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1. Introduction 

 

The allocation of sufficient space is an important aspect for the welfare of confined 

animals. This particularly applies to livestock husbandry, since the optimal space 

allowance per animal regarding desirable welfare and health is usually larger than 

that for maximising farm economic profits (Vanhonacker et al., 2009). Based on the 

concepts of the Brambell report (1965), the importance of sufficient space for farm 

animals to express normal behaviour and thus to ensure good welfare, has already 

been stated in the Five Freedoms (Farm Animal Welfare Council, 1979). At present, 

several surveys showed that citizens of the European Union judged the availability of 

spaces as the most important welfare attribute concerning farmed animals (Martelli, 

2009; Vanhonacker et al., 2009). These perceptions may be explained by the fact 

that space is, unlike other welfare indicators, one of the most tangible and visible 

features of animal production systems (Vanhonacker et al., 2009). At statutory level, 

minimum space allowances are also subject to the farm animal welfare legislation of 

the European Union. The Council Directive 98/58/EC requires that all animals kept 

for farming purposes must be provided with appropriate space due to their 

physiological and ethological needs. In addition, specific directives, such as Directive 

91/629/EEC for calves, Directive 91/630/EEC for pigs or Directive 99/74/EC for laying 

hens, emphasise detailed provisions in relation to space allowances and stocking 

densities regarding the respective animal species (Bonafos et al., 2010). However, it 

is still discussed controversially whether space allocations fulfilling European legal 

requirements allow a species-appropriate housing of farmed animals, i.e. providing 

them with an environment in which key stimuli and characteristics enable them to 

perform natural behaviour in a normal way, and physical and physiological limits of 

adaption are also taken into account (Waiblinger, 2009). For instance, the stocking 

densities set by the Council Directive 2007/43/EC for keeping broiler chickens are 

under constant consideration, since there is evidence that they do not allow 

undisturbed resting of the animals (Hall, 2001; Febrer, 2006; Spindler and Hartung, 

2010; De Jong et al., 2012). Furthermore, there are no specific European directives 
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for certain farm animal species but only national regulations in a few Member States 

(e.g. the Dutch Besluit houders van dieren, 2014, the Austrian Animal Welfare Act, 

2014, and the German TierSchNutztV, 2014 including minimum space allowances for 

fattening and breeding rabbits). For some animal species or for animals at certain 

stages of life, there are neither specific European nor national regulations. For 

instance, the space allowances laid down in the Council Directive 99/74/EC and the 

corresponding German legislation (TierSchNutztV, 2014) only apply to mature hens 

kept for the production of eggs not intended for hatching, whereas pullets and parent 

stocks are not included. In addition, a variety of cooperations between non-

governmental animal protection organisations and industry rearing farm animals to 

higher welfare standards, such as the Freedom Food labelling system of the RSPCA 

(Royal Society for the Prevention of Cruelty to Animals), exists in some Member 

States. Besides other welfare aspects, these schemes usually include space 

allowances which go beyond the legal minimum (Veissier et al., 2008). The same 

applies to organic production schemes in which space allocations are generally 

higher than required by legislation (Veissier et al., 2008). 

However, most space allowances, whether provided by directives or special welfare 

schemes, are rather based on vague estimates and practical experiences than on 

scientific measures (Giersberg et al., 2013; Giersberg et al., 2016). 

 

To approach the seemingly tangible but in fact very complex issue of adequate space 

allowances in livestock housing from a scientific point of view, Petherick (1983) 

defined three fundamental kinds of space: the area occupied by an animal due to its 

size and shape (body space), and the additional areas required for various 

maintenance behaviours (behavioural space) and interactions between animals in 

group housing (social-interaction space). Since animals kept in groups have the 

possibility to time-share space, the amount of behavioural space decreases with 

increasing group size, whereas the opposite is true for social-interaction space 

(Petherick, 1983). Considering these three kinds of space results in a hypothetical 

total-space line with body space as a constant term, which illustrates the dependence 

of the space required per animal on the number of animals housed together 
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(Petherick, 1983). Nevertheless, little is known about the actual amount of space 

which animals require in modern livestock housing. Although measuring the physical 

space an animal occupies was considered a logical starting point (Keeling, 1995), 

most research on space allocations focuses on spacing behaviour and distribution 

indices (Keeling, 1994; Febrer et al., 2006; Leone et al., 2010; Buijs et al., 2011a; 

Buijs et al., 2011b), and thus on behavioural and social-interaction space. Except for 

few outdated investigations in the field of poultry (e.g. Bogner et al., 1979; Freeman, 

1983; Dawkins and Hardie, 1989; Ellerbrock and Knierim, 2002), based on low 

sample sizes and varying greatly in methodology, little attempt has been made to 

measure the body space of farmed animals as a sound basis for further ethological 

studies on space use. 

 

The object of this study was to assess the static space dimensions which animals 

occupy due to their body size and shape, focusing on the two-dimensional (area) and 

one-dimensional (linear space) qualities of space. Therefore, biometric data based 

on digital images of selected farm animal species were collected, and analysed by 

means of computer-assisted methods. In this study, farm animal species 

representative for various legal scenarios in the European Union were included. 

Broiler chickens were chosen for measuring the floor area covered by the animals’ 

bodies in order to discuss the existing legal requirements regarding minimum space 

allowances on a European scale. For the same reason, the floor areas covered by 

fattening rabbits and breeding does were measured. However, since there are only 

national regulations defining minimum space allowances for farmed rabbits, these 

were discussed as possible forerunners for future European regulations. Linear 

space dimensions are particularly relevant for housing layers (perches, linear track 

feeders), which is why the horizontal body widths were exemplary measured in layer 

pullets. The lack of legally binding provisions for rearing pullets in Germany and the 

European Union was another aspect for choosing this type of poultry. Thus, biometric 

data obtained in this study can serve as a basis for developing legal requirements for 

pullets, especially for defining minimum perch widths and feeder space allowances. 
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The aim was to measure the body space of different farm animal species as a basis 

for the discussion and the definition of minimum legal space allowances as well as 

for further ethological studies. Therefore, biometric measurements using 

standardised computer-assisted methods based on digital image analyses were 

carried out under field conditions in the home pens of the examined animals. It was 

hypothesised that the collected biometric data would depend on the age, the body 

weight, the body position, and the genetic strain of the respective farm animal 

species. 
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2. Publications 

 
1) „Floor space covered by broiler chickens kept at stocking densities 

according to Council Directive 2007/43/EC” 

 

Mona Franziska Giersberg, Jörg Hartung, Nicole Kemper, Birgit Spindler 

 

Institute for Animal Hygiene, Animal Welfare and Farm Animal Behaviour, University 

of Veterinary Medicine Hannover, Foundation, Bischofsholer Damm 15, 30173 

Hannover, Germany 

 

Veterinary Record 179, 124, 2016 

 

http://dx.doi.org/10.1136/vr.103563 

 

http://veterinaryrecord.bmj.com/content/179/5/124.full 

 

Abstract: 

 

It is controversially discussed whether the stocking densities set by the EU Directive 

2007/43/EC allow a species-appropriate housing of broiler chickens. To calculate the 

exact area broilers occupy due to their physical size and shape, planimetric 

measurements using a colour-contrast method were carried out. In total, 1949 

photographs of standing and 1482 of squatting chickens, taken from a top view, were 

analysed. A computer program counted the pixels representing the previously 

weighed animal in the photograph and calculated the animal area. The average area 

covered by chickens with 400 g live weight was 116.64±13.12 cm2 in a standing and 

138.61±12.92 cm2 in a squatting position. These areas increased linearly as a 

function of live weight to 452.57±58.89 cm2 (R2=0.90 standing) and 

513.54±42.70 cm2 (R2=0.82 squatting) at the end of the study (3200 g live weight). 

Squatting chickens occupied more space compared with a standing position in most 

of the tested weight classes (P<0.05). Depending on target weights, stocking 
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densities and body positions, broilers occupied 48.5–77.7 per cent of 1 m2. Thus, 

from a physical point of view, simultaneous resting is possible at any stocking density 

provided by the EU Directive and at common target weights. 
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2) “Planimetric measurement of floor space covered by fattening rabbits and 

breeding does in different body positions and weight classes” 

 

Mona Franziska Giersberg, Nicole Kemper, Michaela Fels 

 

Institute for Animal Hygiene, Animal Welfare and Farm Animal Behaviour, University 

of Veterinary Medicine Hannover, Foundation, Bischofsholer Damm 15, 30173 

Hannover, Germany 

 

Livestock Science 177, 142-150, 2015 

 

http://dx.doi.org/10.1016/j.livsci.2015.04.010 

 

http://www.livestockscience.com/article/S1871-1413(15)00191-2/fulltext 

 

Abstract: 

 

The aim of this study was to measure the exact floor space that a rabbit occupies 

due to its physical size and shape. For this purpose the colour contrast planimetric 

method “KobaPlan” was used which had originally been developed to calculate the 

surface of chicken. A total of 704 images of fattening rabbits and breeding does were 

taken from a top view. The rabbits were weighed individually, and photographed 

digitally in a special planimetric box. In the photo, the number of animal associated 

pixels was counted by the “KobaPlan” software, and thus the area covered by the 

animal was calculated. The calculated surfaces of the rabbits were assigned to 

weight classes which covered a range from 1.0 to 5.5 kg. We defined four body 

postures of rabbits, one sitting position and three different recumbent positions. The 

mean floor space covered by sitting rabbits at the beginning of the fattening period 

was 246±34 cm², whereas recumbent rabbits covered 294±45 cm², 360±51 cm² and 

338±39 cm² in different positions. At the time of slaughter, the covered floor spaces 

increased to 509±23 cm² for sitting rabbits, and to 697±45 cm², 724±26 cm² and 
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719±23 cm² for recumbent rabbits, respectively. The calculated surface of breeding 

does with a body weight of 4.5 kg was 657±17 cm² in sitting position, and 828±7 cm², 

874±23 cm² and 882±14 cm² in the different recumbent positions. The heaviest does 

(5.5 kg) covered 739 cm² sitting and 1026±27 cm² recumbent. There was a linear 

increase in the surface covered by rabbits in all defined body positions as a function 

of live weight. Furthermore, sitting rabbits covered significantly less floor space than 

lying rabbits (P<0.05). It was shown that the colour contrast planimetric method 

“KobaPlan” provides reliable results regarding the floor space covered by growing 

rabbits and breeding does. This study is a first step towards an optimization of 

current rabbit housing regarding individual space requirement, and it represents a 

useful basis for planning new environmental enrichment structures (e.g. withdrawal 

areas) in rabbitries. 
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3) „Determination of body widths in brown and white layer pullets by image 

analyses” 

 

Mona Franziska Giersberg1, Nicole Kemper1, Jörg Hartung, Lars Schrader2, Birgit 

Spindler1 

 

1 Institute for Animal Hygiene, Animal Welfare and Farm Animal Behaviour, 

University of Veterinary Medicine Hannover, Foundation, Bischofsholer Damm 

15, 30173 Hannover, Germany 

2 Institute of Animal Welfare and Animal Husbandry, Friedrich-Loeffler-Institut, 

Celle, Germany 

 

British Poultry Science 1466-1799, 2017 

 

http://dx.doi.org/10.1080/00071668.2017.1293230 

 

http://www.tandfonline.com/doi/full/10.1080/00071668.2017.1293230 

 

Abstract: 

 

1. Specific legal requirements for keeping pullets are not available in the European 

Union. However, two of the most important rearing factors for pullets are sufficient 

perching and feeder space. Both factors represent horizontal space dimensions 

which derive from the body widths of the birds. 

2. To determine the body widths of two strains of layer pullets (brown (BL) and white 

(WL) layer pullets), a method based on the measurement of distances in digital 

images was applied. Front view digital photographs of BL and WL pullets were taken 

at 8, 12 and 19 weeks of life, and were analysed by using the purpose-developed 

computer program “disto.py”. 
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3. Depending on live weight, age and body position, BL pullets measured an average 

body width between 10.70±1.10 cm and 13.96±1.11 cm. The widths of WL pullets 

ranged from 10.30±0.86 cm to 13.00±1.14 cm. 

4. Compared to WL, BL pullets occupied more horizontal space during rearing. Age 

influenced the body widths of BL and WL pullets at the end of rearing (P<0.05). The 

tested body positions of the pullets did not affect the measured body width. 

5. The obtained biometric data are a useful basis for developing legal requirements 

for pullets, especially for defining minimum perch widths and feeder space 

allowances. 
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3. Discussion 

 

The issue of adequate space allowances in livestock housing is still widely discussed 

by a variety of stakeholders. However, as a basis for assessing minimum space 

requirements of a certain animal species, it is important to know the amount of space 

these animals occupy by their own body dimensions. Therefore, the aim of the 

present study was to collect biometric data, which serve as a scientific basis for 

further considerations and ethological studies concerning space allocations. The farm 

animal species in this study (broiler chickens, fattening and breeding rabbits, layer 

pullets) were chosen to represent various legal scenarios in the European Union. 

 

Methods to obtain biometric data in livestock farming 

First attempts to estimate the body space of farm animals by means of planimetric 

methods were made by Bogner et al. (1979). They photographed caged laying hens 

from a top view and calculated the covered areas based on the hens’ outlines in the 

photographs. In order to scale the photographs, a standard scale mounted at a 

height of 25 cm in the empty cage was photographed with the same camera settings 

beforehand. Subsequently, several planimetric methods were developed to assess 

the area occupied by poultry. Freeman (1983) took top-view photographs of laying 

hens from which the contours of the animals were cut out. The areas covered by the 

hens were then calculated by comparing the weight of each cut-out to the weight of a 

reference photo with known size. Dawkins and Hardie (1989) filmed caged laying 

hens from above and manually traced the outlines of the hens on an acetate sheet 

placed on the video screen. The outlines were then transferred to a computer-based 

graphics program and retraced with an electronic pen. By using a reference ruler, 

which had been previously fixed in the filming cage at 25 cm height, the computer 

calculated the animal area within the traced outlines. Instead of manually drawing, 

Ellerbrock and Knierim (2002) traced the outlines of turkeys on paper photographs 

using a digital planimeter. To calculate the actual space each turkey covered, a 

predetermined reference area was measured in the same way. However, since these 

methods are complex and difficult to standardise, they have been only applied to 
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small sample sizes of few poultry species. In addition, they have been neither refined 

nor adapted to the current state of the art. 

The principle of the “KobaPlan” method applied in the present study was first 

described by Briese and Knierim (2006), and by Briese and Hartung (2009). In 

contrast to former planimetric techniques, it is not based on measuring the outline 

length of an animal but on the number of pixels representing it in a digital top-view 

photograph. In the “KobaPlan” method, each animal related pixel with a constant 

square size is counted and compared to the pixel count of a reference area 

photographed with the same camera settings. For this purpose, the area of the 

photographed animal must visually stand out against the ground (colour-contrast 

based planimetry). Briese and Hartung (2009) photographed white Lohmann Silver 

laying hens on a blue coloured wooden plate, and an A4 sheet of paper 

(=623.70 cm²) as reference area. The number of pixels of the hens and the reference 

area were manually detected using Photoshop software, and the area covered by the 

hens was thus calculated according to the rule of proportion. The “KobaPlan” method 

was refined by Spindler et al. (2013), who measured the floor space covered by 

pullets. To achieve a strong contrast between the pullets and the ground, they used a 

purpose-built planimetric photo box. The fluorescent floor, the black walls and the UV 

lights in this box ensured that the birds stood out as black areas against the bright 

ground, independent of plumage colour. In addition, the digital camera for taking the 

top-view photographs was mounted on a metal frame at a fixed distance above the 

floor of the box, which prevented optical distortions. A further improvement was the 

development of the “KobaPlan” software (v.01. beta 2008, eduToolbox@Bri-C 

GmbH, Sarstedt, Germany), that detected the number of black pixels of the 

photographed animal and reference area with known surface, and calculated the 

animal area automatically. However, the program still allowed a manual visual 

inspection of the recorded animal associated pixels offering the possibility to discard 

incorrectly detected photographs from further analyses. The “KobaPlan” software 

was continuously enhanced, for instance by the IMG_inverter.py program (v.01 teta 

2013, eduToolbox@Bri-C GmbH, Sarstedt, Germany). This application inverted each 

photo and automatically sharpened the contours of the photographed animal, 
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allowing an even more accurate detection of animal related pixels (Giersberg et al., 

2015). 

By using a purpose-built planimetric box for preparing the top-view images and a 

computer-based analysing program, the “KobaPlan” method is both well 

standardised and repeatable on a large scale. Another advantage is that this method 

can be carried out directly in barns. Thus, the animals selected for the photographs 

can stay close to the ambience, noise and smell of their home flock. It is therefore 

possible to take pictures of animals adopting species specific body positions which 

are not biased for instance by ruffling up the feathers at low temperatures (poultry) or 

freezing caused by fear (rabbits). In addition, the experimental procedure can be 

regarded as animal friendly, since the handling of the animals and thus their stress 

level are kept to a minimum.  

A limitation of the “KobaPlan” method may be that it is based on achieving a strong 

contrast between the photographed animals and the ground. This makes the use of a 

purpose-built planimetric photo box essential, which could be challenging when 

measuring larger farm animals or groups of animals. Furthermore, the contrast 

provided by the arrangements of the planimetric box was not sufficiently strong for 

measurements in rabbits (Giersberg et al., 2015) and piglets (Giersberg et al., 2013; 

Fels et al., 2016). Therefore, Photoshop software was used for manually adjusting 

contrast, brightness and saturation in the digital images of these animal species. To 

avoid optical distortions, and to obtain precise results, the distances from the camera 

had to be almost identical to both the standard reference area and the animals’ backs 

at the respective body weights and in the particular body positions. This was ensured 

by measuring the heights of a few animals directly and photographing the standard at 

the mean back height of these animals on each study day. However, besides animals 

with relatively uniform back heights, the “KobaPlan” method therefore requires its 

user to have basic photography knowledge and accurate working methods. 

The “KobaPlan” method was also used in planimetric studies assessing the body 

space of piglets (Giersberg et al., 2013; Fels et al., 2016) and various poultry species 

(Spindler et al., 2016), which are not part of this work. Maybe due to the constraints 
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mentioned before, this method has not yet been systematically adapted and applied 

to large farm animals, such as mature pigs, sheep or cattle. 

As shown above, the few studies on the collection of biometric data in livestock are 

focused on the two-dimensional quality of space, i.e. the floor area covered by an 

animal’s body, whereas linear dimensions like body widths were hardly considered. 

For the calculation of the covered floor area, Bogner et al. (1979) also measured the 

body widths of the hens from their top-view photographs. However, high standard 

deviations were found, which the authors attributed to the large variation of the hens’ 

plumage positions that influenced their widths from a top view. 

The method for assessing the body width of pullets applied in the present study is 

based on measuring linear distances from two-dimensional digital images. This 

principle is well established and widely used in medicine and biology, for instance for 

assessing the size of organs or other biological structures (e.g. Pignoli et al., 1986; 

Konuş et al., 1998). For collecting biometric data of farm animals it was applied by 

Briese and Hartung (2009). They used the photos from their planimetric study to 

measure the body widths of laying hens and a reference standard by means of 

Photoshop ruler tool. The resulting distances from the digital images and a reference 

in pixel were then converted to cm according to the rule of proportion. Briese and 

Spindler (2013) improved the accuracy of this method by taking more standardised 

front view photos of laying hens sitting on a perch in a test cage. In addition, they 

developed a computer program (disto.py 2009, eduToolbox@Bri-C GmbH, Sarstedt, 

Germany) which automatically calculated and converted the distances an operator 

had previously marked in the digital images. 

Similar to the planimetric box, the test cage for taking the front view images is placed 

in the home pen of the pullets. Thus, the animals are little affected by external 

influences and perch in the cage without any difficulties. Therefore, this method also 

offers the potential to be repeated and applied to large sample sizes of poultry in 

practice. 

The present study focuses on the one- and two-dimensional qualities of space since 

the third dimension is usually not a constraint in modern livestock housing (Petherick 

and Phillips, 2009), at least not after the ban on battery cages for laying hens in the 
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European Union. However, three-dimensional techniques may be useful to measure 

the amount of space needed to carry out behaviours involving movements. Ceballos 

et al. (2004) determined the space use by dairy cows when lying down by means of 

kinematics. After calibrating the space of a control object, cows provided with retro-

reflective markers were filmed with four two-dimensional video cameras. The 

resulting files were reduced to one file which contained three-dimensional coordinate 

data for each retro-reflective marker, segment lengths between markers, and linear 

marker velocities. To assess the lateral space when lying down, maximum lateral 

displacements were calculated for each retro-reflective marker at the shoulders and 

hips of the cows. Since this method is very complex, only two complete lying 

movements were measured from each of a total of four cows. Similarly, Mench and 

Blatchford (2014) determined the three-dimensional space occupied by laying hens 

when standing, turning around 180°, and wing flapping. However, there was a large 

variation in the average floor areas calculated by using the maximum length and 

width of the hens in the three-dimensional data file, which may be due to the small 

sample of nine hens. 

Recent methods using infrared light-based depth cameras have primarily been 

developed and applied to establish a non-contact alternative estimating the body 

weights of large farm animals (Kongsro, 2014; Gomes et al., 2016). However, for the 

prediction of body weights biometric parameters, such as chest widths, body length 

or dorsal height of the animal, must be measured from the digital images (Gomes et 

al., 2016). Therefore, these data themselves may be useful for assessing the size 

and shape of farm animals. First studies in this direction were carried out by Konen 

(2016) who used similar camera equipment, and a purpose-developed analysing 

software for measuring the floor space covered by individual piglets and groups of 

piglets. A main advantage of infrared light-based techniques is that they operate 

largely independent of ambient lighting conditions eliminating the need of any 

planimetric photo box. In addition, the prototype software applied by Konen (2016) 

calculated the areas of the detected piglets using an algorithm programmed once, 

which made the calibration of a new reference standard for each recording session 

redundant. Since this method offers the potential to collect biometric data of farm 
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animals more automated than any previous technique, it may be a promising 

approach for future research regarding the body space of farm animals. 

 

Parameters affecting the measured body space of farm animals 

With reference to the weight ranges and body positions tested in the present study, 

both the areas covered by broiler chickens and rabbits increased linearly as a 

function of live weight (R²=0.82-0.99). These results are in line with Spindler et al. 

(2013), who found a linear relationship between the covered areas and the body 

weights of layer pullets (R²=0.80-0.96). Similar correlations were described by 

Giersberg et al. (2013), and Fels et al. (2016) for planimetric measurements in young 

piglets (R²=0.93-0.94, and R²=0.96-0.97, respectively). Conversely, the best fit curve 

for the relationship between the covered areas and the body weights of male meat 

turkeys was polynomial quadratic, and thus significantly non-linear (Ellerbrock and 

Knierim, 2002). 

Relating the average areas covered by broiler chickens of the whole weight range of 

the two tested body positions to each other, it was shown that animals adopting a 

resting position covered significantly more floor space than standing animals 

(P<0.05). When body position effects were tested separately for each previously 

formed weight class, statistical significances were found for 21 of a total of 30 weight 

classes. Likewise, fattening rabbits and breeding does within the examined weight 

range took up significantly more space in a recumbent compared to a sitting body 

position (P<0.05). In most previous planimetric studies, either no distinction was 

made between different body positions (Ellerbrock and Knierim, 2002; Briese and 

Hartung, 2009) or standing animals were compared to those performing certain 

activities (Bogner et al., 1979; Dawkins and Hardie, 1989, Mench and Blatchford, 

2014). Spindler et al. (2013), Giersberg et al. (2013), and Spindler et al. (2016), who 

differed explicitly between standing and lying animals, showed that animals in resting 

body positions covered more space than their standing conspecifics. Except for one 

weight class, the piglets examined by Fels et al. (2016) covered more space in lateral 

than in ventral recumbency. However, these results were not assessed for statistical 

significances. 
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Unlike the two-dimensional areas covered (Spindler et al., 2013), the body widths of 

pullets measured in this study did not continuously increase with increasing body 

weight. Age only affected the body widths of pullets at the end of rearing, though their 

body weights differed significantly at any age tested (P<0.05). However, the “body 

width” was defined as the linear distance between the outer contours of the pullets’ 

carpal joints, and thus rather dependent on complex skeletal growth processes in 

young chickens (Kwakkel et al., 1998) than on weight gain. Similarly, Briese and 

Spindler (2013) observed a significant weight loss in mature laying hens between two 

experimental days with the birds’ body widths remaining constant. 

In contrast to planimetric measurements, the horizontal space occupied by pullets 

was not influenced by the two tested body positions. However, adopting a resting 

position on a perch mainly consists of bending the legs under the body, which hardly 

affects the measured distance between the outer contours of the carpal joints of the 

pullets. 

In the present study, genetic effects on the pullets’ body widths were inconsistent. 

However, at the end of rearing when the chickens had almost reached their mature 

body frame size (Kwakkel et al., 1998), brown feathered pullets (Lohmann Brown and 

Lohmann Tradition) occupied significantly more horizontal space than white 

feathered pullets (Lohmann Selected Leghorn). These findings correspond to Briese 

and Spindler (2013), who measured significantly larger body widths in mature 

Lohmann Brown hens than in Lohmann Selected Leghorns. Anderson and Jones 

(2012) also found genetic effects on the frame size (measured as sternum and shank 

lengths) of three experimental and one commercial strain of layer pullets at 16 weeks 

of age. 

 

Relevance of biometric data for legal regulations and its limitations 

It must be emphasised that any calculations based on biometric data are theoretical. 

Since the size and shape of an animal are measured, which correspond to its ‘body 

space’, the aspects of ‘behavioural space’ and ‘social-interaction space’ (Petherick, 

1983) are disregarded. However, this simplified approach allows for assessing the 

validity of minimum space allocations provided by European or national regulations, 
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at least from a physical point of view. Moreover, it is possible to demonstrate the 

remaining free area of an enclosure which is not occupied by the animals’ bodies. 

This is an essential starting point for further ethological research investigating to what 

extend this free area is sufficient for the animals’ behavioural and social needs. 

Concerning broiler chickens, resting behaviour takes the largest proportion of their 

time (Hall et al., 2001; Bokkers and Koene, 2003; Febrer et al., 2006), and is 

significantly synchronised (Alvino et al., 2009). The results of the present study show 

that the animals can rest simultaneously without touching a conspecific or an 

enclosure side at any stocking density provided by the Council Directive 2007/43/EC 

(33 kg/m²-42 kg/m²) and at the tested common target weights (1500 g-2500 g). This 

states the validity of the EU Directive as far as the body space of resting birds is 

concerned. However, a major weakness of the Directive was also identified: since 

maximum stocking densities are only given in kg/m², a varying number of 17-28 

individual birds can be housed per unit depending on their target weights. Based on 

planimetric measurements, a smaller group of heavier broiler chickens always 

covered about 10% less total space per unit than a larger group of lighter individuals 

at the same stocking density. Former studies on spacing and distribution (Hall, 2001; 

Buijs et al. 2010; Buijs et al., 2011b), on the health (Spindler and Hartung, 2011), and 

on the behaviour of broiler chickens (Spindler and Hartung, 2010) indicate that 

besides the total body mass, the number of individuals per unit affects the animals’ 

welfare. Therefore, the Council Directive 2007/43/EC should be amended by 

maximum tolerable numbers of individual broiler chickens, which are already part of 

its national German implementation (TierSchNutztV, 2014, 35 kg/m² if target weights 

are below 1600 g, resulting in a maximum of 21 chicken/m²) and of specific animal 

welfare schemes (e.g. RSPCA, 2013b, 30 kg/m² and a maximum of 19 chickens/m²). 

Similar to broiler chickens, rabbits spent over 50% of their time resting (Postellec et 

al., 2008; Princz et al., 2008) and therefore in a recumbent body position. Relating 

biometric data of recumbent fattening rabbits and breeding does to the minimum 

space allowances laid down in the national German welfare legislation 

(TierSchNutztV, 2014), it becomes clear that all animals could rest simultaneously, 

even in the most space-occupying recumbent position with legs fully outstretched. 
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This applies to rabbits and breeding does at all tested body weights (1.0 kg-5.5 kg) 

although space allocations in the German regulations are provided in cm²/individual 

and, except for breeding does over 5.5 kg, not dependent on the animals’ body 

weights. However, in the most common cage systems used for instance in France, 

Italy, Hungary and Spain (Trocino and Xiccato, 2006), simultaneous resting becomes 

even theoretically impossible for lighter (2.5 kg) fattening rabbits in less space-

occupying sternal recumbency with legs bent to the body. The Committee on 

Agriculture and Rural Development of the European Parliament recognised the 

welfare implications of these housing systems and the insufficiency of European and 

national general animal welfare laws in most Member States. Therefore, a draft 

report to the Commission on minimum standards for the protection of farm rabbits 

was prepared (Committee on Agriculture and Rural Development, 2016). The draft 

report encourages the use of pen systems providing space allowances of 750 cm² 

per fattening rabbit and 800 cm² per breeding doe, which range between those 

prescribed by the German regulations and common practice. According to biometric 

data obtained in the present study, these space allowances would physically restrict 

the lying behaviour of fattening rabbits exceeding target weights of 3.0 kg and 

breeding does over 4.0 kg.  

Since resting in laying hens takes place on perches (Blokhuis, 1984), linear 

dimensions are more appropriate than two-dimensional areas for determining the 

hens’ static spatial requirements in this respect. Although former studies on the 

development of perching behaviour (Newberry at al., 2001; Heikkilä et al., 2006) 

indicate its relevance for pullets at an early age, the provisions on minimum perch 

length laid down in the Council Directive 99/74/EC only apply to mature hens kept for 

the production of eggs not intended for hatching. The same applies to the national 

German implementation of this Directive (TierSchNutztV, 2014). At present, few 

organisations, for instance the RSPCA in the UK (RSPCA, 2013a) and the local 

government of Lower Saxony in Germany (ML Niedersachsen, 2013), published 

detailed recommendations for rearing pullets including minimum perch and linear 

track feeder space per bird. However, based on the measured body widths, only a 

proportion of an entire pullet flock, ranging from 17-91% for perches and 23-42% for 
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feeders, could simultaneously access resources according to these 

recommendations. Comparing the present results to measurements in adult laying 

hens (Briese and Spindler, 2013), it becomes obvious that, depending on the genetic 

strain, pullets already reached 71-77% of their mature body width in the 8th week of 

life. It is therefore crucial not to underestimate the body dimensions of young pullets. 

The EFSA report on welfare aspects of the use of perches for laying hens 

emphasised the need for further investigations concerning perching in the rearing 

period and minimum perch length in non-cage systems (EFSA AHAW Panel, 2015). 

For this purpose, the body widths of pullets measured in the present study form a 

sound and useful basis. However, for the short term, pullets should at least receive 

the same proportion of linear space as required for their mature conspecifics by the 

Council Directive 99/74/EC. 

Besides reviewing and proposing legal regulations on space allowances, biometric 

data can serve as useful basis for planning enrichment structures in alternative 

housing systems, which are becoming increasingly important in the European Union. 

For instance, the absolute minimum size of elevated platforms, withdrawal areas, and 

similar structures can be derived from the measured body dimensions of the 

respective animal species. 

 

As stated before, from the results of the present study one cannot conclude the 

extent to which animals in group housing may huddle together in a real barn and 

therefore may require less space than measured from an individual animal. On the 

other hand, more space may be needed to access certain features in a pen or to 

adopt a specific body position. In addition, the impact of ranking orders and preferred 

inter-individual distances can only be detected in further ethological studies. Taking 

these aspects into account, Keeling (1995) concluded that no single figure but at best 

a range could be provided to describe the amount of space required by animals in 

confinement. With presenting biometric data of different farm animal species as well 

as feasible methods to obtain these, the present study can serve as a first step 

towards a more precise definition of this range of space, particularly concerning the 

physical space animals occupy.  
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4. Conclusion 
 
Collecting biometric data of farm animals is an animal-based scientific approach for 

discussing both existing and future legal space requirements in livestock husbandry. 

The computer-assisted methods described here are well standardised and feasible in 

practice. Thus, they can be repeated and applied for measuring the area and the 

linear space occupied by various animal species or breeds. This is essential since 

the pool of biometric data will remain non-exhaustive as dynamic selection processes 

in livestock breeding will alter the size and shape of animals over time. 

It must be emphasised that biometric measures provide basic knowledge on the 

physical body dimensions of animals. Since it is not sufficient to offer the bare area 

animals occupy by their own bodies in livestock housing, there is a need for further 

ethological studies identifying behavioural priorities of farm animals and the amount 

of additional space that has to be provided to perform these behaviours. 
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5. Summary 

 

Mona Franziska Giersberg (2017) 

 

„Collection of biometric data as an animal based approach for the assessment 

of minimum space requirements in livestock farming” 

 

Space allowance is one of the most disputed welfare criteria in modern livestock 

farming. Specific legal regulations on minimum space requirements are incomplete 

and inconsistent within the European Union. Existing European regulations for some 

farm animal species are controversially discussed, whereas for other animal species 

there are only national regulations in a few Member States or no detailed legally 

binding provisions at all. The complex issue of adequate space allowances in 

livestock husbandry can be simplified by first regarding the static amount of space 

that animals take up by their own bodies. 

 

The aim of this study was to assess the static space which farm animals occupy due 

to their physical body size and shape. For measuring the two dimensional floor area 

an animal covers, broiler chicken (discussion of European legal regulations), and 

fattening rabbits and breeding does (discussion of national legal regulations) were 

chosen. Since linear dimensions are particularly important for housing chickens of 

the laying type (perches, linear track feeders), horizontal body widths were measured 

in two genetic strains of pullets (recommendations for future national and European 

legal regulations). 

 

To calculate the floor area covered by the animals, planimetric measurements using 

a colour-contrast method were carried out. Broiler chickens and rabbits were 

weighed individually, and were photographed from a top view in both standing and 

resting body positions. In each digital photo, the number of animal associated pixels 

was counted by a purpose-developed software, and thus the animal area was 

calculated. To determine the body widths of layer pullets, a method based on the 
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measurement of distances in digital images was applied. Therefore, front view 

photographs of the previously weighed pullets were taken, and were analysed by 

means of a purpose-developed computer program. 

 

Regarding the weight ranges and body positions of broiler chickens and rabbits 

tested in this study, the areas covered by the animals increased linearly (R²=0.82-

0.99) with increasing bodyweight. Furthermore, animals adopting a resting position 

covered significantly more floor space than standing animals (P <0.05) at most of the 

tested body weights. The measured body widths of pullets were only significantly 

affected by age at the end of the rearing period though their body weights differed 

significantly on each study day (P <0.05). Genetic effects were inconsistent whereas 

the tested body positions had no effect on the pullets’ body widths. 

 

The results of this study show that, from a physical point of view, simultaneous 

resting is possible for broiler chickens kept at any stocking density provided by 

European legislation and at any common target weights. The same applies to 

fattening rabbits and breeding does housed according to the minimum space 

allowances laid down in German legislation. However, in terms of figures it was also 

shown that rabbits at the end of fattening cannot recline simultaneously in cages 

commonly used in Europe. Concerning linear features in housing systems for pullets, 

the results of the present study indicate that pullets should receive at least the same 

proportion of linear space as required for their mature conspecifics by European law. 

 

The biometric data of farm animals collected in the present study provide a scientific 

sound basis for the discussion of minimum space requirements in intensive livestock 

housing as well as a first step towards the definition and implementation of future 

legal requirements. However, it must be emphasised that it is not sufficient to offer 

the bare area an animal occupies by its physical body dimensions in livestock 

husbandry. Total space requirements of farm animals considering parameters such 

as ranking orders and preferred inter-individual distances as well as ambient 
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temperatures, the shape of a cage or barn and the positions of its features can be 

only obtained by further ethological studies. 
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6. Zusammenfassung 

 

Mona Franziska Giersberg (2017) 

 

“Erhebung biometrischer Daten als tierbezogene Indikatoren für die Definition 

von Mindestplatzansprüchen in der Nutztierhaltung” 

 

Die ausreichende Platzzuteilung ist einer der strittigsten Tierschutzaspekte in der 

modernen landwirtschaftlichen Nutztierhaltung. Innerhalb der Europäischen Union 

werden vorhandene gesetzliche Regelungen zu Mindestplatzanforderungen für 

einige Nutztierarten kontrovers diskutiert. Für andere Tierarten hingegen existieren 

entweder nur nationale oder überhaupt keine detaillierten rechtsverbindlichen 

Vorschriften. Das komplexe Thema der adäquaten Platzbemessung lässt sich 

vereinfachen, indem zunächst nur die statischen Dimensionen betrachtet werden, die 

Tiere durch ihre eigenen Körper einnehmen. 

 

Ziel dieser Arbeit war es, den statischen Platz zu bemessen, den landwirtschaftliche 

Nutztiere durch ihre physikalische Körpergröße und -form beanspruchen. Zur 

Messung der zweidimensionalen Bodenfläche, die ein Tier abdeckt, wurden 

Masthühner (Diskussion Europäischer gesetzlicher Regelungen) und Mast- und 

Zuchtkaninchen (Diskussion nationaler gesetzlicher Regelungen) ausgewählt. Da 

lineare Dimensionen besonders bedeutsam bei der Haltung von Hühnern des 

Legetyps sind (Sitzstangen, Futterbahnen), wurden die horizontalen Körperbreiten 

bei Junghennen zweier Genetiken vermessen (Empfehlungen für zukünftige 

nationale und Europäische Vorschriften). 

 

Um die von den Tieren abgedeckte Bodenfläche zu berechnen, wurden 

kontrastbasierte planimetrische Messungen durchgeführt. Die Masthühner und 

Kaninchen wurden einzeln gewogen und anschließend in stehenden und ruhenden 

Körperhaltungen in Aufsicht fotografiert. Von jeder digitalen Fotografie wurde durch 

eine speziell entwickelte Software die Anzahl tierbezogener Pixel erfasst und die 
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Tierfläche berechnet. Um die Körperbreiten von Junghennen zu bestimmen wurde 

eine auf der Vermessung von Distanzen in Digitalaufnahmen beruhende Methode 

angewendet. Hierzu wurden Frontalfotografien von den zuvor gewogenen 

Junghennen aufgenommen, die mithilfe eines speziellen Computerprogramms 

analysiert wurden.  

 

Innerhalb der untersuchten Gewichtsbereiche und Körperhaltungen von 

Masthühnern und Kaninchen stiegen die von den Tieren abgedeckten Flächen in 

Abhängigkeit vom Körpergewicht linear an (R²=0,82–0,99). Darüber hinaus deckten 

Tiere in ruhenden Körperhaltungen in den meisten untersuchten Gewichtsklassen 

eine signifikant größere Bodenfläche ab als stehende Tiere (P<0,05). Das Alter 

beeinflusste die gemessenen Körperbreiten von Junghennen nur zum Ende der 

Aufzuchtphase statistisch signifikant, obwohl sich die Gewichte der Tiere zwischen 

jedem Untersuchungstag signifikant unterschieden (P<0,05). Effekte der Genetik 

waren uneinheitlich, wohingegen die untersuchten Körperhaltungen keinen Einfluss 

auf die gemessenen Körperbreiten der Junghennen hatten. 

 

Die Ergebnisse dieser Arbeit zeigen, dass -rein physikalisch gesehen- Masthühner 

mit üblichen Endgewichten bei den durch die Europäische Union gesetzlich 

vorgeschriebenen Besatzdichten gleichzeitig ruhen können. Das gleiche gilt auch für 

Mast- und Zuchtkaninchen, die nach Vorgaben der Deutschen Gesetzgebung 

gehalten werden. Allerdings wurde rechnerisch auch gezeigt, dass ein gleichzeitiges 

Liegen von allen Kaninchen zum Ende der Mast in den üblicherweise in Europa 

genutzten Käfigen nicht möglich ist. Bezüglich horizontaler Einrichtungen in 

Haltungssystemen für Junghennen deuten die Ergebnisse dieser Arbeit darauf hin, 

dass diese mindestens entsprechend anteilig so zu bemessen sind, wie im 

Europäischen Recht für adulte Legehennen vorgeschrieben. 

 

Die in dieser Arbeit von landwirtschaftlichen Nutztieren erhobenen biometrischen 

Daten sind sowohl eine wissenschaftlich abgesicherte Grundlage für die Diskussion 

von Mindestplatzanforderungen in der intensiven Nutztierhaltung als auch ein erster 
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Schritt in Richtung Definition und Umsetzung zukünftiger rechtlicher 

Rahmenbedingungen. Es muss allerdings betont werden, dass es bei der 

Unterbringung von Tieren nicht ausreicht, einem Tier die Fläche zuzuteilen, die es 

durch seine physikalischen Körperdimensionen beansprucht. Vielmehr müssen für 

die von Nutztieren benötigte Gesamtfläche weitere Parameter, wie beispielsweise 

Rangordnungen, bevorzugte interindividuellen Distanzen, Umgebungstemperaturen, 

und Käfig- oder Buchtenformen Berücksichtigung finden. Diese können jedoch nur 

durch weitergehende ethologische Studien bestimmt werden. 
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