other and in the present study older pigs were more likely to be kept on smooth surfaces. It 

appears, then, that when pigs are housed until high body weight on smooth surfaces the risk of 

so noted that as the amount of time spent on 

 decreased. In the conventional system, pigs 

ented the lowest prevalence of moderate bursitis. On 

effect on the apparition of severe bursitis among 

causal factor in intensive Iberian pigs and pigs in the 

hat pigs kept at high stocking densities tended to have 

an increased prevalence and severity of bursa lesions whereas Gillman et al. (2008) did not find any 

effect of the density on bursitis. The effect of the density on the apparition of bursitis is unclear. 

Even though the relation between the density and the age of the pigs was weak in the conventional 

system, the age might have a confounding effect on the stocking density.  

 

Pig dirtiness 
 

Faeces can be a source of infectious agents; therefore, reducing the contact between pigs 

and their excrements is important in terms of prevention of diseases. If possible, pigs excrete in a 

localized part of their pen and prefer to separate their dunging area from their lying area (Meunier-

Salaün, 1989; Hacker et al., 1994). If pigs are dirty with faeces, it is because some factors have 

temporarily forced them to lie in their excrement. Both types of manure on the body were correlated 

moderately; however this correlation was not strong enough to decide to analyse them as a sole 

measure. Although no differences were seen in the prevalence of manure on less than 50% of the 

body (moderate soiled body) between intensive production systems, pigs in straw bedding presented 

a significantly higher risk of manure on more than half of the body (severe soiled body) than pigs in 

the conventional system. Scott et al. (2006) also reported a lower hygiene in pigs in the straw 

bedded system compared to pigs in conventional housing. Excretions are absorbed by the bedding 

material and require much more cleanliness management than slatted floors. Moreover, as straw 

bursitis is more likely to decrease. Smith (1993) al

bedded floors increased, the prevalence of bursitis

housed at the highest stocking densities pres

the other hand, stocking density had no 

conventional pigs and was no detected as a 

straw bedded system. Smith (1993) reported t
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maintains a temperature warmer than concrete

then more likely to di

, upper critical temperature is reached before. Pigs are 

ssipate heat wallowing in their own excrements. Intensive Iberian pigs showed 

ody, between the conventional and the straw bedded 

peared to be more sensitive to differences between 

dy. However, when studying the sensitivity of pig 

e et al., 2011), moderate soiled body allowed a better 

ed body. 

e interaction of many factors such as the type of floor, 

ight of the pigs with the room temperature (Geers et 

pig dirtiness, especially under 

on the body presented over-dispersion and the country 

this complexity. Still, several possible causal factors 

 dunging area could be identified for each intensive 

he predominant causal factor for the apparition of both 

tional system. It was also identified as a significant 

causal factor of moderate soiled body among intensive Iberian pigs. In both production systems, 

pigs on fully slatted floor presented a decreased risk of dirtiness than pigs on partly slatted floor. 

High effective temperatures increase lying in the slatted area and pigs use the foul area of the solid 

floor as a dunging area (Courboulay et al., 2003; Huynh et al., 2005). They may use this area to cool 

themselves by wallowing in excrement (Huynh et al., 2005). The age of the pigs was a second 

possible causal variable of moderate soiled body in the conventional system as well as for both 

types of dirtiness in the straw bedded system. Older pigs presented higher risk of poor hygiene than 

younger ones. Older pigs spend more time lying and they are more likely to adopt a fully recumbent 

position (Ekkel et al., 2003).  Moreover, several studies on pigs in conventional conditions have 

found that dunging on the solid floor increases when pigs are heavier (Hacker et al., 1994). 

Thereafter, a higher evaporative heat loss in heavy pigs in addition to a greater space occupational 

area may increase the probability of an older pig to lie on a dunging area. Severe soiled body was 

not influenced significantly by the growing stage in conventional pigs; instead, the feeding system 

appeared to be a significant causal factor of severe soiled body. In the conventional system, liquid 

fed pigs in trough presented a higher prevalence of severe soiled body than pigs fed by wet feed 

hopper, being in accordance with the results of Scott et al. (2007). The increase in water excretion 

originated by the ingestion of large volumes of water can make worse the accumulation of excretion 

especially on the solid zones of the concrete.   

 

 

 

 

an intermediate prevalence of severe soiled b

systems. In overall, severe soiled body ap

production systems than moderate soiled bo

dirtiness between conventional farms (Templ

discrimination between farms than severe soil

Effective temperature results from th

the relative humidity, air velocity and the we

al., 1989). Those interactions make difficult the prediction of 

commercial conditions. The fact that manure 

appeared to have a significant effect reflect 

that would contribute to pigs lying in their

production system. The type of flooring was t

scores of manure on the body in the conven
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Huddling, shivering and panting 
 

Huddling, shivering and panting are a

and panting showed low prevalences (<1%) 

were detected among intensive Iberian pigs an

nimal-based indicators of thermal comfort. Shivering 

in all production systems and none huddling animals 

d among pigs in extensive conditions. Moreover, pigs 

ems did not display a significant difference in the 

s of assessment, pigs were not subjected to extremely 

m 12ºC to 24ºC in intensive Iberian pigs, from 15ºC to 

 29ºC in the conventional system. As well, 

one during winter months. Estimations of the 

ermal comfort zone range from 15 to 24ºC and from 14 to 21ºC in growing and finishing pigs, 

e ranges of temperatures recorded in the present 

lity of huddling behaviours and 

ms.  

ence of huddling animals was highly dependent of the 

, an important variability in the prevalence of this 

del. It is possible that the type of floor account for 

differences between countries; however it is more likely that a combination of other factors such as 

the air velocity, the floor temperature and the variation in environmental conditions (Geers et al., 

1986) originate such differences. The degree of huddling occurring in a group was also affected by 

the stocking density that represents an important confounding factor. Still, the risk of huddling in 

the present study decreased at high room temperatures (from 25 to 29º). 

 

CONCLUSIONS 
 

Important differences between production systems can be established based on animal-

based measures of the good feeding and housing principles of Welfare Quality® protocols. Pigs in 

the conventional system presented the lowest prevalence of poor body condition while extensive 

Mallorcan Black pigs and extensive Iberian pigs were associated with a decreased prevalence of 

bursitis and pig dirtiness. The straw bedded system presented a lower prevalence of bursitis but 

poorer hygiene and more susceptibility of poor body condition than the conventional system. 

Several possible causal factors of animal-based measures of good housing were identified and their 

respective impact should be interpreted in based of the production system studied. Some 

prevalences were largely affected by the age of the animals being a confounding variable that has to 

be taken into account when assessing a farm. The recording of resource-based measurements could 

in the conventional and straw bedded syst

prevalence of huddling behaviour. On the day

cold environments as temperatures ranged fro

40ºC in the straw bedded system and from 16ºC to

observations in extensive conditions were not d

th

respectively (Gonyou et al., 2006). Thereafter, th

study appeared to be insufficiently low to observe a high variabi

possible differences between production syste

In the conventional system, the preval

country and, as it happens for pig dirtiness

measure could not be explained by the mo
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be useful to identify farms that are more likely to show a welfare deficiency for a given measure 

sement purposes. 
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THE WELFARE OF GROWING PIGS IN FIVE PRODUCTION SYSTEMS: 
 ASSESSMENT OF HEALTH 

Based on Temple D, Courboulay V, Velarde A, Dalmau A, Manteca X 2012. 
The welfare of growing pigs in five different production systems in France and 
Spain: assessment of health. Animal Welfare 21: 257-271 

 



 

 



 

 

 

f growing pigs in five different production systems in France 

re Quality® protocol. A total of 11 647 pigs housed on 91 

ms were evaluated over a two year period (2007 – 2009). Farms considered as conventional 

were close to the European dominant production system, rearing “white” pigs (e.g. Large White - Landrace x 

ms considered as differentiated had specifications to distinguish 

them from the conventional one. Farms that housed “white” breeds of pigs on straw were then considered as a 

different production system. Mallorcan Black pigs managed extensively on family farms at the Balearic Islands 

represented a third production system. The remaining two systems assessed were represented by the 

methods used for Iberian pig rearing  extensively or intensively. Multiple Generalized Linear Mixed Models 

were performed for each animal-based measure of health. The straw bedded and the conventional systems 

did not differ in the prevalence of any animal-based measures. Mallorcan Black pigs and Iberian pigs kept 

extensively had a lower prevalence of severe wounds than pigs in the conventional system and the lowest 

prevalence of tail biting. Focusing on pigs housed in the conventional system, several possible causal factors 

(such as the feeding system and the type of floor) were identified relating to severely wounds, tail biting and 

lameness. Therefore, the recording of simple environmental-based factors can be useful in detecting farms 

that are more likely to show these problems. 
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INTRODUCTION 
 

Health refers to the state of the bod

parasites, tissue damage or physiological disorder. 

y and brain in relation to the effects of pathogens, 

Since all of these effects involve pathology (that 

 cells and functions that occurs in living organisms in 

), the health of an animal is its state as regards its 

06).  Health is, therefore, a significant component of 

considered in a welfare assessment. The Farm Animal 

definition of health as the absence of pain, injuries or 

ute or chronic pain which, in turn, is defined as an 

Kent, 1997; Rainville, 2002). It should be emphasised 

ay not be detected using this previous definition.  

influencing factors and may vary according to the 

 concrete floors and relatively high stocking 

ope and can be considered as conventional. Recently, 

e led to a growing interest for alternative production 

 to compare the prevalence of health indicators - such 

as skin lesions, tail biting and lameness – in conventional system and straw bedded accommodation 

(Lyons et al., 1995; Guy et al., 2002; Scott et al., 2006; Courboulay et al., 2009). At present, around 

7% of growing pigs in France are housed on straw bedding while very few Spanish farms use deep 

litter systems because of its a priori incompatibility with high environmental temperatures and 

limited availability of the material. Pigs housed on conventional and straw bedded farms are usually 

“white” breeds of pigs selected for their high growth speed or high conversion index and their 

adaptability for indoor husbandry. At the same time, increasing attention is being given to outdoor 

production systems, which are usually found in specific geographical areas. Mallorcan Black pigs 

and Iberian pigs represent approximately 15% of the overall population of growing pigs in Spain. 

Both autochthonous breeds are rustic animals derived from the Mediterranean line characterised by 

a dark-grey skin colour. Mallorcan Black pigs are grown in Balearic Islands while Iberian pigs are 

traditionally found in the southwest of the Iberian Peninsula. Both breeds are traditionally reared 

under extensive conditions in specific ecosystems, taking advantage of the existing natural 

resources. There are  differences in the way these animals are housed, fed and managed as well as in 

the nature of the final product (Jaume and Alfonso, 2000; Rodríguez-Estévez et al., 2009). 

Mallorcan Black pigs are produced on family farms with old social structures where the pig 

enterprise is never the main activity of the farm. Preservation of Mallorcan Black pig is mainly 

sustained by the utilization of pure breed animals in the elaboration of the “Sobrassada de Mallorca 

de Porc Negre Mallorqui”, a kind of cured sausage with paprika qualified as a Protected 

is the detrimental derangement of molecules,

response to injurious agents or deprivations

attempts to cope with pathology (Broom, 20

welfare (Broom, 2010) and must be properly 

Welfare Council (1992) provides a narrower 

diseases. Injuries and diseases can cause ac

aversive emotional experience (Molony and 

that a light difficulty in coping with pathology m

Animal health depends on several 

production system. For growing pigs, farms  with

densities greatly predominate throughout Eur

consumer concerns about animal welfare hav

systems. Several studies have been conducted
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Geographical Indication. This breed is always

pasture, cereals (barley and rye), legume se

most common practice with Mallorcan Blac

around 150 kg. The traditional rearing system

ilex and Quercus suber). The abundance of f

pigs during the late fattening phase, which

November to late February, when the diet is

own legal regulation (the Quality Standards fo

stocking rate of less than 2 pigs per hectare and 

 reared extensively and the feeding regime is based on 

eds, almonds and several Mediterranean shrubs. The 

k Pig is slaughtering animals at heavy live weight, 

 of the Iberian pig is linked to the “dehesa” (Quercus 

ood provided by acorn ripening is used by the Iberian 

 is called “montanera” and takes place from early 

 based only on natural resources. This system has its 

r Iberian Pork and Cured Products), which specifies a 

that animals must be slaughtered above 14 months 

he growing demand from the 

ch as the Iberian dry-cured hams and shoulders has 

uction cycle. Indeed, taking advantage of this market 

 rear Iberian pure breed or Iberian x Duroc crossbred 

products. Intensification of the Iberian pig system has 

uction cycle (slaughtering at 10 months of age, 

der resulting in the total independence of seasonality 

ve conditions can, thus, be reared elsewhere in Spain. 

Intensive Iberian pigs are housed in a wide variety of accommodations ranging from indoor slatted 

pens to outdoor paddocks. Such intensification is generally associated with a decrease in animal 

welfare; however much knowledge still remains to be transferred (Aparicio Tovar and Vargas 

Giraldo, 2006).  

Despite a general interest in comparing production systems, few studies have been 

undertaken on commercial farms across countries. One of the main reasons is the lack of 

harmonized information that enables reliable comparison of data from different sources. Welfare 

Quality® protocols provide the tool that makes possible the assessment of farms through Europe in 

a standardized way by observers that receive an identical training. Moreover, this assessment 

system should be applicable and valid in a wide variety of farming systems (Blokhuis,2008). 

Welfare Quality® is based on four main principles of animal welfare: i) Good feeding, ii) Good 

housing, iii) Good health and iv) Appropriate behaviour. Each of these four principles comprises 

several independent but complementary criteria (Botreau et al., 2007) in turn characterized by one 

or various measures. The principle labelled as “Good Health” includes three different criteria: 

absence of injuries (such as wounds on the body, lameness, tail bitting, etc.), absence of disease 

(such as respiratory problems, enteric disorders, skin condition, etc.) and absence of pain induced 

by management procedures (such as tail docking or castration practices). Preference was given to 

animal-based measures for being more valid when measuring the state of the animal as regards to its 

attempts to cope with its environment (Capdeville and Veissier, 2001; Whay et al., 2003). Animal-

based measures give an indication of the performance of a husbandry system at a certain moment of 

of age (approximately 150 kg live weight) (MAPA, 2007). T

consumers for Iberian pig meat products su

recently led to an intensification of the prod

niche, some “white” pig producers started to

with the aim of producing high quality meat 

led to a reduction in length of the prod

approximately) and the systematic use of fod

(“montanera period”). Iberian pigs in intensi
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the production cycle. A Welfare Quality® pr

Instead it aims to detect farms or housing

otocol has not been thought as a risk assessment tool. 

 and management systems with particular welfare 

problems. Welfare concerns may indeed have more severe consequences in one production system 

ntify which factors are the main sources of variation 

ssible causes of impaired welfare is essential to drive 

vement in animal welfare (Whay, 2007) and to prevent misinterpretations (Temple et al., 

2011a). For that reasons and to ensure proper feed-back to farmers (Blokhuis, 2008), simple design 

measures were included into the Welfare Quality® protocol. 

 to compare the health of growing pigs reared in five 

fare Quality® assessment protocol. It provides data 

 and distribution of several welfare outcomes on a wide range of commercial 

The overall Welfare Quality® protocol was applied on 

 and this study presents a benchmark description of 

MATERIAL AND METHODS  
 

Farm selection and production systems 
 

A total of 91 commercial farms of growing pigs (from 28 days old) were assessed applying 

the Welfare Quality® protocol over a two year period. Sixty one farms were evaluated in Spain and 

30 in France. Choice of farms was based on management practices, farm size and veterinary records 

in order to obtain a large variety of situations. Farm sampling concerned the five main production 

systems of growing pigs found in France or in Spain.  

Farms considered as conventional were close to the Europe-wide dominant production 

system aiming at the lowest possible production costs. Fifty two Spanish and French farms with 

concrete floor were categorized as conventional farms. Systems considered as differentiated had 

specifications to distinguish them from the conventional one with one or several claims among the 

following: animal welfare, eating quality, nutritional quality, environment, organic production, local 

production. Four other production systems were differentiated in the present study: the straw 

bedded system (8 farms assessed in France); the intensive Iberian pig system (10 farms assessed in 

Spain); the extensive Iberian pig system (11 farms assessed in Spain) and the extensive Mallorcan 

Black pig system (10 farms assessed in Spain).  

 

than in another. It is essential though to ide

within each system. Knowledge about the po

impro

 

To sum up, the aim of this study was

different production systems using the Wel

about the prevalence

farms with a view to possible causal factors.  

91 commercial farms in France or in Spain

several health measures.  
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Sampling of pigs and pens 
 

On each intensive farm, 10 pens of growing-finishing pigs from different ages were randomly 

owever, their presence/absence was recorded. If there 

pigs were assessed, whereas if there were more than 15 

cted. Pigs were categorized into three growing stages: 

 Early growing stage: at the beginning of the growing process (less than 90 days old). 

 Mid growing stage: mid growing period from 90 to 130 days old.  

 Final growing stage: at the end of the growing process and before leaving to the 

 old).  

nsive pigs, a fourth category included pigs older than 

rated or not were also taken into account. Pigs 

m to avoid sensitive period around mixing. 

 floor, solid concrete floor, straw, or sand) and the 

 hopper, Turbomat, on the ground, on pasture) were 

nd the average environmental temperature was noted 

 

Pigs and pens characteristics 
 

A total of 11 647 pigs from 719 pens or paddocks were evaluated. 

In the conventional system, 7 030 pigs of an average of 109 days old (SD = 34) ranging 

from 29 to 180 days old were assessed in 530 pens. Pigs were housed in groups of an average of 16 

animals (SD = 7) ranging from 6 to 67 animals per pen. The majority of growing pigs on 

conventional farms come from a maternal line Large White x Landrace. The paternal line mainly 

used was the Pietrain . However, in some farms the Duroc breed was used as a paternal line. On any 

given farm, growing pigs could have different origins and genetics. Overall, 60% of the farms 

housed castrated males. Pigs were kept on concrete floor whether fully or partly slatted and the 

average space allowance was 0.66 m2 per pig (SD = 0.20).  The majority of pigs were fed ad libitum 

by means of dry hopper or wet feed hopper. Some animals were liquid fed in trough from two to 

four times a day or by Turbomat once or twice a day. In these two feeding systems, food was 

restricted in time but not in quantity. Turbomat (manufactured by Roxell® in Belgium) is a circular 

trough with four or six drinking nipples above it where feed is available for ten pigs simultaneously. 

Table 1 provides more descriptive data on pens characteristics. The mean environmental 

temperature was 23.4 ºC (SD = 2.3). Hospital pens were present on 70% of the conventional farms. 

French and Spanish conventional systems were considered as the same production system; however 

selected. Hospital pens were not sampled; h

were 15 or fewer pigs in a pen/group, all 

pigs in the pen/group, 15 were arbitrarily sele



slaughterhouse (from 130 to 194 days

Among intensive Iberian pigs as well as exte

194 days old. Information on whether pigs were cast

were assessed at least ten days after arrival at the far

Data regarding the floor type (fully slatted

feeding system (trough, dry hopper, wet feed

collected. Space allowance was calculated a

down.    
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some differences in the distribution of some explanatory variables should be considered. More than 

re fully slatted; liquid feeding system in trough and 

; all the temperatures were recorded above 21ºC in 

ce while 30% of the Spanish farms housed castrated 

igs of an average of 112 days old (SD = 42) ranging 

essed in 74 pens. Pigs were housed in groups of an 

from 18 to 83 animals per pen. As it happens on 

stems were “white” pigs from different genetic lines. 

 different origins and genetics. The average space 

All the males were castrated. Pigs were fed ad libitum 

 or liquid fed in trough from two to four times a day 

ature was 23.4 ºC (SD = 4.5). Hospital pens were 

n intensive conditions were evaluated in 58 pens or 

 to 280 days old (mean = 250; SD = 97). Pigs were 

ing from 7 to 320 animals per pen. 

On a same farm pigs could be from the Iberian pure breed or Iberian x Duroc crossbred. All the 

males were castrated. Pigs were housed on a wide range of floor types (Table 1). The average space 

allowance was 1.9 m2 per pig ranging from 0.30 to 5.4 m2 per pig.  All the pigs were dry fed ad 

libitum by dry hopper or trough (Table 1). The mean environmental temperature was 20.5 ºC (SD = 

3.3). Hospital pens were present on 90% of the farms.   

Under extensive conditions, 1 428 Iberian pigs of an average 250 days old (SD = 97.3) 

ranging from 42 to 420 days old were assessed in 31 different paddocks. Pigs were kept in groups of 

an average of 170 animals (SD = 116) ranging from 12 to 470 animals per paddock. All animals 

assessed were pure Iberian pigs and all the males were castrated. The average space allowance per 

pig was 430 m2 (SD = 578) ranging from 83 to 2 500 m2 per pig. On the months of assessment pigs 

were supplemented with fodder as the availability of natural resources was insufficient. 

Supplementation was given manually once or twice a day on the floor (55% of the paddocks), in a 

trough (26% of the paddocks) or in dry hoppers (19% of the paddocks).  

Mallorcan Black pig reared extensively was the second extensive system assessed. A total 

of 824 Mallorcan Black pigs of an average 220 days old (SD = 100) ranging from 75 days old to 

405 days old were evaluated in 24 paddocks. Pigs were kept in groups of an average of 58 animals 

(SD = 37) ranging from 11 to 170 animals per paddock. All animals assessed were Mallorcan Black 

pigs and all the males were castrated. The average space allowance per pig was 692 m2 (SD = 818) 

ranging from 130 to 4 000 m2 per pig. All pigs were on pasture and were supplemented with 

household refusals (such as watermelon/melon peels, citric peels, vegetables, etc.), bran, legume 

90% of concrete floors on French farms we

Turbomat system were only seen in France

France and all males were castrated in Fran

males. 

In the straw bedded system, 1 110 p

from 41 days old to 194 days old were ass

average of 38 animals (SD = 15) ranging 

conventional farms, pigs on straw bedded sy

On the same farm growing pigs could have

allowance was 1.52 m2 per pig (SD = 0.96). 

by means of dry hopper or wet feed hopper

(Table 1). The mean environmental temper

present on 43% of the farms.  

A total of 1 255 Iberian pigs kept i

paddocks. Pig age ranged from 37 days old

housed in groups of an average of 115 animals (SD = 91) rang
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seeds, cereals and figs. Supplementation was 

of th

done manually, once or twice a day, on the floor (23% 

e paddocks) or in a trough (35% of the paddocks) and given ad libitum by dry hopper (37% of 

the paddocks). In the remaining 5% of paddocks, pigs were entirely reliant on pasture. During the 

days of assessment, the average environment temperature was 18ºC and 25ºC in extensive Iberian 

and Mallorcan Black pigs, respectively. Sick animals were usually kept in small provisional areas of 

a paddock, however the presence/absence of hospital pens as such could not be properly recorded in 

extensive conditions. 
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Table 1 Description of variables collected on the growing pig pens of the three intensive production 

systems studie

ariable 

d 

V Conventional 

n = 530 pens 

Straw bedded Intensive Iberian 

n = 74 pens n = 58 pens 

   Space a e (mllowanc 2/pig) 

Mean ± S 0.66 ± 0.20 1.52 ± 0.96 1.86 ± 1.32 

Minimum 0.2 0.3 0.3 

1 0.58 0.7 0.8 

Median 0.68 1.2 1.4 

Q3 0.75 2.9 2.6 

mum 1.56 3.0 5.4 

eratur

D 

Q

Maxi

Temp e (ºC)    

an ± SD 23.4 ± 2.3 23.2 ± 4.5 20.5 ± 3.3 

Minimum 16.0 15.0 12.0 

21.0 20.0 19.0 

Median 23.0 23.0 22.0 

Q3 25.0 24.0 23.0 

Maximum 29.0 40.0 24.0 

Feeder type (% of pens)

Me  

Q1 

    

Trough 23% 19% 11% 

Dry hopper 38% 59% 89% 

Wet feed hopper 37% 22%  

Turbomat 2%   

Floor type (% of pens)    

Partly slatted 40%  24% 

Fully slatted 60%  27% 

Concrete with resting area   37% 

Outdoor on deep bedding   12% 

Hospital pen (% of farms)    

Presence 70% 43% 90% 

Absence 30% 57% 10% 

       Upper limit of the first quartile (Q1) and third quartile (Q1). 
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Measurements 
 

Assessments were performed by four observers, two of them in Spain and the other two in 

France. In order to minimize difference between observers and to standardize the scores from the 

bservers followed the same training prior beginning the assessment and repeatability among 

n a set of 40 – 60 video clips and images for each 

 training on a commercial farm. If the observer did not 

n standard (in the case of images or videos) or with the 

a set of extra images and animals were assessed until 

d repeatability. 

 

Pigs were encouraged to stand up to make the body clearly visible. One side of the pig’s 

body was inspected visually for the presence of lesions and/or penetration of the muscle tissue, 

 Front (head to back of shoulder), iii. Middle (back of 

shoulder to hind-quarters), iv. Hind-quarters, v. Legs (from the accessory digit upwards). The tail 

zone was not considered here. A scratch longer than 2 cm as well as a round lesion smaller than 2 

cm was given a lesion score of 1. A round lesion from 2 to 5 cm of diameter or more than 5 cm and 

healed was given a lesion score of  5. A round lesion of more than 5 cm, deep and opened was given 

a lesion score of 16. Each zone was considered separately. Animals were considered affected 

(severely wounded animals) when presenting more than 10 lesions on at least two zones of the body 

or any zone with more than 15 lesions. 

 

Tail biting 
Severe tail biting was considered when fresh blood was visible on the tail; when there was 

evidence of some swelling and infection or when part of the tail tissue was missing and a crust had 

formed.  

 

Lameness 
Animals were observed individually during walking from inside the pen or paddock. A pig 

was considered lame when it presented a minimum weight-bearing on the affected limb or when it 

was not able to walk.  

 

visits, o

them was assessed. The training consisted i

measure included into the protocol as well as

reach an acceptable agreement with the golde

silver standard (in the case of live animals), 

achieve a goo

Severely wounded animals 

considering five separate regions:  i. Ears, ii.
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Skin condition 
Each animal was visually inspected and considered using the following individual scale: 0 – 

0% of the skin was 

ead) – More than 10% of the skin had an abnormal 

nimals in each category was considered. 

 individual level. The observer looked at 

n the pen/paddock where the dung was visible. When liquid and fresh manure was visible, the 

 extensive conditions, loose faecal material around the 

anal region helped in the detection of diarrhea. When scouring could not be evaluated properly for 

ibility reasons (i.e. dirty pens), the pen was considered as a missing value. 

t, rectal prolapse and hernia 
rations were defined as pumping animals. Pigs that 

ristic of atrophic rhinitis were considered as pigs with 

twisted snouts. To detect rectal prolapse, pigs were examined from behind, checking for presence of 

swellings and extrusion of tissue from the rectum. To detect hernias, the animals were observed 

from the front, back and side. Hernias with bleeding lesion or hernias that affected the behaviour of 

the animal were recorded. 

 

More detailed information about the overall methodology of assessment of health measures 

can be found in the Welfare Quality® Assessment protocol for pigs (2009). 

 

Statistical Analysis 
 

The pen or paddock was the experimental unit. Data – except scouring - were expressed as 

the number of animals affected out of the number of animals assessed in each unit. Scouring was 

expressed as presence or absence of diarrhea at pen level. To account for possible dependence 

between observations on pens from the same farm, random farm effects were included into the 

model. Data were also clustered at pen level and modelled for over-dispersion. Multiple 

Generalized Linear Mixed Models for binomial data were performed separately for each welfare 

measure using the GLIMMIX procedure (SAS statistical package Version 9.1, SAS Inst.Inc., 2002, 

Cary, NC, USA). Residual pseudo-likelihood was used as estimation technique (Wolfinger and 

O’Connell, 1993).  

No evidence of skin inflammation or discoloration; 1 (localized) – Up to 1

inflamed, discoloured or spotted; 2 (widespr

colour or texture. The number of a

 

Scouring 
Scouring was measured at pen level instead of

areas i

pen was considered as a pen with scouring. In

feas

 

Pumping (laboured breathing), twisted snou
Pigs with heavy and laboured respi

presented a nasal distortion that was characte
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116 

The general form of the model was:

 

 

farm (i) + v pen (i) 

he number of animals assessed, β0 the intercept, β k 

 predictive factors. u farm and v pen are the residual 

e production systems: conventional, straw bedded, 

 pig, extensive Iberian. Then, separate models were 

ntional, straw bedded, Iberian intensive) to identify 

floor, the feeding system, the growing stage, space 

e of throwing away information, these two last 

perature) were converted into categorical variables 

ptions about the linear relation between the outcome 

ictive factor (Altman et al., 1994). Possible causal variables were entered into 

ed effects.  

Statistical analyses consisted of initial univariable screening to determine the variables 

statistically associated with each indicator of health. Variables were taken forward for multivariable 

analysis when significant at P < 0.2 (Dohoo et al., 2009). Where variables were highly correlated 

(PROC SPEARMAN) or showed a strong association (PROC FREQ with the CHISQ option), the 

most biologically plausible variable was selected for inclusion in the final model. Stepwise 

backward selection was performed to identify the variables that had a significant association (P < 

0.05) with the outcome measure.  The country effect (Spanish vs. French farms) was considered into 

each model of the conventional system. When the country effect vanished in the analysis while 

other factors were added to the model, “country” ceased to be an interest as a separate factor. The 

observer effect (observer one vs. observer two in Spain; and observer three vs. observer four in 

France) was also considered into each final model and taken out when it did not alter the 

interpretation of fixed effect. The ratio of the generalized chi-square statistic and its degrees of 

freedom was considered to check how well the variability in the data has been properly modelled 

and that there was no residual over-dispersion. Goodness of fit was also assessed visually by means 

of standardized Pearson residuals (Lee et al., 2006). When data did not allow a proper modelling, 

identification of predictive factors was not undergone. 

Spearman correlation coefficients were calculated to investigate the association between the 

different animal-based measures of health. 

 

Logit (y/n) = β0 + β1 X 1 i + …+ β k X k i  + u 

 

where y is the number of animals affected, n t

the regression coefficient predictors, X k i  the

variances of the random effects. 

Models were first built to compare the fiv

intensive Iberian, extensive Mallorcan Black

developed for each intensive system (conve

possible causal factors such as the type of 

allowance and ambient temperature. At the expens

continuous variables (space allowance and tem

by means of quartiles to avoid strong assum

measure and the pred

the model as fix



 

RESULTS 
 

Tabl evalen f c en d error of animal-based measures of health in five production systems. The number of e 2 Mean pr ce (% o pigs affe ted at p  level) an standard 

pigs and pens/paddocks (n) assessed is shown for each production system 

Conventional  

 

Straw bedded Intensive Iberian  Extensive Extensive Iberian 

Mallorcan Black pig 

7 030 pigs  1 110 pigs 1 255 pigs 824 pigs 1 428 pigs 

Anim d m e al-base easur n = 530 pens n = 74 pens n = 58 pens n = 24 paddocks n = 31 paddocks 

Seve und 0.35a 1.4 ±0.40ab 0.1 ±0.10b 0.2 ±0.13b 0.4 ±0.29b rely wo ed 2.5 ±

Tail biting 1.1 ±0.27 1.4 ±1.26 0.2 ±0.30 0.0 ±0.00 0.0 ±0.00 

Lameness 1.2 ±0.17 2.3 ±0.31 1.0 ±0.31 0.1 ±0.12 0.4 ±0.21 

Localized skin condition 1.6 ±0.24 0.5 ±0.19 0.4 ±0.17 0.2 ±0.11 1.3 ±0.53 

Widespread skin condition 2.1 ±0.28 0.1 ±0.09 0.3 ±0.17 1.0 ±0.49 0.4 ±0.33 

Scouring * 9.0 ±0.2b 15.9 ±0.4ab 53.9 ±0.8a 23.1 ±0.8ab 23.0 ±0.8ab 

Pumping 0.2 ±0.06 0.2 ±0.13 0.2 ±0.17 0.0 ±0.00 0.0 ±0.03 

Twisted snout 0.0 ±0.00 0.0 ±0.0 0.0 ±0.00 0.0 ±0.00 0.0 ±0.00 

Rectal prolapse 0.0 ±0.00 0.0 ±0.0 0.0 ±0.00 0.0 ±0.00 0.3 ±0.27 

Hernia 0.1 ±0.04 0.2 ±0.13 0.1 ±0.00 0.0 ±0.00 0.0 ±0.00 

                               Different letters within row means significant differences between systems at P < 0.05 

                                               *Expressed in percentage of pens affected in relation to the number of pens assessed 
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Severely wounded animals  
 

The prevalence of pigs with severe w

in the conventional system compared with inte

ounds on the body (Table 2) was significantly higher 

nsive Iberian pigs, extensive Iberian pigs, and 

extensive Mallorcan Black pigs. There was no significance difference in the prevalence of severely 

nded anim s between th  conv ntional and the straw bedded systems. The odd of being 

erely wounded was estim d ing 4.1 times greater in pigs housed in the conventional 

n in ens beria  pigs ). 

everely wounded animals and tail biting in growing-finishing 

lay the estimates of the covariance parameters. 

everely wounded a Tail biting b 

wou al e e

sev ate as be

system tha ext ive I n (Table 3

 

Table 3 Logistic-regression model of s

pigs for production system. The last two rows disp

 

 S

System OR CI OR CI 

Extensive Iberian  1  - - 

Conventional 4.1 1.3, 13.8* 1  

Straw bedded 2.9 0.7, 13.1 0.1 0.01, 1.8 

Intensive Iberian 0.6 0.1, 3.8 0.9 0.2, 4.4 

Extensive Mallorcan Black pig 0.6 0.1, 4.4 - - 

Random effect Estimate SE Estimate SE 

Farm 1.3 0.4 2.2 0.6 

Pen 1.2 0.1 1.3 0.1 

  a Intercept coefficient= - 5.6 
  b Intercept coefficient= - 5.3 
 
Odds ratios (OR), 95% confidence intervals (CI) and standard errors (SE) 
 
* The confidence interval (CI) does not include unity therefore the factor is significantly different from the 
reference category (P < 0.05) 
 

The prevalence of animals with severe wounds on the body in the conventional system 

varied by growing stage, feeding system, temperature levels and castration state as detailed in Table 

4. In this system, the risk of severe wounds on the body (Table 5) was higher in pigs early in the 

growing period (average 68 days old) compared with older pigs. The risk of wounds on the body 

also increased when pigs were fed by means of Turbomat compared with the other feeding systems 

and in liquid fed pigs compared with dry and wet feed hoppers. Finally, there was a trend for 

increased wounds on the body in pens with castrated pigs; however, the confidence interval (CI) 

included unity (P > 0.05).  
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In straw bedding, the highest prevalence of wounds (3.4%

lowest stocking densities (First quart

) was found in pigs within the 

ile: 0.3 – 0.7 m2 per pig). Model fitness did not allow an 

appropriate analysis evere wounds on the body in the straw bedded system. 

ber (N ) a  p vale ce (%) of growing-finishing pigs in the conventional system with 

riable selected for multivariate analysis.  

 for pigs with s

 

 

Table 4 Num o. nd re n

severe wounds on the body and tail biting by va

 

 Conventional (n = 530 pens) 

 

Pigs affected  

with severe 

wounds 

Pigs affected with  

tail biting 

Variable  No. % No. % 

Grow g stage s old)in (day      

Early: < 90 days old 75 4 4 0.2 

Mid: 90 – 130 days old 62 2.6 49 1.7 

Final: 131 – 180 days old 37 1.8 22 1.1 

Feeding system     

Liquid feed in trough 60 4.1 33 2.2 

Dry hopper 78 3.4 19 0.7 

Wet feed hopper 19 0.8 22 0.9 

Turbomat 17 9.4 1 0.6 

Temperature (ºC)     

Q1: 16 – 20.9 13 1 18 1.2 

Q2: 21 – 22.9 45 2.8 24 1.4 

Q3: 23 – 24.9 30 2.7 27 2.4 

Q4: 25 - 29 87 4 5 0.2 

     Castration 

No 13 0.5   

Yes 162 4.1   
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Table 5 Multiva  binom ed models of possible causal factors associated with severely 

ed animals and tail igs in the conventional system. The last two rows display the estimates of 

ovariance p met

riate logistic ial mix

wound biting in p

the c ara ers. 

 

 Conventional 

 Severely wounded a Tail biting b 

Variable OR CI OR CI 

    Growing stage ys (da old) 

Early: < 90 day d 1  1  s ol

Mid: 90 – 130 s ol 0.4 0.2, 0.7* 5.0 1.4, 17.5* day d 

Final: 131 – 1 ys o 0.3 0.2, 0.5* 3.0 0.8, 11.0 8 a0 d ld 

    Feeding system 

Liquid feed in trough 1  1  

Dry hopper 0.5 0.3, 0.95* 0.4 0.1, 1.5 

Wet feed hopper 0.2 0.1, 0.5* 0.2 0.1, 0.8* 

Turbomat 4.2 1.2, 14.8* 0.3 0.1, 6.2 

Temperature (ºC)     

Q1: 16 – 20.9 1  1  

Q2: 21 – 22.9 1.6 0.7, 4.0 0.4 0.2, 1.0 

Q3: 23 – 24.9 0.5 0.2, 1.6 0.3 0.1, 1.2 

Q4: 25 - 29 0.6 0.2, 1.7 0.1 0.02, 0.4* 

     Castration 

No 1    

Yes 3.0 0.9, 10.0   

Random effect Estimate SE Estimate SE 

Farm 1.3 0.4 2.3 0.8 

Pen 1.2 0.1 1.2 0.1 

                     a Intercept coefficient= - 2.5 
                     b Intercept coefficient= - 7.1 
Odds ratios (OR), 95% confidence intervals (CI) and standard errors (SE) 
 
* The confidence interval (CI) does not include unity therefore the factor is significantly different from the 
reference category (P < 0.05) 
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Tail biting 
 

No case of tail biting was registere

Black pigs (Table 2). The odds of tail bitin

intensive systems studied as the confide

d among extensive Iberian and extensive Mallorcan 

g were not significantly different between the three 

nce intervals (CI) included unity (Table 3). The amount of 

” was large (estimate = 2.2 ±SE = 0.6) (Table 3). 

revalence of tail biting in the conventional system varied by growing stage, feeding 

system and temperature levels as mentioned in Table 4. In this production system, the risk of tail 

biting (Table 5) was higher in pigs in the mid growing period (average 107 days old) compared 

reover, there was a significant increased risk of tail 

ith dry hopper. Finally, there was a significantly 

increased risk of tail biting associated with the lowest environmental temperatures (average 20ºC) 

compared with pigs housed within the highest environmental temperatures (average 26ºC). 

Almost all the cases of tail biting in pigs in the straw bedded system were associated with pigs in 

the mid growing period (4.6%), housed within the highest densities (5.1%) and under the highest 

environmental temperatures (5.8%). Model fitness did not allow a risk factor analysis for tail biting 

among pigs in the straw bedded system 

 

Lameness 
 

There was no significant effect of the production system on the prevalence of lameness 

(Table 2). The odd of being lame was estimated as being around 3 times greater in pigs housed in 

the three intensive systems than in extensive Iberian pigs, however this difference was not 

significant as the confidence intervals (CI) included unity (Table 6). 

 

 

 

 

 

 

 

 

 

 

variation of tail biting accounted for by “farm

The p

with pigs early in their growing period. Mo

biting in liquid fed pigs in trough compared w
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Table 6 Lo egres odel ness as well as localized and widespread skin condition of 

growing-finishin pig or odu on stem. The last two rows display the estimates of the 

covarianc a er

 

am ness a Localized 

skin condition b 

Widespread 

skin condition c 

gistic-r sion m  of lame

g s f pr cti sy

e p ramet s. 

 L e

System OR CI OR CI OR CI 

Extensive Iberian  1  1  1  

Conventional 3.0 0.7, 13.4 0.8 0.2, 4.9 3.6 0.2, 59.9 

Straw bedding 3.8 0.7, 21.1 0.6 0.1, 7.6 0.5 0.1, 44.9 

Intensive Iberian 2.9 0.5, 18.0 0.6 0.1, 6.9 1.6 0.1, 60.5 

Extensive Mallorcan Black pig 0.8 0.1, 1.7 0.3 0.1, 5.6 3.9 0.1, 139.1 

Random effect Estimate SE Estimate SE Estimate SE 

Farm 1.0 0.3 4.7 1.0 2.7 0.6 

Pen 0.7 0.1 0.4 0.1 0.6 0.1 

                              a Intercept coefficient= - 4.7  
                              b Intercept coefficient= - 5.4  
                              c Intercept coefficient= - 6.0 
Odds ratios (OR), 95% confidence intervals (CI) and standard errors (SE) 
 
* The confidence interval (CI) does not include unity therefore the factor is significantly different from the 
reference category (P < 0.05) 
 

 

In the conventional system, the prevalence of lameness varied by growing stage, stocking 

density, type of floor and availability of hospital pens (Table 7). In this system, the risk of lameness 

(Table 8) increased with the age of the pigs. There was also an increased risk of lameness 

associated with the most tightly stocked pigs compared with pigs housed in the lowest stocking 

densities. Moreover, pigs housed on fully slatted floors presented a significantly higher risk of 

lameness than pigs housed on partly slatted floors. Finally, there was an increased odd for lameness 

in pigs housed on conventional farms without hospital pens.  

Among pigs in the straw bedded system and intensive Iberian pigs no causal variable of 

lameness could be detected.  
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Table 7 Number (No.) and prevalence (%) of growing-finishing pigs in the conventional system with 

 and w espr ad sk able selected for multivariate analysis.  lameness id e in condition by vari

 

 Conventional (n = 530 pens) 

 Lame pigs 

Pigs affected with 

widespread 

skin condition 

Variable No. % No. %  

Growin tag ays old)g s e (d      

Early: < 90 days old 18 0.9 7 1.2 

Mid: 90 – 130 days old 31 1.1 36 4.4 

Final: 131 – 180 days old 35 1.7 91 8 

Space allowance (m2 per pig)     

Q1: 0.20 – 0.58 39 1.9 1 0.4 

Q2: 0.59 – 0.68 20 1.3 26 5.6 

Q3: 0.69 – 0.75 20 1.2 64 8.5 

Q4: 0.76 – 1.56 7 0.5 45 4.3 

Floor type     

Partly slatted 5 0.2 88 5 

Fully slatted 79 1.9 48 6.2 

Hospital Pen     

Presence 37 0.7   

Absence 47 2.5   
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Table 8 Multivariate logistic binomial mixed models of possible causal factors associated with 

lameness and widespread skin condition in the conventional system. The last two rows display the 

ates of the varian e par eters  estim  co c am .

 

 Conventional 

 Lameness a 
Widespread 

skin condition b 

Variable OR CI OR CI 

Growing stag s ole (day d)     

Early: < 90 ld 1  1  days o

Mid: 90 – 130 ys ol 2 1.1, 3.7* 1.5 0.5, 4.9  da d 

Final: 131 – 180 days old 2.7 1.5, 5.0* 3.9 1.2, 12.6* 

Space allowance (m2 per pig)     

Q1: 0.20 – 0.58 1  1  

Q2: 0.59 – 0.68 0.8 0.4, 1.6 8 0.9, 70.0 

Q3: 0.69 – 0.75 0.6 0.3, 1.1 7.8 1.0, 62.9 

Q4: 0.76 – 1.56 0.4 0.2, 0.9* 3.8 0.4, 33.2 

Floor type     

Partly slatted 1  1 1 

Fully slatted 6.3 2.6, 15.3* 0.6 0.3, 1.2 

Hospital Pen     

Presence 1    

Absence 2.1 1.2, 3.8*   

Random effect Estimate SE Estimate SE 

Farm 0.3 0.2 2.6 1.1 

Pen 0.8 0.1 0.8 0.1 

 a Intercept coefficient= - 6.4 
b  Intercept coefficient= - 3.4 

 
Odds ratios (OR), 95% confidence intervals (CI) and standard errors (SE) 
 
* The confidence interval (CI) does not include unity therefore the factor is significantly different from the 
reference category (P < 0.05) 
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Skin condition (localized and widespread skin discolouration) 

e production system on the prevalence of localized 

ditions (Table 2). According to the estimates of the 

dition presented over-dispersion and a large variability 

between farms (Table 6).  

In the conventional system, the prevalence of widespread skin condition was highly 

associated with the observer. The observer number two evaluated 5.4% of pigs affected while 

observer one, three, and four found 0.0%, 0.1% and 0.05% of widespread skin condition, 

 possible causal factors for widespread skin condition 

ional system evaluated by the observer number two. 

read skin condition are detailed in Table 7.  In the 

e was an increased risk of widespread skin 

ing stage compared with pigs early in the growing 

ntified for localized skin condition in any of the 

stems. 

 

Scouring 
 

There was no significant difference in the prevalence of scouring between pigs on 

conventional farms, pigs in the straw bedded system, extensive Iberian pigs and extensive 

Mallorcan Black pigs (Table 2). The prevalence of scouring was significantly higher in intensive 

Iberian pigs compared with pigs in the conventional system. For feasibility reason, 33% of the pens 

could not be evaluated in intensive Iberian pigs, 16% in extensive Iberian pigs, 8% in the 

conventional system, 7% in the straw bedded system and 0% in extensive Mallorcan Black pigs. 

 

In the conventional system, the highest prevalence of scouring was found in the youngest 

pigs (15%) while the lowest one was found in finishing pigs (2%). In this system, there was a 

significant increased odd of scouring in pigs early in the growing period compared with finishing 

pigs (OR 20.1; CI 6.1, 70.7).  

In the straw bedded system, the highest prevalence of scouring was also registered among 

youngest pigs (36%) while finishing pigs presented a lower prevalence (5%). Among pigs on straw, 

the odd of scouring was also significantly higher in pigs early in the growing period compared with 

finishing pigs (OR 15.3; CI 2.0, 121.7).  

No possible causal variable was identified in intensive Iberian pigs. 

 

There was no significant effect of th

(score 1) and widespread (score 2) skin con

covariance parameters, both types of skin con

respectively. For that reason, the detection of

was developed only for pigs in the convent

Fixing the observer, prevalences of widesp

conventional system, and fixing the observer, ther

condition (Table 8) in pigs in the final grow

stage.  

Not any causal variables were ide

production sy

125 



Chapter  3 

Pumping (laboured breathing), twisted snout, rectal prolapse and hernia 
 

mping, twisted snout, rectal prolapse and hernia were under 1% and no 

 systems for any of these measures. The highest 

with rectal prolapse (0.3%). 

Identification of possible causal variables was not possible for these measures.  

sures of health 

statistical correlation was found between both 

 the straw bedded system, localized skin condition 

 widespread skin condition were also correlated (r = 0.4; P < 0.001). Not any significant 

association between measures was found in intensive Iberian pigs. 

 

Associations between possible causal variables, and observer effect 
 

In the straw bedded system, the growing stage and the space allowance were highly 

correlated (r = 0.7, P < 0.001). This correlation was weak in pigs in the conventional system (r = 

0.3, P < 0.001). Among intensive Iberian pigs, there was a strong association between the type of 

floor and the space allowance. Fully slatted and partly slatted floors were associated to lower space 

allowance while concrete floor with bedding or outdoor access and outdoor deep bedding floors 

housed pigs with a higher space allowance (chi-square = 63, df = 9, phi-coefficient = 0.9, P < 

0.001).  

Inclusion of the observer effect did not alter the interpretation of any of the fixed effect 

except widespread skin condition. The country effect (France vs. Spain) was included in the final 

model of scouring. 

 

 

 

 

 

 

 

 

Prevalences of pu

significant difference were found between

prevalence was seen in extensive Iberian pigs 

 

Association between animal-based mea
 

In the conventional system, the strongest 

scores of skin condition (r = 0.2, P < 0.001). In

and
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DISCUSSION 
 

This study formed part of a larger 

growing pigs in five different production sy

study which was conducted to assess the welfare of 

stems found in France or in Spain using the Welfare 

Quality® protocol and focused on the discussion of animal-based measures related to health. 

 to the previous findings on “good housing” (Temple et al., 2012), health data assessed in 

duction systems. When focusing on the conventional 

ot differ significantly between farms studied in France 

es of health presented low prevalences, as the highest 

re wounds on the body. As a result of the large sample 

a, the detection of possible causal factors for several 

ional production system.  

ed animals differed between production systems. 

berian pigs presented a lower prevalence of severely 

wounded animals than pigs in the conventional system. Aggression between individuals is 

infrequent and rarely injurious among pigs housed under semi-extensive conditions (Stolba and 

Wood-Gush, 1989). However, low prevalences of wounds in intensive Iberian pigs were less 

expected as aggression was much more frequent in intensive Iberian pigs than in extensive ones 

(Temple et al., 2011b). Therefore, wounds on the body did not appear to be a sensitive indicator of 

the level of aggressions in intensive Iberian pigs. Only severely injured pigs (e.g.those with more 

than 15 lesions on a given body zone), were recorded later than ten days after mixing. This 

relatively high threshold may not permit the detection of more “gentle” aggressions. According to 

Turner et al. (2006), for example, behaviours that do not lead to physical injuries, such as pushing, 

are not quantifiable using skin lesions score. Furthermore, it should be emphasized that the level of 

skin lesions may have been underestimated in Iberian pigs due to their dark skin. The breed is an 

important confounding factor that should be considered when comparing benckmark of wounds 

between production systems. No significant difference was observed between the conventional and 

straw bedded systems for the prevalence of wounds, in accordance with Scott et al. (2006). 

When focusing on pigs in the conventional system, several possible causal factors could be 

identified. Severe wounds on the body decreased with the age of the pigs indicating the harmful 

effects of fighting among newly mixed pigs and the relative stability that followed hierarchical 

formation (Lyons et al., 1995). To make the assessment more reliable when achieving social 

stability, the evaluation was done ten days after arrivals. This interval appeared to be too short to 

Contrary

the present study differed poorly between pro

system, the majority of health indicators did n

and Spain. Except scouring, all other measur

one was 2.5% of conventional pigs with seve

size and relatively high variability of the dat

measures was achieved mainly in the convent

 

Severely wounded animals 
 

The prevalence of severely wound

Extensively kept pigs as well as intensive I
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avoid the sensitive period around mixing in

mixing, dominance hierarchy is known to be 

cases, exhaustion or starvation of the animal

recuperation. Competition for food has shown

more skin injuries when fed restrictedly o

Svendsen, 2000). In the present study, liqu

severely wounded animals compared with dr

to four times per day (r

 the conventional system. Seventy two hours after 

defined (Meese and Ewbank, 1973); however, in some 

s may have delayed the increase in fighting until their 

 to have negative effects on growing pigs, resulting in 

r when the feeding area is limited (Botermans and 

id feeding in trough leaded to an increased risk of 

y or wet hoppers. Liquid food was provided from two 

estricted in time) whereas pigs were fed ad libitum in dry or wet feed 

hoppers. This difference in food management may explain the increasing risk of wounds in liquid 

fed pigs in trough. Additionally, the significantly highest prevalence of wounds was recorded on 

 be a restricted feeding system in time providing food 

wer food accessibility enhancing competition between 

in the back area of the body. Several studies reported 

s (Cronin et al., 2003; 

 lesions would thus be expected in pens that 

however, there was a trend for an increased risk of 

 From that one cannot suggest that castration induces 

aggressions, but that castration may be used as a supposedly solution on farms with persistent 

problems of aggressions and consequent lesions on the body.  

 

Tail biting 
 

Tail biting is a serious form of harmful social behaviour (van de Weerd et al., 2005) 

resulting from a disharmony between the animal and its environment. This behaviour has been 

mainly described in commercial indoor environment (Schrøder-Petersen and Simonsen, 2001) even 

though it has also been reported in outdoor herds (Walker and Bilkei, 2006). In the present study, 

tail biting was associated with intensive production systems as none tail with blood or crust was 

recorded in extensive conditions. Some types of tail biting originate as misdirected foraging 

behaviour when there is a lack of proper environment stimulation (Fraser and Broom, 1990; Taylor 

et al., 2010). Many studies have shown that the provision of straw reduces behaviour directed at pen 

mates or tail biting levels (Fraser et al.,1991; Lyons et al., 1995; Beattie et al., 2000; Scott et al., 

2006). However, no significant differences in the prevalence of tail biting were observed among the 

three intensive production systems studied. Intensively kept pigs appeared to chew tails even when 

other substrates were present indicating that pigs were housed in several inappropriate environments 

independently of the intensive production system studied. It should be considered, though, that 

outbreaks of tail biting are usually described on affected farms (Paul et al., 2007). This 

pigs fed by means of Turbomat. In addition to

once or twice a day, Turbomat may have a lo

pigs. Mounting behaviour can cause lesions 

that entire males are more aggressive and sexually active than castrate

Fredriksen et al., 2008). A higher prevalence of skin

housed entire males. In the present study, 

wounds in pens that housed castrated males.
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characteristic increases the between-farm as

with the relatively low prevalence of tail b

production systems. In addition of tail biting 

biting are seen in situations of competitivenes

desired resource such as feeders can give rise

the conventional production system, liquid f

tail biting compared to wet feed hopper. C

however other farm surveys (Hunter et al., 2

biting when pigs were liquid fed rather tha

feeding system may confound the effect of the 

meals per day is known to promote distur

episodes of tail biting. High stocking den

frustration or represent a stressful factor by

though high stocking density was not ident

system, it was associated to a high prevalence

effect of densities on the apparition of tail b

 well as the between-pen variability, which together 

iting can make difficult the differentiation between 

associated with rooting behaviours, other types of tail 

s and frustration (Taylor et al., 2010).  The access to a 

 to such situations (van de Weerd and Day, 2009). In 

eeding in trough was associated with a higher risk of 

hambers et al., (1995) reported similar observations; 

001; Moinard et al., 2003) found lower levels of tail 

n fodders. Restriction of food in time in the liquid 

meal per se. Indeed, provision of food in too many 

bance in the pen (Hessel et al., 2006) and possible 

sity may either contribute to enhance situations of 

 itself as it increases disturbance into groups. Even 

ified as a possible causal factor in the conventional 

 of tail biting in pigs in straw bedding.  The significant 

iting was supported by several studies (Arey, 1991; 

Beattie et al., 1996; Moinard et al., 2003); but other ones such as Chambers et al. (1995) did not 

find any association. Thermal stress, resulting from temperatures that are higher or lower than the 

pigs’ thermal comfort zone, also increases tail biting (Geers et al., 1989; Schrøder-Petersen and 

Simonsen, 2001; Taylor et al., 2010). Estimations of the thermal comfort zone range from 15 to 

24ºC and from 14 to 21ºC in growing and finishing pigs, respectively (Gonyou et al., 2006). The 

highest room temperatures recorded in pigs in straw bedding (24 - 40ºC) were out of the upper limit 

of the thermal comfort zone and contained all the cases of tail biting in that system. Lohse (1977) 

also reported higher prevalence of tail biting at high temperatures (35ºC). The straw bedded system 

was, in the present study, associated with hot environment temperatures which may have 

contributed to produce outbreaks of tail biting. On the contrary, on conventional farms, the range of 

temperatures (16 – 29ºC) was closer to the thermal comfort zone and pigs housed in the lowest 

room temperatures (16 – 21ºC) presented a higher risk of tail biting than pigs housed in the highest 

ones. An increased activity of the animals under cooler room temperatures may have increased the 

risk of tail biting in the conventional system. Finally, the age of the pigs was a relevant internal 

factor of tail biting. Pigs in the conventional and the straw bedded systems reached their 

predilection age for tail biting during the mid growing phase as also commented by Bracke et 

al.,(2004). Likewise, Sambraus (1985) observed that tail biting is not a common problem before 

pigs reach of 90-120 days old. The age of the pigs should therefore be taken into account when 

interpreting level of tail biting on farm assessments.  
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Lameness 
 

Lameness was not significantly influ

was no indication that extensively reared a

enced by the production system. On one hand, there 

nimals were associated with an increased prevalence of 

ilbride et al. (2009) in outdoor housing. On the other 

etween the three intensive systems studied. Likewise, 

gnificant difference in the risk of lameness between 

witzerland. The relatively low prevalence of lameness 

me animals were recorded may make difficult the 

 account moderate lameness, other studies (Mouttotou 

valences of lameness in the straw bedded system.  

ated with a particular production system, a strong 

ence of lameness and fully slatted floors in the 

em. Slatted floors have been highlighted as a risk for lameness in previous studies 

(Jørgensen, 2003; Kilbride et al., 2009) and partly slatted floors appeared to reduce considerably the 

prevalence of lameness in the present study. Slats placed too wide apart or in worn and damaged 

Management, quality and design associated with fully 

slatted floors are crucial to prevent those lesions. Higher stocking densities increased the risk of 

lameness in the conventional production system as also commented by Jørgensen (2003). The 

increase in the prevalence of lameness with the age of conventional pigs might be due to the longer 

period of time spent on slatted floors or to the increased pressure exerted on the feet as pigs get 

heavier. Some foot lesions such as wall separation, for example, are known to be associated with an 

increased body-weight. Finally, the presence of hospital pens should be carefully considered when 

interpreting prevalence of lameness on farm units. Conventional farms that provided hospital pens 

presented a significantly lower odd of lameness. As hospital pens were not included in the sample 

of pens assessed, this last result indicates that farmers isolate correctly severely lame animals. An 

incorrect management of hospital pens or a lack of availability of them increases the prevalence of 

lameness assessed by means of the Welfare Quality® protocol. As proposed by Scott et al. (2007), 

removed or treated animals should be taken into account to have a better understanding of high 

prevalence of lameness on conventional farms. 

 

Skin condition (localized and widespread skin discolouration) 
 

Skin condition is an unspecific measure that can be a symptom of a variety of different 

diseases. Local affection of the skin as ear necrosis, systemic infection as PRRS, and environmental 

diseases as sunburn are some examples of diseases of the skin (Cameron, 2006). Both types of skin 

lameness. Similar results were reported by K

hand, prevalences of lameness were similar b

Cagienard et al. (2005) did not find any si

“animal friendly” and traditional systems in S

partially due to the fact that only severely la

discrimination between systems. Taking into

et al., 1998; Jørgensen, 2003) found lower pre

Although lameness was not associ

relationship was seen between the preval

conventional syst

conditions can originate severe foot injuries. 

130 



Chapter  3 

condition were correlated moderately in the 

system; these correlations were not strong e

When comparing production systems, no sig

farm variability was important and both typ

condition is more likely to sporadically affec

high variability between farms (and between

straw bedded system and weakly in the conventional 

nough to decide to analyze them as a sole measure. 

nificant differences could be detected, the between-

e of skin condition presented over-dispersion. Skin 

t a farm, independently of the production system. The 

 paddocks) leads towards large confidence intervals 

that include unity, especially in extensive pigs for which few farms have been assessed. This high 

variability between farms may suggest that classifying farms by production system is less 

siderations. Focusing on the conventional system, no 

r localized skin condition. As for widespread skin 

of the four observers implicated in the assessments, 

ility or because of an association between the 

 problem. Having controlled for the observer effect, 

 of the body was associated with pigs that finalized 

ause for the problem was not studied in the present 

Scouring 
 

Scouring was a welfare concern particularly in intensive Iberian pigs that presented a much 

higher prevalence of pens affected (54%) compared with pigs in the conventional system (9%). Pigs 

in straw bedding, extensive Mallorcan Black pigs and extensive Iberian pigs presented similar 

prevalences. It should be considered that more than 30 % of the pens or paddocks assessed could 

not be evaluated in intensive Iberian pigs for feasibility reasons. Faeces can become liquid when 

mixing with urine in some conditions of humidity and can hide the evaluation of scouring, 

especially in dirty pens, affecting the feasibility and the validity of this measure in some production 

conditions. A wide range of factors are implicated in diarrhea disorders (Thomson et al., 1998; 

Pearce, 1999). Still, the sole significant possible causal factor identified in the conventional and the 

straw bedded systems was the age of the animals. Younger animals were associated with an 

increased risk of scouring. Changes in environments, whether in post-weaned piglet or pigs early in 

the growing stage, may cause a stress response which is known to be involved in the incidence and 

severity of enteric diseases (Pearce, 1999). Among intensive Iberian pigs, none possible causal 

factor could be identified. All the important enteric pathogens in pigs rely on faecal-oral 

transmissions for their propagation, and the identification of factors linked to the environmental 

contamination should provide a more effective prediction of scouring problems. 

 

informative than individual management con

possible causal factor could be detected fo

condition, it was highly dependent of one 

whether because of a low inter-observer reliab

observer and the farms affected by that type of

discolouration of the skin on more than 10%

their growing period. However, a specific c

work. 
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CONCLUSIONS AND ANIMAL WELFARE
 

In general, the health measures from 

study differed poorly between the five prod

conventional systems did not differ in the pre

health” principle. Low prevalence

 IMPLICATIONS 

Welfare Quality® protocol assessed in the present 

uction systems. Like that, the straw bedded and the 

valence of any animal-based measures from the “good 

s in addition to high between-farm or between-pen variabilities 

plain, in part, this homogeneity across systems. For some animal-based parameters such as 

skin condition, the high variability between farms may suggest that classifying farms by production 

ual management considerations.  However, Mallorcan 

howed the lowest prevalence of tail biting and a lower 

 pigs in the conventional system. In addition, intensive 

rian pigs presented a higher prevalence of scouring compared to pigs in the conventional system. 

Several possible causal variables for severely wounded animals, tail biting and lameness were 

identified in the conventional system. The recording of simple environmental-based factors can be 

useful to detect farms that are more likely to show one of these health problems. 
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ASSESSMENT OF ANIMAL WELFARE THROUGH BEHAVIOURAL PARAMETERS 
IN IBERIAN PIGS IN INTENSIVE AND EXTENSIVE CONDITIONS 

Based on Temple D, Manteca X, Velarde A, Dalmau A 2011. 
Assessment of animal welfare through behavioural parameters in 
Iberian pigs in intensive and extensive conditions. Applied Animal 
Behaviour Science 131: 29-39  

 



 

 



 

 

 

eing and should be properly considered in a pig welfare 

 in behaviour is usually not straightforward, especially when 

ls housed and managed in a variety of systems. The fourth principle of the Welfare Quality® 

project, labelled “Appropriate behaviour”, was assessed on 21 farms (11 extensive and 10 intensive) with a 

total of  25 856 Iberian pigs (Sus scrofa). The methodology included scan samplings of social and exploratory 

behaviour, human-animal relationship tests and qualitative behaviour assessments (QBA). Changes in 

occurrence of behaviour and qualitative measures were evaluated and discussed when comparing Iberian pigs 

either in intensive or extensive rearing conditions. Negative as well as positive social behaviours were 

significantly (P < 0.001) more frequent among intensive Iberian pigs compared to extensive animals. In 

intensive Iberian pigs, both types of social behaviours were highly correlated (r s = + 0.62).  No significant 

differences were observed in the occurrence of exploratory behaviour and in the proportion of animals 

exhibiting a panic response to the presence of humans between intensive and extensive Iberian pigs. It is 

suggested that the high occurrences of social negative behaviours recorded in intensive conditions are clearly 

an indicator of poor welfare; but that interpretations of variations in “positive” social and explorative behaviour 

are not straightforward and may lead to misinterpretations. Despite its subjectivity, the qualitative behaviour 

assessment appears useful to discriminate farms.  

 

 

Key words: animal welfare; behaviour assessment; extensive; housing systems; Iberian pig 
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Behaviour is a significant component of well-b
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INTRODUCTION 
 

It is  generally accepted that ani

(Dawkins, 2004; Webster et al., 2004) and that it in

mal welfare comprises physical and mental health 

cludes several aspects such as absence of thirst, 

hunger, discomfort, disease, pain and injuries, stress and the expression of normal behaviour (Farm 

this multidimensional concept of welfare, the Welfare 

ed on-farm assessment systems which provide reliable 

d. To that effect a multicriteria approach was built on 

 feeding, good housing, good health and appropriate 

uded several independent but complementary criteria, 

). A set of predominantly animal-based measures was 

r estimation of their validity and repeatability in pilot 

Behaviour”, deals with the evaluation of 

e expression of social and other behaviours (such as 

-animal relationship and the presence of a positive 

f animal welfare and occurs as a consequence of the 

animal's motivational state and therefore the quantification of behaviour patterns is in fact a 

measure of motivation (Dellmeier, 1989). Expression of social and other behaviour as well as good 

human-animal relationship refer to variations in frequency of behaviours whereas the presence of a 

positive emotional state is based on a qualitative assessment. The qualitative assessment of animal 

behaviour relies on the ability of observers to integrate perceived details of behaviour, posture, and 

context into descriptions of animal’s style of behaving using descriptors such as “relaxed”, “tense”, 

“frustrated” and “content” (Wemelsfelder, 2007). Even though a qualitative assessment may open 

the door to an anthropomorphic projection, recent studies have reported its scientific and biological 

validity (Rousing and Wemelsfelder, 2006; Wemelsfelder, 2008; Wemelsfelder et al., 2001).   

Changes in behavioural patterns often represent the first level of response of an animal to an 

aversive or stressful environment. Then, behaviours which differ in pattern, frequency or context 

from those which are shown by most members of the species in conditions that allow a full range of 

behaviours are usually considered “abnormal” behaviours (Fraser and Broom, 1990). Many animal 

welfare studies seek to compare how animals behave in various housing environments or rearing 

conditions. More concretely, the comparison of behaviour of intensively and extensively kept 

animals has been used to determine how confined environment affects the development of 

behaviour. For instance, Krohn et al. (1994) compared grooming, exploration and abnormal 

behaviour of dairy cows kept in loose housing and tie stall; Kerr and Wood-Gush (1987) observed 

changes in frequencies and sequences of behaviour of intensively and extensively reared calves and 

Animal Welfare Council, 1992).   Based on 

Quality® project aimed to develop standardis

information on the way animals are produce

four main principles of animal welfare: good

behaviour. Each of these four principles incl

with a total of 12 criteria (Botreau et al., 2007

used to assess each one of these criteria afte

studies.   

The fourth principle, labelled “Appropriate 

behaviours and includes the assessment of th

exploratory behaviour in pigs), good human

emotional state. Behaviour is a component o
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proportions of beak-related behaviours were studied in intensive and free ranging hens (Shimmura 

variations in behaviour is usually not straightforward 

ld be considered as normal or not or even prejudicial 

 with animals housed in a variety of systems (Rushen 

this study focuses on the evaluation of “Appropriate 

g system was the one of election for its wide diversity 

 Some medium-sized farms (around 500 animals per 

 Iberian pigs meet most of their food requirements 

riod (fattened animals are over 24 month-old). 

especially of acorns, Iberian pigs may receive a food 

supplementation. This last rearing system is generally considered as extensive. More recently, 

farming methods tend to reduce the production cycle and use systematically fodder leading to an 

intensification of the rearing system. As a result, intensive Iberian pig rearing ranges from 

conventional farms with fully slatted floor to farms with outdoor access. Besides this diversity in 

production systems, the Iberian pig is a rustic breed highly adapted to an extensive rearing system. 

Its adaptation to more recent intensive rearing systems may, thus, rises new welfare implications 

inherent to the Iberian breed.   

To sum up, this study does not pretend to have an extensive approach of the Iberian pig 

behaviour but to evaluate the changes in occurrence of behaviour and qualitative measures from the 

“Appropriate Behaviour” principle of the Welfare Quality® scheme when assessing Iberian pigs in 

intensive and extensive rearing systems. It will give causes for discussing the validity of these 

different measures across Iberian pig rearing systems. Finally, it will provide a first sight on the 

Iberian pig welfare applying the Welfare Quality® protocols in extensive and intensive production 

systems.  

 

 

 

 

 

 

 

 

 

 

 

 

et al., 2008). Nonetheless, interpretation of 

and originate many discussions on what shou

or not for the animal, especially when dealing

and de Passillé, 2009).  

Derived from the previous concern, 

behaviour” in Iberian pigs. Iberian pig farmin

(Aparicio Tovar and Vargas Giraldo, 2006).

farm) follow a traditional system in which

grazing on pastureland during a long growing pe

Depending on the availability of resources, 
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MATERIAL AND METHODS  
 

Welfare assessment system 

The Welfare Quality® assessment system consisted of four main principles of animal 

welfa g, sing, good health and appropriate behaviour. Each of these four 

principles included 12 independent criteria (Botreau et al., 2007). This study focuses on the 

different animal-based measures from the “Appropriate Behaviour” principle evaluated on Iberian 

nsive and extensive conditions (Table 1).  

assessment system of growing pigs on intensive and 

 2009). 

Measures 

 

re: good feedin good hou

pigs in inte

 

Table 1 Recorded measures for the welfare 

extensive Iberian pig farms (Welfare Quality®,

 

  Welfare Criteria 

Expression of social behaviours Social behaviour 

Appropriate behaviour Expression of other behaviours Exploratory behaviour 

 Good human-animal relationship Fear of humans 

  Positive emotional state Qualitative Behaviour Assessment  

 

Animals and farming systems 
 

Iberian pigs from 11 extensive and 10 intensive farm units were evaluated on the basis of 

the “Appropriate Behaviour” principle. 

Extensive Iberian pigs were kept in outdoor paddocks whose size varied from 2000 m2 to 

400 ha. All paddocks provided covered facilities as well as wallows, puddles or small temporal 

streams to allow the animals to cool themselves. Pigs were grazed on pasture lands eating acorns 

and other resources (grass, bushes, roots, tubers, etc.), although during the assessment period (April-

May) a supplement of concentrated fodder was provided manually once or twice a day. The average 

group size was 185 pigs per paddock and the average space allowance per pig was 387 m2 ± SD = 

419.6 m2. Pigs entered the paddocks at an average weight of 48 kg and left to be slaughtered at 150-

160 kg. Extensive pigs assessed were meanly 280 day-old ranging from 42 to 420 days old. Iberian 

pigs from intensive farms were raised within a great diversity of housing conditions showing 

different levels of intensification. Three out of the 10 farms evaluated housed pigs on concrete floor 

providing outdoor access only during the finishing phase (three last months of the growing period); 

two farms housed pigs indoor on straw or sand; and five farms housed pigs on concrete floor with 
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resting areas providing an outdoor access during the whole period. All pigs were fed ad libitum with 

concentrated fodder. Group size ranged from seven pigs per pen to 320 pigs per paddock and the 

pace allowance per pig was 2.2 m2, ranging from 0.66 m2 in more conventional housings 

stems and 3.2 m2 on farms with outdoor access during 

weight of 22 kg and left to be slaughtered at 140-160 

ensive pigs assessed were meanly 160 days old ranging from 37 to 300 days old. 

 

applying the methodology of assessment found in the 

igs (2009). Two observers carried out the farm visits. 

rvers and to standardize the behavioural observations, 

ntensive conditions as well as in extensive ones) prior 

beginning the assessment. 

  

Social and exploratory behaviour 
 

Social and exploratory behaviours were assessed on 3707 extensive Iberian pigs and 6524 

intensive Iberian pigs by means of scan samplings. Firstly, pigs were scored as active or inactive. 

Then, the behaviours recorded from active pigs were: positive social behaviour, negative social 

behaviour, exploration and “other” behaviour (Table 2). The measure exploration included 

exploration of the pen/paddock and exploration of enrichment material. Before beginning the scan, 

the assessor ensures that all animals observed were standing up. If necessary, the observer would 

clap the hands. The observation of all the animals was recorded five minutes later from outside the 

pen in intensive conditions and from a distance higher than three metres from the group in the case 

of extensive conditions. Each group of pigs was observed five consecutive times with a two and a 

half minute interval between two scans. Three different groups of animals per farm were assessed 

using this method. Each group included an average of 170 animals. In extensive conditions, the use 

of binoculars was sometimes necessary. 

 

 

 

 

 

 

average s

to 1.5 m2  in indoor straw or sand bedding sy

the whole period. Pigs entered at an average 

kg. Int

Behavioural measurements 
 

Behavioural measures were assessed 

Welfare Quality® Assessment protocol for p

In order to minimize difference between obse

observers followed an identical training (in i
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iours during the scan sampling (Welfare Quality®, 2009). 

b
 

Table 2 Summary of recorded behav

 

Active ehaviour  

 
Negativ al behaviour   
                                             
 

 social behaviour 
                                      

 
active behaviour 

Aggressive behaviour, including biting or any social behaviour 
with a response from the disturbed animal.  
 
Sniffing, nosing, licking and moving gently away from the 
animal without an aggressive or flight reaction from this 

al.    

 nosing, licking all features of the pen or paddock. 
tion towards straw or other suitable enrichment 

material. 
 
All other active behaviours (eating, drinking, air sniffing, etc.) 

e soci
 

Positive

 
 
Exploration of the pen 
Exploration of enrichment material 
 

individu
 
Sniffing,
Explora

“Other” 
 
Non- Active behaviour 
 

Resting. 

 

 

Human Animal Relationship test 
 

Human Animal Relationship (HAR) was evaluated according to the fear to human test 

validated by Courboulay and Foubert (2007). Up to ten selected pens or groups of extensive animals 

were tested throughout the farm unit. Each pen or group of animals was assessed as a whole. Only 

two possibilities were considered for this test: 0 – No panic response to human presence; 2 – More 

than 60% of the animals in the pen/group showing panic to the human presence. Panic was defined 

as animals fleeing, facing away from the observer or huddled in the corner of the pen.  

 

Qualitative behaviour assessment 
 

The qualitative behaviour assessment (QBA) uses descriptive terms with an expressive 

connotation to reflect animals’ experience of a situation (Wemelsfelder, 2007). A rating scale was 

used to score pigs at group level based on 20 different terms: 1.Active, 2.Relaxed, 3.Fearful, 

4.Agitated, 5.Calm, 6.Content, 7.Tense, 8.Enjoying, 9.Frustrated, 10.Sociable, 11.Bored, 12.Playful, 

13.Positively occupied, 14.Listless, 15.Lively, 16.Indifferent, 17.Irritable, 18.Aimless, 19.Happy 

and 20.Distressed. The scale was of 125 millimetre length whose left side (or minimum) meant that 

145 



Chapter  4 

the expressive quality indicated by the term was en

right side 

tirely absent in any of the pigs observed, and 

(maximum) indicated that the descriptor was dominant across all pigs. The scoring was 

 this scale according to the number of animals showing each one of the terms used and 

the percentage of time that animals were observed in each state. The assessment was carried out at 

farm level after animals in a number of pens or paddocks had been observed for 20 minutes (i.e. 8 

ation and 2.5 minutes per point of observation). This methodology was validated by 

The SAS statistical package (SAS Inst.Inc., Cary, NC) was used to analyse data. 

Social and exploratory behaviour analysis 
 

social behaviour, exploration and “other” behaviour 

ber of active pigs. The percentage of active pigs was 

expressed in proportion to the total number of observations (active + resting animals). A Mann-

Whitney Wilcoxon test was used to investigate whether significant differences existed between 

frequencies of behaviours of Iberian pigs kept in intensive and extensive conditions. Spearman’s 

correlation coefficients between behavioural measures of the scan sampling were calculated in 

extensive Iberian pigs and in intensive Iberian pigs. A correlation was considered to be statistically 

significant when its P value was less than 0.05. 

 

HAR analysis 
 

The proportion of pens/groups of animals showing a panic response among pigs in 

extensive conditions and pigs housed on intensive farms was compared using a Chi-square test.  

 

Qualitative analysis 
 

QBA data were expressed at farm level and were analysed using a Principal Component 

Analysis (PCA) by means of the SAS PRINCOMP procedure. PCA reduces the number of original 

variables (descriptive terms) into a fewer dimensionality (principal components) explaining as much 

of the variability between farms as possible. A correlation matrix was used for a more balanced 

made inside

points of observ

Wemesfelder and Millard (2009). 

 

Statistical analysis 
 

 

Negative social behaviour, positive 

were expressed in proportion to the total num
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representation of the descriptive terms and

components whose eigenvalues were greate

 no rotation was applied. The first two principal 

r than 1.0 produced a two-dimensional interpretative 

word chart. In each chart, the 20 descriptive terms were plotted in relation to the first two axes. The 

word chart can be useful to lead the interpretation of the first two principal components. The 

 (or loadings) from the descriptor data quantify the weight each descriptor has on the 

main axes (Rencher, 2002). Each farm unit receives a score on each of the main principal 

 test was used to test whether the scores obtained for 

rms were significantly different.  

RESULTS 

 an lora eha r 

T ean frequencies of behaviour recorded during the scans for Iberian pigs 

and intensive conditions. The occurrences of negative social behaviour as well as 

positive social behaviour were significantly higher in Iberian pigs kept in intensive conditions (P < 

0.001 and P = 0.0003, respectively). On the other hand, there were no significant differences 

between intensive and extensive Iberian pigs in the expression of explorative and “other” 

behaviours. Given that pigs displayed exploration of enrichment material only in one pen of a single 

intensive farm, this category was summed to exploration of the pen and was studied as an overall 

explorative activity. 

 

Table 3 Mean occurrences and SE of behaviours recorded during the scan sampling applied in 

Iberian pigs in extensive and intensive conditions.  

 

Behavioural measure Extensive conditions Intensive conditions P value 

eigenvectors

two 

component. Next, a Mann-Whitney Wilcoxon

pigs in extensive units and pigs on intensive fa

 

 

Social d Exp tory b viou
 

able 3 shows the m

in extensive 

Negative social  1.0 ± 0.27 5.1 ± 1.03 < 0.001 

Positive social  2.3 ± 0.68 10.0 ± 1.11  0.0003 

Exploratory 40.9 ± 7.03 39.0 ± 3.14 NS 

“Other”  55.8 ± 7.31 47.3 ± 2.26 NS 

Active  71.4 ± 6.17 68.7 ± 3.77 NS 

                           NS: Non-Significant 
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In intensive Iberian pigs, there was a significant positive correlation between the occurrence 

ial behaviour and positive social behaviour (Table 4). In addition, negative social 

behaviour was negatively correlated with the frequency of exploration. In extensive Iberian pigs, 

positive and negative social behaviours (Table 5).  

Table 4 Spearman’s correlation coefficients between behavioural measures of the scan sampling of 

an pigs housed in intensive conditions. 

 

 

Negative Social Positive Social Exploratory “Other” Active 

of negative soc

there was no significant correlation between 

 

Iberi

  

Negative Social 1     

Positive cial 0.62*** 1    

ploratory -0.38* -0.11 1   

“Other”  0.07 -0.21 -0.89*** 1  

Active 0.07 -0.34 0.15 -0.11 1 

So

Ex

                   *** P < 0.001 
                   **   P < 0.01 
                   *    P < 0.05 
 

 

 

Table 5 Spearman’s correlation coefficients between behavioural measures of the scan sampling of 

Iberian pigs housed in extensive conditions. 

 

  Negative Social Positive Social Exploratory “Other” Active 

Negative Social 1     

Positive Social 0.18 1    

Exploratory -0.11 0.26 1   

“Other”  0.05 -0.34 -0.99*** 1  

Active -0.28 -0.41* 0.16 -0.09 1 

               *** P < 0.001 
               **   P < 0.01 
              *     P < 0.05 
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HAR test 
 

The frequency of groups of animals exhibiting a panic response was not significantly 

different in extensive Iberian pigs (29.0%) compared with Iberian pigs raised in intensive conditions 

(15.8%) (Z = 2.2, P = 0.14). However, when a panic response was seen on extensive units, it 

concerned from 50% to 100% of the groups of animals assessed whereas on intensive farms these 

proportions ranged from 17% to 40% (Figure 1). 

 

 

0 5 10 15 20
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Figure 1 Proportion of pens or groups of animals showing a panic response to the observer on 

extensive units (black circles) and intensive farms (white circles). 

 

Qualitative behaviour assessment 
 

Two main axes were retained accounting for a cumulative percent of variability between 

farms of 58% (42% and 16%, respectively). Also, the eigenvalues for these first two axes were 

greater than 1. The PCA word chart is shown in Figure 2. Happy (0.34), enjoying (0.33), content 

(0.32), positively occupied (0.31), and lively (0.31) as well as listless (-0.26), bored (-0.24) and 

frustrated (-0.24) showed the highest loadings on the first axis. The second axis was characterised 

with terms such as sociable (0.50), agitated (0.43), indifferent (0.40) as well as distressed (-0.34) 

and listless (-0.28). The position of each farm on the basis of the QBA was plotted in Figure 3. The 
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rearing system had a significant effect on the scores of the farms on the first axis (Z = -3.35; P = 

obtained significantly higher scores, meaning that they 

ng, positively occupied and lively than pigs housed in 

ant differences between the scores of intensive and 

 1.23; P = 0.21). 

only on intensive farms showed a homogeneous 

axes (Figure 4). These two axes explained 43% and 

om intensive farms. As described previously, the first 

axis was characterised with terms ranging from listless (-0.30) and frustrated (-0.21) to positively 

occupied (0.32) or lively (0.31). The second axis presented a more ambiguous interpretation as it 

was characterized with terms ranging from fearful (-0.36) and active (-0.35) to agitated (0.38) and 

relaxed (0.40).  

On the contrary, the plot of Iberian pigs assessed only in extensive conditions presented 

little dispersion (Figure 5). The first axis accounted for 37% of the total variance and was 

characterized with terms ranging from tense (-0.33) and irritable (-0.33) to enjoying (0.34) and 

happy (0.35). The second axis explained 22% of the total variance and was described by terms 

 occupied (-0.31) to calm (0.32), bored (0.32) and 

aimless (0.31) resulting, thus, difficult to interpret. Pigs from six out of 11 extensive units obtained 

relatively high scores on the basis of the first axis while two outliers could be identified (Figure 5).   

0.0008). Pigs housed in extensive conditions 

were assessed as more happy, content, enjoyi

intensive conditions. There was no signific

extensive Iberian pigs on the second axis (Z =

The plot of Iberian pigs assessed 

distribution of the farms throughout the two 

16% of the total variation between animals fr

ranging from agitated (-0.41) and positively

Axis 1
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Figure 2 Word chart of the QBA assessed in extensive and intensive Iberian pigs. Axes reflect 

eigenvectors (loadings) of descriptive terms on the two principal PCA dimensions.  
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Figure 3 Plotted values of the first two main components for extensive and intensive farms. 
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Figure 4 Plotted values of the first two main components of intensive farms. 
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DISCUSSION 
 

Expression of social behaviour 
 

Positive social behaviour such as licking is related to good welfare. Firstly, it has shown to 

elicit physiological responses known to be pleasant (Panksepp, 2006). In extensive conditions, 

Iberian pigs performed 2.3% of positive social behaviours which was in accordance with the 3% of 

positive social behaviour recorded by Stolba and Wood-Gush (1989) when observing pigs in semi-

natural environment. These authors reported social grooming in subgroups of pigs and emphasized 

the peculiarity of grunt or naso-nasal contact when members approached a nest site. In the present 

study, the frequency of positive social contacts increased as the Iberian pigs got less active in 

extensive conditions. Copado et al. (2004) also observed that many non-agonistic interactions in 

free ranging pigs were performed while pigs were more inactive or lying one next to the other. 

Positive social behaviour can therefore be considered as a pleasant emotion that promotes social 

cohesion and affiliation among conspecifics, under relaxed situations. Secondly, positive social 

behaviour reduces the negative effects of stressful events. This effect, known as “social buffering” 

(Kikusui et al., 2006), has been observed in several social species such as rats (Taylor, 1981), sheep 

Figure 5 Plotted values of the first two main co
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(Porter et al., 1995) and cattle (Mounier et al.

higher occurrence of positive social behaviou

2.3%, respectively). Intensification can lead 

, 2006). Iberian pigs reared intensively presented much 

r than pigs in extensive rearing systems (10.0% and 

to an increase in the number of stressful situations to 

heir growing period. An increase in positive social 

 perceived as a strategy used by Iberian pigs to find 

with a more intensive environment. De Jong et al. 

ing activity in pigs housed in barren environment 

ems. In intensive conditions, positive social behaviour 

elfare even though it might be originated by a stressful 

ditions showed also a significantly higher occurrence 

extensive Iberian pigs (5.1% and 1.0%, respectively). 

ompetition for resources between pigs increasing the 

teractions. A limited access to resources together with 

etitive situations (Ewbank and Bryant, 1972). Besides 

the fact that high stocking densities cause dominance hierarchy to be less successful in controlling 

aggressions within a group, a limited space allowance impedes an animal to signal submission by 

fleeing when a fight occurs (Gonyou, 2001). The frequency of negative social behaviour out of the 

total of social behaviours among pigs in intensive and extensive conditions was similar (34% and 

30%, respectively). An increased proximity between animals, as it happens in intensive conditions, 

may increase the probability of performing a social contact that can either be positive or negative, as 

well as the duration. In fact, a relatively high positive correlation was found between the occurrence 

of positive and negative social behaviours (rs = 0.62) among Iberian pigs in intensive conditions. 

This strong relationship suggests the possibility of common underlying causes of both types of 

social behaviours. For example an interaction may begin as a positive one (i.e. nosing or licking) 

and end up in a negative one (i.e. biting). Therefore, high levels of positive social activity may not 

necessarily reflect a positive sates of the animal (Boissy et al., 2007). In cattle, allogrooming may 

be related to social dominance and whether an increased of allogrooming is performed by dominant 

or subordinate animals is contradictory (Mülleder et al., 2003; Sato et al., 1993). Non-agonistic 

social behaviour may even sometimes be considered as abnormal behaviour (Wiepkema et al., 

1983).  In consequence, while negative social behaviour is clearly an indicator of poor welfare, the 

interpretation of high frequencies of positive social behaviour is not straightforward and should be 

careful especially when registered among Iberian pigs in intensive conditions. 

 

 

 

 

which the animals are submitted through t

contacts with conspecific could therefore be

relief from stressful experiences associated 

(1998) described an increase in allogroom

compared with those in enriched housing syst

may therefore have a positive influence on w

situation. 

Iberian pigs assessed in intensive con

of negative social behaviour compared with 

Intensive rearing conditions tend to foment c

occurrence and duration of negative social in

high stocking densities originates such comp
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Expression of exploratory behaviour 
 

Pigs are strongly motivated in perfor

nature is necessary to search food. Preventi

environment increases the risk of abnormal 

Petersen et al., 1995). In the present work, 4

activity in extensive conditions which was lo

proposed by Rodríguez-Estévez et al. (2009).

resources while in the present assessment pigs r

probably increases foraging activity and asses

(three months period of autumn-winter durin

probably increase their motivation to explor

behaviour was associated with an increase in

conditions, behaviour patterns which normal

released on inappropriate objects, such as the

and Dammers, 1976). Part of negative social

when there is a lack of proper environment

ming exploratory behaviour such as rooting which in 

ng pigs from doing so by keeping them in a barren 

behaviours such as tail biting (Moinard et al., 2003; 

1% of active behaviours were destined to exploratory 

wer than the 54% daylight hours engaged in foraging 

 In this last study, pigs were entirely reliant on natural 

eceived a food supplementation. Feeding necessity 

sment of extensive Iberian pigs during the montanera 

g which animals are fed essentially with acorns) will 

e. In intensive conditions, a decrease of exploratory 

 negative social behaviour. Under unsuitable housing 

ly are directed towards the physical environment are 

 body of pen mates (Petersen et al., 1995; Van Putten 

 interactions may be misdirected foraging behaviours 

 stimulation (Fraser and Broom, 1990). Thereafter, it 

seems that levels of exploratory behaviour in intensive conditions (39%) did not appear to fulfil the 

behavioural needs of the Iberian pigs. Even though more than 50% of the farms housed pigs in pens 

with straw or sand which have been suggested to decrease the manipulation of penmates (Appleby 

and Wood-Gush, 1988; Fraser et al., 1991) pigs from only one pen of a single farm displayed 

exploration of a suitable enrichment material. Definition of a suitable enrichment material gives too 

much room for interpretation (Bracke et al., 2006). Material use decreases over time (Docking et al., 

2008) and as it is destroyed or soiled (Blackshaw et al., 1997). The presence of substrates spoiled 

with manure or not frequently renewed may explain the loss of interest for exploration and 

infrequent manipulation of enrichment material recorded among intensive Iberian pigs.  When 

comparing Iberian pigs in extensive and intensive conditions, levels of exploratory behaviour were 

not significantly different. Moreover, those frequencies were very similar to the one found by 

Temple et al. (in press) applying the same methodology in “white” pigs on conventional farms with 

concrete floors (38%). Several reasons may explain this similarity in the expression of exploratory 

behaviour between pigs in extensive and intensive conditions. First of all, pigs are highly motivated 

to explore even if there are no obvious novel stimuli which may elicit the behaviour (Wood-Gush 

and Vestergaard, 1993).  In barren environments, pigs usually spent more time examining 

surroundings (Fraser et al., 1991; Ruiterkamp, 1987). Furthermore, variation in the frequencies of 

exploration was inversely associated with variation in the frequencies of “other” behaviour using 

the scan sampling methodology. This last measure represented an important percentage of all active 

behaviours in intensive pigs (47%) and in extensive ones (56%). It included well defined behaviours 
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that were seen in both farming conditions suc

however, it also included behaviours that

Motionless sitting, which is more likely interp

in the environment (Guy et al., 2002; Ruit

conditions while wallowing into puddles an

h as drinking, eating, and watching the surroundings; 

 were more dependent of the rearing conditions. 

reted as a form of apathy where pigs show no interest 

erkamp et al., 1987), was usually seen in intensive 

d walking long distances were examples of “other” 

behaviours often observed in extensive conditions. Depending on the stimulation of the pigs in 

 behaviour, their motivation in exploring may change. In consequence, the occurrence of 

s more likely to depend on their feeding motivation as 

er a priori “satisfying” behaviours.  In contrast, a low 

 been mostly associated to the lack or deterioration of 

an and renewed straw or other enrichment material 

ore, a decrease in the frequency of exploration in 

ed with an impaired welfare while it should be 

A poor human-animal relationship results in the animals being fearful of the stockpersons 

and other persons. Fear is considered as a major welfare problem as the sudden, intense or 

prolonged elicitation of fear can seriously damage the welfare, productivity, product quality and 

profitability of the farm animals (Waiblinger et al., 2006). The quality of stockmanship is the main 

determinant of a good or bad human-animal relationship. Stockmanship covers the way that animals 

are handled, the quality of their daily management and health care, and how well problems other 

than disease are recognised and solved (Waiblingler and Spoolder, 2007). The HAR test from the 

Welfare Quality® protocol is considered to be relevant to identify especially obvious poor human-

animal relationships (Courboulay et al., 2009). In extensive management systems, animals often 

depend on the natural resources and are more likely to receive contacts from humans during 

infrequent but aversive procedures (Goddard et al., 2006; Turner and Dwyer, 2007), resulting in 

animals being more fearful to the human presence. Several studies have found a significant effect of 

the rearing system on the response of sheep (Hargreaves and Hutson, 1990) or heifers (Boivin et al., 

1994) to humans. Nonetheless, in the present assessment, the panic response among groups of 

Iberian pigs was not significantly associated to the rearing system. Several environmental factors 

may cause Iberian pigs to be less fearful than expected in extensive conditions. First of all, 

extensive Iberian pigs received a daily food supplementation provided manually by the farmer. 

According to Hemsworth et al. (1996) pigs associate a rewarding experience of feeding with the 

handler and this conditioning result in pigs being less fearful of the handler and other humans. 

doing such

exploratory behaviour among extensive pigs i

well as on their motivation in performing oth

level of exploration among intensive pigs has

suitable manipulative substrate such as cle

(Beattie et al., 1995; Fraser et al., 1991). Theref

extensive conditions is not always associat

considered as so in intensive conditions.  

 

Human-Animal Relationship   
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Moreover, pigs were reared in conventio

sufficiently high body weight (30-40 kg) to g

have been reported in young pigs (Hemswort

humans when getting older.  

Although mean frequencies of the 

rearing system, there were marked difference

to which the animals were fearful of humans.

extensive unit, from 50% to 100% of the grou

nal housings and management until they reach a 

et to outdoor paddocks. Long term effects of handling 

h et al., 1987) and may influence their fear response to 

panic response did not depend significantly on the 

s between extensive and intensive units in the degree 

 Indeed, when a panic response was seen on an 

ps of animals assessed displayed a fear response to the 

observer. On the contrary, this response affected less than half of the pens assessed when seen on an 

. Thereafter, the fear response tended to be consistent among groups of pigs from an 

er intra-farm variability in intensive conditions. The 

nimals’ degree of fear of people among pigs in 

 easily flee from the observer whereas the escape 

e conditions. Animals that routinely receive frequent 

ignore the stimulus person (Waiblinger et al., 2006) 

while animals that receive less direct contact, such as extensively reared pigs, are more likely to 

ce. The degree of curiosity of the animals (de Passillé 

and Rushen, 2005) and passive avoidance behavioural pattern (Erhard et al., 1999) can also affect 

the animals’ responses to people. These factors might be even more pronounced in more restraint 

conditions.  

 

Qualitative behaviour assessment 
 

On the basis of the first principal component (PC1), the qualitative behaviour assessment 

appear to be useful to distinguish between farms in which animals appeared to be in a more positive 

mood from farms in which animals showed a negative mood. The second principal component 

(PC2) by itself does not bear direct relevance to welfare, but it contributes to a meaningful transition 

between descriptive terms of positive and negative mood on the first PC. These observations 

corroborate the results found by Wemelsfelder and Millard (2009) when validating this 

methodology in growing pigs from other breeds. Extensive unit scores on PC1 were higher than 

those of intensive farms demonstrating that the QBA and subsequent analysis by means of a PCA 

appears to be a useful methodology to distinguish farms on the basis of expression of natural 

behaviour.   

When applying the PCA only in Iberian pigs kept in intensive conditions, pigs’ groups 

presented a homogeneous dispersion throughout the PC axes due to a high variability of the QBA 

among intensive farms. This variability makes the PCA sufficiently robust to distinguish between 

intensive farm

extensive unit while it presented much high

HAR measure may be more sensitive in detecting a

extensive conditions. In those conditions, pigs can

response may be more ambiguous in intensiv

human contact are more likely to appear to 

show a clear response to the observer presen
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intensive farm scores on the first PC. In co

QBA from Iberian pigs in extensive conditio

extensive units. The variability between sc

diversity of housings in current Iberian 

intensification. A first type of intensive farms

resemble those of intensive “white” pigs in 

months of fattening). Iberian pigs then finali

greater space allowance (1.3 m

ntrast, the PCA loses robustness when applied to the 

ns due to a high similarity between PC scores among 

ores of intensive farms may be linked to the great 

intensive farming that reflect different levels of 

 raised Iberian pigs on concrete floor in facilities that 

Spain until they get to the finishing phase (three last 

zed their fattening period in outdoor paddocks with a 

second type of farms housed pigs indoor on straw or 

5 m2 per pig. Finally, a third type followed a semi-

ng and resting zones on straw or sand as well as an 

iod. On those farms the average space allowance was 

 conditions may have an effect on the observer’s 

cally associate less intensively kept pigs to a more 

ave shown that qualitative behaviour assessments in 

pigs are sensitive to contextual bias, but that this sensitivity does not appear to weaken the basic 

reliability of such assessment. On the other hand, housing and management can also have a real 

effect on the animal’s ongoing behaviour. It has indeed been suggested that pigs housed in enriched 

conditions show a different behavioural expression when observed in an experimental pen than pigs 

housed in non-enriched conditions (Wemelsfelder et al., 2000). Iberian pigs have been selected for 

over 2000 years for extensive production (Aparicio Tovar and Vargas Giraldo, 2006). They are thus 

confronted to aversive situations in intensive conditions that are notably different from those they 

find in their natural environment, resulting in the expression of a variety of behavioural responses in 

order to cope with aversive situations perceived in intensive environments (Wechsler, 1995). For 

example, animals may respond acting upon the aversive stimulus (Korte et al., 1992), increasing 

aggressive behaviour in situations of frustration (Duncan and Wood-Gush, 1971), showing an 

apathetic state (Fraser, 1975) or increasing their total activity and exploration directed at pen 

structures or pen mate (Scheepens et al., 1991). In consequence, pig’s behavioural expression may 

vary according to how it interacts and pays attention to a given situation. Subsequently, the QBA 

would be sufficiently sensitive to detect changes in the animals’ behavioural expression in a given 

situation and would be useful to give a perception of how well the animals are coping within the 

conditions of a particular farm. 

 

 

 

 

 

2 per pig). A 

sand with an average space allowance of 1.

intensive rearing system providing indoor feedi

outdoor access during the whole growing per

3.2 m2 per pig. On the one hand, housing

perception of welfare that would systemati

positive mood. Wemelsfelder et al. (2009) h
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CONCLUSIONS 
 

Negative and “positive” social behav

are sensitive to changes in the housing and

differences are seen between extensive and i

behaviours, such as exploratory behaviour, an

of negative s

iours as well as the qualitative behaviour assessment 

 management of Iberian pigs. On the other side, no 

ntensive reared Iberian pigs in the expression of other 

d in human-animal relationship. The high occurrences 

ocial behaviour recorded in intensive conditions are clearly an indicator of poor 

of variations in the frequencies of “positive” social behaviour and 

exploration are not straightforward. Despite its subjectivity, the qualitative behaviour assessment 

e basis of the expression of behaviour. Even though 

 likely to cope with their environment and to perform 

learly reflected by the results from the “Appropriate 

behaviour” assessment. Still, in overall, they appear to be in a more positive emotional state than 

their conspecific in more intensive rearing systems. Finally, since “Appropriate behaviour” is part 

of the integrative scoring system of the Welfare Quality® project, interpretation of variation in 

frequencies of behaviours in terms of animal welfare must be cautious, especially when comparing 

farm units from diverse rearing systems. 
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and their repeatability may represent one of their main 

ol. Test-retest repeatability refers to the likelihood that the 

 repeated by the same observer. This study discusses the 

itative animal-based measures included into the Welfare 

nventional farms of growing pigs. An average of 12 months 

elapsed between the two visits and no changes in management routines or housing conditions were done by 

ed rank test was used to test whether the mean results 

obtained during the two visits were significantly different. Different methods were used to assess repeatability 

of mean prevalences at farm level: Spearman’s correlation coefficient (rs), intra class correlation coefficient 

(ICC) and limits of agreement (LoA). Moderate bursitis, widespread skin discolouration and positive social 

behaviour presented mean results significantly different between the two visits (P < 0.05). From a 

discriminative point of view, only moderately soiled body (rs = 0.7; ICC = 0.8) and the panic response (rs = 0.7; 

ICC = 0.5) were consistent over a long period of time. However, inconsistencies between Spearman’s 

correlation and ICC were found when interpreting the repeatability of several quantitative measures such as 

severely wounded animal and severely soiled body. The Qualitative Behaviour Assessment (QBA) was 

subjected to a significant effect of the visit, however, the two sets of scores were moderately related on the first 

axis of the principal component analysis (rs = 0.5). A more evaluative approach such as the limits of 

agreement can be useful to guide the interpretation of test-retest repeatability of quantitative measures based 

on farm averages and to detect farms that present a persistent welfare problem. Unless the assessment 

relates only to the relative ranking of a farm within the same visit, the QBA is not consistent over a long period 

of time. 

 

 

Keywords: test-retest repeatability; animal welfare assessment; pig; Welfare Quality®; animal-based 

measures 
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INTRODUCTION 
 

Consistency of a welfare assessment s

be used for certification purposes. In order to be 

should take place in long intervals of suppo

ystem over time is especially important when it is to 

cost effective, the Welfare Quality® assessments 

sedly more than six months (Knierim and Winckler, 

e influenced by how often welfare can feasibly be 

is to promote improvement, then tracking change over 

This should be done considering the repeatability of 

peatability becomes fundamental to detect the risk of 

e individual farm. Regardless of whether the protocol 

provement, the outcomes should be representative of 

 significant changes and being not sensitive to minor 

in farm conditions (Plesch et al., 2010). Repeatability 

y of each measure along time. 

arity in the results of repeated measurements on the 

Concerning on-farm welfare assessment, repeatability 

r and test-retest repeatability (de Passillé and Rushen, 

2005). High inter-observer repeatability is achieved when two (or more) persons carrying out an 

observation of the same animals get similar scores. Test-retest repeatability refers to the chance that 

the same results will be obtained if the test is repeated. In the special case of welfare assessment, the 

intra-observer repeatability - which describes the extent to which a single assessor obtains 

consistent results when evaluating the same animals or farms on different occasions – is part of test-

retest repeatability. Measures taken on animals tend to be subject to variations and their 

repeatability may represent one of the main limitations of the use of animal-based measures in a 

welfare assessment tool (de Rosa et al., 2003; Lensink et al., 2003). For that reason, the majority of 

parameters included into the Welfare Quality® protocols were evaluated for their inter-observer 

repeatability at individual level and under experimental conditions (Forkman and Keeling, 2009).   

Animal welfare is an inherent characteristic of the individual animal and has a dynamic 

outcome; therefore, it can not be seen as a steady state. The lack of reliability of a measure over 

time may be due to: 1) an unpredictable time effect; 2) the sensitivity of a parameter to routine (not 

less important) changes but not to major changes in the management/resources of the farm; 3) 

methodological constrictions. Those three major causes of variability between visits are more ore 

less likely to happen depending on the measure assessed. 

A variety of different methodologies have been used to determine repeatability. In animal 

welfare science, repeatability of continuous variable is often expressed as a Spearman/Pearson’s 

correlation coefficient (Winckler et al., 2007; Dalmau et al., 2010). In studies where three o more 

2009). The frequency of visits will then b

assessed. Furthermore, if the main objective 

time becomes fundamental (Keeling, 2011). 

each farm individually. The assessment of re

poor welfare at some point in the future on th

is used as a certification tool or to promote im

the long-term situation of a farm detecting

changes included within the usual variation 

will depend on the nature, distribution and sensitivit

Repeatability is defined as the simil

same item (e.g. farm or group of animals). 

generally has two components: inter-observe
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observers measure the same parameter (Wem

where consistency over time is assessed more

Kendall’s coefficient of concordance have b

consistency of a test measurement can als

coefficients (ICC). Despite its infrequent use 

repeatability of continuous measurements in

2005; Dohoo et al., 2009). ICC assesses r

measurements of the same sub

elsfelder and Millard, 2009; Mullan et al., 2011) or 

 than twice (de Rosa et al., 2003; Plesch et al., 2010), 

een calculated to quantify the overall reliability. The 

o be quantified by means of intra class correlation 

in animal welfare studies, ICC is a common metric of 

 medical sciences and clinical epidemiology (Weir, 

epeatability by comparing the variance of different 

ject (e.g. farm) with the total variance across all measurements and 

nts (both Spearman/Pearson and ICC) are measures of 

 which subjects (e.g. farms) can be distinguished 

or (Terwee et al., 2007). The main limitation of these 

dence on the variance of the assessed population of 

farms (Costa-Santos et al., 2011). More recently, the limits of agreement described by Bland and 

1986) have come into vogue to assess test-retest repeatability in the biomedical studies 

). Agreement assesses how close results of the repeated measurements are, by 

ment are, then, not influenced by the variance of 

. Even though interpretation of the significance of its 

results is highly subjective (Costa-Santos et al., 2011), limits of agreement may be useful to 

compare results of overall prevalences of welfare outcomes at farm level.  

The interpretation of repeatability of continuous variables should be performed with caution 

as inconsistencies between methodologies have been observed in different studies (Costa-Santos et 

al., 2011). To overcome this problem the use of both measures of reliability and agreement is 

recommended (de Vet el al., 2006; Dohoo et al., 2009). This study evaluates the test-retest 

repeatability over a long period of time of the animal-based measures from the Welfare Quality® 

assessment protocol on a sample of 15 intensive farms. Different methodologies are used to assess 

test-retest repeatability of the welfare outcomes and their appropriateness is discussed especially 

when applied as a tool to track changes over time at the individual farm level. 

 

MATERIAL AND METHODS  
 

Farm sample and data collection 
 

The Welfare Quality® protocol was applied twice by the same assessor on 15 intensive 

growing pig farms in Spain. An average of 12 months (SD = 40 days) elapsed between the two 

visits to minimize a seasonal effect. No major changes in management routines and housing 

subjects (Bartko, 1966). Correlation coefficie

reliability meaning that they evaluate the degree to

from each other, despite the measurement err

methods resides, then, in their strong depen

Altman (

(Weir, 2005

estimating the measurement error. Limits of agree

the assessed population (de Vet et al., 2006)
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conditions were undergone by the farmers 

managers, the animals in both visits came fro

during this interval. According to the farmers and 

m the same origin however a similar lineage was not 

all in all out” management and their size ranged from 

ibitum and kept indoor on fully or partly slatted floors 

als. During the first visit, the age of the pigs ranged 

ace allowance was 0.77 m2 per pig (SD = 0.2 m2 per 

pigs ranged from 43 to 171 days old and the average 

2 m2 per pig).   

mal-based parameters evaluated in this study are summarised in Table 

1. Measures of feeding, housing and health were scored at pen or individual level according to a 

three-point scale ranging from 0 (good welfare) to 2 (poor welfare). The majority of measures – 

except coughs and sneezes – were assessed on animals in 10 randomly selected pens throughout the 

farm. Coughs and sneezes were evaluated at 6 different points of the farm. Quantitative behavioural 

measures were carried out by means of scan sampling of social and exploratory behaviours and a 

human-animal relationship (HAR) test. The scan sampling, validated by Courboulay and Foubert 

(2007), was performed at 3 different observation points of the farm. Approximately, 50-60 animals 

were observed from each observation point. For the HAR test, validated by Courboulay and Foubert 

(2007), 10 selected pens were tested throughout the farm. Each pen was assessed as a whole and a 

score of 0 (no panic response) or 2 (more than 60% of the animals in the pen showing a panic 

response) was given at pen level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

assured. All the farms assessed followed an “

330 to 4800 pigs per farm. Pigs were fed ad l

in groups of an average of 14 (SD = 5) anim

from 63 to 182 days old and the average sp

pig). During the second visit, the age of the 

space allowance was 0.77 m2 per pig (SD = 0.

The quantitative ani
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Tabl 1 Quantitative animal-based measures with their respective scoring scale used in the welfare 

assessment (Welfare Quality®, 2009). 

 

m asure
cription 

e 

Animal-based Score Des
e s 

B y Co al with a good body condition od ndition 0 Anim
  r body condition: Animal with visible spine, hip and pin 

bones 
Bursitis No evidence of bursae 

2 Poo

0 
 erate bursitis: One or several small bursae on the same leg 

or one large bursa 
 re bursitis: Several large bursae on the same leg or one 

ely large bursa or any eroded bursae 
M nure o s than 20% of the body surface is soiled 

1 Mod

2 Seve
extrem

n the body 0 a Les
 erately soiled body: More than 20% but less than 50% of 

e body surface is soiled with faeces 
  verely soiled body: Over 50% of the body surface is soiled 

with faeces. 
H dling Pig lying with less than half of its body lying on top of another 

pig 

1 Mod
th

2 Se

ud  0 

  ying with more than half of its body lying on top of another 

Panting al breathing. 

2 Pig l
pig 

0 Norm
  2 Rapid breath in short gasps. 
Shivering 0 No vibration of any body part 
  2 Slow and irregular vibration of any body part, or the body as a 

whole 
Wounds on the 
body 

0 If all regions of the animal’s body have up to 9 lesions 

 2 Severely wounded: when more than 10 lesions are observed on 
at least two zones of the body or if any zone has more than 15 
lesions 

Tail biting 0 No evidence of tail biting; superficial biting but no evidence of 
fresh blood or of any swelling 

 2 Bleeding tail and/or swollen infected tail lesion, and/or part of 
tail tissue missing and presence of crust 

Lameness 0 Normal gait or difficulty in walking, but still using all legs; 
swagger of caudal body while walking; shortened stride 

 1 Severely lame, minimum weight-bearing on the affected limb 
  2 No weight-bearing on the affected limb, or not able to walk 
Pumping 0 No evidence of laboured breathing 
  2 Evidence of laboured breathing 
Scouring 0 No liquid manure visible in the pen 
 1 Areas in the pen with some liquid manure visible 
  2 All faeces visible inside the pen is liquid manure 
Skin Condition 0 No evidence of skin inflammation or discolouration 
 1 Localized skin condition: More than zero, but less than 10% of 

the skin is inflamed, discoloured or spotted 
  2 Widespread skin condition: More than 10% of the skin has an 

abnormal colour or texture. 
Hernias 0 No hernia/rupture 
 2 Hernias/ruptures with bleeding lesion or touching the floor.  
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T  dence of twisted snouts wisted snout 0 No evi
  nce of twisted snouts 
R r  evidence of rectal prolapse 

2 Evide
olapse 0 Noectal p

  idence of rectal prolapse 
HAR 0 No panic response to human presence 

2 Ev

 2 Panic response: More than 60% o the animals fleeing, facing 
he observer or huddled in the corner of the pen 

e behaviour, including biting or any social behaviour 
esponse from the disturbed animal. 

away from t
Negative social 
behaviour   

% of active 
behaviour 

Aggressiv
with a r

Positive social 
behaviour 

% of active 
behaviour 

Sniffing,
without an 

 

 nosing, licking and moving gently away from the animal 
aggressive or flight reaction from this individual 

Explorative 
behaviour 

% of active 
behaviour 

Sniffing
Exploratio

, nosing, licking all features of the pen or paddock. 
n towards straw or other suitable enrichment material 

 

behaviour (QBA), validated by Wemelsfelder and Millard 

(2009), uses descriptive terms with an expressive connotation to reflect animals’ experience of a 

Wemelsfelder, 2007). A rating scale was used to score pigs at group level based on 20 

l, 4.Agitated, 5.Calm, 6.Content, 7.Tense, 8.Enjoying, 

yful, 13.Positively occupied, 14.Listless, 15.Lively, 

16.Indifferent, 17.Irritable, 18.Aimless, 19.Happy and 20.Distressed. An overall assessment was 

carried out at farm level after the animals in six observation points per farm were observed.  

In order to minimize intra-farm variability between the two visits, the same pens or 

observation points were evaluated in both visits by the same assessor. Hospital pens were not 

included in the sampling. More detailed information about the overall methodology of assessment 

can be found in the Welfare Quality® Assessment protocol for pigs (2009). 

 

Statistical analysis 
 

The SAS statistical package (SAS Inst. Inc., Cary, NC) was used to analyse data.  

Data were analysed at farm level. 

 

Quantitative measures analysis 
 

Prevalences of animal-based measures of feeding, housing and health as well as the HAR 

test were expressed as proportion of animals or pens affected on the total of animals or pens 

evaluated. Social and exploratory behaviours were expressed in proportion to the total number of 

active pigs. A Wilcoxon signed rank test was used to test whether the mean results obtained during 

 

The qualitative assessment of 

situation (

different terms: 1.Active, 2.Relaxed, 3.Fearfu

9.Frustrated, 10.Sociable, 11.Bored, 12.Pla
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the two visits were significantly different. T

test-retest repeatability of quantitative measur

intraclass correlation coefficient (ICC) we

agreements were used as an evaluative m

Spearman’s correlations between the two visi

animals. A rs value of 0.4 – 0.7 indicates a m

corr

hree statistical methods were applied to evaluate the 

es. The Spearman’s correlation coefficient (rs) and the 

re used to determine reliability whereas limits of 

ethodology. For each quantitative measure, partial 

ts were calculated removing the effect of the age of the 

oderate correlation and more than 0.7 indicates a high 

elation (Martin and Bateson, 2007). ICC were evaluated using Generalised Linear Models 

(PROC GENMOD, CORRW option), controlling for the age of the animals. A negative binomial or 

poisson distribution was used on the basis of the value of the deviance (Cameron and Trivedi, 

er the reliability; and if the variability within groups 

groups (visits) then ICC will be negative (Zar, 1999). 

ts for each quantitative measure were calculated using 

agreement were estimated on the mean difference 

the same farms and the standard deviation of 

xpected to be less than two standard deviations. The 

plots of the differences between the pairs of prevalences against their mean value were used to 

interpret the results.  

 

Qualitative analysis 
 

QBA data were expressed at farm level and were analysed using a Principal Component 

Analysis (PCA) by means of the SAS PRINCOMP procedure. A correlation matrix was used for a 

more balanced representation of the descriptive terms and no rotation was applied. The first two 

principal components whose eigenvalues were greater than 1.0 produced a two-dimensional 

interpretative word chart. In the chart, the 20 descriptive terms were plotted in relation to the first 

two axes. The word chart can be useful to lead the interpretation of the first two principal 

components. The eigenvectors (or loadings) from the descriptor data quantify the weight each 

descriptor has on the two main axes (Rencher, 2002). Each farm unit receives a score on each of the 

main principal component. Next, a Wilcoxon signed rank test was used to test whether the scores 

obtained during the first and the second farm visits were significantly different. Finally, partial 

Spearman’s correlations between scores of farms from the two visits were calculated for each main 

principal component and removing the effect of the age of the animals. 

 

 

 

 

1998). The closer the ICC is to 1.0, the high

(visits) is larger than the variability between 

The limits of agreement between the two visi

the Bland and Altman (1986) method. Limits of 

of prevalences between the two separated visits on 

these differences. Most of the difference is e
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RESULTS 
 

Prevalences and occurences of quantita
 

tive measures 

The mean prevalences and occurrences of the quantitative animal-based measures recorded 

during the two visits are shown in Table 2. Moderate bursitis, widespread skin 

discolouration/inflammation and positive social behaviour presented mean results significantly 

different between the two visits. The remaining quantitative animal-based measures did not present 

mean results significantly different between the two visits. Figure 1 described the mean prevalences 

of manure on more than 50% of the body (severely soiled body) and severely wounded animals 

recorded in each visit. The farms that presented the highest prevalences of severely soiled body and 

severely wounded animals in the first visit showed also the highest prevalences of those measures in 

the second visit.  
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Table 2 Mean prevalences/occurrences ± SD of quantitative animal-based measures recorded 

g t isi uality® protocol for growing pigs. Partial Spearman 

correlations coefficient, Intraclass correlation coefficient (ICC) and limits of agreement (mean 

its ± 2 SD) between two farm visits are shown for each quantitative animal-

based u

sit 
Wilcoxon 
signed 
rank test 
p value 

Spearman 
Correlation

durin  the wo v ts using the Welfare Q

differences between vis

 meas re. 

 
Animal-based measure First visit Second 

vi  
between 
visits 
 

ICC    Limits of 
agreement    

Poor   ± 1 ± 0.37 NS - 0.19 - 0.19 0.0 ± 1.03 body condition 0.1  0.32 0.

Panting 0.1 ± 7 0.0 ± 0.00 NS - - 0.0 ± 0.00  0.2  

Shive 0 ± 0  ± 0.00 NS - - 0.0 ± 0.00 

dd 0.9 ± .30 4 ± 2.02 NS 0.49 0.45 0.5 ± 3.56 

Mode r .2 ± 4 ± 13.9 0.015 0.22 - 0.20 - 

Sever  ± 1  ± 3.66 NS - 0.15 - 0.48 -2.9 ± 17.76 

Mode o d .9 ±  ± 7.30 NS 0.72* 0.83 3.7 ± 10.10 

erely soiled body 1.8 ± 3.10 1.2 ± 3.50 NS 0.09 0.72 0.7 ± 3.72 

Severely wounded 0.9 ± 1.09 1.1 ± 2.62 NS 0.13 0.89 1.0 ± 3.96 

ring 0.  0.0  0.0

Hu ling 1  1.

rate bu sitis 61  11.23 50.

e bursitis 6.9  7.0  4.1

rately s iled bo y 10  13.30 7.2

Sev

Tail biting 0.7 ± 1.12 0.4 ± 1.16 NS 0.06 - 0.01 -0.2 ± 3.22 

Lameness (total) 0.4 ± 0.77 0.2 ± 0.42 NS 0.28 - 0.04 -0.1 ± 1.69 

Pumping 0.0 ± 0.00 0.0 ± 0.00 NS - - 0.0 ± 0.00 

Snout 0.0 ± 0.00 0.0 ± 0.00 NS - - 0.0 ± 0.00 

Prolapse 0.0 ± 0.00 0.04 ± 0.17 NS - - 0.0 ± 0.34 

Hernia 0.1 ± 0.34 0.2 ± 0.35 NS - 0.20 - 0.26 0.0 ± 1.02 

Localized skin condition 3.0 ± 5.17 1.3 ± 1.12 NS - 0.30 - 0.42 -1.6 ± 11.67 

Widespread skin condition 5.8 ± 6.03 0.8 ± 1.75 0.002 0.15 0.44 - 

Coughs 15.5 ± 24.41 20.4 ± 22.83 NS - 0.10 - 0.10 4.9 ± 71.52 

Sneezes 17.1 ± 21.76 13.3 ± 10.90 NS 0.17 0.25 -3.8 ± 41.81 

Scouring scored as 1 5.3 ± 9.90 6.7 ± 9.00 NS 0.40 - 0.15 1.3 ± 24.22 

Scouring scored as 2 0.0 ± 0.00 0.0 ± 0.00 NS - - 0.0 ± 0.00 

Negative social 5.1 ± 2.73 5.6 ± 2.04 NS 0.06 - 0.30 -0.5 ± 7.50 

Positive social 9.9 ± 2.81 13.6 ± 1.96 0.0006 0.19 0.29 - 

Exploratory 27.3 ± 6.41 24.5 ± 5.97 NS - 0.10 0.36 2.7 ± 16.08 

"Other" 57.6 ± 5.17 56.3 ± 8.73 NS - 0.29 - 0.10 1.3 ± 20.10 

Panic response 9.3 ± 17.51 8.0 ± 12.07 NS 0.69* 0.51 1.3 ± 25.30 
 
* P < 0.01 
NS: non-significant 
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First visit
Second visit
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Figure 1 Distribution of the mean prevalences of manure on more than 50% of the body (severely 

soiled body, a) and wounds on the body (severely wounded animals) (b) in percentage of pigs 

affected per farm during the first visit (black) and the second visit (grey). 

 

Severely wounded (%) 
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Test-retest repeatability of quantitative m
 

easures 

Moderately soiled body (rs = 0.72) and the HAR test (rs = 0.69) presented the highest 

ween the two visits. These two animal-based measures 

ased on Spearman’s correlation coefficients, the other 

m one visit to the other (Table 2). According to ICC, 

nimals presented a good reliability been in discrepancy 

mean differences between visits of each quantitative animal 

based measure are shown in Table 2. The limits of agreement of moderate bursitis, widespread skin 

condition and positive social behaviour were not calculated as the mean difference was not 

significantly different from zero. Limits of agreement were plotted for four quantitative measures: 

severe bursitis, negative social behaviour, tail biting and scouring scored as 1. The scatter of the 

difference for severe bursitis increases as the combined mean increases (Figure 2). Figure 3 shows 

the mean difference plots of negative social behaviour between the two visits. The range of 

difference of negative social behaviour varied from -3.5% to 2% between the two visits for 13 of 

the 15 farms assessed and a clear outlier could be identified. Tail biting (Figure 4) did not present 

any agreement as, except one farm, affected units were not affected twice. Finally, according to 

Figure 5, two of the six farms that presented diarrhoea on the first visit presented the same 

prevalences on the second visit, showing entire agreement. Also, nine farms that didn’t present 

diarrhoea on the first visit did not present it on the second visit. 

 

 

 

 

 

 

 

partial Spearman’s correlation coefficient bet

also presented acceptable ICC (ICC > 0.5).  B

quantitative measures were not repeatable fro

severely soiled body and severely wounded a

with the results of Spearman’s correlations.  

 

The limits of agreement for the 

176 



Chapter  5 

 

Average prevalence of severe bursitis of the two visits
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Figure 2 Plot of the mean difference (second
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Figure 3 Plot of the mean difference (second visit minus first visit) against the mean occurrence of 

negative social behaviour of the two visits for 15 intensive farms. 
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erence (second visit minus first visit) against the mean prevalence of tail 

biting of the two visits for 15 intensive farms. 
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Figure 4 Plot of the mean diff
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                             * Nine farms with a 0% prevalence in the two visits are superposed. 

 

Figure 5 Plot of the mean difference (second visit minus first visit) against the mean prevalence of 

pen with scouring scored as 1 on the two visits for 15 intensive farms. 

 

*
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Qualitative behaviour assessment 
 

Two main axes were retained accou

farms of 52% (35% and 17%, respectively). 

than 1. The PCA word chart is presented in 

nting for a cumulative percent of variability between 

The eigenvalues for these first two axes were greater 

Figure 6. Relaxed (0.32), enjoying (0.31), positively 

occupied (0.30), and happy (0.29) as well as frustrated (-0.31), indifferent (-0.27) and irritable (-

0.26) showed the highest loadings on the first axis. The second axis was characterised with terms 

such as playful (0.43), indifferent (0.28) as well as bored (-0.36), fearful (-0.27) and agitated (-

0.26). The position of each farm on the basis of the QBA was plotted in Figure 7. The visit had a 

significant effect on the scores of the farms on the first axis (S = -59; P < 0.0001) and the second 

axis (S = -53; P = 0.0012). The animals observed during the second visit obtained significantly 

higher scores on the first axis, meaning that they were scored as more relaxed and enjoying. 

However, on the second axis, the scores from the second visit were lower, meaning that the animals 

were perceived more bored and fearful.  

 

 

Axis 1
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Figure 6 Word chart of the QBA assessed in intensively kept pigs during the first and the second 

farm visits. Axes reflect eigenvectors (loadings) of descriptive terms on the two principal PCA 

dimensions. 

 

 

179 



Chapter  5 

 

PC 1 (35%)

-8 -6 -4 -2 0 2 4 6 8

P
C

 2
 (

1

-6

-2

0

2

4

6

1

2

3

3

2

6

1

7

8

8

9

9
10

10

11
11

12
12

13

13
14

14

15

15

4
57

7%
)

-4 4

5
6

 

Figure 7 Plotted values of the first two main components for the farms assessed during the first (bold 

numbers) and the second visit (cursive numbers).  

 

 

Test-retest repeatability of the QBA 
 

The first principal component of the PCA from the QBA presented a moderate partial 

Spearman’s correlation between the two visits (rs = 0.52) whereas the second principal component 

was less consistent (rs = 0.32). Limits of agreement were not calculated for the qualitative 

behaviour assessment due to the significant visit effect.  
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DISCUSSION 
 

Quantitative measures 
 

Several methodologies were used to 

over time. Spearman’s correlation coefficient 

assess the repeatability of each quantitative measure 

measures the extent to which one set of test results 

ly compare the values obtained (Dohoo et al., 

ICC) relates the amount of variability among units to 

 among units plus variability among measurements 

e considered as one minus the proportion of variance 

9). Both measures of reliability are more likely to be 

asurement error is related to the variability between 

n, 1996; de Vet et al., 2006). Taking into account that 

 factor for many measures (Temple et al., 2012), 

 were calculated taking into account the age of the 

nly moderately soiled body and the human animal 

relationship test showed a high consistency over a long period of time. Fear of human and 

moderately soiled body presented the highest repeatability according to both reliability 

methodologies used. Concerning fear of human, Rousing and Waiblinger (2004) and Winckler et al. 

(2007) reported a good repeatability of the avoidance distance measure in cattle in intervals of four 

to five days and of two months, respectively. Fear of human beings is largely affected by the way 

stockpeople interact with their animals (Hemsworth et al., 1989). When no major changes in 

husbandry occurred, the HAR appeared to be a consistent measure over long period of time 

showing little dependence of minor environmental and management variations within the farms. Pig 

dirtiness depends on seasonal effects, cleanliness routines and farm’s design such as the type of 

floor (Huynh et al., 2005) or the feeding system (Scott et al., 2007). Moderately soiled body 

appeared to be sensitive to differences between intensive farms in previous studies (Temple et al., 

2011a). The high consistency of the measure moderately soiled body between visits shows that this 

sensitivity depends greatly on the housing and management rather than minor variations in the farm 

conditions. Severely soiled body showed low Spearman’s correlations between visits but high ICC. 

Low Spearman’s correlations are expected for a parameter such as severely soiled body which does 

not allow discrimination between farms (Temple et al., 2011a). One farm presented extreme 

prevalences of severely soiled body in both visits increasing the variance between units and 

thereafter producing a large ICC. The same contradictory results between both types of correlation 

coefficients were found for severely wounded animals and the opposite was observed for scouring. 

varies with a second set; however, it does not direct

2009). The intraclass correlation coefficient (

the total variability which consists of variability

within a same unit (between visits). It can b

due to measurement error (Dohoo et al., 200

used for discriminative purposes and the me

units (farms) in both cases (Bland and Altma

the age of the animals was an influencing

Spearman’s correlation coefficient and ICC

animals.  

From a discriminative point of view, o
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Indeed, scouring presented a moderate Spearman’s correlation but a low ICC, indicating that the 

 variability between the two sets of measurements was 

arman’s correlation and ICC highlight the dependence 

C on the variability between farms as commented by 

996).  

 were not repeatable between both visits either using 

iminative point of view, to have a good reliability, the 

 small in comparison to the variability between farms 

 by means of the Welfare Quality® assessment protocol 

y to detect differences between intensive farms in a 

 et al. (2010) commented that the lower the incidence 

repeatability of results over time. In addition, the 

ol between two farm visits is expected to be relatively 

anges) in farm conditions as well as any unpredictable 

ror. The inclusion of farms from different production 

e the correlation coefficient as it would increase the 

ean that the consistency of prevalence on a given farm 

is higher. Consequently, for those peculiar data that show little sensitivity, the evaluation of the 

repeatability by means of Spearman’s correlations or ICC does not seem to be robust enough and 

can lead to misinterpretations. 

 

Agreement parameters are used for evaluative purposes (de Vet et al., 2006). If the welfare 

assessment system is considered from an evaluative point of view, the variability between farms in 

the population does not matter; only the measurement error of the assessment system is important. 

The limits of agreement’s methodology proposed by Bland and Altman (1986) indicate the range of 

differences between the two sets of measures. The plot of the difference between the means of two 

visits against the average prevalence of the two visits helps to determine the range of errors, 

indicated by the spread of the points (de Vet, 1998). The mean difference between the two sets of 

prevalences is closed to zero for many parameters. The adoption of an evaluative approach can be 

complementary to guide the interpretation of the results from discriminative methods. For example, 

limits of agreement of severe bursitis were wider due to large values of the difference for high 

average prevalences. The plot is useful to determine if the level of disagreement between the two 

visits varies with the mean prevalences obtained at farm level. Severe bursitis is therefore not 

consistent over time for high prevalences. Older animals housed on concrete floors present a higher 

risk of bursitis (Gillman et al., 2008). The age of the animals was not taken into account when 

calculating and plotting the limits of agreement, and might explain part of this difference for high 

average prevalences.  

pairs of prevalences were related but that the

high. The former contradictions between Spe

of Spearman’s correlation coefficients and IC

de Vet et al., (2006) and Bland and Altman (1

The remaining quantitative measures

Spearman’s correlations or ICC. From a discr

measurement error of the protocol should be

(de Vet, 1998). Health data recorded

showed low prevalences and little sensitivit

previous study (Temple et al., 2011a). Plesch

of a welfare outcome, the lower was the 

measurement error of a welfare assessment to

high. Any regular variations (but not major ch

time effects can increase the measurement er

systems in the sample will probably increas

variability between farms; still, it does not m
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Some parameters such as localized a

disorders are more likely to be subject to unp

a farm. Those indicators were actually difficu

environment (Temple et al., 2012). By nat

repeatability. The outbreak of a particular dis

welfare measure on a particular month or ye

of systemic infections such as PRRS and env

the significant differences in the mean preva

mean values did not differ significantly betw

present one (or several) of those problems persist

diarrhoea on the first visit did not present it

presented the same prevalence of diarrhoea 

farms presented a persistent problem of diarrh

units for that particular measure. Two other fa

the two visits. Several environmental and man

enteric disorders 

nd widespread skin condition, respiratory and enteric 

redictable variations along time and sporadically affect 

lt to predict by means of simple measurements on the 

ure, those parameters are expected to show a low 

ease may induce variations in the incidence of a given 

ar. Widespread skin discolouration can be a symptom 

ironmental diseases (such as mange) that may explain 

lences between both visits. For those measures whose 

een both visits, attention should be given to farms that 

ently. For example, many farms that didn’t present 

 on the second visit. However, two of the six farms 

during both visits, showing entire agreement. Those 

oea and should therefore be considered as problematic 

rms presented an outbreak of diarrhoea only in one of 

agement factors may increase the risk and duration of 

during the productive cycle, producing outbreaks of diarrhoea (Pearce, 1999). 

ges) can prevent a welfare problem from becoming 

persistent. The efficiency of the farmer/veterinarian in applying a correct treatment (vaccines), 

controlling the ventilation and keeping a good hygiene may prevent many respiratory and enteric 

disorders from becoming persistent. On intensive farms, tail biting is a multifactorial problem 

whose incidence is highly variable and often referred as “outbreak” (Hemsworth and Cronin, 2006; 

Taylor et al., 2010). The repeatability of such unpredictable welfare problem at farm level is 

expected to be very low and its persistency should be prevented by good management (e.g. hospital 

pens, environmental enrichment, etc.). In our study, except one farm, affected units were not 

affected twice either because of a complete absence of tail biting at the moment of the visit or due to 

proper management of sick animals. Conversely to tail biting, lameness and poor body condition do 

not usually appear as “outbreaks”; however, their occurrence may vary, as well, depending on 

management factors such as the correct use of hospital pens. Taking into account that no “major” 

housing (e.g. type of floor; mean densities) or nutritional changes occurred between the two visits, 

the lack of repeatability of lameness and poor body condition may show that the majority of farmers 

do, indeed, isolate sick animals as recommended. Routine changes on a farm affect repeatability of 

several measures even if “major” changes do not occurred. Therefore, adopting an evaluative 

approach such as the limits of agreement may be better to identify farms that have persistent welfare 

problems and thus higher risks of poor welfare.  

Finally, methodological aspects should be considered when interpreting a lack of 

repeatability between visits. Some parameters may be too sensitive and their variation may be due 

to slight fluctuations in the environment or in the animals themselves. The range of difference of 

Routine management (but not “major” chan
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negative social behaviour varied from -3.5%

assessed. Negative social behaviour appear

occurrence on intensive conventional farms 

majority of farms assessed in the present 

negative social behaviour over the two visi

variation of this behavioural measure when n

 to 2% between the two visits for 13 of the 15 farms 

ed to be very sensitive to farm variations and its 

ranged from 1% to 14% (Temple et al., 2011a). The 

study showed, then, a homogeneous occurrence of 

ts and the range of variation can represent the usual 

o major change occur on the farm. On the other side, 

two farms were not consistent over time due to an increase of aggressions during one of the two 

Thereafter, from an evaluative point of view, negative social behaviour presented some 

rameters that present high intra-farm variability might 

isits (Temple et al., 2011a). The sample of animals 

t be representative of the current welfare state of the 

 for those two measures. Intra-observer variability may 

when interpreting test-retest repeatability. For 

nked to the higher training experience of the observer 

in the mean prevalence of positive social behaviour 

Qualitative assessment 
 

The qualitative behaviour assessment (QBA) was analysed as an integrative measure of 20 

descriptive terms. On the basis of the first principal component (PC1), the qualitative behaviour 

assessment distinguishes between farms with animals that appeared to be in a more positive mood 

from farms with animals that showed a more negative mood. The second principal component 

(PC2) differentiates these moods in low and high levels of arousal. These observations were in 

agreement with the clustering of descriptors at the positive and negative ends of the two principal 

components found by Wemelsfelder and Millard (2009) when studying the inter-observer reliability 

of the QBA. Similar PCA results were also reported by Temple et al. (2011b) when comparing 

Iberian pigs kept in intensive and extensive units. The PCA pointed out a clear visit effect in which 

the animals observed during the second visit appeared to be, in overall, in a more positive mood but 

also more bored and fearful than during the first visit. Besides this systematic difference, the two 

sets of scores were moderately related on the first axis using partial Spearman’s correlations (rs = 

0.5). Therefore, unless the assessment relates only to the relative ranking of a farm within the same 

visit, it is not consistent over time. Wemelsfelder et al. (2001) reported good inter and intra-

observer reliability using the “free choice profiling methodology” (FCP) on pigs observed 

individually. As well, Wemelsfelder and Millard (2009) found a good reliability of the QBA 

between observers using a fixed scale rating to assess groups of growing pigs. In both studies the 

visits. 

agreement for the majority of farms. Other pa

not be detected by the sampling in both v

assessed for tail biting or lameness might no

overall group of animals present on the farm

represent a third methodological aspect to consider 

instance, a low intra-observer repeatability li

in the second visit may explain variations 

between both visits. 
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reliability was tested on the basis of video c

shown to the observers. In contrast, in the p

commercial conditions and an interval of 12 

the physical or mental states of the animals 

lower correlations than in experimental cond

and breed) occurred between the two farm vi

the pigs’ general mood. Moreover, an effec

should not be dismissed as it may originate a

what the terms mean may change dependi

previous training with videos displaying the fu

breeding conditions and a

lips of pigs (whether individual or groups) that were 

resent study, the QBA was applied on pigs kept in 

months elapsed between the two visits. Variations in 

might explain, in part, variations between visits and 

itions. As no major changes (management, housing, 

sits, the QBA may be sensitive to minor variations in 

t of the mood of the observer (intra-observer effect) 

 systematic error between visits. The interpretation of 

ng on the experience of the observer over time. A 

ll range of the species behaviour under diverse 

 detailed description of the terms on animals kept in a wide range of 

using conditions should control this possible intra-observer effect. In a recent study, Phythian et 

 farm scores throughout a year. Sheep farms are 

 in husbandry and housing conditions. In contrast, the 

 all intensive conventional farms. The QBA may gain 

f farms from a wide range of production systems. In 

ible seasonal effects or to an intra-observer effect for 

example would be lower than the variability between farms increasing the consistency of the QBA 

results. Finally, the QBA may provide a more stable picture of the animals on a farm over a long 

period of time and not only during a single visit. As commented by Meagher (2009), observer 

ratings of behaviour are, generally, intended to integrate information over a period of time and a 

variety of situations rather than reflect only a particular moment in time, and thus are expected to 

display stability. Thereafter, integrating information across visits, the QBA is more likely to be 

more reliable.  

 

CONCLUSIONS 
 

Moderate bursitis, widespread skin discolouration/inflammation and positive social 

behaviour presented mean results significantly different between the two visits. The remaining 

quantitative animal-based measures did not present mean results significantly different between the 

two visits. From a discriminative point of view only moderately soiled body and the human animal 

relationship test showed a high reliability over a long period of time. Inconsistencies between 

Spearman’s correlation and ICC were found when interpreting the repeatability of several measures. 

Adopting a more evaluative approach such as the limits of agreement can be useful to guide the 

interpretation of test-retest repeatability of quantitative measures based on farm averages. It also 

allows the detection of farms that present a persistent welfare problem and can be practical to be 

ho

al. (2011) has found a relative stability of sheep

more likely to be different one from the other

pig farms assessed in the present study were

stability over time when applied to sample o

this case, the measurement error due to poss
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used for improvement purposes. Unless the assessment relates only to the relative ranking of a farm 

within the same visit, the QBA scores from intensive conventional farms of pigs were not stable 
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General  Discussion 

OVERALL EVALUATION OF THE MONITORING PROTOCOL 

ucting the entire protocol on intensive conventional 

s 6 hours and 20 minutes. The interview and general information 

n a second visit, which may then last one hour less. 

rs, which is less than needed for the Welfare Quality® 

au et al., 2009b). Several stakeholders expressed their 

of farms to run the WelfareQuality® assessment would be too long and thus 

too costly (Veissier et al., 2007). Several strategies should then be considered to reduce the duration 

of the second visit. A first plausible strategy is to focus on a subset of measures on a second visit 

based on the results from a first visit. For improvement purposes, those measures should be the ones 

with higher prevalence / incidence. Secondly, based on the presence or absence of “predictors” and 

on risk evaluation, the visit may focus on welfare problems that are more likely to happen. For 

example, the assessment of moderate bursitis may not make sense in young pigs on straw bedded 

floors. Finally, having completed at least two visits, the assessment may focus only on persistent 

welfare problems. Farms that did not present any persistent problem may be evaluated less 

frequently than farms with constantly high prevalences across visits. 

Although some WQ® methodologies to assess animal welfare in pigs have been developed 

under intensive conditions, methodological problems may arise when applying the protocol to 

extensive conditions. Difficulties in observing the animals due paddock dimensions and to the lack 

of close contact with humans may result in the assessment of some parameters such as bursitis or 

wounds on the body being difficult. However, it was possible to assess the vast majority of 

parameters – except behavioural ones - when animals were gathered for inspection or for feeding. 

The methodologies of behavioural recording were flexible enough to allow the recordings of 

measures in extensive conditions outside feeding time.  

 

 

 

 

 

1. FEASIBILITY AND SENSITIVITY  
 

1.1. Feasibility 
 

The average time required for cond

farms of growing pigs wa

recording are expected to be much shorter o

Current certification schemes last about 2 hou

(WQ®) assessment in its present form (Botre

worries that the visit 
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1.2. Sensitivity 
 

The assessment system has to cover all aspects of welfare and its sensitivity depends on 

elfare assessment system on farm, the sensitivity of a 

tions between commercial farms. Variations between 

ay the farming system is managed as well as specific 

 in sensitivity of a welfare measure between farms 

en production systems can then be assessed. In both 

m variability in order to find out if the measure is 

mals present on the farm.   

ood housing and appropriate behaviour principles of 

detect differences between conventional farms. On the 

ermal comfort and the majority of health indicators 

 us to discriminate between conventional farms. A 

blished when defining the categorical scoring scale of 

e repeatability between observers but to the detriment 

gories of scores were defined. As an example, in order 

to increase the proportion of observers allocating the same score, Brenninkmeyer et al. (2007) and 

March et al. (2007) merged several more detailed classes (5-point lameness scale) into fewer classes 

(2-point scale: lame vs. not lame). Therefore, allowing greater differences between observers 

improves reliability but decreases discrimination ability (Engel et al., 2003). The main problem is 

finding a balance between repeatability and sensitivity. Tuyttens et al. (2009) have shown that 

continuous scales are potentially more sensitive than simple categorical scales without affecting the 

repeatability of the measure. The choice of a continuous scale should be taken into consideration for 

measures such as wounds on the body or lameness to increase their sensitivity at commercial level. 

A second possible explanation for a low sensitivity between farms may be the high within farm (or 

between pens) variability that is found in some measures such as tail biting, lameness, etc. A lack of 

sensitivity would then be linked to a lack of accuracy in the sampling strategy, so that the estimated 

prevalences of those measures would not be reliable. According to Endres et al. (2011) estimating 

the proportion of thin and fat cows required that 70% to 80% of the pens be measured. Therefore, a 

higher percentage of pen/group of animals must be sampled to generate accurate estimates for 

relatively rare parameters such as very thin animals in cattle (in European cattle rearing systems) or 

tail biting in pigs than for more frequent parameters such as moderate bursitis in pigs on 

conventional farms. This percentage is even more important on bigger farms where the ability to 

pick up such infrequent welfare problems will be lower than on small farms. Conventional farms of 

growing pigs can often housed more than 2 000 animals (representing approximately 50% of the 

farms assessed in the present study) which makes the evaluation of more than 50% of the animals 

what is included in it. In the context of a w

measure refers to its capacity to detect varia

farms include the effects of variations in the w

housing-animal interactions. The differences

within the same production system or betwe

cases, it is necessary to describe the intra-far

representative of the actual welfare state of the overall group of ani

The majority of measures from the g

the WQ® protocol were sensitive enough to 

other hand, body condition, indicators of th

(except coughs and sneezes) did not allow

possible explanation is that the threshold esta

several measures is too restrictive. To increas

of the sensitivity of these measures, clear cate
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unfeasible. Changes in the sampling strategy in order to increase the sensitivity of rare parameters 

ons. For those rare parameters, the main issue to be 

erage state of the animals on the farm or put more 

nt of hospital pens as well as cull animals for example 

mpling of rare problems. Finally, this low sensitivity 

elfare state of the pigs housed on the farms assessed.  

ent system was then applied on a large scale sampling 

 However, health measures kept presenting a low 

ple of farms was intended to be heterogeneous from a 

. As for measures of thermal comfort, they truly 

t stress induced by high environmental temperatures. 

ge from 15 to 24ºC and from 14 to 21ºC in “white” 

onyou et al., 2006). On the days of assessment, the 

 ranged from 25 to 29ºC and from 24 to 40ºC on 

ctively. However, the prevalence of pigs panting was 

 on-straw. It is very likely that heat stress had not been 

ther feasible indicators of heat stress, more sensitive 

than panting, should be validated and included into the protocol for growing pigs on farm. 

To some extent, it was also surprising not to detect any welfare concern linked to the 

rearing of pigs in extensive conditions. The prevalence of poor body condition was significantly 

higher in extensive Mallorcan Black pigs than in pigs kept on conventional farms. However, all the 

other parameters failed to reveal a welfare concern in extensive conditions and many prevalences 

were below 1%. The presence of diseases such as digestive disorders caused by parasites or bacteria 

is a particular concern in extensive Iberian pigs (Astorga et al., 2010). The animals are exposed to 

multiple environmental factors including the contact with wild boars, foxes and birds which 

contribute to the dissemination of pathogens. Even when livestock can be observed, the question 

remains of how representative health measures, such as presence of diarrhoea, really are at herd 

level, given the variability of the environment. Unlike intensively-housed livestock that generally 

have controlled and relatively constant environments, the environment of an extensive animal and 

the associated welfare status may change dramatically in a relatively short period of time, such as in 

response to severe weather, accident or disease outbreak. Beyond the difficulties in detecting health 

problems, there definitively remain welfare challenges in extensive production systems, including 

the large seasonal variations in food and water supply and quality, climatic conditions and in some 

cases the restricted opportunities for direct monitoring and supervision (Matthews, 1996; Petherick, 

2005). All aspects that have a clear impact on welfare in intensive conditions have been included 

into the WQ® protocol. The sensitivity of the protocol in extensive conditions relies, then, on the 

capacity of those animal-based parameters to detect welfare problems. Considering that extensive 

are less likely to happen for feasibility reas

decided is whether we shall consider the av

attention on the worse animals. The assessme

may be more representative than a random sa

can simply reflect homogeneity in the actual w

To increase its sensitivity, the assessm

of farms from several production systems.

sensitivity between farms even though the sam

sanitary point of view (based on veterinary records)

appeared to be not sensitive enough to detec

Estimations of the thermal comfort zone ran

growing and finishing pigs, respectively (G

fourth quartile of environment temperatures

conventional and straw bedded farms, respe

0.2% on conventional farms and 0.7% in pigs

detected in many of the animals assessed. O
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systems present specific challenges to welfare, several items are likely to be missing in the protocol 

and animal based observations alone are unlikely to be sensitive enough to detect welfare problems 

ent such as the presence of shades, wallowing 

facilities as well as the evaluation of the quality of the stockmanship and the use of some 

hould also be taken into consideration when assessing 

S: SELECTIVITY AND CONTEXTUAL VALIDITY  
 

Welfare is a mental state, resulting from how the animal experiences its environment 

., 1999). Parameters used to assess animal welfare are 

t only indices that need to be interpreted. Complex 

ts and with the animal itself lead generally to 

2001). For that reason animal-based parameters are 

linked to the welfare of animals. However, their 

relationship with the actual mental state of the animals is not always certain. Despite being practical 

and focused, interpretation of the significance of the results to the animals themselves presents an 

ongoing challenge (Whay et al., 2007). Although the validity of each independent measure 

integrated into the WQ® protocol for growing pigs has been discussed in pilot studies (Forkman 

and Keeling, 2009), many indicators may not be specific enough and some of them have been 

accepted only for consensus validity.  

 

2.1. Selectivity 
 

We should consider if we are measuring what we want and not something else, which refers 

to the selectivity of a measure once applied in commercial conditions as well as what are the factors 

that can influence the outputs and if that measure can be interpreted as regards the criteria for which 

it is used. The prevalence of bursitis, for example, was significantly different between production 

systems (e.g. conventional vs. straw bedded) and possible environmental causes of bursitis such as 

the density and the type of floor were detected. Bursitis seems, therefore, a selective indicator of 

comfort around resting. The prevalence of poor body condition was associated with pigs feeding on 

pasture in extensive Mallorcan Black pigs and it seems an appropriate indicator of prolonged 

hunger. Nevertheless, poor body condition was also associated with pigs on-straw in their early and 

mid growing period. As commented by Scott et al. (2006), poor body condition may also be 

in extensive conditions. Details on the environm

management practices such as nose ringing s

the welfare of extensively kept animals. 

 

 

2. INTERPRETATION OF THE OUTCOME

(Dawkins, 1980; Duncan, 1996; Bracke et al

not direct measures of this mental state bu

interactions between environmental aspec

unpredictable outcomes (Waiblinger et al., 

generally considered to be more closely 
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indicator of Postweaning Multisystemic Was

the “absence of diseases” criteria. Coughs 

indicators of respiratory diseases were sen

variation was not easy to interpret in terms o

sneezes nor differences between production 

of coughs and sneezes may vary due to m

environmental contaminants (dust, ammoni

diseases was confusing, as the consistency of

and the age of the animals. Faeces can beco

extensive pigs are fed on pasture or during the 

be impaired in dirty floors, slatted floors or 

signs of disorders, individually assessed can b

ting Syndrome (PMWS) and could therefore relate to 

and sneezes which are included in the protocol as 

sitive to differences between farms; however, this 

f welfare, and neither possible causes of coughs and 

systems were detected (not published). The incidence 

any causes, such as viruses, bacteria, parasites or 

a, etc.) Similarly, the link between diarrhoea and 

 faeces may vary to some extent according to the diet 

me more liquid when the pigs are liquid fed or when 

montanera period.  Detection of diarrhoea may also 

in extensive conditions. Therefore, each one of these 

e nonspecific (Scott et al., 2007; Wemelsfelder, 2007) 

and combining those signs with other types of measure may provide more specific information on 

sence of diseases. For instance, the detection of inactive animals with a low body condition 

tor of the fever reaction caused by an active infection 

n be high in some farms with acute infection. In fact, 

s to detect sick animals (Consensus validity). A recent 

study on the validity of sickness behaviour in dairy calves has proposed to integrate behavioural 

tools such as lethargy score, standing motionless and willingness to approach the observer as 

predictors of disease (Stanton et al., 2011). Similar indicators of “sickness” may increase the 

selectivity (and probably the sensitivity) of health measures in growing pigs and should be of 

interest in further studies. In addition to the validation of new animal-based indicators of diseases, 

evidence of prevention and active management of diseases can be of special interest to increase our 

interpretation of health outcomes (Main et al., 2001). Some points such as the correctness of a 

treatment or the management of hospital pens can be selective measures of health problems. Studies 

are needed to assess attitudes of farmers towards the prevention of diseases and to select valid and 

feasible management-based indicators of health. 

 

2.2. Contextual validity 
 

Another source of lack of validity can arise when the meaning of a result differs depending 

on the conditions (Contextual validity). For example, variation in occurrences of behaviour from 

one production system to another may not have the same significance. The difficulties in 

interpretation of an outcome measure have been outlighted by de Passillé and Rushen (2005) when 

validating a test to measure human animal interactions on farm. The validity of “avoidance distance 

towards an observer” as an indicator of human-animal relationship in cattle was critically discussed 

the pre

and scruffy hair coat can be a selective indica

(Hart, 2010). Prevalence of “sick” animals ca

detection of “runt” pigs is usually used by vet
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by the authors who ended up asking whethe

and without a true welfare deficiency in ter

welfare through behavioural parameters fro

interpretation when comparing farm units of 

examples, interpretations

r the measure really discriminates among farms with 

ms of human-animal relationship. The assessment of 

m the WQ® protocol revealed clear difficulties of 

Iberian pigs in intensive and extensive conditions. For 

 of variations in the frequencies of “positive” social behaviour and 

ition, even though the mean frequencies of the panic 

m, there were marked differences between extensive 

 animals were fearful to humans. Several factors such 

ncy of human contact (Waiblinger et al., 2006) may 

e. Those influencing factors may be 

even more pronounced in intensive conditions. As a result, the outcomes of the human animal 

d not vary only depending on the handling of the animals but also on 

confounding factors that may differ between rearing systems.  

avioural outcome can wrongly favour or prejudice a 

e assessment of “appropriate behaviour” has to be 

cross systems and it should be possible to extrapolate from intensive to extensive conditions 

(Appleby, 1996). A parameter and its associated methodology of assessment should be validated 

under both rearing conditions. Different thresholds may need to be established depending on the 

production system (e.g. different flight distances); however, the final score obtained (e.g. panic 

response) will have to reflect a welfare problem (obvious poor human-animal relationships) in both 

conditions. Finally, it is necessary to find indicators of emotions (or affect) that should be valid 

across systems and applicable on farm.  

 

 

3. BENCHMARKING AND SETTING THRESHOLDS  
 

3.1. Benchmarking system 
 

A benchmarking system informs farmers about their own performance and encourages them 

to make improvement in problem areas. Although welfare assessment systems can be used for 

legislation or certification purposes, they may also be used as an advisory/management tool. The 

results from the welfare assessment system need to be sufficiently simple and transparent to be fully 

understood by the farmer.  

exploration were not straightforward. In add

response did not depend on the rearing syste

and intensive units in the degree to which the

as the restricted space to flee and the freque

explain variations in the fear response to the observer presenc

relationship test woul

 

An erroneous interpretation of a beh

farmer. As part of the WQ® quality protocol, th

valid a
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Generalized Linear Mixed Models (G

with very low prevalences and count data

LMM) were used for modelling non-parametric data 

. The methodology allowed for a practical detection of 

 a given population. The model was applied on 30 

should be feasible on a larger sample of farms from 

king system provides individual farms with data from 

s from other farms. Moreover, mean prevalences and 

distributions of several welfare outcomes were obtained on a wide range of commercial farms.  

raded production systems can be useful to raise awareness on the apparition of welfare 

thresholds (Keeling, 2011). For example, it may guide 

isions when establishing thresholds of awareness for 

riation of a measure within a large population of farms 

needed to adjust the aggregation model to the 

2007b). As mentioned before, several measures from 

s and small variability once applied on a large sample 

lds of those measures are thus expected to be low in 

are. 

3.2. Detecting causal factors 
 

Welfare assessment alone is unlikely to deliver welfare improvement without some 

additional strategies to improve welfare and driver to motivate farmers to respond positively to the 

assessment (Whay et al., 2007). The identification of risk factors is fundamental to quantify the 

level of impact of an intervention. Reducing risk is one aim of recommendation on housing and 

management. Predictive factors can give an estimation of which type of welfare problem is more 

likely to appear on a given farm. The visit could then be focused on the target animal-based 

measures increasing the feasibility of the WQ® protocol as a commercial tool. A descriptive 

epidemiological approach was undertaken to consider prevalences with a view to determining risk 

factors. It provides information on the links between possible causal factors and their consequences 

for several welfare outcomes. Important differences between production systems can be established 

based on the majority of animal-based parameters of the good feeding and housing principles. Pigs 

in the conventional system presented the lowest prevalence of poor body condition while extensive 

Mallorcan Black pigs and extensive Iberian pigs had a decreased prevalence of bursitis and pig 

dirtiness. The straw bedded system presented a lower prevalence of bursitis but poorer hygiene and 

poorer body condition than the conventional system. The odds ratios reported for several parameters 

of feeding and housing were very high when comparing production systems suggesting that the 

production system by itself has an important effect on the apparition of such welfare problems (e.g. 

farms with welfare problems in relation to

conventional farms; however its assessment 

different production systems. This benchmar

their own performance in relation to average

G

problems. Benchmarking can also help to set 

the aggregation system and the experts’ dec

each measure. Information on the range of va

(minimum, maximum, mean and standard error) is 

characteristics of that measure (Botreau et al., 

the WQ® protocol presented low prevalence

of commercial farms. Discrimination thresho

order to detect significant values of poor welf
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bursitis or pig dirtiness). It should be emp

(huddling, shivering and panting) differed bet

In contrast to measures of feeding an

little between the five production systems stud

lack of sensitivity of health measures recorde

hasised though that no indicator of thermal comfort 

ween production systems.  

d housing, health measures differed, in general, very 

ied. Odds ratios included unity or were closed to 1. A 

d by the WQ® protocol may explain this homogeneity 

between production systems. Another possible explanation is that production systems may be truly 

similar in the prevalence of health problems. To answer this question health measures recorded by 

Quality® protocol should be compared to a “gold standard” or to 

of farms. The impact of causal factors often 

rding to the severity (score) of a parameter. To 

er, models were developed for each score and by 

parameters that presented over-dispersion (e.g. skin 

s may suggest that classifying farms by production 

agement considerations.  

 

4. TEST-RETEST REPEATABILITY 
 

Consistency of a welfare assessment system over time is especially important when it is to 

be used for certification purposes. In order to be cost effective, the Welfare Quality® assessments 

should take place in long intervals of supposedly more than six months (Knierim and Winckler, 

2009). The frequency of visits will then be influenced by how often welfare can be feasibly be 

assessed. Furthermore, if the main objective is to promote improvement, then tracking change / 

stability over time becomes fundamental (Keeling, 2011). This should be done considering the 

repeatability of each farm individually. The assessment of repeatability becomes fundamental to 

detect the risk of poor welfare at some point in the future on the individual farm. Regardless of 

whether the protocol is used as a certification tool or to promote improvement, the outcomes should 

be representative of the long-term situation of a farm detecting significant changes and not being 

sensitive to minor changes included within the usual variation in farm conditions (Plesch et al., 

2010). Repeatability will depend on the nature, distribution and sensitivity of each parameter along 

time. 

Several methodologies were combined to evaluate the repeatability of the WQ® assessment 

protocol on a sample of 15 intensive conventional farms. The results were discussed from a 

discriminative (reliability) and an evaluative (agreement) point of view. The main limitation of 

discriminative methods is their strong dependence on the variance of the assessed farms (Bland and 

Altman, 1996; Costa-Santos et al., 2011). The contradictions between Spearman’s correlation and 

means of the Welfare 

epidemiological studies applied on the same population 

varied depending on the production system and acco

make the interpretation of the results easi

production system. Nevertheless, for some 

condition), the high variability between farm

system is less informative than individual man
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ICC observed for wounds on the body, moder

of those discriminative methods on the variability

ate soiled body and scouring highlight the dependence 

 between farms. In addition to low hazards and to 

to discriminate farms, a high measurement error is 

luation of repeatability using discriminative methods 

used as an evaluative methodology are not influenced 

e Vet et al., 2006); still, interpretation of the plots and 

 Santos et al., 2011). 

mping, twisted snout, prolapse, hernia and scouring 

variability in the two visits thus hampering the 

, tail biting and lameness had low prevalence, but 

ver time. From a discriminative point of view, only 

l relationship test showed a high reliability over a long 

ime. Huddling had a moderate repeatability. Severely soiled body and wounds on the 

he two sets of scores from the PCA of the QBA were 

ial Spearman’s correlations; however, the scores from 

measures were not repeatable over time using 

Spearman’s correlation coefficient and/or ICC. The lack of reliability of a parameter over time may 

be due to: 1) an unpredictable time effect; 2) the sensitivity of a parameter to routine (not less 

important) changes but not to major changes in the management/resources of the farm; 3) 

methodological problems. Those three major causes of variability between visits are more ore less 

likely to happen depending on the parameter studied. Adopting an evaluative approach appears 

complementary to guide the interpretation of the results from discriminative methods. Some 

parameters such as localized and widespread skin condition, tail biting, respiratory and enteric 

disorders are more likely to be subject to unpredictable variations along time and therefore 

sporadically affect a farm. Those indicators were actually difficult to predict by means of simple 

measurements on the environment, as commented before. Between-farm and intra-farm variability 

were high and few causal factors were identified. By nature, those parameters are expected to show 

a low repeatability. Attention should then be given to farms that present one (or several) of those 

problems persistently across visits.  

Depending on the welfare problem and on the situation in which it occurs, the farmer will 

have more or less capacity to control its occurrence. Routine management (but not “major” 

changes) can prevent a welfare problem from becoming persistent. Following a proper 

management, farmers will be able to control a respiratory or an enteric disorder. The efficiency of 

the farmer/veterinarian in applying a correct treatment (vaccines), controlling the ventilation and 

keeping a good hygiene will prevent most of the coughs/sneezes and diarrhoeas from becoming 

persistent. On intensive farms, tail biting may be difficult to prevent; however, a pig with a bitten 

the lack of sensitivity of some parameters 

expected between visits. This makes the eva

difficult. In contrast, the limits of agreement 

by the variance of the assessed population (d

of the limits values is highly subjective (Costa

 

Six measures (panting, shivering, pu

scored as 2) had prevalence close to 0% and a low 

estimation of repeatability. Body condition

sufficient variability to assess repeatability o

moderately soiled body and the human anima

period of t

body presented a high reliability using ICC. T

moderately related on the first axis using part

the QBA suffered a clear visit effect. The remaining 
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tail should be placed immediately in a hospita

et al., 2007) and repeated occurrence of tail 

management. In our study, no farm assessed

because of a complete absen

l pen. Tail biting usually appears as an outbreak (Paul 

biting on a given farm should be prevented by good 

 had an outbreak of tail biting on the two visits either 

ce of tail biting at the moment of the visit or due to proper management 

ondition do not appear as outbreaks; however, their 

correct management of hospital pens. Their lack of 

 of farmers do, indeed, isolate sick animals as 

herefore, it can be concluded that routine changes on a farm will obviously affect 

repeatability of several measures even if “major” changes did not occurred. Therefore, adopting an 

evaluative approach such as the limits of agreement may be better to identify farms that have 

persistent welfare problems and thus higher risks of poor welfare.  

Finally, methodological aspects should be considered when interpreting a lack of 

repeatability between visits. Some parameters may be too sensitive and their variation may be due 

to slight fluctuations in the environment or in the animals themselves (e.g. social behaviour). Other 

parameters that present high intra-farm variability (between pen variability) might not be detected 

by the sampling in both visits. As mentioned before, parameters such as tail biting or lameness 

might not be representative of the current welfare state of the overall group of animals present on 

the farm. Intra-observer variability represents a third methodological aspect that should be taken 

into account when interpreting repeatability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of sick animals. Lameness and poor body c

occurrence may depend, as well, on the in

repeatability may show that the majority

recommended. T
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Conclusions 

Feasibility of the welfare assessment system 

 

 

 

ystem to detect variations between farms and 

tems 

 

 

 

 

 The overall Welfare Quality® protocol for growing pigs on farm is easy to perform on 

intensive conventional farms and requires little input from the farmers; however, it takes an 

s per visit. 

 

als are gathered for inspection or feeding and the 

methodologies of behavioural recording are flexible enough to allow recording outside 

average time of 6 hours and 20 minute

 Under extensive conditions it is feasible to assess the great majority of measures – except

behavioural ones - when the anim

feeding time. 

 

Sensitivity of the welfare assessment s

between production sys

 

 The majority of measures from the good housing and appropriate behaviour principles of the 

Welfare Quality® protocol are sensitive enough to detect differences between intensive 

conventional farms of growing pigs; however, poor body condition, indicators of thermal

comfort and the majority of health indicators do not allow discrimination among intensive 

conventional farms. 

 

 Important differences between production systems can be established based on animal-

based measures of the good feeding and housing principles of the Welfare Quality® protocol; 

in contrast, health measures do not differ significantly between the five production systems

studied. 

 

 Negative and “positive” social behaviours as well as the qualitative behaviour assessment 

are sensitive to changes in the housing and management of Iberian pigs; in contrast, no 

differences are found between extensive and intensive reared Iberian pigs in the expression 

of exploratory behaviour and in human-animal relationship. 
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Test-retest repeatability over a long period of time  

 

 

 

 

 

 

 

 

 The variation in the prevalence of some animal-based measures - such as poor body

– is not easy to interpret in terms of

welfare reflecting a possible lack of selectivity of those measures. 

 The high occurrence of negative social behaviour recorded in intensive conditions is clearly

r, interpretations of variations in the frequencies of

“positive” social behaviour and exploration are not straightforward. 

iour assessment appears to be valid to discriminate farms on the basis

. 

 

condition, coughs and sneezes, diarrhoea, skin condition 

 

an indicator of poor welfare; howeve

 

 The qualitative behav

of the expression of natural behaviour

 

 Most of the quantitative animal-based measures, except moderate bursitis, widespread skin 

discolouration and positive social behaviour, do not present mean results significantly

different between two visits on conventional farms with a 12 months interval between visits. 

 

 From a discriminative point of view, only moderately soiled body and the human animal 

relationship test show a high reliability over a long period of time; however inconsistencies

between Spearman’s correlation coefficient and intraclass correlation coefficient are found

when interpreting the repeatability of several health measures. 

 

 The scores of the qualitative behaviour assessment from intensive conventional farms of pigs 

are not stable over time.  
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l as a tool to identify and prevent welfare 

problems  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Testing the Welfare Quality® protoco

 

 

 A benchmarking system based on the use of Generalized Line

parametric data with low prevalence allows the 

ar Mixed Models for non-

identification of farms with welfare problems

in a given population.   

 

 Some possible causal factors relating to severely wounded animals, tail biting and lameness

were identified in the intensive conventional system; then, the recording of simple 

environmental-based factors can be useful to detect farms that are more likely to show one of 

these health problems. 

 

 Studying stability over time adopting an evaluative approach such as the Limits of

Agreements allows a practical detection of farms that present a persistent welfare problem. 
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