Table 10: Properties of measures to check Expression of other behaviours 

	Welfare criterion 
	Expression of Other behaviours

	Species/ Animal type 
	Fattening cattle, dairy cows, veal calves, sows and piglets, growing pigs, laying hens

	Period 
	On-farm, at slaughter

	Measure 
	Animal based on-farm: 

Play/exploratory behaviour, use of different resources

Veal calves: proportion of scans with play behaviours

Broiler chicken: Percentage of birds using the free range
Laying hens: percentage of birds using the free range, enrichment measures, covered veranda, litter 
[use of nest boxes; see resource-based on-farm],

Sows/piglets: Percentage of sows showing exploratory behaviour
Growing pigs: proportion of scans with exploratory behaviour out of all scans with active animals 
	Animal based on-farm: 

Abnormal behaviours

Veal calves: Veal calves: proportion of scans with abnormal oral behaviours

Sows/piglets: Percentage of animals showing stereotypies


	Resource based on-farm: 

Availability of different resources

Fattening cattle/dairy cows: Number of days and time per day with access to pasture
Broiler chicken/laying hens: Percentage of free range area that is covered by trees, bushes, artificial shelters (Cover on the range)

Laying hens:

Availability and distribution of nest boxes and distribution of eggs between nest boxes (Use of nest boxes ) 
	Resource based on-farm:
Availability of different resources (continued):

Stocking density/animals to resources ratio

Equipment/materials (e.g. rooting material, straw bales, grain feeding, dust bathing areas,  littered lying area, brushes)

Structuring of housing environment

Access to outdoor loafing area 

Resource based at slaughterhouse:

Stocking density/animals to resources ratio

Equipment/materials (e.g. rooting material, straw bales, littered lying area, brushes)



	Brief description 
	Veal calves:
Instantaneous scan sampling during in total 90 minutes. Play behaviours include running, jumping and other frolic behaviour. 

Broiler chicken: 

Free range - estimating the percentage of birds using the range

Laying hens:

Free range - see broiler chicken

Use of litter – during other work in the henhouse, the overall use of litter in terms of dustbathing and/or scratching/manipulating litter is observed

Enrichment measures – estimating the percentage of birds using extra materials or structures inside and around the henhouse

Covered veranda - estimating the percentage of birds visible using the covered veranda

Sows:

Exploratory behaviour - Instantaneous scan sampling during in total 20 minutes. Exploratory behaviours include sniffing, nosing, licking or chewing any part of the pen and play/investigation of straw or any enrichment material.

Growing pigs: 

Exploratory behaviour - Instantaneous scan sampling during in total 60 minutes. Exploratory behaviours include sniffing, nosing, licking or chewing any part of the pen and play/investigation of straw or any enrichment material.
	Veal calves:
Instantaneous scan sampling during in total 90 minutes. Abnormal oral behaviours include tongue rolling, manipulating substrates and cross-sucking. 

Sows:

Stereotypies – 1/0 sampling of individual animals for 15 s to 1 min; stereotypies include sham chewing, tongue rolling, teeth grinding, bar/trough/drinker biting, floor licking 


	Fattening cattle/dairy cows: Interviewing farmer about number of days animals have access to pasture and how many hours per day they spend on pasture.

Broiler chicken/laying hens:
Estimating the percentage of the free range area that is covered by trees, bushes, or artificial shelters. 

Laying hens:

Examining availability of nest boxes and counting or measuring number of hens/space allowance per nest box; examining distribution of nest boxes throughout the system; examining distribution of eggs within and between nest rows  


	Counting/measuring resources and animal numbers (or taking numbers from farm or slaughterhouse documentation), interviewing farmer/manager

	What is it supposed to measure?
	Level of ability to perform normal behaviour repertoire
	Level of distress due to abnormal behaviours, risk of injuries and health disorders (veal calves)
	Level of ability to perform normal behaviour repertoire
	Freedom of movement, level of ability to perform normal behaviour repertoire

	Selectivity
	Selective for the assessment of play behaviour etc., but possible confounders are observer effect, time of the day Validity: Face or consensus validity given.
	Selective for the assessment of abnormal behaviour, but possible confounders are observer effect, time of the day
Validity: Interpretation of stereotypies as a measure of welfare debatable (review: Mason & Latham, 2004)
	No confounders
Validity: face or consensus validity given, but effects on actual performance of behaviours depend on interactions regarding availability of other resources (e.g. exploration in pigs increases with space allowance when bedding is present; Averós et al. 2010) and the quality of the resources; relationships are not necessarily linear.
	No confounders

Validity: Face or consensus validity given, but effects on actual performance of behaviours depend on interactions regarding availability of other resources (e.g. exploration in pigs increases with space allowance when bedding is present; Averós et al. 2010) and the quality of the resources; relationships are not necessarily linear.



	Trueness
	Trueness: There is only limited information available how representative short-term observations for the total farm situation are. 

Instantaneous scan sampling may not truly reflect frequencies of rare, sporadic behaviours (Martin & Bateson 2007)

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

	Trueness: There is only limited information available how representative short-term observations for the total farm situation are. 

Instantaneous scan sampling may not truly reflect frequencies of rare, sporadic behaviours (Martin & Bateson 2007)

	Trueness: Information regarding management may be questionable.

	Trueness: Information regarding management may be questionable.


	Intra-assessor repeatability
	No data available 
	No data available
	No data available, but assumed to be high
	No data available, but assumed to be high

	Inter-assessor repeatability 
	Veal calves: r .90 (Leruste et al. 2009)

Growing pigs: rs exploratory behaviour ≥.78 (Courboulay et al. 2009)
	Sows: Kappa abnormal behaviours >.80 (Courboulay et al. 2009)
	No data available, but assumed to be high
	No data available, but assumed to be high

	Stability over time 
	Growing pigs: correlation  for two visits (3 months apart): total exploratory behaviour .58 (Bond et al. 2009)


	No data available
	No data available, but assumed to be high
	No data available, but assumed to be high

	Feasibility 
	Veal calves: relatively time consuming (90 min)

Pigs: relatively time consuming (20-60 min)

Poultry: little time consuming (20 min)
	Veal calves: relatively time consuming (90 min)

Sows: little time consuming (20 min)
	Little time consuming (10- 30 min per farm)
	Little time consuming (10- 30 min per farm)

	Are there systems in which the measure cannot be applied? 
	In general: Observations difficult in housing systems with complex structures and plenty of visual obstacles, the more difficult the bigger groups are.
	In general: Observations difficult in housing systems with complex structures and plenty of visual obstacles, the more difficult the bigger groups are.
	No
	No

	Fitness for purpose (
	Sensitive measure with low detection limit but unclear which level represents a problem, benchmarking possible.

 
	Sensitive measure with low detection limit but unclear which level represents a problem, benchmarking possible (see comments regarding validity).

 
	Less sensitive measure because of interactions (see comments regarding validity). Partly unclear which situation truly leads to performance of normal behaviour repertoire. Benchmarking possible.
	Less sensitive measure because of interactions (see comments regarding validity). Partly unclear which situation truly leads to performance of normal behaviour repertoire. Benchmarking possible.


