Table 9: Properties of measures to check Expression of social behaviours 
(underlined measures are from Welfare Quality® consortium 2009a, b, c)
	 Welfare criterion 
	Expression of social behaviours

	Period 
	On-farm, at slaughter

	Measure 
	Animal based on-farm: Agonistic behaviours/cohesive behaviours/social behaviours/aggressive behaviours
(would also be possible at slaughterhouse, except for poultry)

Fattening cattle: Proportion of agonistic out of all social behaviour
Dairy cows: weighted sum of head butts and displacements per animal and hour;

Veal calves: weighted sum of proportion of scans with social licking and head bumping

Sows and piglets, growing pigs: Proportion of negative out of all social behaviour

Laying hens: evidence of aggressive behaviour
	Animal based: Wounds/lesions on-farm and at slaughterhouse (but here differentiation between on-farm and at transport or slaughter welfare not possible)
Fattening cattle, dairy cows on-farm: would only be meaningful in horned cattle
Fattening cattle at slaughter: mean number of bruises/animal according to Australian carcass bruise scoring system
Sows and piglets, growing pigs on-farm, finishing pigs at slaughter: weighted sum of percentages of pigs with certain numbers of wounds on body and in sows vulva lesions
Laying hens on-farm: percentages of birds with different numbers of comb pecking wounds
	Resources on-farm or at slaughterhouse: Stocking density (animals/m²)
	Resources on-farm: Animals to resources ratio (e.g. feeding places, drinkers etc.)

Group size

Structuring of housing environment (visual barriers; presence of dead ends, narrow alleys, etc.) 
Social management procedures (regrouping, introduction of new animals)

Feeding management (availability of (attractive) feed, e.g. ad libitum or restrictive)

Resources at slaughterhouse (except poultry): Lairage management (mixing of groups, time of resting)


	Measure
	Animal based: social behaviours
	Animal based: wounds
	Resource: stocking density
	Further resources

	Brief description
	Fattening cattle, dairy cows: continuous behaviour sampling of agonistic behaviours and cohesive behaviour (fattening cattle: social licking and horning) during in total 120 min in up to 12 pens or segments of the pen, taking mean number of animals at start and end of each observation period

Veal calves: Instantaneous scan sampling during in total 90 min. Social licking includes nibbling and sniffing, head bumps include fights, displacements, horning

Sows and piglets, growing pigs: Instantaneous scan sampling during in total 20 min, negative social behaviour includes aggressive behaviour incl. biting, and behaviour that elicits response; positive social behaviour includes sniffing, nosing, licking, moving gently away
Laying hens: subjective evaluation
	Fattening cattle at slaughter: spread and depth of bruises > 2 cm in diameter in deskinned carcasses are scored
Sows and piglets, growing pigs on-farm, finishing pigs at slaughter: visual scoring from a distance ≤ 0.5 m of whole body of a sample of individual pigs, scratches (surface penetration of epidermis) and lesions (penetration of muscle tissue) are counted, vulva lesions: presence of blood, red lesion, scar tissue or deformed vulva

Laying hens on-farm: individual hens are samples and scored, differentiation between no pecking wounds, < 3 and > 3 wounds
	Counting number of animals or taking animal numbers from farm documentation and measuring dimensions of pen(s) possibly including elevated accessible areas in the pens (poultry)
	Counting or measuring resources and animal numbers (or taking numbers from farm or slaughterhouse documentation), interviewing farmer, manager

	What is it supposed to measure?
	Possibility to execute social behaviour, social stress vs. social cohesion
	Social stress 
	Social stress 
	Social stress 


	Measure
	Animal based: social behaviours
	Animal based: wounds
	Resource: stocking density
	Further resources

	Selectivity 
	It is the direct measurement of extent of execution of social behaviour and, therefore, selective. Associations have been shown with stress hormone levels (e.g. cattle: Mounier et al. 2005, Hasegawa et al. 1997, pigs: de Groot et al. 2001) However, time of the day, recent management changes such as regrouping, observer effect, animals in oestrus or climatic conditions may affect level of social interactions during.
	Cattle: Bruises can partly originate from social interactions especially between horned animals (Menke et al. 1999), but also from falls, coercion etc., thus it is no selective measure of social behaviours
Pigs: Most lesions can be expected to result from social interactions (Turner et al. 2009), thus relatively selective; different healing speed of injuries at different body parts may partly confound results

Hens: Most lesions can be expected to result from social interactions
	In general, increased agonistic interactions in increased stocking density to be expected (e.g. pigs in lairage: Geverink et al. 1996), but effects of stocking density on social stress and injuries depend on quality of space (e.g. structuring, provision of resources, flooring etc.) and also group size (e.g. Estevez et al., 2007); moreover, not necessarily linear relationship of stocking density with social behaviours (for hens e.g.: Appleby et al. 1989)
	Does not selectively influence social behaviours (see above)

	Trueness
	Trueness: behaviour sampling carries the risk that only conspicuous behaviours are recorded; instantaneous scan sampling may not truly reflect frequencies of rare, sporadic behaviours (Martin & Bateson 2007)

	Trueness: There may be problems to detect lesions in dirty cattle and pigs or in dark pens

	Trueness: In very large groups (especially poultry) there may be problems to determine the true number of animals 

	Trueness: The trueness of farmer information or farm documentation may be questionable

Validity: effects on social stress and injuries depend on quality of resources (e.g. cleanliness of drinkers) and other complex interactions between the different influencing factors (including stocking density) and the animals themselves (e.g. feeding space and feeder design: Huzzey et al. 2006), relationships are not necessarily linear (e.g. number of regroupings – frequency of agonistic interactions: Raussi et al. 2005)

	Intra-assessor repeatability
	No data available, but assumed to be similar to inter-assessor repeatability
	High for comb lesions in hens (Keppler 2008), otherwise no data available, but assumed to be similar to inter-assessor repeatability
	No data available, but assumed to be high
	No data available, but assumed to be high 


	Measure
	Animal based: social behaviours
	Animal based: wounds
	Resource: stocking density
	Further resources

	Inter-assessor repeatability
	Cattle: For total agonistic interactions, Spearman rank correlations between pairs of observers ranged between .76 and .96 for live observations or from video recordings (Kendall’s W .97 and .84, respectively; Laister et al. 2009)
	Acceptable levels can be reached in pigs (reviewed by Scott et al. 2009) and hens (Gunnarsson et al. 2000, Keppler 2008)
	No data available, but assumed to be high
	No data available, but assumed to be high

	Stability over time 
	Cattle: Kendall’s W across three observations (day 1, 60 and 180): .74 (dairy), .66 (beefs bulls 200-350 kg), .72 (beef bulls > 350 kg; Laister et al. 2009), however, in later pilot study in beef bulls, stability was largely not given (Schulze-Westerath et al. 2009). Also in a pilot study in pigs correlations between results from 2 visits were very low (Bond et al. 2009)
	In a pilot study in pigs correlations between results from 2 visits were very low (Bond et al. 2009)
	May change according to management decisions, market requirements, mortality
	May change according to management decisions, market requirements, mortality

	Feasibility 
	Relatively time consuming but feasible
	Necessary sample size may be restricting feasibility, can be relatively time consuming, problems possible to detect lesions in dirty pigs or in dark pens, but mostly feasible
	High, but in very complex systems space measurement can become time-consuming and challenging
	High

	Are there systems in which the measure cannot be applied? 
	Cattle: questionable in tie stalls because non-physical interactions are not recorded which may be significant for social stress under restricted conditions (may also apply to horned animals). 

In general: Not applicable in singly housed animals. Observations difficult in housing systems with complex structures and plenty of visual obstacles, the more difficult the bigger groups are
	No (but see potential problems above)
	Not necessarily meaningful in cubicle systems and tie stalls (cattle) or stalls (sows), comparisons between such systems and e.g. deep litter pens questionable 
	No, but assessment difficult due to complex interactions between factors and magnitude of possible different combinations of factors in different systems and farms

	Fitness for purpose 
	Highly sensitive measure (e.g. affected by group composition) with low detection limit but unclear which level represents a problem (however, benchmarking possible)
	Sensitive measure with low detection limit, easier to determine problematic levels, benchmarking possible
	Less sensitive measure because other factors may also influence social stress level. Unclear which level represents a problem; benchmarking possible. 
	Less sensitive measure because difficulty to take into account all influencing factors including their interactions. Partly unclear which situation represents a problem; benchmarking only partly possible
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