Table 1: Properties of measures to check Absence of prolonged hunger

	Welfare criterion
	absence of prolonged hunger

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

	Period 
	Farm and at slaughter

	Measure 
	Animal based on-farm and at slaughterhouse: Body score condition 

	Animal based on-farm: Scoring system for rumen fill

	Animal based on-farm and at slaughterhouse: Measurement of back fat thickness 

	Animal based on-farm: Vocalizations/ aggression levels 


	What is it supposed to measure?
	Body condition reflects the body fat content , and results from of the nutrient intake during the previous weeks or months. It  indicates whether the energy needs of the animalhave been met or not. by the diet energy supply 
	Rumen fill is related to dry matter intake, ration composition, digestibility, and the rate of passage of ingested feed (Zaaijer & Noordhuizen 2003)
	The back fat thickness reflects the total fat content of the sow 
	Vocalizations/ aggression around feeding may be linked to the stressfulness of the situation of feeding: hungry sows may be aggressive to each over (food competition)

	brief description
	Visual assessments of different anatomical regions which are summarised to give a  score. 
Fattening cattle: 2-points scale: 0 (regular) , 2 (too thin)
Dairy cows: 3-points scale: 0 (regular), 1 (very lean), 2 (very fat)
Veal calves: 3-points scale: 0 (normal), 1 (lower condition), 2 (severe lower)
Sows: 3-points scale: 0 (normal), 1 (lower condition or obese), 2 (very thin)
Growing/finishing pigs: 2-points scale: 0 (good condition), 2 (lean animals)
	Dairy cows: Visual assessment of the paralumbar fossa on a scale from 1 to 5. The observer stands at the left hind side of the cow. The paralumbar fossa between the last rib, the transverse processes and the hip bone is observed
	Pigs: Ultrasonic measurement of the back fat of sows (P2 method)
	Pigs: Behavioural observations starting with 10 min before the food is given until 15 min after this time. Vocalizations and aggression are recorded at 15s intervals. Vocalizations and aggressions can be recorded by intervals with the one-zero sampling method (1 in case of  aggression and 0 if no aggression during the interval) or with the instantaneous sampling method. 

	Selectivity[footnoteRef:1]  [1:  For definition of properties, see Annex 1] 

	Dairy cows: the welfare of some dairy cows is compromised by being in a poor body condition  (Roche et al 2009)  the score “very lean” should be universally unacceptable for any animal at any stage of lactation. Nevertheless, how cow is feeling is not clearly established. It cannot be reduced to ensuring that animals have freedom from hunger (Roche et al 2009)
Possible confounders: breed, health. 
The body condition of adult females depends on the physiological stage (specially lactation stage). This problem may be overcome if one looks only at very lean animals.  Also the average lactation stage of the herd may be taken into account and/or a farm should be visited at different periods of the year.  
Piglets: body condition varies very much and very quickly with age
	Visual rumen fill scores provide an estimate of changes in DMI and AFI (as-fed feed intake) (Spearman’s rank correlation=0.68 and 0.67).
May be related to acute as well as prolonged hunger. 
More indicative of the feeding management on the farm
Possible confounders: breed, health
	 detection of severely underfed or overfed sows (Maes, Janssens et al. 2004)
low correlation (0.48) between subjective scoring of the body condition and the P2 back fat measurements 
Possible confounders: breed, health
	Vocalizations and aggression levels are not closely related to hunger level ; They can result from social interactions  not selective


	Trueness
	Supposed to be high
	Unkown
	?
	Supposed to be high

	Intra-assessor repeatability
	Dairy cows: excellent for high trained observers (kappa > 0.86) (5-point scale with 0.25-unit increments)(Kristensen et al 2006)
Sows: good for 1-5 points scale (r=0.89)(Charette et al 1996). Assumed to be higher with a 2-point scale
	Intraobserver reliability for the 2 rumen fill scoring sessions showed moderate agreement (cohen’s kappa coefficient= 0.69; Spearman’s rank correlation=0.66)(Burfeind, Sepulveda et al.)
	No data available but assumed to be high (except the positioning of the probe)
	 

	Inter-assessor repeatability (reproducibility)
	Dairy cows:
- Two experienced observers: percentage agreement of 90% (beef cattle) and 79% (dairy cows) with a 3 point scale and 83% with a 5 point scale (Kristensen et al 2006) 
- With an inexperienced observer (training only with photo): 67% and 65% for the two groups) 
Beef bulls: The  evaluation of too thin  bulls resulted in full agreement among the observers
Sows: not very good with a 5 point scale (r=0.77) (Charette et al 1996). Assumed to be higher with a 2-point scale. 
	Interobserver reliability for the 2 independent observers showed moderate agreement (cohen’s kappa coefficient= 0.68; Spearman’s rank correlation=0.71)(Burfeind, Sepulveda et al.)
	Not data available but assumed to be high
	High inter-observer repeatability for the pre-feeding vocalization (pearson correlation r = 0.90 to r=0.92 
low inter-observer repeatability for the post-feeding vocalization (pearson correlation r = 0.53 to r=0.71 

	Stability over time 
	Body condition variesin adult females  (e.g. with lactation stage , ...). 
Beef bulls: sufficiently stable over time: Spearman’s correlation coefficient fro % of thin animals= 0.29 between the initial and the interim assessment and = 0.68 between the interim and final assessment
	Beef bulls: % of animals with bloated rumen was sufficiently stable over time 
	like Bsc
	Sows: Large between-days variation in vocalization in some sows

	Feasibility 
	Easy to score and not time consuming (less easy for beef bulls kept in group)
Fattening cattle and dairy cows: only visual assessment is needed without palpation. 
	Easy to score and not time consuming
	Feasible but need special device and handling 
	high

	Are there systems in which the measure cannot be applied? 
	Veal calves, piglets (assessment not validated)
	Veal calves, pigs, poultry
	For the moment, the measure is available only for adult pigs 
	Aggression levels:  not applicable in piglet and in singly housed animals


	Fitness for purpose (incl. detection limit, sensitivity)
	The sensitivity is increased with a 5-points scale however in that case variations with physiological stage can be an important confounding factor.

	Sensitive if the 5 point scale is used
	Back thickness seems a more objective and precise method to assess the body condition of sows 
Nevertheless, the method is appropriate to distinguish normal vs. fat animals but not enough sensitive to distinguish lean vs. very lean animals. So the fitness for the purpose is reduced.. 

	Using both the one-zero (interval of 15 s) and the instantaneous sampling method at the same time expands the range over which the recording of vocalization is sensitive. 




	Welfare criterion
	absence of prolonged hunger

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

	Period 
	At farm and at slaughter

	Measure 
	Animal based on farm: Stereotypy’s
	Animal based at slaughterhouse: Stomach/Intestine weight or content 
	Resources on-farm: available feeder space
	Resources on-farm: calculation of dietary energy supply

	What is it supposed to measure?
	Feeding restriction: lack of sufficient amount of food / frustration of feeding/foraging behaviour
	Stomachs weight or stomach content as good indicators of food deprivation (stomachs may be empty before the animals feel hunger)
	Enough access to food for all animals
	if the energy needs (and all requirements) of the animal are met by the diet

	Brief description 
	Behavioural observations (e.g. scan sampling) with specific recording of oral stereotypies (repeated oral non nutritive activities)
	Pig: After slaughter, stomachs are removed from the carcass and weighed full, touched for subjective evaluation of gut content, then weighted empty. The gut content can also be weighted. 
Poultry: Visual scoring: 3-point scale: 1/ low level of feed content, 2/ medium level, 3/ high level
	Cattle: Count number of concentrate feeders or feeder spaces for roughage and decide if appropriate in relation to number of animals
Laying hens: calculate the total number of length available feeders according to feeder type. Pan feeders: calculate the circumference of one pan, multiply by the number of pans and divide by total number bird number. 
	Calculation 

	Selectivity 
	The level of stereotypy generally increases with increasing quantitative food restriction. Alternative diets result in a reduction in stereotypic behaviour (D'Eath, Tolkamp et al. 2009)
False positive results seem frequent. Foraging restriction and boredom can result in stereotypies, irrespective of hunger  False negative can also occur, e.g. in cows that can manipulate for longer their feed when eating and ruminating (Lindstrom and Redbo 2000)
	 Measure the time of food removal.
	Cattle: Manger space may affect bulls' daily gain, feed intake and feed efficiency (Gottardo et al 2004)
Quality of food is also important
Feeding competition (Olofsson 1999, Devries et al 2004). Makes access to the manger more difficult for low ranked animals


	social competition
health
available feeder space

	Trueness
	Supposed to be high
	high
	high
	 high

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

	Inter-assessor repeatability (reproducibility)
	No data available but assumed to be high
	No data available but assumed to be high
	No data available, but assumed to be high
	 

	Stability over time 
	? 
	 ?
	Stable over time except if no change in housing 
	depends of the nutritional values of food, access to pasture, management system, …

	Feasibility (incl. time)
	long time consuming. Not feasible in on-farm assessment
	time consuming / easiness at slaughter?
	high
	need to be a specialist to calculate the energy content of the diet and the needs of animals. 

	Are there systems in which the measure cannot be applied? 
	 
	 no
	no
	no

	Fitness for purpose (incl. detection limit, sensitivity)
	 Assumed to be not very sensitive
	Decrease in feed content is not linear over time.
Pig:  From 10 h fasting, the stomach and small intestine are empty. Full stomach weight and stomach content weight are not valid measures to distinguish between 18 h fasting and longer periods. Full intestine weight could be a valid parameter to distinguish between animals with 18 h and 36 h fasting
Poultry:  A decrease in food content is possible to detect after 10 h of feed withdrawal. However, birds do not digest during transport and their muscle stomach  can be full after a long transport although animals may be starving. 
	Difficulties to know which animals do not have enough access to food.
Confounders: quality and quantity of food

	Difficulties to know which animals have not enough food



Charette R Bigras-Poulin M and Martineau G-P 1996 Body condition evaluation in sows. Livestock Production Science 46: 107-115
Devries TJ Von Keyserlingk MAG and Weary DM 2004 Effect of Feeding Space on the Inter-Cow Distance, Aggression, and Feeding Behavior of Free-Stall Housed Lactating Dairy Cows. Journal of Dairy Science 87: 1432-1438
Gottardo F Ricci R Preciso S Ravarotto L and Cozzi G 2004 Effect of the manger space on welfare and meat quality of beef cattle. Livestock Production Science 89: 277-285
Kristensen E Dueholm L Vink D Andersen JE Jakobsen EB Illum-Nielsen S Petersen FA and Enevoldsen C 2006 Within- and across-person uniformity of body condition scoring in Danish holstein cattle. Journal of Dairy Science 89: 3721-3728
Olofsson J 1999 Competition for Total Mixed Diets Fed for Ad Libitum Intake Using One or Four Cows Per Feeding Station. Journal of Dairy Science 82: 69-79
Roche JR Friggens NC Kay JK Fisher MW Stafford KJ and Berry DP 2009 Invited review: Body condition score and its association with dairy cow productivity, health, and welfare. Journal of Dairy Science 92: 5769-5801
Zaaijer D and Noordhuizen J 2003 A novel scoring system for monitoring the relationship between nutritional efficiency and fertility in dairy cows. Irish Veterinary Journal 56: 145-151


