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Chapter 1: Introduction 
 

 
Introduction 
 
For keeping laying hens, different kinds of housing systems exist. Cage is the predominant 

kind of housing system in Germany, but the number of alternative housing systems increases. 

While in 1995, 94% of layers were kept in cages, the number decreased to 77% of cage- kept 

hens in 2004 (Statistisches Bundesamt, 2005). During this time, the use of alternative housing 

systems like barn and free range systems intensely increased. In the course of time laws and 

directives for laying hen housing systems had been changed. In 1999, the EU Council 

directive 1999/74/EC (19th July) on laying down minimum standards for the protection of 

laying hens was acceptilated. Hence, conventional cages will be banned after 2011 in the EU, 

while furnished cages will furthermore be allowed. The EU Council directive (1999/74/EC) 

has been implemented in national law by the German government due to change of the  

“2. Verordnung zur Änderung der Tierschutz- Nutztierhaltungsverordnung, 01. August 2006 

(BGBl. I  Nr. 41).” Consequently, conventional cages will be already banned by the end of 

2008 and furthermore, furnished cages will also be abolished after 2020.  

For a long time, conventional cages for laying hens have been criticised as they lead to 

welfare problems due to limited space and poor environmental conditions. So called furnished 

cages are equipped with different furniture elements like nest boxes, perches and dust baths 

and offer laying hens the possibility to perform their natural behavioural patterns to a greater 

extent than conventional cages. Due to comfort and resting behaviour, perches are important 

for roosting and withdrawing from flock mates. Dust baths with scratching substrate stimulate 

exploring behaviour. Nest boxes, furnished with curtains, offer a quite place for egg 

deposition and can be used by hens as a withdrawing area. Currently, small group housing 

systems are being developed to replace furnished cages after 2020. These systems should 

offer laying hens more space than furnished cages. Groups of up to 60 hens per compartment 

should be kept together in these systems. The larger floor space per hen offers more 

possibility for locomotion activities, which may reduce the incidence of adiposis or 

osteoporosis. An advanced type of the small group housing system is the modified small 

group housing system, where perches are installed at different levels.  

In barn, aviary or free range housing systems laying hens are able to perform their natural 

behavioural patterns much better than in cage systems, but these housing systems also have 

disadvantages. The hygienic status in alternative housing systems is one adverse aspect. 

While in cage systems hens are separated from their excrements due to wire floor, laying hens 

in alternative housing systems are in direct contact to litter and their excrements.  This can 

favour infectious diseases or affection by parasites, which lead to an increased application of 
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pharmaceuticals. Furthermore, the incidence of dirty eggs is often higher in alternative 

housing systems compared to cage systems. If new housing systems are being developed, 

animal welfare and high hygienic egg production standards should be considered. 

In the present study, a comprehensive investigation was performed to evaluate differences, 

advantages and disadvantages of different housing systems for layers. Housing systems 

included in this study were furnished cages, modified furnished cages, small group housing 

systems, modified small group housing systems and an aviary housing system. Four layer 

lines kept on two different farms were tested: Lohmann Selected Leghorn, Lohmann Brown, 

Lohmann Silver and Lohmann Tradition. Body status of hens was examined regarding body 

weight, foot pad status, claw length, plumage condition, integument status and adiposis. 

Furthermore behavioural observations were performed. The aim of the present study was to 

evaluate if the traits examined were influenced by different housing system and furthermore 

by different perch design.   

The present study is part of a comprehensive scientific project, which began in 1999. The 

analyses of different health and performance traits evaluated in the laying periods from 2004 

to 2006 had been split into two doctoral theses. The complementary part to the present study 

(Scholz et al., 2007) comprises investigations on bone breaking strength (humerus and tibia), 

keel bone status, stress perception, egg laying performance and egg quality of laying hens. 

Results of both parts of this project and furthermore, results of other authors are jointly 

discussed in a meta-analysis, which represents the general discussion of this work.  
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Overview of the different chapters analysing the different farms, layer lines and laying 
periods tested 
 
Chapter  Farm  Layer line Laying period 
Chapter 2:  
Evaluation of plumage condition 
and foot pad health of laying 
hens housed in small group 
housing systems, furnished cages 
and an aviary system 

Lehr- und 
Forschungsgut 
Ruthe, 
Stiftung 
Tierärztliche 
Hochschule 
Hannover 

Lohmann Silver, 
Lohmann Tradition

July 2004-  
July 2005 

Chapter 3  
Foot pad health, plumage 
condition, integument and claw 
length of Lohmann Silver laying 
hens kept in small aviary housing 
systems, furnished cages and an 
aviary housing system 

Lehr- und 
Forschungsgut 
Ruthe, 
Stiftung 
Tierärztliche 
Hochschule 
Hannover 

Lohmann Silver September 2005- 
October 2006 

Chapter 4 
Foot pad health in Lohmann 
Selected Leghorn and Lohmann 
Brown laying hens kept in 
different housing systems with 
modified perch design 

Farm 
Wesselkamp, 
Ankum, 
Deutsche 
Frühstücksei 
GmbH  

Lohmann Selected 
Leghorn, Lohmann 
Brown 

August 2004-
August 2005; 
October 2005- 
October 2006 

Chapter 5 
Fat status in Lohmann Silver and 
Lohmann Tradition laying hens 
kept in modified small group 
housing systems, small group 
housing systems, furnished cages 
and an aviary system 

Lehr- und 
Forschungsgut 
Ruthe, 
Stiftung 
Tierärztliche 
Hochschule 
Hannover 

Lohmann Silver, 
Lohmann Tradition

July 2004-  
July 2005; 
September 2005- 
October 2006 

Chapter 6 
Evaluation of room use and 
selected behavioural traits in 
laying hens kept in different 
housing systems with modified 
perches 

Lehr- und 
Forschungsgut 
Ruthe, 
Stiftung 
Tierärztliche 
Hochschule 
Hannover; 
Farm 
Wesselkamp, 
Deutsche 
Frühstücksei 
GmbH 

Lohmann Silver; 
Lohmann Selected 
Leghorn, Lohmann 
Brown 

September 2005- 
October 2006; 
August 2004- 
August 2005; 
October 2005- 
October 2006 
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Evaluation of plumage condition and foot pad health of laying hens housed in small 

group housing systems, furnished cages and an aviary system 

 

S. RÖNCHEN1*, B. SCHOLZ1, H. HAMANN1 and O. DISTL1 

 

Institute for Animal Breeding and Genetics, University of Veterinary Medicine Hannover, 

Bünteweg 17p, 30559 Hannover, Germany 

*Corresponding author: Swaantje.Roenchen@tiho-hannover .de 

__________________________________________________________________________________ 
 

Currently small group housing systems are strongly discussed in Germany as an alternative 

housing system. The objective of the present study was to evaluate foot pad health and 

plumage condition of laying hens housed in a small group housing system (Eurovent 625a-

EU(EV)), furnished cages (Aviplus (AP)) and an aviary system (Voliere Natura (Av)). Hens 

of two layer strains (Lohmann Silver, Lohmann Tradition) were randomly chosen for 

examination at the end of the 3rd, 6th, 9th and 11th laying month (478 hens). Plumage 

condition was evaluated before slaughter using scores from 1 (high graded damage of 

plumage) to 4 (very good plumage condition). Body regions scored were the regions head, 

neck, breast, belly, back, wings and tail. Hyperkeratosis and lesions of foot pads were 

classified due to severity on a scale from 1 (no hyperkeratosis) to 5 (very severe 

hyperkeratosis) and from 1 (no lesion) to 4 (deep and large epithelial lesion and high grade 

swelling of foot pad). Alterations were evaluated separately for sole pad, toe pad and the 

region between toe and claw. Statistical analyses were performed using the MIXED 

procedure of the SAS, version 9.1.3. Total plumage condition score was 23.9 in all hens 

examined. Statistical analyses did not reveal significant differences between housing systems 

or layer strains. Foot pad lesions and hyperkeratosis of the toe pad and the region between toe 

and claw were significantly affected by housing system, whereas for hyperkeratosis of sole 

pad no significant difference was found. Scores of sole pad lesions in EV (1.71) were 

significantly higher than in hens kept in AP (1.44) and Av (1.51). Significantly higher scores 

of toe pad lesions were recorded in AP (1.79) compared to EV (1.56) and the Av (1.35). The 

difference between EV and Av was also significant. Lesions of the region between toe and 

claw were significantly higher scored in layers housed in AP (1.34) compared to EV (1.16). 

Plumage condition was not negatively affected in laying hens from AP and EV compared to 

laying hens in Av. Keeping laying hens in EV and AP did not lead to proliferative 

hyperkeratosis. Positive effects on sole and toe pad health were observed in the aviary. 
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Introduction 

Conventional cages are criticised as they lead to welfare problems due to limited space and 

poor environmental conditions. After abolition of conventional cages in the EU in 2012, 

laying hens have to be kept in furnished cages, small group housing systems or alternative 

housing systems. In Germany furnished cages will also be banned after 2020. Currently small 

group housing systems are being developed. The objective of the present study was to 

evaluate, whether foot pad health and plumage condition of laying hens were influenced by 

different housing systems. The three housing systems included in this study were a small 

group housing system (Eurovent 625a-EU, Big Dutchman, Vechta, Germany (EV)), a 

furnished cage system (Aviplus, Big Dutchman (AP)) and an aviary system (Voliere Natura, 

Big Dutchman (Av)).  

 

 
Material and methods 

The laying hens were housed in three different housing systems (all from Big Dutchman, 

Vechta, Germany): a small group housing system (Eurovent 625-a EU), a furnished cage 

system (Aviplus) and an aviary system (Voliere Natura). All three housing systems (EV, AP, 

Av) were installed in one experimental building. AP and EV had three tiers. Hens were kept 

in groups of 10, 20 and 30 in AP and 40 and 60 in EV per compartment. The compartments in 

AP were arranged double-sided, in EV continuous. All cages had a wire floor and were 

equipped with perches, nest boxes, dust bath and abrasion devices for the claws (adhesive 

stripes). For each hen, 750 cm² floor space was offered. The white plastic perches in AP and 

EV were incorporated parallel to the front of the cage, had an oval profile with a flat up- and 

under site, were polished on the surface and had riffles on the front- and backside. For each 

laying hen, the length of the perch was 15 cm. In EV the supply pipe for the dust bath filling 

was also useable for perching. Its surface was covered with galvanized zinc. In the aviary 

system, hens were housed in two groups of 1215 layers. Av had three tiers with a plastic 

slatted floor, a litter area, family nest boxes, wooden perches in front of the second tier, round 

metallic perches above the third tier and a canopied littered outdoor area. The laying hens 

kept in the trial from July 2004 to July 2005 were Lohmann Silver (LS) and Lohmann 

Tradition (LT). The number of hens was about 1500 per housing system (about 750 hens LS 

and LT in AP and EV). They were reared on the floor until an age of 18 weeks. Ad libitum 
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feeding was automatically provided three times a day and water was supplied ad libitum. The 

light period took 14 hours. Foot pads of the laying hens were assessed macroscopically in the 

3rd, 6th, 9th and 11th laying month. The total number of hens examined was 478, equally 

distributed between the two layer strains and the month of examination (see SCHOLZ et al., 

2006). Alterations of foot pads regarding hyperkeratosis and lesions were classified due to 

severity on a scale from 1 (no hyperkeratosis) to 5 (very severe hyperkeratosis) and from 1 

(no lesion, no swelling of foot pad) to 4 (deep and large epithelial lesion and high grade 

swelling of foot pad) (Table 1). The alterations were evaluated separately for sole pad, toe pad 

and the region between toe and claw. Both feet of the hens were examined and severity rating 

was assigned according to most distinctive alteration. Status of plumage condition was 

examined directly after having taken hens out of the housing system. The regions head, neck, 

breast, belly, back, wings and tail were assessed using scores from 1 to 4. Score 1: high 

graded damage of plumage, bare regions; score 2: explicit damage of feathers and / or bare 

areas; score 3: completely / nearly complete feathered, but damaged feathers; score 4: very 

good plumage condition, nearly no feathers damaged. The scores of the described regions 

were accumulated to a total sum, so that the highest score was 28 points, the lowest 7. 

Statistical analyses of the status of foot pad health and plumage condition were performed 

using the MIXED procedure of SAS, version 9.1.3. (Statistical Analysis System Institute Inc., 

Cary, NC, USA 2006). The fixed effects of housing system, layer line, group size and laying 

month were included in the statistical analyses. In addition, interactions for the different 

effects were modelled. The interaction between laying month and the compartment of housing 

system was treated as a randomly distributed effect. Body weight of the hen was used as a 

covariate.  

  
Total plumage condition: 

Yijklmno = μ + SYSi + LINj + GR(SYS)ik +  MONl + SYS*LINij + LIN*GR(SYS)ijk + 

LIN*MONjl + b   x  BW(LIN*MON)jlm + MON*COMP(LIN*GR(SYS))ijkln + eijklmno 

 

Yijklmno: total plumage condition (total score of the seven body 

regions) 

μ:     model constant  

SYSi:      fixed effect of housing system (i = 1-3) 

LINj:      fixed effect of layer line (j = 1-2) 

GR(SYS) ik:    fixed effect of group size (k = 1-6) 
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MONl:     fixed effect of laying month (l = 1-4) 

SYS*LINij:  fixed effect of interaction between layer line and housing 

system 

LIN*GR(SYS)ijk:  fixed effect of interaction between layer line and group 

size  

LIN*MONjl:  fixed effect of interaction between layer line and laying 

month 

BW(LIN*MON)jlm:    body weight 

MON*COMP(LIN*GR(SYS))ijkln: random effect of interaction between laying month and 

compartment of housing system (n = 76) 

b:      linear regression  

eijklmno:     random error coefficient 

 

Sole pad hyperkeratosis and lesions: 

Yijklmno = μ + SYSi + LINj + GR(SYS)ik + MONl + SYS*LINij + SYS*MONil + b x  

BW(LIN*MON)jlm   +  MON*COMP(LIN*GR(SYS))ijkln + e ijklmno 

 

Yijklmno: score for macroscopically determined alterations of sole 

pads  

SYS*MONil:    interaction between housing system and laying month 

 

Toe pad hyperkeratosis and lesions: 

Yijklmno = μ + SYSi + LINj + GR(SYS)ik +  MONl + SYS*LINij + SYS*MONil + 

SYS*LIN*MONijl + b x BW(LIN*MON) jlm  + MON*COMP(LIN*GR(SYS))ijkln   + e ijklmno        

 

Yijklmno: score for macroscopically determined alterations of toe 

pads 

SYS*LIN*MONijl: interaction between housing system, layer line and laying 

month 

 

Region between toe and claw: 

Yijklmno = μ + SYSi + LINj + GR(SYS)ik + MONl + SYS*LINij + b x BW(LIN*MON) jlm + 

MON*COMP(LIN*GR(SYS))ijkln  + e ijklmno  
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Yijklmno: score for macroscopically determined alterations of the 

region between toe and claw 

 

 

Results 

Foot health of laying hens kept in furnished cages, small group housing systems and an aviary 

system was evaluated in 238 LS and 240 LT layers. No significant differences were found 

between the two layer strains. Alterations of foot pads were significantly influenced by 

housing system. The number of hens examined was 144 for the furnished cage system 

Aviplus, 150 for the small group housing system Eurovent and 184 for the aviary system 

“Natura”. Mild hyperkeratosis (degree 2) was the most frequently observed finding in all 478 

laying hens. The occurrence of mediate hyperkeratosis (degree 3) was low (<10 %), with 

exception of moderate hyperkeratosis between toe and claw in layers kept in AP (29.9 %). 

Severe hyperkeratosis (degree 4) was only found in sole pads of hens from EV (2 %) and AP 

(0.7 %) and for the region between toe and claw in hens housed in the AP (3.5 %). Degree 5 

(very severe hyperkeratosis) could not be detected. Superficial lesions of the foot pads were 

found in all housing systems (degree 2). Deep epithelial lesions and/or swelling of sole pad 

(degree 3) could be detected in 16.7 % of the hens from EV, in 12.5 % of the hens from Av 

and in 0.7 % layers from AP. The frequency of toe pad lesions assessed with degree 3 was 

about 2 % or lower (Av). In 3.5 % of the hens housed in AP and in 0.7 % hens from EV, 

alterations of degree 3 were found within the region between toe and claw. None of the layers 

kept in the aviary showed such alterations. Degree 4 of sole pad lesion was discovered in 

layers from EV and Av (Table 2).    

 

Table 1: Classification of macroscopic alterations in foot pads of laying hens 
Severity rating Macroscopic findings  

of  hyperkeratosis 
Macroscopic findings  
of lesions 

1 no hyperkeratosis intact epithelium, no swelling of foot pad 
2 mild hyperkeratosis superficial lesion of the epithelium, no swelling of 

foot pad 
3 moderate hyperkeratosis deep epithelial lesions and/or swelling of foot pad 
4 severe hyperkeratosis deep and large epithelial lesions, high-graded swelling 

of foot pad  
5 very severe 

hyperkeratosis 
- 
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Table 2: Distribution of scores for foot pad alterations (%) within the different housing 
systems 

degree Aviplus Eurovent Aviary Aviplus Eurovent Aviary Aviplus Eurovent Aviary 
 Sole pad hyperkeratosis Toe pad hyperkeratosis Toe/claw hyperkeratosis 
1 11.8   7.3   1.1  1.4   4.7   1.1   1.4   6.7   0.5 
2 82.6 83.3 91.9 89.6 91.3 95.7 65.3 89.3 99.5 
3  4.9   7.3   7.1   9.0   4.0   3.3 29.9   4.0 - 
4  0.7   2.0 - - - -  3.5 - - 
5 - - - - - - - - - 

 Sole pad lesions Toe pad lesions Toe/claw lesions 
1 54.9 44.7 63.0 23.6 46.0 68.5 69.4 84.7 78.8 
2 44.4 37.3 23.9 74.3 52.0 29.9 27.1 14.7 21.2 
3   0.7 16.7 12.5   2.1  2.0   1.6   3.5   0.7 - 
4 -   1.3   0.5 - - - - - - 

 
No significant differences were found for hyperkeratosis of sole pad between the housing 

systems. Hyperkeratosis of toe pad was significantly more frequent in layers in AP than in 

hens from EV. Furthermore, layers in AP showed significant higher scores of hyperkeratosis 

of the region between toe and claw than hens kept in EV and Av. Housing system had a 

significant influence on the score of foot pad lesions. In EV, significantly higher scores were 

recorded for sole pad lesion than in AP and Av. In comparison to EV and Av, hens from AP 

showed a significantly higher score for toe pad lesions. The difference between EV and Av 

was also significant. Hens from AP were scored significantly higher for lesions within the 

region between toe and claw than hens from EV. Fisher´s exact test was performed to 

examine the influence of housing system on foot pad health. The test showed that foot pad 

health is significantly influenced by housing system. The results confirm the outcome of the 

MIXED procedure (Table 3).  

 

Table 3: Least square means with their standard errors and error probabilities (p) for 

the foot pad scores of sole, toe and the region between toe and claw of layers in the three 

different housing systems  
Trait 
 

Aviplus  
(I) 

Eurovent 
(II) 

Aviary  
(III) 

P (I – II) p (I – III) p (II – III) 

Sole pad hyperkeratosis 1.94 ± 0.04 2.04 ± 0.04 2.06 ± 0.08 n.s. n.s. n.s. 
Sole pad lesions 1.44 ± 0.06 1.71 ± 0.06 1.51 ± 0.06 *** n.s. * 
Toe pad hyperkeratosis 2.08 ± 0.03 2.00 ± 0.03 2.03 ± 0.04 * n.s. n.s. 
Toe pad lesions 1.79 ± 0.04 1.56 ± 0.04 1.35 ± 0.04 *** *** *** 
Toe/Claw hyperkeratosis 2.35 ± 0.04 1.99 ± 0.04 2.00 ± 0.10 *** ** n.s. 
Toe/ Claw lesions 1.34 ± 0.04  1.16 ± 0.04 1.21 ± 0.08 ** n.s. n.s. 

n.s.: not significant; *: p < 0.05; **: p < 0.01; ***: p < 0.001. 
 
Plumage condition was evaluated in 238 LS and 240 LT layers. The total plumage condition 

score in all 478 hens was 23.9. No significant differences were found between housing 

systems and layer lines. Within the LS layers, there was a significant difference between hens 

kept in AP and EV. LS hens from AP showed a better plumage condition than those in EV 
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(Table 4). Plumage score was significantly influenced by the laying month. In the course of 

the laying period, an obvious aggravation of the feathering status was evident (Figure 1). 

 
Table 4: Least square means with their standard errors and error probabilities for the 

score of total plumage condition of LS and LT layers in the different housing systems 
Layer 
line 

Aviplus  
(I) 

Eurovent  
(II) 

Aviary 
(III) 

p (I – II) p (I – III) p (II – III) 

LS/ LT  23.91 ± 0.27 23.45 ± 0.28 24.45 ± 0.51 n.s. n.s. n.s. 
LS  24.58 ± 0.39 23.38 ± 0.39 24.69 ± 0.72 * n.s. n.s. 
LT 23.24 ± 0.37 23.52 ± 0.39 24.21 ± 0.72 n.s. n.s. n.s. 
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Figure 1: Least square means of the total plumage condition score by layer line and 
laying month (LM) 
 
 
 

 

Discussion 

Occurrence and kind of alterations of foot pads in poultry is related to housing system 

(KEUTGEN et al., 1999). Alterations range from mild hyperkeratosis to ulcers of the foot 

pad, known as bumble foot (WANG et al., 1998). While hens kept in free range, on floor or in 

aviary systems often show sole pad lesions, the common finding of hens kept in conventional 

and furnished cages is hyperkeratosis (SIEGWART, 1991; ABRAHAMSSON and TAUSON, 

1993; TAUSON and ABRAHAMSON, 1994; OESTER, 1994; ABRAHAMSSON et al., 

1996). In alternative housing systems the contact to litter and excrements and the use of 

perches is seen as a reason for the occurrence of epithelial lesions, mainly of the sole pad 

(KEUTGEN et al, 1999; WANG et al., 1998). The use of perches and housing hens on litter 

can lead to foot pad hyperplasia caused by mechanical stimulus. Furthermore, in consequence 

of moisture of the litter and poor hygiene, the softened epidermis can easily be infiltrated by 

microorganisms, thus resulting in local inflammation up to ulceration (bumble foot). In hens 

kept in conventional or furnished cages, the development of hyperkeratosis might to be 
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caused by the pressure load on foot pads while using the perches or standing on the wire floor 

(SIEGWART, 1991; KEUTGEN et al., 1999). In the present study hens showed significantly 

more often hyperkeratosis of the toe pad in AP compared to layers in EV. Furthermore, 

hyperkeratotic alterations of the region between toe and claw were found more frequently in 

AP than in hens from EV and Av. Toe pad lesions occurred more often in AP than in the other 

housing systems. This could be explained by a different use of the perches respectively by the 

time spent on the wire floor. KEUTGEN et al. (1999) observed alterations of the toe pad and 

the region between toe and claw most often in cage-kept hens. Hens kept in EV were able to 

use the supply pipe of the dust bath for roosting. This fact could explain the higher frequency 

of more distinctive sole pad lesions in EV, because perches stress the sole pad region by 

mechanical stimuli and lead to proliferative hyperkeratosis and lesions. The frequency of 

intermediate and severe hyperkeratosis of sole pads was also higher in the small group 

housing system than in the furnished cages. The rough surface of the supply pipe in EV may 

also be a reason for these alterations. A possible influence of the supply pipe on 

hyperkeratotic alterations of the sole pad in hens kept in the EV was also seen by 

WEITZENBÜRGER et al. (2005). Laying hens kept in the Av predominantly exhibited the 

mild form of hyperkeratosis. Lesions of the toe pad were less often recorded in Av than in the 

other housing systems. Hens from EV had more high-graded sole pad lesions than layers in 

Av. This was an unexpected result, because laying hens in alternative housing systems tended 

to have more lesions than layers kept in cages. A good hygienic state of the litter could be a 

reason for this. We came to the conclusion, that housing laying hens in EV and AP did not 

lead to proliferative hyperkeratosis, because most of the findings were regarded as mild 

hyperkeratotic alterations. Positive effects of foot pad health were observed in layers kept in 

the aviary system. 

Acquired defects of the plumage are mainly caused by the furniture or the partitions of 

housing systems. There can also be an abrasion of plumage between flock mates. APPLEBY 

et al. (2002) found that there is a relationship between feather damage and stocking density in 

cages, whereas hens in furnished cages had a better plumage condition than hens kept in 

conventional cages. Furthermore feather pecking leads to a bad plumage condition. Infectious 

diseases, ectoparasites or alimentary deficiencies can also be reasons for damaged feathering. 

From the 3rd to the 11th laying month, a general aggravation of the plumage condition was 

observed. Total plumage score was 27 in the 3rd and 21 in the 11th laying month (Figure 1). 

In agreement with other authors, we observed an increase of feather damage with the 

proceeding age of the laying hens (ABRAHAMSSON et al., 1996; BARNETT et al., 1997; 
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WEITZENBÜRGER et al., 2006). Furthermore, BARNETT et al. (1997) noted a decrease of 

feather condition, mainly for the regions breast, tail and vent. In the present study, data of 

plumage condition will also be analysed for differences of the body regions and for significant 

differences between layer lines and housing systems. So far, we detected no significant 

differences regarding the total plumage condition between hens kept in the different housing 

systems. Total plumage score was not negatively affected by the furnished cage system 

Aviplus and the small group housing system Eurovent.  
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Abstract  

In the 3rd, 6th, 9th and 12th laying month, foot pad health, plumage condition, integument 

and claw length were evaluated in 432 Lohmann Silver laying hens kept in three different 

housing systems: a small aviary housing system (Eurovent 625a-EU, EV) with different perch 

levels, a furnished cage system (Aviplus, AP) and an aviary (Voliere Natura, AV). Foot health 

was scored for hyperkeratosis and lesions on a scale from 1 (normal) to 5 or 4 (severe). 

Plumage condition was assessed with scores from 1 (worst) to 4 (best) for different body 

regions. Integument was assessed for lesions and claw length of the middle toe was measured. 

Mild foot pad hyperkeratosis was the most frequent finding in hens of all housing systems. 

Sole pad hyperkeratosis was less frequent in AP and occurred more often in EV and AV. 

Significantly more often hyperkeratosis in the region between toe and claw was observed in 

AP. Toe pad lesions and lesions between toe and claw were scored lowest in AV and highest 

in AP. An aggravation of plumage in the course of the laying period was observed in all hens. 

Hens showed a significantly better total plumage condition in AP compared to EV. Within 

housing system, group size had a significant influence on plumage condition. Plumage was 

better in smaller groups. Lesions of the integument were rarely detected. Claws were 

significantly shortest in AP, longer in AV and longest in EV. Perch design in EV was not 

significant for all traits except for comb lesions. 

Keywords: Small aviary housing systems, furnished cages, aviary, foot pad health, plumage 
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Zusammenfassung   

Titel der Arbeit: Fußballengesundheit, Gefiederstatus, Integument und Krallenlänge von 

Lohmann Silver Legehennen in Kleinvolieren, ausgestalteten Käfigen und einer 

Volierenhaltung  

Im 3., 6., 9. und 12. Legemonat wurden Fußballengesundheit, Gefiederstatus, Integument und 

Krallenlänge von 432 Lohmann Silver Legehennen aus Kleinvolieren (Eurovent 625a-EU, 

EV) mit Sitzstangen in verschiedenen Ebenen, ausgestalteten Käfigen (Aviplus, AP) und 

einem Volierenhaltungssystem (Voliere Natura, AV) untersucht. An den Fußballen wurden 

Hyperkeratosen und Epithelläsionen anhand einer Skala von 1 (keine Hyperkeratose/ intaktes 

Epithel) bis 5 bzw. 4 (höchstgradige Hyperkeratose/ großflächige, tiefgreifende Läsion und 

hochgradige Ballenverdickung) beurteilt. Der Gefiederstatus einzelner Körperregionen wurde 

mittels einer Skala von 1 (gravierende Schäden) bis 4 (sehr gut) erfasst. Das Integument 

wurde hinsichtlich Läsionen untersucht. Die Ermittlung der Krallenlänge erfolgte mittels 

Messung der Mittelzehenkralle. Geringgradige Hyperkeratosen der Fußballen traten in allen 

Haltungssystemen am häufigsten auf. Hyperkeratosen des Sohlenballens kamen im Vergleich 

zu Hennen aus AP häufiger bei Tieren aus EV und AV vor. Dagegen war in AP ein häufigeres 

Auftreten von Hyperkeratosen  im Übergangsbereich von Zehe zu Kralle zu beobachten. 

Zehenläsionen waren in AV am geringsten, in AP am stärksten ausgeprägt. Im Verlauf der 

Legeperiode wurde in allen Haltungssystemen eine Verschlechterung des Gefiederstatus 

beobachtet. Hennen aus AP zeigten insgesamt eine bessere Befiederung als Tiere in EV. Die 

Gruppengröße stellte sich innerhalb der Systeme als signifikant dar. Kleinere Gruppen zeigten 

einen besseren Gefiederstatus. Verletzungen des Integuments wurden selten festgestellt. Die 

Krallen waren in AP signifikant am kürzesten, gefolgt von AV und EV, wobei Hennen in EV 

deutlich längere Krallen aufwiesen als in den anderen Systemen. Die Sitzstangenposition in 

EV war für alle Merkmale mit Ausnahme von Läsionen des Kammes nicht signifikant. 

 

Schlüsselwörter: Kleinvolierenhaltungssystem, ausgestaltete Käfige, Voliere, 

Fußballengesundheit, Gefieder 
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1. Introduction 

Small group housing systems and small aviary housing systems should replace furnished 

cages after 2020 in Germany. These systems should offer laying hens more space and 

enriched environmental conditions than conventional or furnished cages. New housing 

systems should be developed with respect to both, animal welfare and high hygienic egg 

production standards. Foot health, plumage condition, integument status and claw length are 

important indicators to evaluate housing systems for aspects of animal health and welfare. 

The objective of the present study was to evaluate if these welfare parameters can be 

improved in the newly developed small aviary housing system with different perch levels 

(Eurovent 625a-EU, EV). Housing systems compared with the small aviary housing system 

were a furnished cage system (Aviplus, AP) and an aviary housing system (Voliere Natura, 

AV) under the same management and feeding conditions. An important factor influencing the 

development of foot pad alterations is the housing system (TAUSON and ABRAHAMSSON, 

1994; KEUTGEN et al., 1999; WEITZENBÜRGER et al., 2005). Findings in foot pad 

alterations range from mild hyperkeratotic alterations to inflamed ulcers of the foot, known as 

bumble foot (WANG et al., 1998). ABRAHAMSSON and TAUSON (1993) described 

hyperkeratosis as a main alteration in conventional and furnished cages. The frequent finding 

of hyperkeratotic alterations in cage-kept laying hens is seen to be caused by the pressure load 

on the foot while perching or standing on the wire floor (SIEGWART, 1991; KEUTGEN et 

al., 1999; WEITZENBÜRGER et al., 2005). Investigations of furnished cages and small 

group housing systems with 40 or 60 hens per compartment revealed mild hyperkeratosis of 

sole and toe pad in 57.4 % of hens examined and more severe alterations with frequencies of 

5.9 % (severe hyperkeratosis and/ or deep epithelial lesions and/ or mild swelling of foot 

pads). In 1.9 % of the hens, very severe hyperkeratosis and/ or deep and large epithelial 

lesions with moderate/ severe swelling of foot pads were observed. In addition, the brown 

layer line Lohmann Brown was significantly more severely and more often affected by 

hyperkeratotic foot pad alterations than Lohmann Selected Leghorn laying hens, while 

Lohmann Selected Leghorn layers were more frequently affected by epithelial lesions than 

Lohmann Brown hens (WEITZENBÜRGER et al., 2005). Epithelial lesions, mainly of the 

sole pad, are often observed in layers kept in free range, on floor or in aviary systems. This is 

explained by the contact to litter, excrements and the use of perches (KEUTGEN et al., 1999; 

WANG et al., 1998).  

Poor plumage condition in laying hens can be caused by infectious diseases, ectoparasites, 

alimentary deficiencies and feather pecking. Acquired defects of plumage are also seen to be 
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affected by housing system. APPLEBY et al. (2002) observed more feather damage in cages 

with a high stocking density and found a better plumage condition when troughs were 

elevated or a dust bath installed.  

Lesions of the integument are related to housing system as well. The regions comb and cloaca 

are often affected by pecking wounds. KEUTGEN et al. (1999) observed more pecking marks 

on the cloacal region in floor housed hens and in free range than in cages. ELSON and 

CROXALL (2006) saw an increased number of comb wounds in alternative housing systems 

as a possible indication of more aggressive pecking.  

Claws of laying hens are characterised by a constant growth. Pawing as a natural behavioural 

pattern leads to abrasion and prevents an overgrowth of the claws. Hens in alternative housing 

systems show shorter claws than cage-kept hens (BARNETT et al., 1997). Shortening devices 

in furnished cages were satisfactory for preventing a claw overgrowth (VITS et al., 2005). 

Long claws can lead to a higher risk of breakage or injury, caused by getting caught in the 

wire floor. KEUTGEN et al. (1999) found more broken claws in conventional cage-kept hens 

compared to alternative housing systems. 

 

 

2. Material and methods 

2.1 Housing systems and management 

The three different housing systems included in this study were a small aviary housing system 

Eurovent 625a-EU (EV), a furnished cage system Aviplus (AP) and an aviary system (Voliere 

Natura (AV)) (supplied by Big Dutchman, Vechta, Germany). All housing systems were 

installed in one building and hens were kept under identical management conditions. Total 

number of hens housed in EV and AP were 1.500 per system. Compartments of the small 

aviary housing system were built for group sizes of 40 or 60 laying hens, while in AP hens 

were kept in groups of 10, 20 and 30 hens per compartment. EV and AP were installed with 

three tiers and had a sloping wire floor. They were equipped with perches, nest boxes, dust 

bath and abrasion devices for the claws (adhesive stripes) below the feed trough. Floor space 

per hen was 750 cm². White plastic perches (oval profile with a flat up- and under site, a 

polished surface with riffles on the front- and backside) were installed on an even level (90 

mm) parallel to the front of the cage. In EV, plastic perches were combined with round metal 

perches (Ø 35 mm) in different levels. Compartments with the back perches elevated were 

equipped with usual plastic perches and heightened round metal perches (200 mm distance to 

cage floor). In compartments with a ‘stepped’ perch design, only metal perches were installed 

 20



Chapter 3: Foot pad health, plumage condition, integument and claw length  
 

 
in a height of 200 and 275 mm. The supply pipe for the dust bath filling was also useable for 

perching (Ø 45 mm). Its surface and the metal perches were covered with galvanized zinc. For 

each hen, 15 cm perch-length was offered. Dust bath in AP was temporarily accessible for the 

hens and closed with a grating. In EV the dust bath was equipped with a mat, similar to the 

nest boxes, which was accessible throughout the day. Substrate for dust bathing in AP and EV 

(wood shavings, Ø 2-3 mm) was offered automatically once a day. Total number of hens 

housed in the aviary was 2.500. They were separated in two large groups of 1.250 hens. AV 

had a central tier block with three tiers, equipped with a plastic slatted floor. Beside the tier 

block, a litter area (wood shavings) and family nest boxes were included. A wooden perch (55 

x 55 mm) in front of the second tier and round metallic perches above the third tier were 

installed. Furthermore, layers had access to a canopied outdoor area, littered with sand, wood 

shavings and straw. Litter was changed if needed. Laying hens kept in the trial from 

September 2005 to October 2006 were Lohmann Silver (LS). Layers were reared on the floor 

until an age of 18 weeks. Ad libitum feeding was automatically provided three times a day 

and water was supplied ad libitum. The light period lasted 14 hours.  

 

 

 

2.2 Evaluation criteria 

 Foot pad health 

Foot pad health was examined in a total number of 432 hens. Examinations took place in the 

3rd, 6th, 9th and 12th laying month and 104 hens were tested in each month, with exception 

of the last (120 hens). Layers were randomly chosen of the three different housing systems 

with respect to group size and perch positions in EV. Alterations of foot pads were classified 

according to severity on a scale from 1 (no hyperkeratosis) to 5 (very severe hyperkeratosis) 

and from 1 (no lesion, no swelling of foot pad) to 4 (deep and large epithelial lesion and high 

grade swelling of foot pad) (Tab. 1). Both feet of the hen were examined and severity rating 

was assigned according to the most distinctive alteration. To evaluate whether different 

regions of the foot are differently affected by hyperkeratosis and lesions, we distinguished the 

areas sole pad, toe pad and the region between toe and claw.  
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Table 1 

Classification of macroscopic findings in foot pads (Klassifizierung der makroskopischen  

Fußballen-Befunde) 

Severity rating Macroscopic findings of 

hyperkeratosis 

Macroscopic findings of 

lesions 

1 no hyperkeratosis intact epithelium,  

no swelling of foot pad 

2 mild hyperkeratosis superficial lesion of the epithelium,  

no swelling of foot pad 

3 moderate hyperkeratosis deep epithelial lesions and/or  

swelling of foot pad 

4 severe hyperkeratosis deep and large epithelial lesions,  

high-graded swelling of foot pad 

5 very severe hyperkeratosis 

 

- 

 

2.3 Plumage condition 

The body regions head, neck, breast, belly, back, wings and tail were assessed separately 

using a scoring scheme from 1 to 4. Score 1 meant high graded damage of plumage and bare 

regions, score 2 an explicit damage of feathers and/or bare areas, score 3 completely or nearly 

complete feathered, but damaged feathers, and score 4 was given for a very good plumage 

condition with nearly no feathers damaged. Points given for the different body regions were 

accumulated to a total sum so that the highest score for total plumage condition was 28 and 

the lowest 7. 

 

2.4 Integument and claw length 

Lesions of the integument were examined for comb, wattle, cloaca and legs using scores from 

0 to 2 (0= no lesion, 1= one lesion or few small lesions (up to 10 mm), 2= multiple small 

lesions or large lesions (> 10 mm)). Claw length of the middle claw was measured. A scoring 

scheme for claw length from 4 to 1 was used (4 = 20 mm; 3 = 20-30 mm; 2 = 30-40 mm; 1 = 

> 40 mm). 
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2.5 Statistical analysis 

Statistical analyses of the status of foot pad health, plumage condition, integument and claw 

length were performed using the MIXED procedure of SAS, version 9.1.3. (Statistical 

Analysis System Institute Inc., Cary, NC, USA 2006). The fixed effects of housing system, 

group size, laying month and perch position were included in the statistical analysis. In 

addition, the interaction between housing system and laying month was regarded. Each 

compartment of the EV and AP housing systems was treated as a randomly distributed effect. 

Body weight of the hen within laying month was used as a linear covariate. Correlations 

between the residuals of foot pad health traits were calculated using the SAS procedure 

CORR.  

 

Yijklmno = μ + SYSi + GR(SYS)ij +  MONk + PER(SYS)il + SYS*MONik + b x  BW(MON)km 

+ comp(SYS)in + eijklmno 

 

Yijklmno: score for macroscopically determined alterations of sole pad, toe pad and 

the region between toe and claw; score for plumage condition; score for 

integument, score for claw length 

μ: model constant  

SYSi: fixed effect of housing system (i = 1-3) 

GR(SYS)ij: fixed effect of group size (j = 1-6) 

MONk: fixed effect of laying month (k = 1-4) 

PER(SYS)il: fixed effect of perch position (l = 1-4) 

SYS*MONik: interaction between housing system and laying month 

BW(MON)km:  body weight 

comp(SYS)in: random effect of compartment of housing system (n = 70) 

b:  linear regression coefficient 

eijklmno:  random error  

 

 

3. Results 

Foot pad health was significantly influenced by housing system except the traits sole pad 

lesions and hyperkeratosis of the toe pad. Body weight of the hen showed a significant 

influence on the occurrence of toe pad lesions. The interaction between housing system and 

laying month was significant for foot health traits except sole pad lesions (Tab. 2). In all 432 
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hens examined, mild hyperkeratosis (degree 2) was the most frequently observed finding, 

followed by moderate hyperkeratosis (degree 3) and few cases of severe (degree 4) and very 

severe (degree 5) hyperkeratotic alterations. In EV in 9% of the layers moderate 

hyperkeratosis of the sole pad was observed, while in AP 4.9% and in AV 4.2% of the hens 

showed moderate hyperkeratosis (degree 3). In 1.4% of the layers kept in the EV, severe sole 

pad hyperkeratosis occurred. Toe pad hyperkeratosis was more severe in AP compared to the 

other systems. Moderate hyperkeratosis of toe pads occurred in 13.2% of AP hens. Within the 

region between toe and claw, we also found the most distinctive alterations in the furnished 

cage system; 23.6 % moderate hyperkeratosis, 6.9% severe and 4.2% very severe 

hyperkeratosis. For sole pad an intact epithelium (degree 1) was the most frequently observed 

finding in all housing systems, whereas hens in AV showed the highest frequency of intact 

sole pads (81.3%). In 70.1% of laying hens in AP and in 60.4% of layers kept in EV, 

superficial lesions (degree 2) of the toe pad were found. An obviously smaller percentage 

(22.2%) of hens in the aviary showed such alterations. Similarly, lesions between toe and 

claw were most frequent and severe in AP and scored lowest in AV (Tab. 3). 
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Table 2  

   Analyses of variance for different traits of foot pad health (Varianzanalyse für die Merkmale 

des Fußballenstatus) 

F-value P F-value P Effect 

 Trait Hyperkeratosis sole pad Lesions  sole pad 

SYS 8.67 < 0.001 1.43 0.241 

GR(SYS) 0.01 0.999 1.03 0.379 

PER(SYS) 1.44 0.231 1.02 0.314 

MON 1.19 0.313 0.20 0.896 

SYS*MON 3.45 0.003 1.25 0.281 

BW(MON) 0.88 0.477 1.06 0.374 

 Hyperkeratosis toe pad Lesions  toe pad 

SYS 1.69 0.186 49.12 < 0.001 

GR(SYS) 0.67 0.573 0.93 0.425 

PER(SYS) 0.17 0.680 0.32 0.571 

MON 1.73 0.160 2.18 0.090 

SYS*MON 5.36 < 0.001 6.89 < 0.001 

BW(MON) 1.08 0.366 2.48 0.043 

 Hyperkeratosis toe/claw Lesions  toe/claw 

SYS 9.72 < 0.001 13.68 < 0.001 

GR(SYS) 0.64 0.589 0.28 0.838 

PER(SYS) 0.11 0.738 0.41 0.524 

MON 1.63 0.182 1.74 0.159 

SYS*MON 6.80 < 0.001 2.16 0.046 

BW(MON)  0.91 0.460 1.77 0.134 

SYS = fixed effect of housing system; GR(SYS) = fixed effect of group size within housing 

system; PER(SYS) = fixed effect of perch position; MON = fixed effect of laying month; 

SYS*MON = interaction between housing system and laying month; BW(MON) = covariate 

of body weight  
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Table 3  

Distribution of scores for foot pad alterations (%) within the different housing systems 

(Verteilung der Grade der Fußballenveränderungen in den verschiedenen Haltungssystemen 

(%))   

Score AP EV AV AP EV AV AP EV AV 

 Hyperkeratosis sole pad Hyperkeratosis toe pad Hyperkeratosis toe/claw 

1 21.5 7.6 8.3 9.0 6.3 4.2 5.6 6.9 4.9 

2 73.6 81.9 87.5 77.1 91.0 95.1 59.7 88.9 94.4 

3 4.9 9.0 4.2 13.2 2.1 0.7 23.6 4.2 0.7 

4 - 1.4 - 0.7 0.7 - 6.9 - - 

5 - - - - - - 4.2 - - 

 Lesion sole pad Lesion toe pad Lesion toe/claw 

1 72.9 65.3 81.3 22.2 34.0 75.0 49.7 77.8 92.4 

2 20.1 26.4 9.7 70.1 60.4 22.2 46.2 21.5 6.3 

3 6.3 6.9 7.6 7.6 5.6 2.1 4.2 0.7 0.7 

4 0.7 1.4 1.4 - - 0.7 - - 0.7 

AP = Aviplus; EV = Eurovent 625a-EU; AV = Aviary 

 

Body weight of the hen had a significant influence on the occurrence of toe pad lesions in the 

3rd laying month with heavier hens being more affected. Table 4 shows the least square 

means with their standard errors and their error probabilities for differences among housing 

systems on foot pad scores. Laying hens kept in AP showed a significantly lower score for 

sole pad hyperkeratosis compared to layers from EV and AV. Lesion scores of the toe pad 

were assessed lowest in AV and highest in AP. The differences between housing systems 

were significant. Laying hens in AP were significantly higher scored for hyperkeratosis and 

lesions of the region between toe and claw in comparison to hens from EV. Lesion score of 

the region between toe and claw was even significantly lower in hens kept in AV than in hens 

housed in AP (Tab. 4). The different perch positions in EV (“stepped”, “back perch elevated”) 

showed no significant influence on foot pad health (Tab. 5). 
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Table 4  

Least square means with their standard errors for foot pad scores of sole, toe and the region 

between toe and claw for the three different housing systems and their error probabilities (P) 

for differences among housing systems (LS-Mittelwerte (LSM) der Beurteilungsnoten für 

Sohle, Zehe und den Übergangsbereich Zehenballen/ Krallensohle einschließlich deren 

Standardfehler für die drei verschiedenen Haltungssysteme und Irrtumswahrscheinlichkeiten 

(P) für die Differenzen der LSM zwischen den Haltungssystemen) 

P 

Trait 

AP 

(I) 

EV 

(II) 

AV 

(III) I-II I-III II-III

Hyperkeratosis sole pad 1.83 ± 0.04 2.04 ± 0.04 1.96 ± 0.04 <0.001 0.017 0.089

Lesion sole pad 1.34 ± 0.06 1.43 ± 0.06 1.29 ± 0.05 0.261 0.575 0.098

Hyperkeratosis toe pad 2.06 ± 0.03 1.98 ± 0.04 1.97 ± 0.09 0.087 0.294 0.903

Lesion toe pad 1.87 ± 0.04 1.72 ± 0.04 1.29 ± 0.04 0.012 <0.001 <0.001

Hyperkeratosis toe/claw 2.45 ± 0.07 1.97 ± 0.08 1.96 ± 0.27 <0.001 0.078 0.963

Lesion toe/claw 1.56 ± 0.05 1.23 ± 0.05 1.10 ± 0.12 <0.001 0.001 0.351

AP = Aviplus; EV = Eurovent 625a-EU; AV = Aviary 
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Table 5 

Least square means with their standard errors for the foot pad scores of sole, toe and the 

region between toe and claw of layers in Eurovent 625a-EU with different perch positions and 

their error probabilities (P) for differences among different perch positions (LS-Mittelwerte 

(LSM) und deren Standardfehler der Beurteilungsnoten für Sohle, Zehe und den 

Übergangsbereich Zehenballen/ Krallensohle der Legehennen im System Eurovent 625a-EU 

mit verschiedenen Sitzstangenpositionen und Irrtumswahrscheinlichkeiten (P) für die 

Differenzen der LSM zwischen den Sitzstangenpositionen) 

Trait elevated back 

perch 

(I) 

‘stepped’ 

perches 

(II) 

P 

I – II 

Hyperkeratosis sole pad 2.00 ± 0.05 2.09 ± 0.05 0.231 

Lesion sole pad 1.37 ± 0.08 1.48 ± 0.08 0.314 

Hyperkeratosis toe pad 1.99 ±  0.05 1.96 ± 0.05 0.680 

Lesion toe pad 1.74 ± 0.06 1.69 ± 0.06 0.571 

Hyperkeratosis between toe/claw 2.00 ± 0.12 1.95 ± 0.12 0.738 

Lesion between toe/claw 1.20 ± 0.07 1.26 ± 0.07 0.524 

 

The different scores of foot pad health were positively correlated. Scores for hyperkeratosis in 

sole pads, toe pads and the region between toe and claw were significantly and positively 

correlated to scores of lesions in the same regions.  

Total plumage condition was significantly influenced by laying month. In the course of the 

laying period a significant aggravation of total plumage condition was observed in all three 

housing systems. Housing system tended to be significant on total plumage condition. Laying 

month had a significant influence on feathering condition of the body regions head, neck, 

breast and wings (Tab 6).  
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Table 6 

Analyses of variance for total plumage condition and plumage condition of the different body 

regions   (Varianzanalyse für den Gesamtgefiederstatus und den Gefiederstatus der 

verschiedenen Körperregionen) 

F-value P F-value P Effect 

 Trait Total plumage condition Head 

SYS 2.92 0.055 3.96 0.020 

GR(SYS) 1.64 0.181 1.03 0.380 

PER(SYS) 0.21 0.648 0.43 0.510 

MON 4.03 0.008 3.57 0.014 

SYS*MON 0.95 0.112 4.36 < 0.001 

BW(MON) 1.74 0.433 2.97 0.020 

 Neck Breast 

SYS 18.20 < 0.001 7.77 < 0.001 

GR(SYS) 1.19 0.315 3.14 0.025 

PER(SYS) 0.53 0.466 0.15 0.703 

MON 3.52 0.015 2.75 0.054 

SYS*MON 4.92 < 0.001 1.71 0.117 

BW(MON) 2.37 0.052 1.18 0.320 

 Belly Back 

SYS 5.37 0.004 7.70 < 0.001 

GR(SYS) 0.65 0.585 1.16 0.325 

PER(SYS) 0.26 0.607 1.91 0.168 

MON 0.51 0.677 1.71 0.165 

SYS*MON 7.91  < 0.001 2.91 0.009 

BW(MON)  0.52 0.722 1.11 0.353 

 Wings Tail 

SYS 14.72  < 0.001 1.81 0.166 

GR(SYS) 3.06 0.028 2.67 0.047 

PER(SYS) 0.00 0.954 0.09 0.765 

MON 3.10 0.027 0.49 0.692 

SYS*MON 0.97 0.445 1.42 0.206 

BW(MON)  1.19 0.314 0.87 0.481 

SYS = fixed effect of housing system; GR(SYS) = fixed effect of group size within housing 

system; PER(SYS) = fixed effect of perch position; MON = fixed effect of laying month; 

SYS*MON = interaction between housing system and laying month; BW(MON) = covariate 

of body weight  
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Laying hens from AP showed a significantly better total plumage condition compared to 

layers kept in EV. These significant differences were caused by a more severe deformation of 

the plumage of hens in EV in the last 4-5 laying months as shown by the least square means 

by laying month and housing system. Significant differences between EV and the other two 

housing systems were only found for scores in the 12th laying month (Tab. 7).  

 

Table 7 

Least square means with their standard errors for the total plumage condition in the course of 

the laying period and their error probabilities (P) for the differences among the different 

housing systems (LS-Mittelwerte (LSM) und deren Standardfehler für den 

Gesamtgefiederstatus im Verlauf der Legeperiode und Irrtumswahrscheinlichkeiten (P) für die 

Differenzen der LSM zwischen den Haltungssystemen) 

P  AP 

 (I) 

EV  

(II) 

AV  

(III) I-II I-III II-III 

Average 

plumage 

condition 

24.67 ± 0.20 24.00 ± 0.23 25.01 ± 0.62 0.029 0.592 0.125 

LM   3 27.48 ± 0.36 27.34 ± 0.41 27.64 ± 0.66 0.784 0.831 0.698 

LM   6 25.46 ± 0.34 25.17 ± 0.38 26.05 ± 0.66 0.581 0.432 0.258 

LM   9 23.53 ± 0.35 22.99 ± 0.38 24.35 ± 0.66 0.300 0.274 0.077 

LM 12 22.21 ± 0.35 20.51 ± 0.35 22.03 ± 0.66 < 0.001 0.815 0.044 

AP = Aviplus; EV = Eurovent 625a-EU; AV = Aviary ; LM = laying month  

 

Different perch levels in EV showed no influence on total plumage condition, but a 

significant difference was found for group size in the small aviary system. Layers kept in a 

group of 40 hens showed a better plumage than layers housed in a compartment with 60 birds. 

Within the whole laying period, significant differences for the body regions, except the tail, 

were observed between the three housing systems (Tab. 8). 

 

 30



Chapter 3: Foot pad health, plumage condition, integument and claw length  
 

 
Table 8 

Least square means with their standard errors for the plumage scoring of the body regions for 

the different housing systems and their error probabilities (P) for the differences among 

housing systems (LS-Mittelwerte (LSM) einschließlich deren Standardfehler für den 

Gefiederstatus der Körperrgionen und Irrtumswahrscheinlichkeiten (P) für die Differenzen der 

LSM zwischen den Haltungssystemen) 

P Trait AP (I) EV (II) AV (III) 

I-II I-III II-III 

Head 3.96 ± 0.02 3.92 ± 0.02 4.00 ± 0.02 0.195 0.119 0.005 

Neck 3.34 ± 0.04 3.56 ± 0.04 3.69 ± 0.04 < 0.001 < 0.001 0.033 

Breast 3.47 ± 0.04 3.41 ± 0.05 3.68 ± 0.05 0.283 0.003 < 0.001 

Belly 3.42 ± 0.08 3.01 ± 0.10 3.23 ± 0.27 < 0.001 0.473 0.440 

Back 3.89 ± 0.05 3.63 ± 0.05 3.71 ± 0.11 < 0.001 0.129 0.506 

Wings 3.23 ± 0.04 3.23 ± 0.04 3.50 ± 0.04 0.936 < 0.001 < 0.001 

Tail 3.35 ± 0.05 3.24 ± 0.05 3.22 ± 0.08 0.091 0.178 0.848 

AP = Aviplus; EV = Eurovent 625a-EU; AV = Aviary 

 

Laying hens in AV were scored higher for head, neck, breast and wing plumage condition 

compared to EV. Furthermore, plumage status for neck, breast and wings was better in AV 

than in AP. In AP, plumage was higher scored for the regions belly and back compared to EV, 

whereas in EV neck feathering was better. The regions head, neck, breast and wings showed 

an aggravation of feathering condition with increasing age of the hens. An exception was 

head feathering in AV, where birds had the same score for the whole laying period. Group 

size had a significant influence on the body regions wings and tail. In AP, compartments with 

10 hens showed a significantly better plumage condition in wings than groups of 30 hens. In 

EV, a smaller group size of 40 animals reflected a significantly better status for tail and wing 

feathering. Feathering of head and neck was significantly associated with body weight. 

Within the 12th laying month, lighter layers showed a poorer feathering. 

Integument of comb, wattle, cloaca and legs was rarely affected by lesions. In 2.8% (2.1% 

score 1, 0.7% score 2) of laying hens in EV, 2.1% (1.4% score 1, 0.7% score 2) in AV and 

0.7% in AP (score 1), lesions of the comb were detected. These were superficial lesions or 

necroses of the comb top. No lesions of the wattles could be observed. Cloacal region was 
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affected in 2.1% of the hens kept in EV (score 1) and AP (1.4% score 1, 0.7% score 2) and in 

0.7% (score 2) of the layers housed in AV. In EV, one laying hen showed a lesion assessed 

with score 1 on the legs. Lesions of the integument were not influenced by housing system. 

For comb lesions significant differences could be detected for group size and perch position. 

Keeping laying hens in groups of 60 animals led to more comb lesions, than housing 40 hens 

per compartment (EV). Hens housed in compartments with stepped perches showed more 

comb lesions compared to those housed in compartments with the back perch elevated (Tab. 

9).  

 

Table 9 

Least square means with their standard errors for the occurrence of comb lesions in hens kept 

in different group sizes and compartments with different perch levels in EV and their error 

probabilities (P) for differences (LS-Mittelwerte (LSM) einschließlich deren Standardfehler 

für das Merkmal Kammläsionen innerhalb verschiedener Gruppengrößen und Abteilen mit 

verschiedenen Sitzstangenpositionen in EV und Irrtumswahrscheinlichkeiten (P) für deren 

Differenzen) 

P P 
Trait 

EV 40 

(I) 

EV 60 

(II) I-II 

elevated 

back perch 

‘stepped’ 

perches I-II 

comb 

lesions 
0.003±0.02 0.081±0.02 0.006 0.011±0.02 0.073±0.02 0.031 

EV 40 / 60 = 40 / 60 hens per compartment in Eurovent 625a-EU 

 

Interaction between laying month and housing system was significant in the 9th laying month. 

Hens in AP were less affected by lesions of the comb compared to hens in EV. Body weight 

of the birds had a significant influence on the occurrence of comb lesions. In the 9th and 12th 

laying month, heavier hens had fewer lesions than lighter hens. Cloacal region was more 

affected by lesions in birds with a higher weight, especially in the 12th laying month, but a 

significant difference between the housing systems could not be detected for this trait. 

Claw length was significantly influenced by housing system. Shortest claws could be 

observed in AP. Layers in EV showed significantly longer claws compared to hens housed in 

AV. Furthermore, claw length was significantly affected by laying month. With age of the 

birds (from the 6th laying month onwards) claw length increased in all the housing systems. 

Interaction between laying month and housing system was also significant. In the 6th, 9th and 
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12th laying month, claws were significantly shorter in AP compared to EV, but were 

significantly longer compared to AV in the 12th laying month. In the 6th and 9th laying 

month, hens showed significantly longer claws in EV than hens kept in the AV (Tab. 10). 

Different perch positions in EV did not influence claw length. 

 

 

 

Table 10 

Least square means with their standard errors for average claw length and claw length in the 

course of the laying period and their error probabilities (P) for differences among the different 

housing systems (LS- Mittelwerte (LSM) einschließlich deren Standardfehler für die Gesamt-

Krallenlänge und die Krallenlänge im Verlauf der Legeperiode und 

Irrtumswahrscheinlichkeiten (P) für die Differenzen der LSM zwischen den 

Haltungssystemen) 

P Time of measurement AP 

(I) 

EV 

(II) 

AV 

(III) I-II I-III II-III 

Average claw length 3.76 ± 0.03 3.30 ± 0.04 3.65 ± 0.03 < 0.001 0.020 < 0.001

LM   3 3.90 ± 0.07 3.79 ± 0.08 3.94 ± 0.07 0.287 0.620 0.138 

LM   6 3.97 ± 0.07 3.45 ± 0.07 3.98 ± 0.07 < 0.001 0.972 < 0.001

LM   9 3.80 ± 0.07 3.10 ± 0.07 3.66 ± 0.07 < 0.001 0.150 <0.001

LM 12 3.37 ± 0.07 2.84 ± 0.06 3.00 ± 0.07 < 0.001 < 0.001 0.080 

AP = Aviplus; EV = Eurovent 625a-EU; AV = Aviary; LM = laying month 

 

4. Discussion 

The objectives of the present study were to evaluate the influence of small aviaries in 

comparison to a furnished cage system and an aviary system on foot pad health, plumage 

condition, lesions of the integument and claw length. Mild hyperkeratosis was the most 

frequently observed finding in all regions of the feet examined. In contrast to 

WEITZENBÜRGER et al. (2005) sole pad hyperkeratosis showed a similar distribution of 

severity scores like toe pad hyperkeratosis. Housing systems AP and EV were both equipped 

with wire floor, but hyperkeratotic alterations in the region between toe and claw were 

significantly more frequent and severe in hens housed in AP, while sole pad hyperkeratosis 
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occurred significantly more often in EV. An explanation could be a different use of perches, 

respectively a variable period of time hens spent on the floor. While standing on wire floor or 

using perches, the hens’ feet are exposed to a higher pressure load which can stimulate the 

skin to proliferate (SIEGWART et al., 1991; KEUTGEN et al., 1999; WEITZENBÜRGER et 

al., 2005).  

The more severe sole pad hyperkeratosis detected in EV may be explained by different perch 

surfaces. Compartments in EV with the back perch elevated were equipped with plastic 

perches similar to AP, combined with a heightened round metal perch. Hens were also able to 

use the supply pipe of the dust bath for roosting. Compared to the usual perches, the supply 

pipe and the metal perch had a rough surface made of galvanised zinc. In compartments with 

the ‘stepped’ perch design, all perching possibilities were made of this rough material. 

Different levels of perches had no significant influence on foot pad alterations, so that the 

rough surface of the central supply pipe or the metal perches can be seen as a possible reason 

for the increasing occurrence of sole pad hyperkeratosis in EV. WEITZENBÜRGER et al. 

(2005) also described a possible relationship between the occurrence of sole pad alterations 

and the use of a rough supply pipe for perching in a type of Eurovent housing system. 

Another reason for the development of sole pad alterations in EV could be the round form of 

the perches and the supply pipe. The use of round perches led in different studies to more 

severe foot pad alterations than the use of rectangular perches (DUNCAN et al., 1992; 

GLATZ and BARNETT, 1996). In the present study, hyperkeratosis of the region between toe 

and claw was significantly more often registered in AP compared to hens kept in EV. While 

sole pad lesions were not significantly influenced by housing system, hens in AP showed 

significantly higher scores for toe pad lesions and lesions between toe and claw compared to 

layers housed in EV. Hens from AV were less affected by such alterations. The occurrence of 

toe lesions and hyperkeratosis in the region between toe and claw in AP could be caused by a 

longer time hens spent on the wire floor, respectively a lower frequency of perching. Most of 

the detected toe pad lesions were superficial and often localised in the folds between the toe 

pads. This could be seen as a consequence of grasping the wire floor. KEUTGEN et al. (1999) 

observed hyperkeratotic alterations of the region between toe and claw more often in hens 

kept in conventional cages.  

Hyperkeratotic alterations are associated with an increasing risk of the development of 

lesions. Hyperkeratotic altered skin can easily be colonised by microorganisms, which can 

further lead to inflammation (WEITZENBÜRGER et al., 2005). A possible coherence 

between the incidence of hyperkeratosis and the incidence of epithelial lesions could also be 
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observed in the present study. Analyses of correlation showed positively correlated scores of 

hyperkeratotic alterations and lesions within the same region of the foot. Shortening devices 

for the claws could be excluded to induce lesions of toe pads in AP and EV, because both 

housing systems were equipped with the same devices (grindstone). In the 3rd laying month, 

toe pad lesions were significantly influenced by body weight. Laying hens with a higher 

weight were more often and severely affected. No impact of body weight could be detected in 

the further course of the laying period. WANG et al. (1998) mentioned a possible relationship 

between increased body weight and an increasing risk of foot pad dermatitis caused by the 

higher pressure of the hens’ feet on the perches. An unexpected result was the comparable 

good foot pad status in layers from the aviary system. In many studies, hens housed in 

aviaries, free range or on floor are often affected by foot pad dermatitis. As a consequence of 

damp litter and direct contact to excrements, epidermis of the feet can soften and easily be 

infiltrated by microorganisms. This can result in local inflammation up to ulceration, known 

as bumble foot (WANG et al., 1998; KEUTGEN et al., 1999). ELSON and CROXALL 

(2006) stated that the occurrence of bumble foot was usually associated with poor perch 

design and poor perch hygiene. PAGAZAURTUNDUA and WARRIS (2006) found that 

broilers which were able to use a free range area were more often affected by foot pad 

dermatitis than broilers housed completely indoors. Broilers in free range had more severe 

foot pad dermatitis, explained by the possibility to get injured by sharp objects such as stones. 

In the present study, severe lesions of the sole pad could only be observed in 1.4% of the 

aviary-kept hens. Severe lesions of the toe pad and the region between toe and claw combined 

with a high graded swelling were rarely detected (both 0.7%). A good hygiene status of the 

litter seemed to be responsible for the positive effects on foot health observed in the aviary 

system. Compared to the wire floor in AP and EV, the plastic slatted floor in AV offered a 

larger contact surface to the hens’ feet. That could have had another positive effect on foot 

pad health. 

If different housing systems were tested and compared to evaluate laying hen welfare, one of 

the most often examined parameters is the plumage condition. Infectious diseases, alimentary 

deficiencies or ectoparasites can be causations of poor plumage in laying hens, but the 

housing system plays a decisive role. Many authors found an influence of the housing system 

on plumage condition (ABRAHAMSSON et TAUSON, 1997; APPLEBY et al. 2002; 

WEITZENBÜRGER et al., 2006), whereas others could not detect an impact of housing 

system (MOINARD et al., 1998). Acquired feather damages can be caused by the equipment 

of housing systems. But there can also be an abrasion between flock mates, especially if 
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stocking density is high (DUNCAN et al., 1992; APPLEBY et al., 2002). Feeding 

components can also have an influence on plumage condition (WAHLSTRÖM et al., 2001). 

Furthermore, feather pecking is a problem in housing laying hens. In the present study a 

significant difference of the total plumage condition was found between EV and AP. In AP 

and AV hens had a better plumage condition than layers kept in EV. Neck plumage was 

assessed lowest for hens in AP and highest for layers housed in AV. While laying hens in the 

furnished cage AP had to move their head through the grating to reach the feed trough, 

feeding troughs in the aviary were reachable without touching any furniture elements. This 

could have had a positive influence on the feathering status of the neck. Feather pecking can 

lead to a poor plumage condition as well. Hens kept in the aviary system had access to litter 

and to a covered outdoor area, which offered them various alternatives to perform foraging 

and exploring behaviour. MAHBOUB et al. (2004) examined the use of an outdoor area and 

detected an increasing risk of feather pecking, when hens were less attracted to the grassland 

area. Hens in EV also showed a significantly lower score for the plumage condition of belly 

and back in comparison to layers housed in AP. As furniture can lead to an abrasion and 

aggravation of plumage (DUNCAN et al., 1992; APPLEBY et al., 2002; WEITZENBÜRGER 

et al., 2006), the elevated perches on different positions in EV could be causal for the more 

damaged belly and back region and furthermore for the lower total plumage condition. 

However, the different perch design was not important for plumage condition and perch 

position was not significant in the analyses of variance. Wing feathering was assessed 

significantly higher in AV compared to hens in AP and EV. Laying hens in AV were offered 

more space, thus reducing the risk of touching furniture elements while moving around or 

flapping with wings. In the present study and in agreement with WEITZENBÜRGER et al. 

(2006), group size had a significant influence on total plumage condition and furthermore on 

some of the body regions. Groups of 40 hens per compartment had a significantly better total 

plumage condition than hens housed in groups of 60 birds. Also for the body regions wings 

and tail, groups stocked with 60 hens in EV were significantly lower scored. Wing feathering 

status in AP was better in 10 bird compartments compared to compartments with 30 hens. In 

the course of the laying period an aggravation of the total plumage condition was more 

evident in EV than in the other housing systems. The general trend of a decreasing plumage 

condition in all housing systems over the laying period was in agreement with other authors 

(GLATZ and BARNETT, 1996; BARNETT et al., 1997; WAHLSTRÖM et al., 2001; NICOL 

et al., 2006; WEITZENBÜRGER et al., 2006).  
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Injuries of the integument are affected by housing system and are mainly caused by pecking 

(KEUTGEN et al., 1999). ABRAHAMSSON and TAUSON (1997) observed a lower 

incidence of rear body wounds in furnished cages compared to conventional cages. In our 

investigation only a few birds showed lesions of the integument. Status of the integument was 

not influenced by housing system. Group size had a significant influence on the occurrence of 

comb lesions. In groups of 60 hens in EV, comb lesions were observed more often. No effects 

on pecking or cannibalistic behaviour between different group sizes could be detected by 

ABRAHAMSSON and TAUSON (1997). They found a relationship between larger denuded 

rear parts and a higher frequency of rear body wounds. In the present study, a significant 

influence on comb wounds could also be observed for perch position. Birds in compartments 

with ‘stepped’ perches were more affected by comb lesions than layers kept in compartments 

with the back perch elevated. 

Abrasion of claws is related to housing system (WEITZENBÜRGER et al., 2006). Various 

possibilities to shorten claws are offered by different types of shortening devices in furnished 

cages and small group housing systems, such as grindstones, adhesive stripes or perforated 

metal plates, but also by different floor surfaces like wire floor or littered areas in alternative 

housing systems. WEITZENBÜRGER et al. (2006) observed the highest effect of abrasion in 

furnished cages with two grindstones, the lowest in compartments with perforated metal 

plates. Despite the same shortening devices (grindstones) for the claws in AP and EV, claw 

length was highest in EV and shortest in AP. In agreement with BARNETT et al. (1997) this 

effect may be explained with the preference of the hens in EV to spend more time on perches 

and consequently had less contact to other surfaces. The influence of the presence of perches 

on claw length is not consistently discussed. Claw length increases with age of laying hens 

(BARNETT et al., 1997; WAHLSTRÖM et al., 2000; WEITZENBÜRGER et al., 2006). A 

significant effect of laying month on claw length was also observed in the present study in all 

three housing systems and the differences among EV and the other two systems increased 

with the number of laying months, whereas in the 12th laying month claw length increased in 

AP and AV more rapidly than in EV. A possible reason for increasing claw growth in AP 

during the last laying months could be an advanced abrasion of the adhesive claw shortening 

devices. For hens in AV high temperatures in the summer may have reduced the hens’ 

mobility and the exploring behaviour in the winter garden-like outdoor area.  

In conclusion, housing laying hens in AP and EV did not lead to proliferative foot pad 

hyperkeratosis with swelling of foot pads, because most of the findings were assessed as mild 

alterations. Foot pad status was not influenced by different perch positions, but perch design 
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and perch surface seemed to have an influence on the occurrence of foot pad alterations in the 

small aviary housing system. Positive effects on foot pad health were observed in the aviary. 

In none of the housing systems overall total plumage condition was critical, because scores 

were above 24 (at the end of the laying period > 20). Plumage condition was not affected by 

different perch positions. Injuries of the integument were rarely detected and an obvious claw 

overgrowth could not be observed.  
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Introduction 

Small group housing systems are being developed to improve animal welfare, to retain high 

egg production standards and to meet German and EU legislation. An advanced type of small 

group housing system is the modified small group housing system, which is equipped with 

perches at different levels. The objective of the present study was to evaluate if foot pad status 

of different layer lines was influenced by differences in perch design. The occurrence of 

pathological alterations of laying hens’ foot pads is affected by different factors like housing 

system, stocking density, birds’ genetics and perch design (TAUSON and ABRAHAMSSON, 

1994). Skin reacts to mechanical and thermal stimuli. Several external influences lead to an 

adaptation of the skin’s thickness (LIEBICH et al., 2004). Proliferative foot pad hyperkeratosis 

in poultry occurs as a consequence of adaptation growth caused by long-time or repeated 

exposure to pressure (DÄMMRICH and LOPPNOW, 1990). In laying hens, floor surfaces or 

perches can cause a non-physiological pressure load to layers’ feet, which can result in skin 

proliferation (SIEGWART et al., 1991; KEUTGEN et al., 1999; WEITZENBÜRGER et al., 2005). 

While hyperkeratosis is a main finding in layers kept in cage systems (ABRAHAMSSON and 

TAUSON, 1993), epithelial lesions often occur in alternative housing systems, caused by 

contact to litter, excrements and use of perches (KEUTGEN et al., 1999; WANG et al., 1998). 

Foot pad lesion or so called pododermatitis is a form of contact dermatitis. First, hyperplasia 

and erosion of epidermis can be observed in histological analysis. This can progress rapidly to 

ulceration if unfavourable environmental conditions persist (RANDALL and REECE, 1996). 

 

Materials and Methods 

Housing systems 

Laying hens were kept in different housing systems (Big Dutchman, Vechta, Germany): a 

modified small group housing system (Eurovent (EV) 625a-EU (MSG), a small group 

housing system (EV 625a-EU (SG)), a modified furnished cage system (EV 625A-EU (MFC) 

and two furnished cage systems (EV 625A-EU (FC), Aviplus (AP)). All housing systems 

tested had four tiers and were installed in the same building. Hens were kept in groups of 40 

and 60 layers in EV 625a-EU (MSG and SG), 20 and 30 in EV 625A-EU (MFC and FC) and 

10 and 20 hens per compartment in Aviplus (AP). FC, MFC and AP were arranged double 

sided, whereas SG and MSG were built without centre partition. Compartments were 

equipped with a sloping wire floor and were furnished with perches, nest boxes (Astroturf, 

Aviplus or Netlon mats), dust baths and claw abrasion devices (abrasive blocks, perforated 

metal plates or two abrasive blocks (AP); abrasive blocks (SG, MSG); adhesive stripes (FC, 
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MFC). Dust baths in AP were temporarily accessible for hens. In the other housing systems 

evaluated, dust baths were equipped with Astroturf, Aviplus or Netlon mats and were 

accessible throughout the day. Dust bathing substrate (wood shavings, Ø 2-3 mm) was offered 

automatically once a day. In each housing system, 750 cm² floor space per hen was offered. 

Two perches were installed in FC, MFC and AP and four perches in SG and MSG. In 

addition, the supply pipe (Ø 45 mm, galvanised zinc) for dust bathing substrate in the centre 

of SG- and MSG-compartments was also useable for perching (fifth perching-opportunity). In 

all housing systems evaluated, each hen was offered 15 cm perch-length of its disposal. 

Perches were installed in parallel position to the front of the cage. In AP, FC and MFC, only 

white plastic perches (oval/rectangular profile, flat up- and under site, riffles on the front- and 

backside) were installed in both trials. While in AP, FC and SG perches were installed in a 

height of 90 mm, a certain percentage of SG-compartments were modified to MSG-

compartments and equipped with perches at different levels. In these compartments, even 

plastic perches were combined with elevated round metal perches (Ø 35 mm, galvanised 

zinc). Perch design was modified during the two trials in MSG. In the first trial, MSG-

compartments were equipped with even front perches (plastic) and elevated metal back 

perches (BE) in a height of 200 mm (distance to cage floor). In the second trial, compartments 

with elevated (200 mm) metal front perches (FE) and compartments with perches installed 

stepped (ST) were added. In ST-compartments of MSG, only metal perches were used. They 

were installed in a distance of 200 and 275 mm to cage floor. In both trials, MFC-

compartments were equipped with one non-elevated (NE) plastic perch and one (back or 

front) plastic perch being elevated (200 mm). 

 

Layer lines, feeding and management 

Two trials were included in the present study. In the first trial, comprising the period August 

2004 to August 2005, Lohmann Brown (LB) and Lohmann Selected Leghorn (LSL) laying 

hens were kept to equal parts. In the second trial, lasting from October 2005 to October 2006, 

only LSL hens were used. A number of approximately 2,880 hens were kept per housing 

system (EV 625a-EU, EV 625A-EU, AP) and trial. Laying hens were reared in cages until the 

age of 18 weeks. Ad libitum feeding was automatically provided three to four times a day and 

water was supplied ad libitum per nipple drinkers. The light period took 14 hours per day. 

Management conditions were identical in both trials.  
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Macroscopic foot pad evaluation 

Examinations of foot pad health were performed in both trials at the end of the 6th and 12th 

laying month. Per month, 144 layers were randomly chosen out of the different housing 

systems considering layer line, group size and perch position (Table 1). Foot pad status was 

evaluated in a total of 576 hens (432 LSL, 144 LB). The occurrence of hyperkeratosis and 

lesions was assessed and classified due to severity on a scale from 1 (no hyperkeratosis) to 5 

(very severe hyperkeratosis) and from 1 (no lesion, no swelling of foot pad) to 4 (deep and 

large epithelial lesion and high grade swelling of foot pad) (Table 2). Both feet per hen were 

examined and severity rating was applied according to the most distinctive alteration. 

Findings were evaluated separately for sole pad, toe pad and the region between toe and claw. 

 

Histological foot pad evaluation 

Skin biopsy samples of sole and toe pads (alternating right or left foot) were taken during the 

first trial from every second laying hen after macroscopic examination. Regardless of 

macroscopic alterations, samples were taken from the centre of the sole pad and the centre of 

the middle toe pad. This sampling area was chosen for histological analysis because of its 

exposure to mechanical stimulus while perching or standing on wire floor. Skin biopsy 

samples were fixed in 10% buffered formalin (min. 24 h), embedded in paraffin wax and cut 

into histological slices (2µm) with a rotation microtome (Reichert-Jung 2030 Biocut, 

Bensheim, Germany). Slices were stained with Haemalaun-Eosin (H.E.). Sole pad samples of 

69 hens and toe pad samples of 68 layers (approximately 12 hens per laying month and 

housing system) were chosen for examination. Histological evaluation was performed using a 

light-optical microscope (Dialux 20 EB, Leitz, Wetzlar, Germany). The histopathological 

traits hyperkeratosis, acanthosis, elongation of rete folds, development of secondary papillae, 

erosion, ulceration, cellular infiltration and bacterial colonisation of epidermal surface were 

reported. Hyperkeratosis and cellular infiltration were classified using a scoring scheme from 

1 (normal) to 4 (severe) while the other traits examined were recorded as binary traits.  

 

 

Statistical analysis 

Statistical analysis of macroscopic foot pad status was performed using the MIXED procedure 

of SAS, version 9.1.3. (Statistical Analysis System Institute Inc., Cary, NC, USA 2006). For 

both trials, the fixed effects of housing system, group size, layer line (first trial) laying month 

and perch position were included in the statistical model. In trial 1, the fixed effect of perch 
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position within housing system and layer line was significant for the trait hyperkeratosis 

within the region between toe and claw in the analysis of variance (p < 0.01). Each 

compartment of the different housing systems was treated as a randomly distributed effect. 

Layers’ body weight (in the first trial within layer line) was used as a linear covariate (Table 

5). 

 

Statistical model for macroscopic foot pad status in trial 1:  

Yijklmnop = μ + SYSi + LINj + SYS*LINij + GR(SYS)ik +  MONl + PER(SYS)im + b x  

BW(LIN)jn + comp(SYS)io + eijklmnop 

 

Yijklmnop: score for macroscopically determined alterations of sole pad, toe pad and 

the region between toe and claw (except sole pad lesion, toe pad 

hyperkeratosis and hyperkeratosis between toe and claw) 

μ: model constant  

SYSi: fixed effect of housing system (i = 1 to 3) 

LINj fixed effect of layer line (j = 1 to2) 

SYS*LINij: interaction between housing system and layer line 

GR(SYS)ik: fixed effect of group size (k = 1 to 5) 

MONl: fixed effect of laying month (l = 1 to 2) 

PER(SYS)im: fixed effect of perch position within housing system (m = 1 to 4) 

BW(LIN)jn:  body weight within layer line 

comp(SYS)io: random effect of compartment within housing system (o = 91) 

b:  linear regression  

eijklmnop:  random error coefficient 

 

For some traits, modifications of the model mentioned above had to be made in order to 

regard significant interactions which were not significant for the other traits. The three-way 

interaction between housing system, layer line and laying month was added for the trait sole 

pad lesion. The two-way interaction between layer line and laying month was included for the 

trait toe pad hyperkeratosis. The fixed effect of perch position (NE, BE, ST, FE) and the 

random effect of individual compartment within housing system were nested within housing 

system and layer line for the trait hyperkeratosis between toe and claw. 
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Statistical model for macroscopic foot pad status in trial 2: 

 

Yijklmn = μ + SYSi + GR(SYS)ij+  MONk + PER(SYS)il  + b x  BWm + comp(SYS)il + eijklmn 

 

Yijklmn: score for macroscopically determined alterations of sole pad, toe pad and 

the region between toe and claw (except the trait lesion in the region 

between toe and claw) 

μ: model constant  

SYSi: fixed effect of housing system (i = 1 to 3) 

GR(SYS)ij: fixed effect of group size (j = 1 to 5) 

MONk: fixed effect of laying month (k = 1 to 2) 

PER(SYS)il: fixed effect of perch position (l = 1 to 7) 

BWm:  body weight 

comp(SYS)il: random effect of compartment within housing system (n = 84) 

b:  linear regression  

eijklmn:  random error coefficient 

 

The two-way interaction between housing system and laying month was significant for the 

severity of lesions within the region between toe and claw. Therefore, this interaction had to 

be included in the statistical model for this trait. With respect to the different claw shortening 

devices in AP, an extended statistical model (both trials) was applied to evaluate possible 

significant differences.  

 

Results 

Macroscopic foot pad evaluation 

Distribution of foot pad status scorings for the different foot regions and mean values for the 

different housing systems and in total are shown in Tables 3 and 4.  

Results of macroscopic foot pad evaluation in trial 1 revealed, that mild hyperkeratosis (score 

= 2) of sole pad, toe pad and the region between toe and claw was the most frequently 

observed finding in hens of all housing systems. Moderate sole pad hyperkeratosis (score = 3) 

mostly occurred in layers housed in compartments with elevated back perches (BE) in MSG 

(12.5%). In AP and compartments of MFC with elevated front perches (FE), moderate sole 

pad hyperkeratosis could not be detected. The highest incidence of moderate toe pad 
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hyperkeratosis was found in hens kept in BE-compartments of MFC (25.0%). The region 

between toe and claw was affected by moderate hyperkeratosis in 38.5% of layers housed in 

AP. Severe hyperkeratosis between toe and claw (score = 4) was mostly observed in hens kept 

in BE-compartments of MFC (12.5%). The highest incidence of superficial sole pad lesions 

(score = 2) occurred in hens kept in BE-compartments of MFC and MSG (both 37.5%). Deep 

epithelial lesions and/or swelling of sole pads (score = 3) occurred in 21.9% of hens in 

compartments of SG, followed by hens kept in BE-compartments of MSG and in FC to equal 

parts (12.5%). Except of hens housed in BE-compartments of MSG and MFC, more than 50% 

of layers were affected by superficial toe pad lesions. The highest incidence of superficial 

lesions between toe and claw was found in MFC (25.0%), if compartments were equipped 

with BE-perches. Like in trial 1, mild hyperkeratosis was the most frequent finding in sole 

pads, toe pads and within the region between toe and claw in all housing systems tested in 

trial 2. Furthermore, the highest incidence of moderate sole pad hyperkeratosis was also 

observed in MSG-BE-compartments (9.4%). Similar to trial 1, moderate sole pad 

hyperkeratosis did not occur in AP and FE-compartments of MFC. Furthermore, moderate 

hyperkeratotic sole pad alterations were not detected in FE-compartments of MSG and BE-

compartments of MFC. While in trial 1 the highest incidence of moderate toe pad 

hyperkeratosis was found in BE-compartments of MFC, only layers kept in FE-compartments 

of MFC were affected by moderate alterations in trial 2 (4.2%). Moderate hyperkeratosis 

within the region between toe and claw was mostly found in AP (14.6%), but obviously less 

frequent compared to layers kept in AP during trial 1 (38.5%). Superficial sole pad lesions 

mostly occurred in FE-compartments of MFC (25.0%). Similar to trial 1, deep epithelial 

lesions and/or swelling of sole pads could mostly be observed in layers housed in BE-

compartments of MSG (31.3%), followed by FC and FE-compartments of MFC and MSG to 

equal numbers (25.0%). Superficial toe pad lesions mainly occurred in FE-compartments of 

MFC (62.5%). While in trial 1 an equal number of hens kept AP and FE-compartments of 

MFC showed such alterations, layers housed in AP during trial 2 were less affected (43.8%). 

Deep epithelial lesions and/or swelling of toe pads were predominantly observed in 

compartments with ‘stepped’ (ST) perches in MSG (15.6%). Superficial lesions in the region 

between toe and claw were predominantly found in AP (27.1%). This was in contrast to trial 

1, where the highest incidence was found in layers kept in BE-compartments of MFC. While 

in trial 1 only few laying hens were affected by deep epithelial lesions and/or swelling within 

the region between toe and claw, in trial 2, 12.5% of hens housed in BE-compartments of 
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MFC and 12.5% of layers kept in MSG (BE, ST, FE) showed alterations in this particular 

region. 

Analyses of variance 

Analyses of variance revealed that foot pad status was significantly influenced by housing 

system (Table 5). In both trials, a significant influence of housing system was obvious for the 

traits hyperkeratosis and lesions of sole pads and on hyperkeratosis between toe and claw. 

Perch position within housing system was significant for sole pad hyperkeratosis in the first 

and sole pad lesions in the second trial. 

 

Least square means for housing system and perch position 

In trial 1,  sole pad hyperkeratosis was significantly more severe in layers housed in EV 625a-

EU (SG and MSG) compared to hens kept in AP. Sole pad lesions were significantly less 

distinctive in laying hens housed in AP compared to the other housing systems evaluated. 

Hyperkeratosis within the region between toe and claw was significantly less severe in laying 

hens housed within EV 625a-EU and EV 625A-EU (FC and MFC) in comparison to hens 

kept in AP (Table 6). Group size within EV 625A-EU had a significant influence on sole pad 

lesions. Layers housed in compartments with 30 hens were less affected than layers kept in 

groups of 20 hens. Within EV 625a-EU, hens in groups of 40 layers revealed significantly 

more distinctive sole pad hyperkeratosis than layers in compartments of 60 hens. Body weight 

within layer line showed a significant influence on the traits sole and toe pad lesions. Heavier 

hens of both layer lines were more severely affected by sole pad lesions. LB hens with a 

higher body weight also showed more severe toe pad lesions. The separate statistical model 

including the different claw shortening devices in AP revealed a significant influence on sole 

pad hyperkeratosis. Laying hens in compartments equipped with perforated metal plates were 

more severely affected by sole pad hyperkeratosis than layers kept in compartments with 

abrasive blocks. Different perch designs in FC and MFC had a significant influence on foot 

pad status. Sole pad hyperkeratosis was significantly more severe in layers housed in FC in 

comparison to hens kept in FE-compartments of MFC. Significantly higher scores for toe pad 

hyperkeratosis were observed in BE-compartments of MFC compared to FE-compartments of 

MFC. LSL layers kept in FC were significantly more severely affected by hyperkeratotic 

alterations in the region between toe and claw compared to LSL layers housed in FE-

compartments of MFC. In LB layers, hyperkeratosis between toe and claw was significantly 

highest scored in laying hens housed in BE-compartments of MFC (Table 7). Different perch 

design in EV 625a-EU (SG and MSG) showed no significant influence on foot pad status. 
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Like in trial 1, laying hens kept in EV 625a-EU (SG and MSG) during trial 2 were more 

severely affected by sole pad hyperkeratosis compared to layers housed in AP. Furthermore, 

the difference between EV 625a-EU and EV 625A-EU (FC and MFC) was significant. Hens 

in EV 625A-EU were less affected by hyperkeratotic sole pad alterations. Statistical analysis 

of the trait sole pad lesions in trial 2 revealed similar results as in trial 1. In layers housed in 

EV 625a-EU, sole pad lesions were significantly more severe than in hens kept in AP.  

Furthermore, the results of trial 1 could be approved for the trait hyperkeratosis in the region 

between toe and claw. Layers housed in AP showed significantly more severe hyperkeratosis 

in this particular region compared to hens kept in EV 625a-EU and EV 625A-EU. Different 

perch positions within EV 625a-EU and EV 625A-EU had a significant influence on foot pad 

status. Layers kept in FC (only NE-perches) showed significantly more severe sole pad 

lesions than layers housed in MFC-compartments with BE-perches. In FE-compartments of 

MFC, hyperkeratosis of the region between toe and claw was less severe than in FC (Table 7). 

Laying hens housed in MSG showed significantly more severe sole pad lesions in FE-

compartments than in compartments with ST-perches (p <0.037). Layers’ body weight had a 

significant influence on sole pad lesions and lesions between toe and claw with heavier hens 

being more affected. Group size did not have a significant influence on foot pad status in the 

second trial. The additional statistical analysis including the different claw shortening devices 

in AP, showed a significant influence on the trait toe pad hyperkeratosis. Hyperkeratotic 

alterations were more prevalent in compartments equipped with abrasive blocks compared to 

those with perforated metal plates. 

 

Histological foot pad evaluation 

Mild extension of stratum corneum (hyperkeratosis) was the most frequently observed finding 

in sole pads (49.3%) followed by moderate (44.9%) and few cases of severe hyperkeratosis 

(5.8%). Mild hyperkeratosis was detected in 35.3%, moderate in 54.4% and severe 

hyperkeratosis in 10.4% of layers’ toe pads. Development of secondary papillae was seen in 

24.6% of sole pads and 20.6% of toe pads. The observed extension of stratum corneum was 

often accompanied by proliferation of stratum spinosum (acanthosis). Acanthosis was 

observed in 73.9% of sole pads and in 69.1% of toe pad samples. Furthermore, an elongation 

of rete folds was detected in 33.3% of sole pads and in 25% of toe pads. Erosion and 

ulceration was only observed in sole pads (5.8 and 4.4%). In nearly all samples, an infiltration 

with inflammatory cells could be observed. Inflammatory infiltration was mostly found as a 

marked perivascular infiltration of lymphocytes in the dermis. Surfaces of 63.8% of sole pad 
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and 76.5% of toe pad samples were colonised by bacteria. With respect to the different 

housing systems, severe hyperkeratosis of sole and toe pads was observed in EV 625a-EU 

(SG and MSG) and EV 625A-EU (FC and MFC). In EV 625A-EU, 4.8% of layers’ sole pads 

and 14.3% of toe pads were affected by severe hyperkeratosis. In EV 625a-EU, 12.5% of sole 

and 17.4% of toe pads showed severe hyperkeratotic alterations. Erosions were detected in 

16.7% and ulcerations in 12.5% of sole pads of layers kept in EV 625a-EU. The incidence of 

severe lymphocyte infiltration in sole pads was highest in hens housed in EV 625a-EU. 

 

Discussion 

Housing system is an important factor influencing the occurrence and type of foot pad 

alterations (TAUSON and ABRAHAMSSON, 1994; KEUTGEN et al., 1999; WEITZENBÜRGER et al., 

2005). In the present study, three different types of housing systems were evaluated with 

respect to foot pad health. The furnished cage system AP was equipped with perches on an 

even level in both trials, whereas perches in the small group housing system EV 625a-EU 

(SG) and the furnished cage system EV 625A-EU (FC) were modified in height and position 

(MSG, MFC). Housing system had a significant influence on foot pad status in both trials. 

Including all different perch-variants within the housing systems EV 625a-EU (SG and MSG) 

and EV 625A-EU (FC and MFC), sole pad alterations were assessed significantly highest in 

EV 625a-EU. In contrast to the other housing systems evaluated in the present study, the 

supply pipe of dust bath filling in EV 625a-EU provided a further perching-opportunity. Its 

relatively rough surface could have led to proliferation of sole pad skin and furthermore to 

lesions. The supply pipe had a diameter of approximately 45 mm and offered a larger contact 

area to the hens` feet than perches. If the large and rough surface was contaminated with 

excrements, it could have possibly taken a longer time for excrements to be removed 

(compared to the smooth plastic perches), thus bringing about a possible risk of inflammation 

of the hens` feet. The occurrence of bumble foot (inflamed and swollen sole pad) is associated 

with poor perch design and perch hygiene (ELSON and CROXALL, 2006). A relation between 

the occurrence of hyperkeratotic sole pad alterations and the use of the supply pipe for 

perching in EV 625a-EU (SG) was also seen by WEITZENBÜRGER et al. (2005). OESTER 

(1994) mentioned that the mechanical exposure to hens´ feet may be related to the time hens 

are sitting or staying on perches without changing their position. In both trials, hens kept in 

AP showed significantly higher scores for the trait hyperkeratosis within the region between 

toe and claw compared to layers kept in the other housing systems tested. A more severe 

proliferation of the toe skin in AP might have been caused by less frequent use of perches and 
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therefore a longer time hens spent standing on the wire floor. In cage-kept laying hens, toe 

skin is mostly affected by hyperkeratosis because of the mechanical exposure while grasping 

the wire floor (KEUTGEN et al., 1999). Perch and cage design is related to foot pad health 

(TAUSON and ABRAHAMSSON, 1994). SIEGWART et al. (1991) investigated different perch 

designs and found out that round wooden perches with a flattened surface covered with rubber 

mats had positive effects on foot pad health in LSL layers. In an investigation by DUNCAN et 

al. (1992), foot condition in laying hens was found to be most favourable in cages with 

rectangular perches. In the present study, compartments of EV 625a-EU were equipped with 

non-elevated rectangular plastic perches (SG) or with non-elevated plastic perches and 

elevated round metal back perches (MSG BE) in the first trial. In the second trial, 

compartments with heightened metal front perches (MSG FE) and elevated metal stepped 

perches (MSG ST) were additionally tested. In contrast to other authors (SIEGWART et al., 

1991; DUNCAN et al., 1992), round perches did not seem to have a negative influence on foot 

pad health. Sole pad lesions within MSG were assessed significantly lower in ST-

compartments with two round perches compared to FE-compartments with round and 

rectangular perches. The length of time laying hens spent roosting on the supply pipe instead 

of using perches could have led to a higher incidence of sole pad lesions. In both trials, laying 

hens in EV 625A-EU were housed in BE- and FE-compartments (MFC) and in those with 

non-elevated perches (FC). The incidence of more severe sole pad hyperkeratosis (first trial) 

and sole pad lesions (second trial) in layers housed in FC-compartments could have been 

caused by preferential use of NE-perches instead of elevated perches in BE- and FE-

compartments of MFC. In the first trial, hens kept in BE-compartments of MFC were more 

severely affected by toe pad hyperkeratosis than layers housed in FE-compartments of MFC. 

Furthermore, LB hens kept in BE-compartments of MFC also showed more severe toe pad 

hyperkeratosis than LB layers in FC. These alterations could have possibly caused by long-

term standing on the wire floor instead of using perches. It could have been possible that hens 

in BE-compartments preferred the non-elevated perches instead of the elevated ones. As in 

MFC NE-perching space was insufficient in accommodating a larger group of laying hens at 

the same time, hens had to switch to other cage areas.  

The epidermis consists of a multilayered keratinising squamous epithelium. Its thickness is 

related to the body region and consequently correlated to mechanical exposure as well as to 

chronic stimuli (MICHEL, 1992). In the histological examination of sole and toe pads, 

hyperkeratotic alterations were found in all samples tested. In agreement with 

WEITZENBÜRGER et al. (2006), extension of the epidermis by hyperkeratosis was often 
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associated with proliferation of stratum spinosum (acanthosis). In sole and toe pad samples, a 

colonisation of bacteria was often observed. The risk of colonisation by microorganisms 

increased, if skin-surface had been changed by hyperkeratotic alterations, thus facilitating the 

adhesion of bacteria (WEITZENBÜRGER et al., 2006). In the present study, hens were put into 

transport boxes for approximately two hours before evaluation of foot pad status and taking 

skin samples for histological examination. As hens’ feet had been in direct contact to their 

excrements during transport, this could have led to an increased bacterial colonisation of the 

epidermal surface. In nearly all sole and toe pad samples examined, perivascular infiltrations 

of lymphocytes were detected. In general, very few numbers of lymphocytes, macrophages 

and plasma cells occur in unaltered skin. In our investigations, findings on inflammatory cells 

ranged up to severe infiltrations of foot pad skin. In the majority of cases, these infiltrations 

were not accompanied by erosions or ulcerations.  In an investigation by MAYNE et al. (2006), 

a dense mass of inflammatory cells was seen in foot pad samples of turkeys with an intact 

epidermis. WEITZENBÜRGER et al. (2006) also observed a marked perivascular infiltration of 

lymphocytes in foot pad samples of laying hens without macroscopic alterations of the skin. 

In the present study, all samples on sole and toe pads were affected by hyperkeratosis, so that 

the high incidence of inflammatory cells could have been caused by the exposure of hens` feet 

to perches and floor. In correspondence to WEITZENBÜRGER et al. (2006), we conclude that 

the macroscopically and histologically observed hyperkeratotic alterations in foot pads were 

caused by a continuous mechanical stimulus to the skin while grasping the wire floor or using 

perches. The incorporation of perches at different heights was found to have a positive impact 

on foot pad status. Sole pad hyperkeratosis in FE-compartments (first trial) and sole pad 

lesions in BE-compartments of MFC (second trial) were less severe compared to alterations 

found in layers housed in FC. No significant differences in foot pad status could be detected 

between the different perch-variants in EV 625a-EU (SG and MSG), except for LSL layers 

which had been more affected by sole pad lesions in FE- than in ST-compartments of MSG 

(second trial). The trait hyperkeratosis between toe and claw seemed to be influenced by layer 

line. In both trials, LSL hens kept in FC were significantly more severely affected compared 

to LSL layers in FE-compartments of MFC, whereas LB layers (first trial) in BE-

compartments of MFC were more affected by hyperkeratotic alterations in this particular 

region.  
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Summary 

Foot pad health in Lohmann Selected Leghorn (LSL) and Lohmann Brown (LB) laying hens 

kept in a modified small group housing system (Eurovent (EV) 625a-EU (MSG), four 

perches) equipped with perches at different levels, a modified furnished cage system (EV 

625A-EU (MFC), two perches) with the back or the front perch being elevated, a small group 

housing system (EV 625a-EU (SG), four non-elevated perches), and furnished cages with 

(two) non-elevated perches (EV 625A-EU (FC), Aviplus (AP)), was evaluated in two trials. 

The occurrence of hyperkeratosis and epithelial lesions was macroscopically assessed in 576 

laying hens (432 LSL, 144 LB) and classified due to the severity of alterations. In the first 

trial, 69 samples of sole pads and 68 toe pad samples were examined histologically. Mild 

hyperkeratosis was the most frequent macroscopic finding and epithelial lesions were 

observed in hens of all housing systems evaluated. Modified perch positions had a positive 

influence on some traits of foot pad health. Histological examinations revealed hyperkeratosis 

in sole and toe pad samples in all cases. Mild hyperkeratosis was the predominant finding in 

sole pads, whereas in toe pads, moderate hyperkeratosis was prevailing. Severe cases of 

hyperkeratosis could be observed in FC and MFC, SG and MSG. Erosions and ulcerations 

were found in sole pad samples of hens kept in SG and MSG. Perivascular infiltration of 

lymphocytes was observed in nearly all sole and toe pad samples examined. 

 

Keywords: foot pad health, laying hens, perch position 

 

Zusammenfassung 

In zwei Legedurchgängen wurde der Fußballenstatus von Lohmann Selected Leghorn (LSL) 

und Lohmann Brown (LB) Legehennen erfasst, die in einem modifizierten 

Kleingruppenhaltungssystem (Eurovent (EV) 625a-EU (MSG)) mit (vier) Sitzstangen auf 

unterschiedlichen Ebenen, modifizierten ausgestalteten Käfigen  (EV 625A-EU (MFC), zwei 

Sitzstangen), in denen die hintere oder vordere Sitzstange erhöht war, einem 

Kleingruppenhaltungssystem (EV 625a-EU (SG), vier ebene Sitzstangen) sowie 

ausgestalteten Käfigen (EV 625A-EU (FC), Aviplus (AP), mit zwei ebenen Sitzstangen) 
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gehalten wurden. Hyperkeratosen und Epithelläsionen wurden bei insgesamt 576 Hennen 

(432 LSL, 144 LB) makroskopisch erfasst und hinsichtlich ihres Schweregrades klassifiziert. 

Im ersten Legedurchgang wurden 69 Sohlen- und 68 Zehenballen histologisch untersucht. 

Makroskopisch wurden hauptsächlich geringgradige Hyperkeratosen festgestellt. 

Epithelläsionen traten in allen Haltungssystemen auf. Ein positiver Einfluss der modifizierten 

Sitzstangenanordnung konnte auf einige Merkmale des Fußballenstatus ermittelt werden. Alle 

histologischen Präparate waren von hyperkeratotischen Veränderungen betroffen. Während 

Sohlenballen vorwiegend geringgradige Hyperkeratose aufwiesen, zeigten Zehenballen 

vornehmlich mittelgradige Veränderungen. Hochgradige Hyperkeratose wurde bei Proben aus 

FC, MFC, SG und MSG beobachtet. Erosionen und Ulzerationen traten in 

Sohlenballenproben von Hennen aus SG und MSG auf. Perivaskuläre Infiltrationen von 

Lymphozyten konnten in fast allen Fußballenpräparaten festgestellt werden.   

 

Schlüsselwörter: Fußballenstatus, Legehennen, Sitzstangenposition 
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Table 1. Number of laying hens examined with regard to layer line and perch position within 
the different housing systems Aviplus, Eurovent 625A-EU and Eurovent 625a-EU  
Anzahl der untersuchten Legehennen unter Berücksichtigung von Legelinie und 
Sitzstangenposition in den Haltungssystemen Aviplus, Eurovent 625A-EU und Eurovent 625a-
EU  

Layer line (trial) Housing system 
LSL (1) LB (1) LSL (2) 

Aviplus AP  
NE 

48 48 96 

FC  
NE 

28 28 56 

MFC  
BE 

8 8 16 

Eurovent 625A-EU 

MFC  
FE 

12 12 24 

SG  
NE 

32 32 - 

MSG  
BE 

16 16 32 

MSG  
ST 

- - 32 

Eurovent 625a-EU 

MSG  
FE 

- - 32 

LSL = Lohmann Selected Leghorn; LB = Lohmann Brown; NE = non-elevated perch(es); BE 
= elevated back perch(es); FE = elevated front perch(es); ST = stepped perches; AP = 
furnished cage system Aviplus; FC (MFC) = furnished cage system (modified furnished cage 
system) Eurovent 625A-EU; SG (MSG) = small group housing system (modified small group 
housing system) Eurovent 625a-EU.  
 
 
Table 2. Classification of macroscopic alterations in foot pads  
Klassifizierung der makroskopischen Fußballenbefunde   
Severity rating Macroscopic findings of 

hyperkeratosis 
Macroscopic findings of 
lesions 

1 no hyperkeratosis intact epithelium,  
no swelling of foot pad 

2 mild hyperkeratosis superficial lesion of the epithelium,  
no swelling of foot pad 

3 moderate hyperkeratosis deep epithelial lesions and/or  
swelling of foot pad 

4 severe hyperkeratosis deep and large epithelial lesions,  
high-graded swelling of foot pad 

5 very severe hyperkeratosis 
 

- 
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Table 3. Distribution of individual scores of foot pad status (%), mean scores ( x ) and standard deviations (s) 
in laying hens kept in the different housing systems with different perch position during trial 1 
Verteilung der Bewertungspunkte des Fußballenstatus (%), Mittelwerte ( x ) und Standardabweichungen (s) 
der Legehennen in den verschiedenen Haltungssystemen in Legedurchgang 1 
System Score Hyperkeratosis 

sole pad 
Hyperkeratosis 

toe pad 
Hyperkeratosis 

toe/claw 
Lesion 

sole pad 
Lesion 
toe pad 

Lesion 
toe/claw 

1 20.8 5.2 1.0 79.2 39.6 87.5 
2 79.2 81.3 54.2 14.6 58.3 11.5 
3 - 13.5 38.5 5.2 2.1 1.0 
4 - - 6.3 1.0 - - 

AP  
NE 

x ± s 1.79 ± 0.41 2.08 ± 0.43 2.50 ± 0.63 1.28 ± 0.61 1.63 ± 0.53 1.14 ± 0.37 
1 3.6 1.8 - 62.5 41.1 80.4 
2 91.1 89.3 83.9 25.0 53.6 19.6 
3 5.4 7.1 16.1 12.5 3.6 - 
4 - 1.8 - - 1.8 - 

FC  
NE 

x ± s 2.02 ± 0.30 2.09 ± 0.39 2.16 ± 0.37 1.50 ± 0.71 1.66 ± 0.64 1.20 ± 0.40 
1 18.8 6.3 12.5 56.3 50.0 75.0 
2 75.0 68.8 62.5 37.5 43.8 25.0 
3 6.3 25.0 12.5 6.3 6.3 - 
4 - - 12.5 - - - 

MFC 
BE 

x ± s 1.88 ± 0.50 2.19 ± 0.54 2.25 ± 0.86 1.50 ± 0.63 1.56 ± 0.63 1.25 ± 0.45 
1 25.0 16.7 20.8 62.5 41.7 95.8 
2 75.0 75.0 70.8 25.0 58.3 4.2 
3 - 8.3 8.3 8.3 - - 
4 - - - 4.2 - - 

MFC 
FE 

x ± s 1.75 ± 0.44 1.92 ± 0.50 1.88 ± 0.54 1.54 ± 0.83 1.58 ± 0.50 1.04 ± 0.20 
1 3.1 - - 57.8 46.9 85.9 
2 93.8 87.5 81.3 20.3 51.6 12.5 
3 3.1 10.9 15.6 21.9 1.6 1.6 
4 - 1.6 3.1 - - - 

SG  
NE 

x ± s 2.00 ± 0.25 2.14 ± 0.39 2.22 ± 0.49 1.64 ± 0.82 1.55 ± 0.53 1.16 ± 0.41 
1 15.6 6.3 - 50.0 59.4 78.1 
2 71.9 81.3 84.4 37.5 34.4 18.8 
3 12.5 12.5 15.6 12.5 3.1 3.1 
4 - - - - 3.1 - 

MSG 
BE 

x ± s 1.97 ± 0.54 2.06 ± 0.44 2.16 ± 0.37 1.63 ± 0.71 1.50 ± 0.72 1.25 ± 0.51 
Total x ± s 1.90 ± 0.40 2.09 ± 0.43 2.27 ± 0.57 1.48 ± 0.72 1.59 ± 0.58 1.16 ± 0.40 
NE = non-elevated perch(es); BE = elevated back perch(es); FE = elevated front perch(es); AP = furnished 
cage system Aviplus; FC (MFC) = furnished cage system (modified furnished cage system) Eurovent 625A-
EU; SG (MSG) = small group housing system (modified small group housing system) Eurovent 625a-EU. 
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Table 4. Distribution of individual scores of foot pad status (%), mean scores ( x ) and standard deviations (s) 
in laying hens kept in the different housing systems with different perch position during trial 2 
Verteilung der Bewertungspunkte des Fußballenstatus (%), Mittelwerte ( x ) und Standardabweichungen (s) 
der Legehennen in den verschiedenen Haltungssystemen in Legedurchgang 2 
System Score Hyperkeratosis 

sole pad 
Hyperkeratosis 

toe pad 
Hyperkeratosis 

toe/claw 
Lesion  

sole pad 
Lesion  
toe pad 

Lesion 
toe/claw 

1 29.2 13.5 3.1 78.1 54.2 63.5 
2 70.8 86.5 79.2 10.4 43.8 27.1 
3 - - 14.6 8.3 2.1 7.3 
4 - - 3.1  3.1 - 2.1 

AP  
NE 

x ± s 1.71 ± 0.46 1.86 ± 0.34 2.18 ± 0.52 1.36 ± 0.77 1.48 ± 0.54 1.48 ± 0.73 
1 19.6 7.1 5.4 50.0 57.1 69.6 
2 75.0 92.9 83.9 17.9 39.3 19.6 
3 5.4 - 5.4 25.0 3.6 8.9 
4 - - 5.4 7.1 - 1.8 

FC  
NE 

x ± s 1.86 ± 0.48 1.93 ± 0.26 2.11 ± 0.56 1.89 ± 1.02 1.46 ± 0.57 1.43 ± 0.74 
1 31.3 12.5 12.5 75.0 56.3 68.8 
2 68.8 87.5 75.0 18.8 43.8 18.8 
3 - - 12.5 6.3 - 12.5 
4 - - - - - - 

MFC 
BE 

x ± s 1.69 ± 0.48 1.88 ± 0.34 2.00 ± 0.52 1.31 ± 0.60 1.44 ± 0.51 1.44 ± 0.73 
1 25.0 12.5 16.7 45.8 37.5 79.2 
2 75.0 83.3 83.3 25.0 62.5 8.3 
3 - 4.2 - 25.0 - 8.3 
4 - - - 4.2 - 4.2 

MFC   
FE 

x ± s 1.75 ± 0.44 1.92 ± 0.41 1.83 ± 0.38 1.88 ± 0.95 1.63 ± 0.49 1.38 ± 0.82 
1 12.5 3.1 3.1 40.6 56.3 59.4 
2 75.0 96.9 93.8 21.9 40.6 25.0 
3 9.4 - 3.1 31.3 - 12.5 
4 3.1 - - 6.3 3.1 3.1 

MSG 
BE 

x ± s 2.03 ± 0.59 1.97 ± 0.18 2.00 ± 0.25 2.03 ± 1.00 1.50 ± 0.67 1.59 ± 0.84 
1 15.6 15.6 3.1 65.6 62.5 65.6 
2 78.1 84.4 90.6 15.6 21.9 21.9 
3 6.3 - 3.1 12.5 15.6 12.5 
4 - - 3.1 6.3 - - 

MSG 
ST 

x ± s 1.91 ± 0.47 1.84 ± 0.37 2.06 ± 0.44 1.59 ± 0.95 1.53 ± 0.76 1.47 ± 0.72 
1 9.4 15.6 6.3 43.8 67.7 78.1 
2 90.6 84.4 90.6 18.8 25.8 9.4 
3 - - 3.1 25.0 6.5 12.5 
4 - - - 12.5 - - 

MSG 
FE  

x ± s 1.91 ± 0.30 1.84 ± 0.37 1.97 ± 0.31 2.06 ± 1.11 1.39 ± 0.62 1.34 ± 0.70 
Total x ± s 1.82 ± 0.47 1.89 ± 0.33 2.07 ± 0.47 1.68 ± 0.95 1.48 ± 0.59 1.45 ± 0.74 
NE = non-elevated perch(es); BE = elevated back perch(es); FE = elevated front perch(es); ST = stepped 
perches; AP = furnished cage system Aviplus; FC (MFC) = furnished cage system (modified furnished cage 
system) Eurovent 625A-EU; SG (MSG) = small group housing system (modified small group housing 
system) Eurovent 625a-EU. 
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Table 5. Results of analyses of variance for housing system and perch position within housing 
system of foot pad status in trials 1 and 2  
Ergebnisse der Varianzanalyse des Fußballenstatus für Haltungssystem und 
Sitzstangenposition innerhalb des Haltungssystems in Legedurchgang 1 und 2 

Housing system Perch position  
within housing system 

Trait 

DF F P DF F P 
Trial 1       
Hyperkeratosis sole pad  2 6.20 0.003 3 3.06 0.030 
Lesion sole pad 2 8.39 <0.001 3 0.05 0.983 
Hyperkeratosis toe pad  2 0.24 0.788 3 1.85 0.140 
Lesion toe pad  2 0.33 0.721 3 0.29 0.836 
Hyperkeratosis toe/claw  2 15.12 <0.001 - - - 
Lesion toe/claw  2 0.61 0.543 3 1.53 0.209 
Trial 2       
Hyperkeratosis sole pad  2 6.10 0.003 4 0.79 0.532 
Lesion sole pad 2 7.21 <0.001 4 2.55 0.041 
Hyperkeratosis toe pad  2 0.21 0.808 4 0.74 0.565 
Lesion toe pad  2 0.05 0.947 4 0.58 0.675 
Hyperkeratosis toe/claw  2 4.55 0.012 4 1.52 0.198 
Lesion toe/claw  2 0.32 0.726 4 0.32 0.863 
 
 
Table 6. Least square means (LSM) with their standard errors for foot pad scores for the 
different housing systems and their error probabilities (P) for the differences among housing 
systems in trials 1 and 2 
LS-Mittelwerte (LSM), deren Standardfehler für die Fußballenbeurteilung in den 
verschiedenen Haltungssystemen sowie Irrtumswahrscheinlichkeiten (P) für Unterschiede in 
den verschiedenen Haltungssystemen in Legedurchgang 1 und 2 

P Trait Aviplus 
(AP) 
(I) 

EV 625A  
(FC + MFC)

(II) 

EV 625a 
(SG + MSG)

(III) I-II I-III II-III 

Trial 1       

Hyperkeratosis sole pad    1.79 ± 0.05 1.89 ± 0.05 2.00 ± 0.04 0.127 <0.001 0.067 
Lesion sole pad                 1.24 ± 0.08 1.49 ± 0.09 1.66 ± 0.08 0.019 <0.001 0.123 
Hyperkeratosis toe/claw   2.51 ± 0.06 2.10 ± 0.06 2.20 ± 0.06 <0.001 <0.001 0.209 
Trial 2       
Hyperkeratosis sole pad  1.71 ± 0.05 1.76 ± 0.06 1.95 ± 0.05 0.550 0.001 0.015 
Lesion sole pad  1.39 ± 0.10 1.66 ± 0.11 1.91 ± 0.10 0.069 <0.001 0.097 
Hyperkeratosis toe/claw  2.18 ± 0.05 1.98 ± 0.06 2.01 ± 0.05 0.007 0.016 0.633 
EV 625A = Eurovent 625A-EU; EV 625a = Eurovent 625a-EU; FC = furnished cages; MFC 
= modified furnished cages; SG = small group housing system; MSG = modified small group 
housing system. 
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Table 7. Least square means (LSM) with their standard errors for foot pad scores for the 
different perch positions in Eurovent 625A-EU and their error probabilities (P) for the 
differences among different perch positions during trials 1 and 2 
LS-Mittelwerte (LSM), deren Standardfehler für die Fußballenbeurteilung hinsichtlich der 
Sitzstangenposition im Haltungssystem Eurovent 625A-EU, sowie 
Irrtumswahrscheinlichkeiten (P) für Unterschiede zwischen den Sitzstangenpositionen in 
Legedurchgang 1 und 2 

P Trait 
LL 

FC  
NE 
(I) 

MFC 
BE 
 (II) 

MFC 
FE  
(III) I-II I-III II-III

Trial 1        

Hyperkeratosis sole pad    2.03 ± 0.05 1.87 ± 0.10 1.75 ± 0.08 0.156 0.004 0.343
Hyperkeratosis toe pad     2.08 ± 0.06 2.17 ± 0.10 1.91 ± 0.08 0.421 0.078 0.042
Hyperkeratosis toe/claw  LSL 2.16 ± 0.10 1.80 ± 0.18 1.79 ± 0.15 0.074 0.034 0.966
 LB 2.19 ± 0.10 2.70 ± 0.18 1.97 ± 0.15 0.012 0.218 0.002
Trial 2        
Lesion sole pad  1.87 ± 0.13 1.28 ± 0.24 1.83 ± 0.20 0.031 0.866 0.076
Hyperkeratosis toe/claw  2.10 ± 0.06 2.00 ± 0.12 1.83 ± 0.10 0.432 0.020 0.283
LL = Layer line; LB = Lohmann Brown; LSL = Lohmann Selected Leghorn; FC = furnished 
cages; MFC = modified furnished cages; NE = non elevated perches; BE = back perch 
elevated; FE = front perch elevated. 
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Summary 

The influence of different housing systems on adiposis of liver, abdomen and heart was 

evaluated in 670 Lohmann Silver (LS) and 240 Lohmann Tradition (LT) laying hens during 

two trials. Examinations took place in the 3rd, 6th, 9th and 12th laying month. In addition, 

serum concentration of triglycerides (TRI) was analysed. Housing systems included in this 

study were a furnished cage system (Aviplus (AP)), a small group housing system (Eurovent 

625a-EU (EV)), with perches on the same (first trial) and on different levels (second trial, 

MEV), and an aviary system (Voliere Natura (AV)). In both trials, a significantly lower fat 

status of abdomen and liver could be observed in hens housed in AV. Consistently in both 

trials, body weight and housing system had the largest influence on fat status of liver, 

abdomen and heart. Scores of fat status of liver and abdomen in EV and MEV were in 

between of those observed in AV and AP, while heart fat status did not differ among housing 

systems. With an increasing macroscopic fat status of the liver, liver weight and TRI 

concentration significantly increased. Different perch positions in MEV did not have a 

significant influence on fat status in layers.  

 

Keywords: laying hens, fat status, housing system 

 

Zusammenfassung 

In zwei Legedurchgängen wurde im 3., 6., 9. und 12. Legemonat bei insgesamt 670 

Legehennen der Linie Lohmann Silver (LS) und 240 Legehennen der Linie Lohmann 

Tradition (LT) der Einfluss verschiedener Haltungssysteme auf Verfettung von Leber, 

Abdomen und Herz untersucht. Zusätzlich wurde die Triglycerid (TRI)- Serum- 

Konzentration bestimmt. Getestet wurden ein ausgestalteter Käfig (Aviplus (AP)), ein 

Kleingruppenhaltungssystem (Eurovent 625a-EU (EV)), welches im zweiten Legedurchgang 

im Sitzstangendesign (Sitzstangen auf unterschiedlichen Ebenen (MEV)) modifiziert wurde, 

sowie ein Volierenhaltungssystem (Voliere Natura (AV)). In beiden Legedurchgängen wurde 

bei Hennen in Volierenhaltung ein signifikant niedrigerer Verfettungsstatus von Abdomen 

und Leber beobachtet. In beiden Legedurchgängen übten das Haltungssystem und das 

Körpergewicht der Hennen den größten Einfluss auf den Verfettungsstatus von Leber, 

Abdomen und Herz aus. Die für den Verfettungsgrad von Leber und Abdomen ermittelten 

Werte in den Systemen EV und MEV nahmen eine Mittelstellung zwischen Hennen aus AV 

und AP ein, während für den Herzfettstatus keine Unterschiede zwischen den 

Haltungssystemen beobachtet werden konnten. Mit zunehmender Leberverfettung wurde ein 
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Anstieg des Lebergewichts und der TRI-Konzentration im Serum festgestellt. Sitzstangen auf 

verschiedenen Ebenen in MEV zeigten keinen signifikanten Einfluss auf den 

Verfettungsstatus.  

 

Schlüsselwörter: Legehennen, Fettstatus, Haltungssystem     

 

Introduction 

Occurrence and severity of fatty liver syndrome are related to housing system and occurred 

more often in cage-kept hens than in layers housed in alternative housing systems (Keutgen et 

al., 1999). In the present study, laying hens housed in a small group housing system, a 

modified small group housing system, furnished cages and an aviary housing system were 

examined regarding the occurrence and severity of adiposis of liver, abdomen and heart. The 

aim was to evaluate wether fat status in layers is influenced by housing system. Housing 

laying hens under intensive conditions for high egg production often led to an increase of 

body weight, adiposis and furthermore to fatty livers, caused by restricted mobility in cages 

combined with a high energetic feeding (Tegeler, 1992; Kolb, 1992). Fatty liver syndrome is 

a multifactorial metabolic disorder. It mostly occurs at the maximum of the laying period and 

is related to a high oestrogen level and an increased feed intake. Increasing oestrogen levels 

cause an increasing feed intake. Thus, insulin secretion rises and a decrease in fatty acid 

oxidation and an intensified lipogenesis occurs (Tegeler, 1992). Other factors, like high 

environmental temperatures and reduced stress, favour the development of the fatty liver 

syndrome (Tegeler, 1992). Fatty liver syndrome is characterised by an enlargement and an 

increased weight of the organ. The ratio of liver mass to body mass can be threefoldly 

heightened. Liver colours vary from tawny to ochre and liver tissue is fragile. In addition, 

intraabdominal fat mass and fat in the region of the coronary vessels is also intensely 

developed which can lead to abdominal hernia and circulatory disorders. An increase of 

pressure in hepatocytes caused by the heightened fat incorporation can lead to the so called 

fatty liver haemorrhagic syndrome (FLHS) (Kolb, 1992; Tegeler, 1992). Haemorrhages occur 

solely or multiple and ruptures of the liver can be observed. Layers suddenly die because of 

bleeding to death.  Economic loss is mainly caused by a reduced laying performance (Tegeler, 

1992). Relationship between hepatic fat deposition and haemorrhages is not completely clear 

and a high fat content of the livers did not necesserily lead to FLHS (Thompson et al., 2003). 

Exogenic triglycerides (TRI) are absorbed while feed intake or synthesized in liver, kidney 

and heart and transported by lipoproteins. Lipoproteins are split into fatty acids, which are 
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absorbed into cells. In poultry, approximately 70% of TRI synthesis occurs in the liver (Kolb, 

1992). TRI serum concentration is related to the occurrence of fatty liver in laying hens. 

Layers with fatty liver show higher TRI concentrations than those with an unaltered liver 

(Weitzenbürger et al., 2005).  

 

Material and methods 

Housing systems, layer lines, management and feeding 

In the present investigation different housing systems were tested during two trials: a 

furnished cage system Aviplus (AP), a small group housing system Eurovent 625a-EU (EV) 

and an aviary system Voliere Natura (AV). In trial 2, the small group housing system EV was 

changed to a modified small group housing system with perches on different levels (MEV). 

All housing systems were supplied by Big Dutchman, Vechta, Germany and installed in one 

building with separated units for each housing system. Laying hens were kept under identical 

management and feeding conditions. In the first trial, lasting from July 2004 to July 2005, LS 

and LT laying hens were kept in equal numbers, while in the second trial, from September 

2005 to October 2006, only LS hens were used. Layers were floor-reared until an age of 18 

weeks.  In both trials, 1,500 hens per system were housed in AP and EV/MEV. The lighting 

period took 14 hours. Compartments of AP were built for groups of 10, 20 and 30 hens. In EV 

and MEV, hens were housed in compartments of 40 and 60 layers. AP was arranged double 

sided, whereas EV/MEV was built without centre partition. These housing systems had three 

tiers and were equipped with a sloping wire floor. Systems were furnished with nest boxes, 

dust baths, claw abrasion devices (adhesive stripes) and perches (2 perches in AP, 4 perches 

in EV/MEV). In AP and EV, white plastic perches (oval/rectangular profile with a flat up- 

and under side, a polished surface with riffles on the front- and backside) were installed on an 

even level (90 mm) parallel to the front of the cage. In the second trial, MEV was equipped 

with normal plastic perches combined with elevated round metal back perches (200 mm 

distance to cage floor) or two stepped, round metal perches at different heights (200 and 275 

mm). Diameter of metal perches was approximately 35 mm. In EV and MEV, the round metal 

supply pipe for dust bath filling was also usable for perching (Ø 45 mm). Surface of the 

supply pipe and the round perches was covered with galvanised zinc. For each hen in AP and 

EV/MEV, 15 cm perch length and 750 cm² floor space was offered. While in EV/MEV dust 

bathes were equipped with a mat and were accessible throughout the day, hens in AP had only 

temporary access to dust bath. Dust bathing substrate (wood shavings, Ø 2-3 mm) was offered 

automatically once a day. In AV, two large groups of 1,250 laying hens were housed during 
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both trials. A central tier block with plastic slatted floor was installed. Family nest boxes were 

incorporated on the right and left side, above the litter area (wood shavings). A wooden perch 

in front of the second tier and round metal perches above the third tier were installed. In 

addition, a covered outdoor area, littered with sand, wood shavings and straw was offered to 

hens. In all housing systems, ad libitum feeding was automatically provided three times a day 

by chain feeding. Water was supplied ad libitum via nipple drinkers. Feeding stuff was based 

on the contents wheat, maize and soy (concentration of nutrients is shown in Table 1). In the 

outdoor area of AV, hay and wheat grain was offered once a day to stimulate exploring 

behaviour of hens. 

 

Evaluation of fat status 

In the 3rd, 6th, 9th and 12th laying month, laying hens were randomly taken out of the different 

housing systems considering group size and layer line in the first trial, and group size and 

perch position in MEV in the second trial. In the first trial, 144 layers of AP (36 hens per 

month), 150 layers of EV (37 hens in laying month 3 and 9, 38 layers in laying month 6 and 

12) and 184 hens of AV (46 laying hens per month) were examined (equal number of LS and 

LT hens). In the second trial, a number of 144 hens per housing system were tested (36 hens 

per month in AP and AV; 32 layers of MEV in month 3 to 9 and 48 hens in laying month 12 

(equal number of hens per perch position). In total, fat status of liver, abdomen and heart was 

examined and assessed in 910 laying hens (670 LS and 240 LT layers). Body weight of each 

hen was recorded before slaughter. Liver was examined macroscopically and assessed for fat 

status using a scoring scheme from 1 to 4 (1: unaltered liver, coloured auburn to light brown, 

2: mild fatty liver, coloured light brown to yellowish, 3: moderate fatty liver, coloured yellow 

with a friable consistency and score 4: high graded fatty liver, coloured yellow to grey, 

heightened and friable). Weight of liver without gall bladder was measured. Intra abdominal 

fat and fat mass of the region of coronary vessels was assessed with scores from 1 (normal fat 

status) to 4 (severe increase of fat mass). Intra abdominal fat was assessed regarding the 

thickness of the abdominal fat pad and amount of intestinal fat. Fat status of the heart was 

assessed regarding the amount of fat in the region of the coronary vessels. For example, a 

severe increase of heart fat mass was given, if fat reached towards apex of the heart. 

  

Blood samples and analysis of triglycerides  

Blood samples (arterial/venous) were taken from each hen while slaughtering. Serum was 

attenuated (1:5) with physiological solution of sodium chloride (0.9%) and TRI serum 
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concentration was measured using an analysis-equipment (Roche/Hitachi, Roche, Japan). 

Measuring range of TRI concentration was 4-1,000 mg/dl, respectively, 0.05-11.4 mmol/l.  

 

Statistical analysis 

Statistical analyses of fat status of liver, abdomen and heart and of TRI serum concentration 

in trial 1 were performed using the MIXED procedure of SAS version 9.1.3 (Statistical 

Analysis System Institute Inc., Cary, NC, USA 2006). The fixed effects of housing system, 

group size, layer line, laying month and the interaction of housing system and laying month 

were included. Compartments of the different housing systems were included as a randomly 

distributed effect. Body weight within layer line and laying month was treated as a linear 

covariate.  

 

Statistical model for trial 1: 

Yijklmno = μ + SYSi + GR(SYS)ij + LINk + MONl + SYS*MONil + b x  BW(LIN*MON)klm  

+ comp(SYS)in + eijklmno 

 

Yijklmno:  score for fat status of liver, abdomen and heart and values of TRI serum 

concentration 

μ:   model constant  

SYSi:   fixed effect of housing system (i = 1-3) 

GR(SYS)ij:   fixed effect of group size (j = 1-6) 

LINk:   fixed effect of layer line (k = 1-2) 

MONl:   fixed effect of laying month (l = 1-4) 

SYS*MONil:   interaction between housing system and laying month 

BW(LIN*MON)klm:  body weight within layer line and laying month 

comp(SYS)in:   random effect of compartment of housing system (n = 75) 

b:    linear regression coefficient 

eijklmno:    random error  

 

In the statistical analyses for fat status of liver, abdomen and heart in trial 2, perch position 

within housing system was added and used as a fixed effect. The interaction of housing 

system and laying month was only significant for liver fat status and thus omitted for the other 

dependent variates.  
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Statistical model for trial 2: 

Yijklmno = μ + SYSi + GR(SYS)ij +  MONk + PER(SYS)il + b x  BW(MON)km + comp(SYS)in 

+ eijklmno 

 

PER(SYS)il:   fixed effect of perch position (l = 1-4) 

 

For the statistical analysis of TRI serum concentration in trial 2, the procedure GLM of SAS, 

version 9.1.3 was used, comprising the fixed effects of housing system, group size, laying 

month and perch position. Body weight within laying month was used as a linear covariate.  

In both trials, values of TRI serum concentration were transformed into logarithms prior to 

statistical analyses. To analyse a possible relation between TRI serum concentration and fat 

status of liver, separate statistical models were employed including the fixed effect of liver fat 

score. Laying hens’ body weight in both trials was analysed using the MIXED procedure of 

SAS. The statistical model contained the fixed effects of housing system, group size, laying 

month, layer line (trial 1) and perch position (trial 2). Compartments of the different housing 

systems were used as a randomly distributed effect. 

Liver weight in both trials was analysed using the following statistical model under the 

MIXED procedure of SAS: 

 

Yijklmno = μ + SYSi + GR(SYS)ij + LINk + MONl + SYS*LFim + SYS*MONil + b x  

BW(LIN*MON)kln + comp(SYS)io + eijklmnop 

 

LFm:   fixed effect of liver fat status 

SYS*LFim:   interaction between housing system and liver fat status 

 

The statistical model for trial 2, was reduced by the fixed effect of layer line while the fixed 

effect of perch position was added.  

 

Results   

Trial 1 

Results of analyses of variance for housing system and the interaction of housing system by 

laying month are shown in table 2. The fixed effect of housing system had a significant 

influence on fat status of liver and abdomen and on TRI serum concentration. Furthermore, 

 69



Chapter 5: Fat status in Lohmann Silver and Lohmann Tradition laying hens 
 

 
liver, abdomen and heart fat status and TRI serum concentration were significantly influenced 

by the interaction of housing system and laying month. Table 3 shows the distribution of 

layers’ liver, abdomen and heart fat status (%) in the different housing systems evaluated. In 

both trials, haemorrhages or ruptures of livers were rarely detected. The highest percentage of 

unaltered livers was found in AV (53.8%), the lowest in AP (29.2%), while EV (43.3% 

normal livers) was in a mediate position. A similar ranking of the different housings systems 

could be seen for the distribution of abdominal fat status and fat mass in the region of the 

coronary vessels. An increased abdominal fat mass was found in 50% of layers housed in AP 

and in 44.7% of hens kept in EV.  Only 9.3% of laying hens in AV showed an increase of 

abdominal fat mass. The number of hens affected by an increased amount of fat within the 

region of coronary vessels was highest in AP (43.1%), followed by EV (39.3%) and AV 

(16.3%). While mild fatty livers (score 2) could be observed in similar numbers in all three 

housing systems, the occurrence of moderate (score 3) and severe (score 4) fatty livers was 

highest in AP and lowest in AV. Severity ranking of abdominal fat status revealed similar 

results for layers housed in AP and EV. In AP and EV, 16.7 and 14.0% of layers showed a 

moderate and approximately 4.0% a severe increase of abdominal fat mass. However, in AV 

only few hens (1.1%) were affected by a moderate increase of abdominal fat mass and severe 

cases could not be recorded. Distribution of heart fat scores revealed similar results for AP 

and EV. The lowest increase of heart fat mass was detected in hens kept in AV, where only 

14.7% of hens showed a mild and 1.6% a moderate increase.  

Average liver weight was significantly lower in layers housed in AP (39.4g) than in layers 

kept in EV (42.2g). Between EV and AV (43.3g), liver weight differed not significantly 

(Table 4). No significant differences for average liver weight could be detected between LS 

(41.3g) and LT layers (42.0g).  

Laying month had a significant influence on liver weight. A significant increase of liver mass 

could be observed from the 3rd (38.8g) to the 6th (42.8g) laying month. Furthermore, body 

weight within laying month and layer line showed a significant influence on liver weight. 

Hens with a higher body weight had heavier livers.  

Table 4 shows the relation between liver fat scores and liver weight of laying hens kept in the 

three different housing systems. Liver weight significantly increased with a higher 

macroscopically assessed fat score. Between the three different housing systems, liver weight 

did not significantly differ in livers assessed with score 1 (unaltered) to 3 (moderate fatty 

liver). In EV and AV, liver weight of severe fatty livers (score 4) was significantly higher 

compared to livers scored with 4 in AP.  
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Average laying hens’ body weight was 2,078 g in AP, 2,074 g in EV and 1,990 g in AV. It 

did not significantly differ between different housing systems as well as different layer lines. 

From the 3rd (1,940g) to the 6th (2,088g) laying month, average body weight significantly 

increased.  

Statistical analysis revealed that the occurrence of fatty livers was significantly influenced by 

housing system (Table 5). Laying hens in AP were scored higher for liver fat status than 

layers in EV and AV. Between hens kept in EV and AV, no significant differences were 

evident. From the 6th month onwards, fatty liver score increased in all hens examined. The 

interaction of laying month and housing system was significant. An increase of liver fat score 

could be observed previously in layers housed in AP compared to hens kept in EV and AV. 

An obvious increase of fatty liver score was observed in AP between the 6th and 9th, while 

scores in EV and AV rose between the 9th and 12th laying month (Table 6). Liver fat status 

was significantly influenced by body weight within layer line and laying month. LS and LT 

laying hens with a higher body weight showed an increased liver fat status in the 6th, 9th and 

12th laying month.  

Abdominal fat status significantly differed between the different housing systems tested 

(Table 5). Layers kept in AP and EV showed a higher amount of abdominal fat mass 

compared to hens housed in AV. Layer line did not influence abdominal fat status. In the 

course of the laying period, an increase of abdominal fat was evident, but not significant in 

statistical analysis. The interaction of housing system and laying month revealed a significant 

increase of abdominal fat from laying month 3 to 6 in EV and from 9 to 12 in AV. Body 

weight showed a significant influence on abdominal fat status. LS and LT layers showed 

higher scores of abdominal fat mass if they were heavier.  

Status of heart fat was not influenced by housing system, whereas a significant effect of layer 

line could be observed (Table 5). LS layers were assessed higher than LT hens. Furthermore, 

laying month and the interaction between housing system and laying month was significant. 

Heart fat score significantly increased from the 3rd to the 6th and from the 9th to the 12th laying 

month. In AP and EV, a significant increase of heart fat mass was observed from the 3rd to the 

6th laying month and furthermore, in AP and AV from laying month 9 to 12. In total, hens 

with a higher body weight were significantly higher scored for heart fat status (except LS 

hens in the 3rd laying month).  

For TRI serum concentration, significant differences between the different housing systems 

were detected. Laying hens in AV showed a significantly higher TRI concentration than hens 

kept in EV (Table 7). Furthermore, TRI serum concentration was influenced by layer line. LS 
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layers showed a significantly lower TRI serum concentration (18.10 mg/ml), than LT layers 

(21.84 mg/ml). From the 3rd to the 6th laying month, TRI concentration significantly 

increased, whereas from laying month 6 to 9 TRI concentration significantly decreased. The 

interaction of housing system and laying month was significant for TRI serum concentration 

in hens housed in AP and EV. TRI serum concentration increased in both housing systems 

from the 3rd to the 6th laying month. Body weight significantly influenced TRI serum 

concentration in LS hens in laying month 3, 6 and 12. Heavier hens showed higher TRI 

concentrations. Statistical analysis of TRI serum concentration with respect to liver fat status 

revealed that TRI concentration increased with an increasing macroscopically assessed fat 

status (Table 8). Group size within the different housing systems showed no significances on 

the fat status in trial 1. 

 

Trial 2 

Results of analyses of variance are shown in Table 2. Fat status of liver and abdomen and TRI 

serum concentration was significantly influenced by housing system. The interaction of 

housing system and laying month was only significant for liver fat status.  

The distribution of scores and mean values for liver, abdomen and heart fat were consistent 

with trial 1 (Table 3). In agreement with trial 1, most of fatty livers were recorded in hens 

kept in AP (66.0%), followed by layers housed in MEV (59.0%). The lowest incidence of 

fatty livers was found in AV (42.4%). Similar results were obtained for abdominal fat scores. 

Scores for fat mass of heart did not differ between hens kept in AP (42.4%) and MEV 

(43.1%), but were lower in AV–housed hens (23.6%). Mean scores for abdomen, heart and 

liver fat status revealed similar results in both trials. While in trial 1 a severe increase of heart 

fat mass could not be detected, few cases occurred in trial 2 in all housing systems evaluated. 

Average liver weight was significantly higher in layers kept in AV compared to hens housed 

in AP (Table 4). The interaction between housing system and laying month was significant 

for liver weight. Within AP and MEV a decrease of liver weight could be observed from 

laying month 3 to 6 as well as from the 9th to the 12th laying month. In AV, liver weight 

decreased from laying month 6 to 9. In MEV, an increase of liver weight could be observed 

from laying month 6 to 9. Body weight within laying month showed a significant influence on 

liver weight. With an increasing body mass, organ weight of the liver increased. Relation 

between liver fat scores and liver weight of laying hens kept in the three different housing 

systems is shown in Table 4. Liver weight increase with the macroscopically assessed fat 

scores was similar to trial 1. Liver weights significantly differed within the same liver score 
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between the different housing systems. For liver scores 1 to 3, liver weight was higher in 

layers housed in AV compared to hens kept in AP assessed with the same score. Layers in 

MEV with a liver score of 2 had a lower liver weight than hens in AV assessed with the same 

score.  

Average body weight of laying hens in the different housing system was 2,086g in AP, 2,038 

g in MEV and 2,053 g in AV.  Like in trial 1, body weight did not significantly differ between 

hens kept in the different housing systems evaluated. Laying month had a significant 

influence on layers’ body weight. In total, it increased from the 3rd to the 6th laying month.  

Fat status of liver significantly differed between hens kept in the different housing systems 

during trial 2 (Table 5). Hens housed in AV were less affected by fatty livers than layers kept 

in AP and MEV. The difference of liver status between AP and MEV was not significant. 

Fatty liver score significantly increased in the course of the laying period. Furthermore, group 

size showed a significant effect on liver fat status in AP. Layers housed in groups of 30 hens 

were scored higher than layers in compartments of 20 hens. The interaction between housing 

system and laying month was also significant. Like in trial 1, a significant increase of liver fat 

score could be observed from the 6th to the 9th laying month in AP. Different to hens in EV 

during trial 1, liver fat score also significantly increased from laying month 6 to 9 in layers 

housed in MEV. In AV, fatty liver score significantly rose from the 3rd to the 6th and 9th to the 

12th laying month, whereas a significant decrease was detected from laying month 6 to 9 

(Table 6).  

Significant differences were observed for abdominal fat mass between the different housing 

systems. Similar to trial 1, hens kept in AP and MEV were assessed significantly higher in 

respect to abdominal fat mass than layers in AV (Table 5). While abdominal fat mass 

significantly decreased from the 3rd to the 6th laying month, a significant increase was evident 

from the 6th month onwards. In AP, hens kept in groups of 30 layers were significantly higher 

scored for abdominal fat mass than those in groups of 20 hens per compartment.  

Similar to trial 1, heart fat status was not influenced by housing system in trial 2. Body weight 

within laying month had a significant influence on fat status of liver, abdomen and heart. 

During the whole laying period, heavier hens were more affected by adiposis.  

The difference of average TRI serum concentration was significant between hens in AP and 

MEV compared to layers kept in AV. Unlike to trial 1, laying hens in AV showed a lower 

average TRI serum concentration compared to layers kept in AP and MEV (Table 7). Body 

weight within laying month had a significant influence on TRI serum concentration. In laying 

months 9 and 12, hens with a higher body weight showed higher TRI concentrations. 
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Furthermore, TRI concentration significantly differed between group sizes in MEV. In groups 

of 40 hens per compartment, TRI concentration was higher than in groups of 60 hens. Similar 

to trial 1, statistical analysis in trial 2 revealed that TRI serum concentration increased with an 

increasing fatty liver status (Table 8). 

Different perch positions installed in the modified small group system (MEV) had no 

significant influence on traits analysed. 

 

Discussion 

The fatty liver syndrome is a multifactorial metabolic disorder in laying hens. It is related to a 

high egg laying performance and thus to a high oestrogen level. Favouring factors are high 

energetic feeding and lack of activity due to limited space in cages (Tegeler, 1992; Kolb, 

1992). Thus, occurrence of fatty livers in laying hens is also related to housing system 

(Keutgen et al., 1999; Weitzenbürger et al., 2005). In an investigation of Keutgen et al. 

(1999), incidence and severity of fatty livers was higher in cage-kept laying hens compared to 

hens housed on floor or in free range. In all housing systems evaluated in the present study, 

laying hens with an increased fat status of liver, abdomen and heart could be observed. An 

increased abdominal fat mass is mostly associated with adiposis of the liver (Tegeler 1992). 

In an investigation of Weitzenbürger et al. (2005), the occurrence of fatty livers in laying hens 

was also accompanied by an increased fat mass of abdomen and heart. In both trials of the 

present study, layers housed in AV were less affected by fatty livers and an increased 

abdominal fat mass than hens in the other housing systems tested. While in trial 1, hens kept 

in EV showed a better liver status than layers in AP, equipping EV with perches at different 

heights in trial 2 (MEV) could not ameliorate liver fat status. The offered new perch design 

seemed not to animate layers’ mobility, so that adiposis had not been prevented. Differences 

in fat status between the different housing systems were consistent in both trials. Layers 

housed in AV were obviously less affected by adiposis as revealed by scores of liver, 

abdominal and heart fat. The nutritional value of the diet fed was identical in all three housing 

systems, so that factors other than feeding components had an influence on layers’ fat status 

in the different housing systems. Because of the possibility to use different tiers, the littered 

floor and the covered outdoor area, hens in AV were able to perform a large repertoire of 

locomotion behaviour including wing flapping, walking, running, jumping, fluttering and 

flying nearly un-restrictedly. Furthermore, exploring behaviour was stimulated by offering 

litter and hay. All these locomotion activities were restricted in AP, EV and MEV systems. 

Group size in AP showed a significant influence on the occurrence of fatty livers and 
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abdominal fat mass in trial 2. Layers housed in compartments with groups of 30 hens were 

more affected by fatty livers and adiposis of the abdomen than layers kept in compartments 

with 20 hens. This result was similar to findings of Weitzenbürger et al. (2005), who found a 

higher incidence of fatty livers in groups of 20 hens compared to groups of 10 layers in 

furnished cages. The higher incidence of fatty livers and an increased abdominal fat mass 

could be caused by social interactions while feeding. In cage-kept hens, feeding through is an 

attractive object to layers (Buchenauer, 2005) and hens are inclined to synchronise their 

feeding behaviour (Hughes, 1971; Webster and Hurnik, 1994). Furthermore, birds show 

socially facilitated feeding behaviour. They peck more at the offered feed in company with a 

flock mate than when being alone (Keeling and Hurnik, 1996). This could have led to an 

increased food consumption in larger groups in AP in the present study. 

An excessive intake of glucose leads to synthesis of fat in the liver. Insulin supports fat 

synthesis. At the beginning of lay, a rise in oestrogen and insulin secretion leads to an 

increase of fatty acid synthesis. The occurrence of fatty livers in laying hens is highest at the 

egg production peak caused by the increased oestrogen level (Kolb, 1992). While in the 

present study, the majority of fatty livers were observed in layers kept in AP, liver weight in 

this housing system was observed to be lower compared to EV (trial 1) and AV (trial 2). 

While with an increasing fat status score, organ weight of the liver increased in all housing 

systems evaluated, liver weight in total was highest in layers kept in AV. Mumma et al. 

(2006) applied ACTH to induce stress in laying hens, which resulted in an increase of body 

and liver weight and a rise of fat content in liver tissue. Furthermore, a decrease on TRI level 

was observed by Mumma et al. (2006) after inducing stress via application of ACTH. In the 

present study, the heightened liver weight of aviary-kept hens seemed not to be associated 

with an increased stress level, because liver fat status of AV-kept layers was generally low. A 

possible explanation for the increased liver weight in AV in the present study could be an 

increased metabolism rate, caused by higher mobility of hens kept in this housing system. 

Liver weight in EV was in between the other two housing systems, possibly effected by the 

larger base area in small group compartments which offered hens the possibility to cover 

relatively longer distances within a compartment (Buchenauer, 2005).  

TRI serum concentration depends on feeding, physical condition and age of hens. Synthesis 

of TRI also increases at the peak of egg production (Kolb, 1992). Cross et al. (1987) found 

out that feeding based on the components maize and soy led to an increase of TRI in liver and 

gallbladder. Lien et al. (2004) observed a decrease of serum TRI concentration if feeding 

contained copper. In the present study, significant differences were found for serum TRI 
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concentration in the first trial between layers in EV and AV. TRI concentration was higher in 

hens housed in AV. All laying hens were kept under identical management and feeding 

conditions, so that feeding components could not explain differences between the three 

housing systems. Results for TRI concentration values in the fist trial could not be confirmed 

in the second trial, where lower TRI concentrations were detected in hens kept in AV 

compared to layers housed in AP and MEV. The higher TRI values found in AP and MEV 

could be explained by the restricted locomotion activity combined with the high energetic 

feeding in these housing systems, because incidence and severity of fatty livers and 

abdominal fat mass was also higher in hens housed in AP, EV and MEV. LT layers showed a 

higher TRI serum concentration than LS hens. A possible effect of layer line on TRI 

concentration was also mentioned by Schumann et al. (2000). In both trials of the present 

study, TRI concentration significantly increased with a rising macroscopic liver fat status. 

This was also observed in Lohmann Selected Leghorn laying hens in an investigation by 

Weitzenbürger et al. (2005). In contrast to conventional cages, furnished cages and advanced 

types of small group housing systems were developed to meet the requirements of animal 

welfare and high egg quality standards. By equipping cages with furniture elements and 

creating different areas (nest box, perches, dust bath), hens are stimulated to walk around in 

their compartments. Adiposis and especially fatty livers in laying hens is still a problem due 

to restricted space for locomotion activities in housing systems. Keeping laying hens in small 

group housing systems and modified small group housing systems in the present study 

decreased occurrence and severity of fatty livers but these housing systems were not so 

effective in preventing adiposis of abdomen and heart in comparison to the AV system. 

Perches in different levels in MEV did not influence laying hens’ fat status, possibly due to 

missing stimulation of mobility. Our results suggest that the enlarged floor space in the EV 

and MEV systems stimulated layers’ physical activities and thus reduced development of 

adiposis. 
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TABLE 1: Composition of the standard layer diet fed in the first and second trial in the 
different housing systems. (Ergebnisse der Futtermittelanalyse im ersten und zweiten 
Legedurchgang in den verschiedenen Haltungssystemen.) 
 Trial 1 Trial 2 
Housing system AP EV AV AP MEV AV 
ME  10.8 10.8 10.8 10.8 10.8 10.9 
XP (%) 16.0 16.1 16.0 16.5 16.4 16.5 
XL (%) 4.9 5.0 4.9 5.2 5.1 5.2 
XF (%) 4.2 4.2 4.1 3.9 4.0 4.0 
XA (%) 10.4 10.3 10.8 11.7 11.3 11.2 
Amylum (%) 36.8 37.1 36.8 36.1 36.5 36.1 
Sugar (%) 3.7 3.6 3.6 3.5 3.5 3.5 
ME = metabolizable energy; XP =  crude protein; XL =  crude lipid; XF =  crude fibre; XA = 
crude ash 
 
 
TABLE 2: Analyses of variance for scores of fat status of liver, abdomen and heart and 
Triglycerid (TRI)-Serum concentration status in trial 1 and 2. (Varianzanalyse des Fettstatus 
von Leber, Abdomen und Herz  und der Triglycerid (TRI)-Serum-Konzentration in 
Legedurchgang 1 und 2.) 
Trait Effect of housing system Effect of housing system by 

laying month 
Trail 1 DF F-Value P DF F-Value P 
Liver 2 5.72 0.0036 6 2.35 0.0309 
Abdomen 2 3.06 0.0482 6 3.47 0.0024 
Heart 2 1.58 0.2067 6 2.40 0.0274 
TRI 2 3.15 0.0439 6 2.22 0.0405 
Trail 2   
Liver 2 4.38 0.0132 6 5.68 <0.0001 
Abdomen 2 13.84 <0.0001 - - - 
Heart 2 1.18 0.3072 - - - 
TRI 2 4.53 0.0113 - - - 
DF = degrees of freedom  
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TABLE 3. Distribution (%) of liver, abdomen and heart fat scores, their means and standard 
deviations in the three different housing systems in trials 1 and 2. (Fettstatus von Leber, 
Abdomen und Herz (%), deren Mittelwerte und Standardabweichung in den drei 
unterschiedlichen Haltungssystemen im 1. und 2. Legedurchgang.) 
System 
Trial 1 

Score Liver Abdomen Heart 

1 29.2 50.0 56.9 
2 45.1 29.2 34.0 
3 15.3 16.7 9.0 
4 10.4 4.2 - 

AP 

x ± s 2.07 ± 0.93  1.75 ± 0.88 1.52 ± 0.66 
1 43.3 55.3 60.7 
2 40.0 26.7 30.7 
3 10.7 14.0 8.7 
4 6.0 4.0 - 

EV 

x ± s 1.79 ± 0.86 1.67 ± 0.86 1.48 ± 0.65 
1 53.8 90.8 83.7 
2 38.6 8.2 14.7 
3 6.5 1.1 1.6 
4 1.1 - - 

AV 

x ± s 1.55 ± 0.67 1.10 ± 0.34 1.18 ± 0.43 
Trial 2     

1 34.0 55.6 57.6 
2 39.6 27.1 34.0 
3 18.1 12.5 6.9 
4 8.3 4.9 1.4 

AP 

x ± s 2.01 ± 0.93 1.67 ± 0.88 1.52 ± 0.69 
1 41.0 61.8 56.9 
2 34.7 22.9 32.6 
3 17.4 11.8 9.0 
4 6.9 3.5 1.4 

MEV 
 

x ± s 1.90 ± 0.93 1.57 ± 0.83 1.55 ± 0.72 
1 57.6 88.9 76.4 
2 34.7 7.6 18.8 
3 5.6 2.8 4.2 
4 2.1 0.7 0.7 

AV 

x ± s 1.52 ± 0.70 1.15 ± 0.48 1.29 ± 0.58 
1 = unaltered liver; 2 = mild fatty liver; 3 = moderate fatty liver; 4 = severe fatty liver; AP = 
Aviplus; EV = Eurovent 625a-EU; AV = Aviary; MEV = modified small group housing 
system Eurovent 625a-EU 
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TABLE 4: Least square means (LSM) of liver weight (g) in total and by liver scores in the 
different housing systems during trials 1 and 2. (LS-Mittelwerte (LSM) des Lebergewicht (g) 
insgesamt und nach den Bewertungsstufen des Leberstatus in den verschiedenen 
Haltungssystemen in Legedurchgang 1 und 2.) 
Liver fat 
score  

 

Trial 1 AP EV AV 
1 38.20 ± 1.03ac 36.97 ± 0.85a  39.46 ± 1.62a  
2 37.10 ± 0.80a 39.17 ± 0.86b 40.35 ± 1.66a  
3 41.54 ± 1.32bd 44.50 ± 1.55c 42.10 ± 2.21a  
4 40.72 ± 1.73cd 48.16 ± 2.04c  51.14 ± 4.22b  
average 
liver 
weight 
(g) 

39.39 ± 0.69 42.20 ± 0.79 43.26 ± 1.87 

Trial 2 AP MEV AV 
1 36.94 ± 0.82a 37.95 ± 0.83a 40.14 ± 0.87a 
2 40.09 ± 0.67b 39.22 ± 0.79a 42.57 ± 0.97b 
3 42.39 ± 1.01c 44.32 ± 1.13b 47.32 ± 1.86c 
4 48.28 ± 1.49d 48.45 ± 1.69c 48.41 ± 2.91c 
average 
liver 
weight 
(g) 

41.93 ± 0.53 42.49 ± 0.62 44.61 ± 1.11 

Different superscripts (a-d) indicate significant differences (p < 0.05) between liver weights 
and liver scores within the different housing systems 
AP = Aviplus; EV = Eurovent 625a-EU; AV = Aviary; MEV = modified small group housing 
system Eurovent 625a-EU 
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TABLE 5: Least square means (LSM) of fat status of liver, abdomen and heart, their 
standard errors and their error probabilities (P) for differences of LSM among the three 
different housing systems in trials 1 and 2. (LS-Mittelwerte (LSM) der Beurteilungsnoten des 
Verfettungsstatus von Leber, Abdomen und Herz einschließlich deren Standardfehler für die 
drei verschiedenen Haltungssysteme und Irrtumswahrscheinlichkeiten (P) für die Differenzen 
der LSM zwischen den Haltungssystemen in den Legedurchgängen 1 und 2.) 
 Housing system P 
Trial 1 AP (I) EV (II) AV (III) I-II I-III II-III 
Liver 2.02 ± 0.07 1.75 ± 0.07 1.59 ± 0.15 0.005 0.009 0.327 
Abdomen 1.67 ± 0.07 1.64 ± 0.07 1.16 ± 0.19 0.725 0.014 0.022 
Heart 1.48 ± 0.05 1.47 ± 0.05 1.22 ± 0.14 0.864 0.079 0.096 
Trial 2 AP (I) MEV (II) AV (III) I-II I-III II-III 
Liver 1.98 ± 0.06 1.87 ± 0.07 1.53 ± 0.14 0.230 0.004 0.030 
Abdomen 1.62 ± 0.05 1.54 ± 0.05 1.18 ± 0.07 0.314 <0.001 <0.001 
Heart 1.49 ± 0.06 1.54 ± 0.06 1.31 ± 0.14 0.595 0.208 0.125 
AP = Aviplus; EV = Eurovent 625a-EU; AV = Aviary; MEV = modified small group housing 
system Eurovent 625a-EU 
  
 
TABLE 6: Least square means (LSM) with their standard errors of scores of liver fat status 
in the different housing systems in the course of the laying period in trials 1 and 2. (LS-
Mittelwerte (LSM) und deren Standardfehler des Leberfettstatus in den verschiedenen 
Haltungssystemen im Verlauf der Legeperiode in Durchgang 1 und 2.) 
Laying month    
Trial 1 AP EV AV 
3 1.60 ± 0.13a 1.56 ± 0.13a 1.58 ± 0.18ab 
6 1.65 ± 0.12a 1.46 ± 0.13a 1.32 ± 0.17ab 
9 2.26 ± 0.13b 1.69 ± 0.13a 1.57 ± 0.17ab 
12 2.55 ± 0.13b 2.27 ± 0.13b 1.88 ± 0.17ac 
Trial 2 AP MEV AV 
3 1.48 ± 0.12a 1.35 ± 0.14a 1.19 ± 0.17a 
6 1.74 ± 0.12a 1.44.± 0.13a 1.74 ± 0.17b 
9 2.26 ± 0.12b 2.33 ± 0.13b 1.40 ± 0.17a 
12 2.44 ± 0.12b 2.35 ± 0.11b 1.80 ± 0.17b 
Different superscripts (a-c) indicate significant differences (p < 0.05) between liver scores 
within the different housing systems 
AP = Aviplus; EV = Eurovent 625a-EU; AV = Aviary; MEV = modified small group housing 
system Eurovent 625a-EU 
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TABLE 7: Least square means (LSM) with their standard errors of TRI serum concentration 
(logarithmic values) for the three different housing systems and their error probabilities (P) 
for differences of LSM among housing systems. (LS-Mittelwerte der TRI-Serum Konzentration 
(logarithmierte Werte) einschließlich deren Standardfehler für die drei verschiedenen 
Haltungssysteme und Irrtumswahrscheinlichkeiten (P) für die Differenzen der LSM zwischen 
den Haltungssystemen.) 
 Housing system P- value 
Trial  AP 

 (I) 
EV/MEV 

(II) 
AV  
(III) 

I –II I – III II - III 

1 TRI  2.97 ± 0.04  2.94 ± 0.04 3.06 ± 0.04 0.586 0.060 0.016 
2 TRI  2.88 ± 0.03  2.87 ± 0.04 2.75 ± 0.03 0.944 0.008 0.011 
TRI = Triglycerid serum concentration; AP = Aviplus; EV = Eurovent 625a-EU; AV = 
Aviary; MEV = modified small group housing system Eurovent 625a-EU 
 
 
TABLE 8: Least square means (LSM) with their standard errors for TRI serum 
concentration (logarithmic values) and their error probabilities (P) in relation to 
macroscopical liver fat scores. (LS-Mittelwerte (LSM) der TRI-Serum Konzentration 
(logarithmierte Werte) einschließlich deren Standardfehler und Irrtumswahrscheinlichkeiten 
(P) in Abhängigkeit zur makroskopischen Bewertung des Leberfettstatus.) 
Liver scores  P for differences to scores 
Trial 1 TRI 1 2 3 
1  2.91 ± 0.03    
2  3.02 ± 0.03 0.0165   
3 3.12 ± 0.06 0.0037 0.1473  
4  3.16 ± 0.09 0.0137 0.1447 0.6961 
Trial 2 TRI 1 2 3 
1  2.80 ± 0.03    
2  2.83 ± 0.03 0.4451   
3  2.84 ± 0.06 0.5287 0.9155  
4  3.07 ± 0.09 0.0048 0.0091 0.0154 
1 = unaltered liver; 2 = mild fatty liver; 3 = moderate fatty liver; 4 = severe fatty liver; TRI = 
Triglycerid serum concentration 



Chapter 6: Evaluation of room use and selected behavioural traits in laying hens 
 

 
 

 

 

 

Chapter 6 

 

 

 

Evaluation of room use and selected behavioural traits in laying 

hens kept in different housing systems with modified perches 
 

 

 
S. Rönchen, B. Scholz, H. Hamann and O. Distl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 83



Chapter 6: Evaluation of room use and selected behavioural traits in laying hens 
 

 
Evaluation of room use and selected behavioural traits in laying hens kept in different 

housing systems with modified perches 
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Abstract 

Observations of laying hens’ behaviour were conducted on two different farms in Lohmann 

Selected Leghorn (LSL), Lohmann Brown (LB) and Lohmann Silver (LS) hens kept in 

different housing systems. The study contained furnished cages (Aviplus (AP)), small group 

housing systems (Eurovent 625a-EU (SG)), modified furnished cages (Eurovent 625A-EU 

(MFC)) and modified small group housing systems (Eurovent 625a-EU (MSG)) with perches 

on different levels. Behavioural observations were analysed regarding room use and 

acceptance of perches offered within the different housing systems. The majority of hens 

stayed on wire floor in all housing systems evaluated. The highest number of hens staying on 

wire floor was recorded in AP. In total, with an increasing group size, more hens stayed on 

floor. Comparing offered elevated perching opportunities in SG, AP (non elevated perches) 

with those in MSG, MFC, (back perches being elevated) in trial 1, perch use was highest in 

SG with non elevated perches in LB and LSL layers. If in trial 2 compartments of MSG were 

equipped with the back (BE) or the front (FE) perch being elevated or with stepped (ST) 

perches, layers frequented perches most in FE- and less in ST-compartments. Layers in all 

housing systems tested visited nest boxes throughout the whole day as a withdrawing area. 

Dust baths were frequented more often for other activities than for performing dust bathing 

behaviour. Walking activity on wire floor in total was higher in MSG than in AP and MFC 

(trial 2) and it increased with an increasing group size respectively a larger base area within 

the compartments. Furthermore, frequency of hens walking on wire floor was highest in ST-

compartments, where hens were able to cover longer distances without crossing even perches. 

 

Introduction 

The behaviour of an animal is congenital in part but also a reaction to its environment. In line 

with the domestication of animals towards productive livestock, their environment has been 

more and more restricted. Meanwhile, development of housing systems should be tailored to 

 84



Chapter 6: Evaluation of room use and selected behavioural traits in laying hens 
 

 
the needs of animal welfare. Behaviour is an important criterion to evaluate the adequacy of a 

housing system (Weitzenbürger et al., 2006) and it is a good indicator of states of suffering 

such as fear, frustration and pain (Duncan, 1998). Conventional cages for laying hens have 

been heavily criticised as they lead to welfare problems due to limited space and poor 

environmental conditions. In the EU, conventional cages will be banned after 2012 and laying 

hens have to be kept in furnished cages, small group housing systems or alternative housing 

systems. Furthermore, in Germany, furnished cages have to be abolished and replaced by 

alternative housing systems or small group housing systems after 2020. Small group housing 

systems and modified small group housing systems are presently being developed. In the 

present study, different housing systems for laying hens were tested and behavioural 

observations were performed. The present evaluation included a small group housing system 

(Eurovent (EV) 625a-EU (SG)), a modified small group housing system (EV 625a-EU 

(MSG)), a furnished cage system Aviplus (AP) and a modified furnished cage system (EV 

625A-EU (MFC)). Within the modified housing systems (MFC, MSG) perches were installed 

at different levels. The aim of the study was to evaluate laying hens’ use of different cage 

areas and different perching opportunities. Furthermore, certain behavioural traits were 

analysed to evaluate if laying hens’ behaviour had been influenced by different housing 

systems and different perch designs. 

 

Material and methods 

Housing systems and management 

Trial 1 

Behavioural observations of Lohmann Brown (LB) and Lohmann Selected Leghorn (LSL) 

layers housed in different housing systems were performed in a laying period lasting from 

August 2004 to August 2005. Laying hens were reared in cages until an age of 18 weeks. 

Housing systems evaluated were built for a total number of 8,640 hens (LB and LSL to equal 

parts) and were installed in one building. Laying hens were kept under equal management 

conditions. Ad libitum feeding was automatically provided three or four times a day via chain 

feeding and water was supplied ad libitum via nipple drinkers. The light period took 14 hours 

(04.00-18.00 h). Housing systems tested were a furnished cage system (Aviplus (AP)), a 

modified furnished cage system (EV 625A-EU (MFC)), a small group housing system (EV 

625a-EU (SG)) and a modified small group housing system (EV 625a-EU (MSG)). 

Compartments of SG/MSG were built for groups of 40 and 60 layers. In MFC, hens were 

housed in groups of 20 and 30 layers per compartment. Laying hens in AP were kept in 
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groups of 10 and 20 hens. Compartments of AP and MFC were arranged double-sided, 

whereas compartments in SG/MSG were built without centre partition (Tab. 9). All housing 

systems evaluated were equipped with a sloping wire floor and were furnished with perches 

(two perches in MFC and AP, four perches in SG/MSG), nest boxes (equipped with Astroturf, 

Aviplus or Netlon mats), dust baths, and claw abrasion devices (abrasive blocks, perforated 

metal plates or two abrasive blocks (AP); abrasive blocks (SG/MSG); adhesive stripes 

(MFC)). Within SG/MSG, supply pipe (Ø 45 mm, galvanised zinc) for dust bathing substrate 

in the compartment-centre was also useable for perching (fifth perching opportunity). Each 

hen was offered 750 cm² floor space and 15 cm perch length of its disposal. Within SG and 

AP, white plastic perches were installed in parallel position to the front of the cage on an even 

level (90 mm). They had an oval/rectangular profile, a flat up- and under-site and riffles on 

the front- and backside. MSG compartments were equipped with non-elevated (NE) perches 

(90 mm) in the front and elevated (200 mm distance to wire floor), round metal (Ø 35 mm, 

galvanised zinc) back perches (BE). In MFC compartments, only plastic perches were used 

and the back (BE) or the front perch (FE) had been changed in its height (200mm distance to 

cage floor), while the other perch stayed in an even position (90mm). Dust baths in SG/MSG 

and MFC were furnished with Astroturf, Aviplus or Netlon mats and were accessible 

throughout the day. Dust baths in AP were made of galvanised metal with a panel to transport 

dust bathing substrate and were temporarily accessible to the hens (closed with a grating to 

prevent oviposition). Dust bathing substrate (wood shavings, Ø 2-3 mm) was offered 

automatically once a day in all housing systems examined.  

 

Trial 2 

In the second trial, behaviour of cage-reared LSL layers kept on the same farm like in trial 1 

was examined. The laying period lasted from October 2005 to October 2006. Hens were 

transferred to the different housing systems at the age of 18 weeks. In total, 8,640 LSL laying 

hens were housed under identical conditions like in trial 1. Within the small group housing 

system EV 625a-EU (SG), all compartments were changed to modified small group housing 

systems (MSG). In addition to BE-compartments (trial 1), compartments with front perches 

being elevated (FE, 200 mm) and compartments with perches in a stepped (ST) position (200 

and 275 mm) were added. FE-perches and ST-perches were roundly shaped (Ø 35 mm) and 

made of metal (galvanised zinc).      
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Trial 3 

In addition to trials 1 and 2, behavioural observations were performed in laying hens housed 

on a different farm comprising the laying period from September 2005 to October 2006. 

Layer line tested was Lohmann Silver (LS). Hens were floor-reared until the age of 18 weeks. 

Two different housing systems were installed in one building and layers were housed under 

identical management conditions. Ad libitum feeding was provided three or four times a day 

via chain feeding and water was supplied ad libitum via nipple drinkers. The light period 

lasted 14 hours (05.00-19.00 h). Housing systems tested were a furnished cage system 

(Aviplus (AP)) and a modified small group housing system (Eurovent (EV) 625a-EU (MSG)). 

Both housing systems were built and furnished equally to MSG and AP housing systems 

described above. Group size was different in AP. Compartments were built for 10, 20 and 30 

hens. Both housing systems examined were equipped with adhesive stripes for claw 

shortening. MSG-compartments included in behavioural observations were equipped with 

BE- and ST-perches.   

 

Behavioural observations 

Behaviour of laying hens was observed during the lighting period. Observations were 

performed using a method of direct observation and instantaneous scan sampling. The 

behavioural pattern for the observation moment had been defined before (One-zero 

Sampling). Observations in trial 1 took place in the 6th and 12th laying month, in trial 2 in 

laying month 3, 6 and 12. In trial 3, behavioural observations were performed in the 3rd, 6th, 

9th and 12th laying month. In trial 1 and 2, laying hens were observed on to days from 7.30-

10.00 h, 10.30-13.00 h and 14.30-17.00 h and on two days from 09.30-12.00 h and 12.30-

15.00 h. In trial 3, observation times lasted during two days from 08.30-10.30 h, 12.00-14.00 

h and 15.30-17.30 h and on two days from 10.30-12.00 h and 13.30-15.30 h. An individual 

time per compartment was given before starting the observation until laying hens seemed to 

be acclimated to the observer. The observer tried to keep the greatest distance possible to the 

compartments observed in order not to influence laying hens’ behaviour. During feeding, 

observations were intermitted and continued after approximately 15 minutes. Two 

compartments of the same group size, layer line (trial 1) and perch position were observed to 

assure a repetition (except certain compartments in trial 1, where only one compartment of the 

same kind was existent). In all testing periods, the same compartments were observed. The 

following behavioural patterns were recorded and analysed: Exploring behaviour, comfort- 

and resting behaviour and locomotion behaviour. The kind of layers’ stay (standing, sitting, 
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lying) and their localisation in the compartments (floor, dust bath, nest box, perch, perch 

level) were also recorded. 

 

Exploring behaviour: 

pecking against objects (floor, partitions, furniture elements)  

pecking in dust baths 

feather pecking. 

 

Comfort behaviour: 

dust bathing activity in dust baths (except AP)  

dust bathing activity on wire floor 

 

Resting behaviour: 

resting  

resting on perches 

 

Locomotion activity: 

walking on wire floor  

walking on even perches 

 

Laying hens’ localisation within different compartment areas is shown in Figure 1-3 for the 

different housing systems tested. In order to give an overview of laying hens’ distribution and 

stay in different compartment areas, behaviour traits comprising the stay of hens (standing, 

sitting, lying, dust bathing activity and dust bathing attitude) were accumulated for the areas 

floor, dust bath (SG/MSG, MFC) and nest box. In addition, the number of layers walking on 

floor was analysed. Perch use in general and for different perch-positions and -variants was 

analysed in detail.  

 

Use of perches offered (including every perching opportunity within the compartment) was 

separated into the following traits:  

stay on perches (standing, sitting) 

resting on perches  
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Use of perches in modified compartments was separated into the following traits: 

stay on NE-perches (also including supply pipe of dust bath filling in SG/MSG)  

stay on elevated perches 

resting on NE-perches 

resting on elevated perches 

walking on NE-perches  

 

With changing perch height and position in MFC and MSG, opportunity for using even 

perches decreased. Thus, not all compartment-variants could be compared. 

Due to the temporary access to dust baths, the trait dust bathing activity in dust bath in AP 

was excluded for the comparison between the different housing systems.      

 

In order to define the recorded behavioural traits, it must be declared that the different traits 

are not mutually exclusive. Thus, it was possible that one laying hen was recorded performing 

two different (overlapping) behavioural traits (for example, a hen could be recorded for the 

trait ‘standing on wire floor’ and for the trait ‘feather pecking’). The total number of hens 

within a compartment was defined with recorded traits, which gave information about layers’ 

localisation within the compartment (stay on floor, on perches, in nest boxes, in dust baths, 

walking on even perches and on floor). Thus, frequencies of performed behavioural traits 

could be determined. 

  

Statistical analyses 

Statistical analyses were performed using the MIXED procedure of SAS, version 9.1.3. 

(Statistical Analysis System Institute Inc., Cary, NC, USA 2006). The fixed effects of housing 

system, layer line (trial 1), group size within housing system (trial 2 and 3) and layer line 

(trial 1), laying month, observation time and perch position within housing system (trial 2 and 

3) and layer line (trial 1) were included in the statistical analyses. Compartment of housing 

system was treated as a randomly distributed effect.  

 

Statistical model for trial 1: 

Yijklmnop = μ + SYSi + GR(SYS*LIN)ijk + LINk + MONl + PER(SYS*LIN)ikm + TIMEn + 

comp(SYS)io + eijklmnop 

 

Yijklmnop: behavioural trait   
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μ:   model constant  

SYSi:  fixed effect of housing system (i = 1-3) 

GR(SYS*LIN)ij:  fixed effect of group size within housing system and layer line (j = 1-6) 

LINk:  fixed effect of layer line (k = 1-2) 

MONl:   fixed effect of laying month (l = 1-2) 

PER(SYS*LIN)ikm :  fixed effect of perch position within housing system and layer line (m = 

1-3) 

TIMEn:  fixed effect of observation time (n =1-4)     

comp(SYS)in:  random effect of compartment of housing system (n = 28) 

eijklmno:   random error coefficient  

 

Statistical model for trial 2: 

Yijklmno = μ + SYSi + GR(SYS)ij + MONk + PER(SYS)il + TIMEm + comp(SYS)in + eijklmno 

 

Yijklmno: behavioural trait   

μ:   model constant  

SYSi:  fixed effect of housing system (i = 1-3) 

GR(SYS)ij:  fixed effect of group size within housing system (j = 1-6) 

MONk:   fixed effect of laying month (l = 1-3) 

PER(SYS)il:  fixed effect of perch position within housing system (m = 1-4) 

TIMEm:  fixed effect of observation time (n =1-4)     

comp(SYS)in:  random effect of compartment of housing system (n = 20) 

eijklmno:   random error coefficient  

 

Statistical model for trial 3: 

Yijklmno = μ + SYSi + GR(SYS)ij + MONk + PERl + TIMEm + comp(SYS)in + eijklmno 

 

Yijklmno: behavioural trait   

μ:   model constant  

SYSi:  fixed effect of housing system (i = 1-2) 

GR(SYS)ij:  fixed effect of group size within housing system (j = 1-5) 

MONk:   fixed effect of laying month (l = 1-4) 

PERl:  fixed effect of perch position (m = 1-3) 

TIMEm:  fixed effect of observation time (n =1-4)     
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comp(SYS)in:  random effect of compartment of housing system (n = 14) 

eijklmno:   random error coefficient 

 

 

Results  
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Figure 1. Localisation of LSL and LB laying hens (%) in the different compartment areas 

 

The distribution of laying hens in the different compartment areas of housing systems tested is 

shown in Figure 1. The majority of laying hens in all housing systems tested were observed 

on wire floor. The highest incidence of hens on the floor was observed in AP (73.3%), the 

lowest in SG (58.7%). Use of perches was highest in SG (19.9%) and lowest in MSG 

(11.6%). A similar percentage of hens using dust baths was recorded in MFC, SG and MSG 

(BE) (approximately 9%). Nest boxes were used more often in AP (6.4%) compared to the 

other housing systems examined. Walking on wire floor was mainly observed in layers 

housed in BE-compartments of MSG (4.8%). The lowest incidence was found in hens kept in 

AP (2.9%). Walking on even perches was recorded in 1.6% of layers kept in AP, in 3.1% of 

layers housed in SG, in 2.1% of hens in MFC and in 2.3% of hens housed in MSG. Statistical 

analysis of laying hens’ distribution in different cage areas is shown in Table1. LB layers 

housed in AP could be observed significantly more often staying on floor than hens kept in 

the other three housing systems. The difference between MFC- and SG-compartments was 

also significant. LB laying hens in SG were observed less on floor. Within EV 625a-EU, 

number of hens staying on floor significantly differed between different perch positions. The 

incidence of hens observed on the floor was higher in MSG-compartments. In LSL layers, the 

significantly lowest incidence of layers recorded on wire floor was found in SG. A 

significantly higher percentage of LSL hens was observed on floor in AP than in MSG. Use 
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of perch variants offered in the different housing systems tested is shown in Table 2. Perch 

use significantly differed between housing systems evaluated. LB and LSL layers housed in 

SG used perches more frequently than hens kept in the other housing systems tested. LB 

layers in MSG could be observed significantly less on perches than LB hens kept in AP and 

MFC. A significantly lower percentage of roosting LSL hens compared to AP was detected in 

MFC. Resting behaviour on perches only differed significantly in LSL layers. In AP and SG, 

the number of hens resting on perches was higher than in MFC. Furthermore, hens kept in SG 

used perches significantly more often for resting than layers housed in MSG (BE-perches). 

The number of LB and LSL hens staying on non-elevated perching opportunities (including 

NE-perches and supply pipe of dust bath filling in SG/MSG) was significantly lower in AP 

than in SG. LB layers kept in BE-compartments used NE-perches significantly more often in 

MFC compared to hens housed in MSG. The number of hens of both layer lines staying in 

dust baths did not significantly differ between SG, MSG and MFC. Dust bathing activity in 

dust baths was observed in a significantly higher number of LB hens kept in SG than in LB 

layers housed in MFC. In LSL layers, dust bathing could be observed significantly more often 

in MFC than in SG. Dust bathing activity on wire floor did not reveal significant differences 

for LB and LSL layers kept in the different housing systems. Nest boxes were frequented 

more often by LB layers in AP compared to LB layers kept in MFC. In comparison to the 

other housing systems examined, the highest incidence of LSL hens in nest boxes could be 

observed in AP. Furthermore, frequenting nest boxes differed between LSL layers housed in 

MFC and MSG. In MSG, LSL layers were significantly more often recorded in nest boxes. 

The number of LB layers walking on wire floor was significantly lowest in AP. In LSL hens, 

walking on floor was significantly more often recorded in MSG compared to MFC. The 

incidence of LSL layers walking on floor housed in BE-compartments of MSG was 

significantly higher than in SG-compartments. Walking on even perches (NE-perches and 

supply pipe of dust bath filling within SG/MSG) was seen significantly less often in LB and 

LSL hens housed in AP compared to layers kept in SG. Between hens housed in BE-

compartments in MSG and MFC, no significant differences could be detected. The number of 

hens resting significantly differed only between LSL layers kept in AP and MFC. A higher 

number of layers resting could be observed in AP. A significant influence of housing system 

and perch design on feather pecking could be observed in LB layers. In AP, the incidence of 

feather pecking was higher than in SG and MSG. Pecking against objects was significantly 

more often recorded in LSL layers kept in AP than in the other housing systems tested, while 

in LB layers, no significances could be detected. Pecking in dust bath was recorded in a 
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significantly higher number of LB hens in MSG compared to LB hens kept in AP and MFC. 

In AP, LSL layers pecked significantly less in dust baths than hens in MFC and MSG. 

Furthermore, LSL layers in MFC showed this behaviour significantly more often than LSL 

hens in SG and MSG (Tab. 3).  

Analyses of variance revealed that in the majority of cases, layer line had a larger significant 

influence on behavioural traits than group size. For the traits staying on floor, on perches (in 

total) and on even perches, walking on floor and walking on even perches and furthermore, 

feather pecking, LB layers showed significantly higher frequencies than LSL hens. The 

incidence of LSL layers recorded staying in dust baths and in nest boxes, performing dust 

bathing activity on floor, pecking against objects and furthermore, resting in total, on perches 

(in total) and on even perches was higher compared to LB layers.    

Group size within the different housing system had a significant influence on several 

behavioural traits. LSL laying hens kept in larger groups in MFC (30 hens per compartment) 

and SG/MSG (60 hens per compartments) were recorded more often on floor than hens in 

groups of 20 (MFC) and 40 (SG/MSG) layers per compartment. The incidence of LSL layers 

in AP using perches was significantly higher in groups of 20 hens compared to groups of 10 

layers. This was different to LSL layers housed in SG/MSG, where a significant larger 

number of hens could be observed on perches in groups of 40 than in groups of 60 hens per 

compartment. Dust bathes within MFC and SG/MSG were used more often by LSL and LB 

layers kept in smaller groups. The number of LSL layers frequenting nest boxes was higher in 

smaller groups of MFC SG/MSG. Walking on floor could be recorded more often in LB 

layers housed in larger groups of AP and MFC than in compartments of smaller group sizes. 

Resting behaviour could be observed more often in LSL layers kept in groups of 60 than in 

groups of 40 hens per compartment in SG/MSG. Pecking in dust baths was recorded in a 

higher number of LB hens in compartments of 10 layers compared to those with 20 hens. In 

SG/MSG, LSL hens in smaller groups (40 hens) frequented even perches more often than 

layers housed in larger groups (60 hens).   
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Figure 2. Localisation of LSL laying hens (%) in the different compartment areas 

 

Observations of layers’ behaviour in trial 2 revealed the highest incidence of laying hens on 

floor in AP (68.8%), followed by MFC (67.4%). The lowest number of hens staying on floor 

was observed in FE-compartments of MSG (50.5%), while perch acceptance was detected to 

be highest in these compartments (23.7%). The lowest frequency of perch use was seen in 

MFC (10.8%). Dust bath was mainly frequented by layers housed in ST-compartments 

(12.1%), followed by hens kept in FE- (11.8%) and BE-compartments (11.4%) of MSG. Use 

of nest boxes was mainly observed in AP (8.6%). The highest number of laying hens walking 

on floor was found in ST-compartments of MSG (6.8%). Walking on perches was observed in 

1.8% of layers housed in AP. Walking on NE-perches within MSG was recorded in 1.3% of 

hens in BE- and in 1.7% of layers kept in FE-compartments. In MFC, 1.5% of layers were 

observed walking on even perches. Results of statistical analysis are shown in Table 4. 

Differences in perch design had a significant influence on the distribution of hens within the 

different compartments. In AP, the significantly highest incidence of hens staying on wire 

floor could be observed. This result significantly differed from the number of layers recorded 

on floor in all variants of MSG-compartments (BE, ST, FE). The difference between MFC 

and MSG (BE, ST, FE) was also significant. Less hens staying on floor could be observed in 

MSG. Within MSG, the number of laying hens staying on floor differed between the different 

perch designs. In comparison to ST-compartments, a significantly lower incidence of hens 

was recorded staying on floor in BE- and FE-compartments. Use of perch variants offered in 

the different housing systems tested is shown in Table 5. Use of perches was significantly 

highest in FE-compartments of MSG. A significantly lower number of hens was seen on 

perches in MFC than in AP and BE-compartments of MSG. Furthermore, perches were used 

significantly more often in BE- than in ST-compartments of MSG. Perches were significantly 
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more frequented for resting in ST- and FE-compartments of MSG than in AP. A significantly 

lower number of hens resting on perches could be observed in MFC compared to FE-

compartments of MSG. Within MSG, the highest incidence of hens resting on perches was 

recorded in FE-compartments. NE-perching opportunities (including NE-perches and supply 

pipe of dust bath filling in MSG) were frequented most in FE-compartments of MSG 

compared to NE-perches installed in BE-compartments of MFC and MSG. Between different 

BE-compartments no significant difference could be detected. Use of elevated perches was 

significantly higher in BE- and FE-compartments of MSG than in BE-compartments of MFC. 

The number of layers observed resting on NE-perches significantly differed between hens 

kept in FE- and BE-compartments of MSG. Hens in FE-compartments used NE-perches more 

often for resting. The frequency of resting behaviour on elevated perches (BE, FE) revealed 

no significant differences between BE- and FE-compartments. The significantly lowest 

number of laying hens staying in dust baths was recorded in MFC, whereas within MSG (BE, 

FE, ST) no significant differences could be detected. Dust bathing activity in dust baths did 

not significantly differ between hens housed in MFC and MSG. The behaviour trait dust 

bathing activity on wire floor revealed no significances between the different housing systems 

evaluated. The incidence of hens frequenting nest boxes significantly differed between hens 

housed in AP and MFC. Nest boxes were visited more frequently by layers in AP. Walking on 

wire floor could be observed significantly more often in MSG (BE, ST, FE) than in AP and 

MFC. Within MSG, a significantly higher percentage of hens walking on floor was recorded 

in ST- compared to BE- and FE-compartments. The frequency of hens walking on NE-

perches in BE-compartments of MFC and MSG did not differ significantly. Resting laying 

hens could be observed significantly more often in ST- and FE-compartments of MSG and in 

MFC compared to AP. The percentage of layers resting in MFC was significantly higher than 

in all compartment-variants of MSG (BE, ST, FE). The behavioural traits feather pecking and 

pecking in dust bath did not show significant differences between the different housing 

systems tested. Pecking against objects was significantly more often recorded in layers 

housed in AP than in hens kept in the other housing systems tested (Tab. 6).  

Analyses of variance showed that group size had a significant influence on several 

behavioural traits. Like in trial 1, hens kept in larger groups (AP and MFC) stayed more often 

on floor than hens in smaller groups. Unlike to trial 1, use of perches was less recorded in 

layers housed in compartments with 10 hens compared to groups of 20 hens. In MFC, the 

incidence of hens staying in dust baths was significantly higher in smaller groups (20 hens). 

Walking on even perches could be observed more often in hens kept in larger groups (30 
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hens) in MFC, whereas in MSG, the incidence of layers walking on even perches was smaller 

if groups were larger. Elevated perches in MSG were frequented significantly more often in 

layers housed in compartments of 40 hens than in those with 60 hens. In MSG, layers resting 

on elevated perches could be observed most in groups of 40 layers per compartment, whereas 

hens in groups of 60 layers preferred even perches more often for resting. 
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Figure 3. Localisation of LSL laying hens (%) in the different compartment areas 

 

Figure 3 shows the distribution of laying hens in their compartments of the different housing 

systems evaluated in trial 3. The number of hens observed on the floor was highest in AP, 

(65.8%), followed by layers kept in MSG in compartments with ST- (61.9%) and BE-perches 

(58.2%). Perches were most frequently used in AP (20.5%) and less frequently in ST-

compartments of MSG (14.9%). Dust baths were visited by a similar number of hens in BE- 

and ST-compartments of MSG. Nest boxes in BE-compartments of MSG (3.4%) were 

frequented by a lower number of hens than nest boxes in ST-compartments of MSG (4.0%) 

and in AP (4.4%). Laying hens walking on floor were mostly recorded in ST-compartments of 

MSG (5.9%). Walking on perches could be observed in 1.4% of hens kept in AP. Walking on 

NE-perches was recorded in 1.2%, respectively 0.7% of layers in BE- and ST-compartments 

of MSG. Results of statistical analysis are shown in Table 7. Laying hens staying on wire 

floor could be significantly more often observed in AP than in BE-compartments of MSG. 

Number of hens roosting was lower in BE-compartments of MSG than in AP. Within MSG, 

perches were significantly used more often in BE- than in ST-compartments. Use of perch-

variants offered in the different housing systems tested is shown in Table 8. The trait resting 

on perches revealed significant differences between hens housed in AP and layers kept in BE-

compartments of MSG. Laying hens in AP frequented perches more often for resting. No 

significant differences for dust bathing activity performed in dust baths could be detected 
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between compartments containing different perch-variants within MSG. Dust bathing activity 

on wire floor was recorded in a significantly higher percentage of hens in AP than in MSG 

(BE, ST). In AP, layers used nest boxes significantly more often than hens in BE-

compartments of MSG. The number of laying hens walking on wire floor was significantly 

higher in MSG (BE, ST) compared to AP. Between BE- and ST-compartments, no significant 

difference could be observed. The number of hens resting was significantly higher in AP than 

in MSG. Feather pecking could be observed more frequently in ST-compartments of MSG 

compared to AP. Pecking in dust baths did not significantly differ between housing systems 

and perch design. The frequency of pecking against objects was significantly higher in layers 

housed in BE-compartments of MSG than in hens kept in AP.  

Analyses of variance revealed that group size had a significant influence on several 

behavioural traits, while housing system showed the main influence. Like in trial 1 and 2, 

more layers could be observed on floor if groups were larger (AP). The number of hens using 

perches in AP was significantly higher in groups of 10 layers per compartment than in 

compartments of 20 and 30 layers. Furthermore, dust bathing activity on floor in AP could be 

recorded significantly more often in groups of 10 hens than in compartments with larger 

groups. In AP, the number of hens resting on perches was significantly higher in groups of 10 

hens compared to groups of 20 hens per compartment. Similar to trial 2, within MSG, 

elevated perches were frequented more often by hens kept in groups of 40 than in groups of 

60 layers per compartment.         

 

Discussion 

Modern housing systems for laying hens should offer hens more space compared to 

conventional cages and provide layers an enriched environment to perform behaviour 

patterns, which are important to laying hens’ welfare. Creating different areas within 

compartments can contribute to stimulate laying hens’ locomotion activities and exploring 

and comfort behaviour. In all housing systems evaluated in the present study, cage 

compartments were equipped with nest boxes, dust baths and perches. Room use within the 

different housing systems was examined and, furthermore, analysed in special consideration 

of different perch positions and designs offered to laying hens. The analysis of laying hens’ 

stay in the compartment areas of different housing systems in all three trials showed that 

layers kept in the furnished cage system AP, where only non-elevated perches were installed, 

spent more time on floor than hens kept in the other housing systems. This was according to 

an investigation of Weitzenbürger et al. (2006). The authors also found the highest incidence 
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of hens staying on floor in an Aviplus housing system. In contrast, layers housed in NE-

compartments of SG in trial 1 were observed fewest on floor. This led to the assumption, that 

these results were particularly related to housing system and not to perch position. 

Furthermore, group size had an influence on the number of hens staying on floor. In total, 

with an increasing group size, number of layers staying on floor increased. This was similar to 

an investigation of Weitzenbürger et al. (2006), who observed more hens standing on floor in 

larger groups. In the present study, the frequency of perching activity in hens housed in AP 

showed a medial position compared to layers kept in the other housing systems tested in trials 

1 and 2. Perching rate was obviously highest in NE- compartments of SG (trial 1). If 

compartments of MSG in trial 2 were equipped with BE-, FE- and ST-perches, acceptance of 

perches was lowest in ST- and highest in FE-compartments. Contemporaneously, the lowest 

number of hens staying on wire floor was recorded in FE-compartments. Perches in NE-

compartments of MSG and AP were installed at the same height. However, hens in MSG used 

even perches more frequently. These results led to the assumption that during daytime, laying 

hens observed in the present study generally preferred even perches. To prove this conclusion, 

night-time observation should possibly be conducted. Buchenauer (2005) performed 

observations of laying hens’ behaviour during the non-lighting period and found a large 

number of hens roosting, although perch space had been sufficient for all hens in the 

compartment. In an investigation by Appleby et al. (1990) a larger number of cage-kept hens 

could be observed on perches at night compared to day time observation. Olsson et al. (2000) 

studied roosting behaviour of pen-housed hens and recorded an incidence of 90% of layers 

which rapidly frequented perches within 10 minutes after turning the light off. Abrahamsson 

and Tauson (1997) recorded in furnished cages an obvious higher number of hens on perches 

at night time (91%) than by day (28%). In trial 1, the number of LSL hens resting on perches 

was higher in NE-compartments of SG than in BE-compartments of MSG and MFC, while 

the preferred perch variant for resting in trial 2 was FE. In total, resting behaviour could be 

observed more often on even perches than on elevated ones (trial1). Comparing elevated 

perch variants, ST-perches were mainly frequented for resting. These results have to be 

carefully discussed, because of the reduced number of non-elevated perching opportunities in 

ST-compartments (only supply pipe of dust bath filling). The number of hens standing or 

sitting on elevated perches was lowest in MFC. A possible reason might be the perch design. 

While elevated perches in MSG were roundly shaped and made out of metal, only plastic 

perches were installed in MFC. Because of the highly frequented supply pipe of dust bath 

filling for perching in SG and MSG, which was also roundly shaped and made out of metal, it 
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seemed that elevated plastic perches were less accepted. A possible explanation could be the 

smooth surface of installed plastic perches. Hens seemed to slide on these perches, whereas 

sliding could not be observed in layers which used the relatively rough supply pipe or the 

metal perches in SG and MSG. Hens’ risk of sliding could be increased while making more 

efforts on climbing up on elevated perches. Thus, it could have possibly been the case that the 

smoothness of plastic perches had caused a less frequent use of elevates perches in MFC. 

Sewerin (2002) also observed an instable position of layers’ feet while grasping smooth 

plastic perches. Observation times excluded layers’ main time of oviposition. However, 

laying hens could be detected in nest boxes at all times of behavioural observations. Laying 

hens frequenting nest boxes mainly showed resting behaviour (lying, sitting). According to an 

investigation by Buchenauer (2005), hens used nest boxes as a withdrawing area for resting or 

performing different activities. In the present study, nest boxes were used most frequently in 

AP. In trials 1 and 2, rate of feather pecking tended to be highest in this housing system, 

which could have caused the higher number of hens staying in nest boxes. The role of nest 

boxes in furnished cages as a refuge area was also described by Guesdon et al. (2006). In the 

present study, laying hens used dust baths not exclusively for dust bathing activity. In fact, 

number of hens standing, sitting, lying and resting in dust baths was much higher than the 

percentage of hens performing dust bathing behaviour. Furthermore, dust bathing activity on 

floor could be observed more often in all housing systems evaluated than dust bathing activity 

in dust baths. Imported key stimuli for dust bathing behaviour are light and adequate 

substrate. Buchenauer (2005) observed in housing systems with an insufficient lighting of 

dust bath area an increased dust bathing activity on cage floor closer to a light source and 

described hens using feed as substrate. Lindberg and Nicol (1997) explained the attractiveness 

of feed as a substrate with its continuous availability, while dust bathing substrate offered was 

rapidly depleted by hens’ activities. In the present study, using feed for dust bathing on floor 

could often be observed. Furthermore, in housing systems equipped with dust bath mats, dust 

bathing activity on floor could be observed close to the mats. Layers tried to get on the mat, 

which was occupied by dust bathing flock mates. Thus, insufficient dust bath size could be a 

further explanation for increased dust bathing activity on wire floor. In AP, the temporarily 

defined access to dust baths, could have forced hens to perform dust bathing on the floor, 

when dust baths were closed. When dust bathing substrate was automatically offered, dust 

baths were instantaneously frequented by a large number of hens. Due to the limited size of 

dust bathing mats, hens were seen sitting or standing on each other so that performance of 

dust bathing activity could not be carried out properly. This was particularly observed in SG, 
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MSG and MFC. In an investigation by Abrahamsson and Tauson (1997), hens kept in larger 

groups in furnished cages preferred performing dust bathing behaviour on wire floor (using 

feed as a substrate) instead of in the dust baths offered. The authors saw one possible 

explanation for the increased dust bathing activity on wire floor in the inadequate size of dust 

bath facilities offered to the hens. Furthermore, they mentioned the social aspect of dust 

bathing behaviour. More hens were able to perform dust bathing behaviour at the same time if 

they switched to floor. In the present study, the amount of dust bathing substrate provided did 

not seem to be sufficient for all hens of the compartment. As a reason of pawing, dust bathing 

substrate was rapidly removed of the mats, so that only a few laying hens could perform dust 

bathing activity with substrate. Weitzenbürger et al. (2006) mentioned a relation between a 

lack of adequate dust bathing substrate and an increased incidence of feather pecking, caused 

by redirected exploring and foraging behaviour on flock mates’ plumage. In trials 1 and 2, 

feather pecking rate was significantly higher or tended to be higher in layers housed in AP. 

Furthermore, pecking in dust baths was observed less frequently in LSL hens kept in AP in 

trial 1. Thus, it was possible that the consistence and amount of dust bathing substrate offered 

could not satisfy behavioural needs. This thesis could be possibly confirmed by an increased 

occurrence of object pecking in AP (trial 1 and 2). The opposed results in trial 3 could have 

possibly caused by different layer line. Social transmission of feather pecking was found in 

groups of laying hen chicks by Zeltner et al. (2000). Environmental enrichment of layer cages 

may reduce feather pecking behaviour. In an investigation by Jones et al. (2002), bunches of 

white plastic strings helped to divert potentially injurious pecking away from other hens. 

Locomotion activity (walking on floor) in total was higher in MSG and SG than in AP and 

MFC. Furthermore, differences between perch positions were detected within MSG. Highest 

number of hens walking in floor was observed in ST-compartments (trial 2 and 3). The 

position of perches in these compartments could be the reason for this increased walking 

activity. If perches were installed in a stepped position, relatively more floor space was 

available without having to cross even perches. Laying hens’ mobility within compartments 

can furthermore be restricted by flock mates, which are standing on the floor (Buchenauer, 

2005). Although group size was only significant for the trait walking on floor in AP-kept LB 

hens during trial 1, in all trials examined walking activity increased with an increasing group 

size in all housing systems evaluated. In LSL and LB hens kept in trial 1, walking activity on 

even perches was higher in SG than in AP. Furthermore, a larger number of LB layers 

walking on the non-elevated perches in BE-compartments was recorded in MSG compared to 
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MFC. A possible explanation for the higher mobility in SG/MSG could be the larger floor 

area, which could have led to an increased mobility. 

To improve welfare of laying hens kept in cage housing systems evaluated in the present 

study, equipment and furniture elements should be advanced. Dust baths should be enlarged 

to assure performing dust bathing activity to a group of hens at the same time. Furthermore, 

dust baths should be accessible throughout the day (AP) and dust bathing substrate should be 

offered more than one time a day, so that all hens of the flock are able to perform dust bathing 

behaviour with an adequate substrate. In the present investigation, layers used non-elevated 

perches most frequently compared to the elevated ones. A possible reason for this fact within 

MFC could be the smooth surface of elevated plastic perches, so that material of perches 

should be changed to ameliorate layers’ grip while perching.   
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Table 1. Trial 1. Least square means (LSM) with their standard errors for the localisation of laying 
hens in the different compartment areas in the different housing systems with different perch positions 
and their error probabilities (P) for differences among different housing systems and different perch 
positions 
Localisation  P 
 

Layer 
line 

LSM 
I II III 

Floor      
AP      NE (I) LB 76.31 ±  1.30    
MFC           BE  (II) LB 69.07 ±  1.60 <.001   
MSG  BE (III) LB 68.71 ±  1.30 <.001 0.862  
SG     NE (IV) LB 60.51 ±  2.25 <.001 0.002 0.002 
AP             NE (I) LSL 71.24 ± 1.30    
MFC       BE  (II) LSL 70.71 ± 1.30 0.774   
MSG         BE (III) LSL 67.19 ± 1.30 0.028 0.057  
SG             NE (IV) LSL 55.70 ± 1.54 <.001 <.001 <.001 
Dust bath        
MFC         BE  (II) LB 7.10 ± 0.85    
MSG        BE (III) LB 8.90 ± 0.70  0.104  
SG            NE (IV) LB 7.52 ± 1.21  0.776 0.325 
MFC         BE  (II) LSL 9.98 ± 0.70    
MSG        BE (III) LSL 9.74 ± 0.70  0.807  
SG            NE (IV) LSL 9.89 ± 0.83  0.936 0.887 
Nest boxes      
AP             NE (I) LB 3.51 ± 0.50    
MFC         BE  (II) LB 1.91 ± 0.61 0.041   
MSG        BE (III) LB 2.73 ± 0.50 0.268 0.292  
SG            NE (IV) LB 3.87 ± 0.86 0.715 0.062 0.251 
AP             NE (I) LSL 8.93 ± 0.50    
MFC         BE  (II) LSL 4.83 ± 0.50 <.001   
MSG        BE (III) LSL 6.53 ± 0.50 <.001 0.015  
SG            NE (IV) LSL 5.78 ± 0.59 <.001 0.214 0.328 
Walking on floor             
AP             NE (I) LB 2.67 ± 0.39    
MFC         BE  (II) LB 4.57 ± 0.48 0.002   
MSG        BE (III) LB 5.71 ± 0.39 <.001 0.065  
SG            NE (IV) LB 4.30 ± 0.67 0.036 0.746 0.072 
AP             NE (I) LSL 3.22 ± 0.39    
MFC         BE  (II) LSL 2.65 ± 0.39 0.295   
MSG        BE (III) LSL 4.06 ± 0.39 0.128 0.010  
SG            NE (IV) LSL 2.67 ± 0.46 0.360 0.967 0.021 
Walking  on even 
perches 

     

AP             NE (I) LB 1.43 ± 0.31    
MFC         BE  (II) LB 2.45 ± 0.38 0.037   
MSG        BE (III) LB 2.86 ± 0.31 0.001 0.401  
SG            NE (IV) LB 4.54 ± 0.53 <.001 0.001 0.006 
AP             NE (I) LSL 1.89 ± 0.31    
MFC         BE  (II) LSL 1.95 ± 0.31 0.889   
MSG        BE (III) LSL 1.84 ± 0.31 0.906 0.796  
SG            NE (IV) LSL 2.89 ± 0.36 0.036 0.049 0.027 
AP NE : furnished cage system Aviplus with non-elevated perches; MFC BE: modified furnished cage 
system Eurovent 625A-EU with an elevated back perch; MSG BE: modified small group housing 
system Eurovent 625a-EU with back perches being elevated; SG NE: small group housing system 
Eurovent 625a-EU with non-elevated perches 
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Table 2. Trial 1. Least square means (LSM) with their standard errors for the use of perches in the 
different housing systems with different perch design and their error probabilities (P) for differences 
among different housing systems and different perch positions 

P 
Trait Layer line LSM I II III 
Use of perches      
AP             NE   (I) LB 14.59 ± 0.78    
MFC BE  (II) LB 14.83 ± 0.95 0.845   
MSG BE (III) LB 11.02 ± 0.78 0.001 0.002  
SG NE (IV) LB 19.18 ± 1.34 0.003 0.008 <.001 
AP             NE   (I) LSL 12.48 ± 0.78    
MFC BE  (II) LSL 9.81 ± 0.78 0.015   
MSG BE (III) LSL 10.53 ± 0.78 0.074 0.510  
SG NE (IV) LSL 23.00 ± 0.92 <.001 <.001 <.001 
Resting on perches      
AP             NE   (I) LB 0.16 ± 0.19    
MFC BE  (II) LB -0.04 ± 0.24 0.503   
MSG BE (III) LB -0.003 ± 0.19 0.541 0.903  
SG NE (IV) LB 0.16 ± 0.34 0.989 0.627 0.675 
AP             NE   (I) LSL 0.81 ± 0.19    
MFC BE  (II) LSL 0.25 ± 0.19 0.041   
MSG BE (III) LSL 0.40 ± 0.19 0.129 0.596  
SG NE (IV) LSL 1.37 ± 0.23 0.064 <0.001 0.001 
Use of NE-perches      
AP             NE   (I) LB 14.61 ± 0.77    
MFC BE  (II) LB 14.84 ± 0.95 0.845   
MSG BE (III) LB 10.78 ± 0.77 <.001 <.001  
SG NE (IV) LB 19.18 ± 1.33 0.003 0.008 <.001 
AP             NE   (I) LSL 12.49 ± 0.77    
MFC BE  (II) LSL 9.83 ± 0.77 0.015   
MSG BE (III) LSL 9.76 ± 0.77 0.012 0.948  
SG NE (IV) LSL 23.08 ± 0.91 <.001 <.001 <.001 
Resting on NE-
perches 

     

AP             NE   (I) LB 0.16 ± 0.19    
MFC BE  (II) LB -0.04 ± 0.24 0.503   
MSG BE (III) LB -0.003 ± 0.19 0.541 0.903  
SG NE (IV) LB 0.16 ± 0.34 0.989 0.627 0.675 
AP             NE   (I) LSL 0.81 ± 0.19    
MFC BE  (II) LSL 0.25 ± 0.19 0.041   
MSG BE (III) LSL 0.40 ± 0.19 0.129 0.596  
SG NE (IV) LSL 1.37 ± 0.23 0.064 <.001 0.001 
Use of elevated 
perches 

     

MFC BE  (II) LB -0.03 ± 0.23    
MSG BE (III) LB 0.23 ± 0.19  0.374  
MFC BE  (II) LSL -0.03 ± 0.19    
MSG BE (III) LSL 0.76 ± 0.19  0.003  
AP NE : furnished cage system Aviplus with non-elevated perches; MFC BE: modified furnished cage 
system Eurovent 625A-EU with an elevated back perch; MSG BE: modified small group housing 
system Eurovent 625a-EU with back perches being elevated; SG NE: small group housing system 
Eurovent 625a-EU with non-elevated perches 
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Table 3. Trial 1.  Least square means (LSM) with their standard errors for selected behavioural traits 
in the different housing systems with different perch positions and their error probabilities (P) for 
differences among different housing systems and different perch positions 

P 
Trait Layer line LSM I II III 
Dust bathing in dust 
baths 

     

MFC         BE  (II) LB 0.07 ± 0.12    
MSG        BE (III) LB 0.24 ± 0.10  0.286  
SG            NE (IV) LB 0.49 ± 0.17  0.050 0.216 
MFC         BE  (II) LSL 0.34 ± 0.10    
MSG        BE (III) LSL 0.07 ± 0.10  0.059  
SG            NE (IV) LSL -0.02 ± 0.12  0.020 0.536 
Dust bathing on floor      
AP             NE (I) LB 0.71 ± 0.21    
MFC         BE  (II) LB 0.29 ± 0.26 0.218   
MSG        BE (III) LB 0.63 ± 0.21 0.793 0.318  
SG            NE (IV) LB 0.37 ± 0.37 0.429 0.863 0.544 
AP             NE (I) LSL 1.00 ± 0.21    
MFC         BE  (II) LSL 0.78 ± 0.21 0.471   
MSG        BE (III) LSL 0.83 ± 0.21 0.576 0.871  
SG            NE (IV) LSL 1.07 ± 0.25 0.843 0.392 0.479 
Resting      
AP             NE (I) LB 0.20 ± 0.37    
MFC         BE  (II) LB -0.09 ± 0.45 0.622   
MSG        BE (III) LB 0.09 ± 0.37 0.837 0.757  
SG            NE (IV) LB 0.19 ± 0.63 0.990 0.722 0.894 
AP             NE (I) LSL 2.17 ± 0.37    
MFC         BE  (II) LSL 3.21 ± 0.37 0.046   
MSG        BE (III) LSL 2.84 ± 0.37 0.198 0.475  
SG            NE (IV) LSL 2.93 ± 0.43 0.180 0.628 0.867 
Feather pecking      
AP             NE (I) LB 1.40 ± 0.25    
MFC         BE  (II) LB 1.03 ± 0.31 0.353   
MSG        BE (III) LB 0.30 ± 0.25 0.002 0.067  
SG            NE (IV) LB 0.35 ± 0.44 0.037 0.203 0.920 
AP             NE (I) LSL 0.57 ± 0.25    
MFC         BE  (II) LSL 0.41 ± 0.25 0.655   
MSG        BE (III) LSL 0.18 ± 0.25 0.275 0.519  
SG            NE (IV) LSL 0.10 ± 0.30 0.229 0.427 0.836 
Pecking against object       
AP             NE (I) LB 2.32 ± 0.40    
MFC         BE  (II) LB 1.45 ± 0.49 0.162   
MSG        BE (III) LB 2.45 ± 0.40 0.818 0.109  
SG            NE (IV) LB 1.17 ± 0.69 0.146 0.740 0.106 
AP             NE (I) LSL 4.56 ± 0.40    
MFC         BE  (II) LSL 3.06 ± 0.40 0.008   
MSG        BE (III) LSL 2.12 ± 0.40 <.001 0.092  
SG            NE (IV) LSL 2.14 ± 0.47 <.001 0.135 0.964 
Pecking in dust baths      
AP             NE (I) LB 1.09 ± 0.31    
MFC         BE  (II) LB 1.08 ± 0.38 0.980   
MSG        BE (III) LB 2.10 ± 0.31 0.022 0.038  
SG            NE (IV) LB 1.00 ± 0.54 0.882 0.903 0.076 
AP             NE (I) LSL 0.38 ± 0.31    
MFC         BE  (II) LSL 2.67 ± 0.31 <.001   
MSG        BE (III) LSL 1.70 ± 0.31 0.003 0.027  
SG            NE (IV) LSL 1.19 ± 0.37 0.092 0.002 0.287 
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AP NE : furnished cage system Aviplus with non-elevated perches; MFC BE: modified furnished cage system 
Eurovent 625A-EU with an elevated back perch; MSG BE: modified small group housing system Eurovent 
625a-EU with back perches being elevated; SG NE: small group housing system Eurovent 625a-EU with non-
elevated perches 
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Table 4. Trial 2. Least square means (LSM) with their standard errors for the localisation of laying 
hens in the different compartment areas in the different housing systems with different perch positions 
and their error probabilities (P) for differences among different housing systems and different perch 
positions 
Localisation  P 
 LSM I II III IV 
Floor      
AP             NE    (I) 68.70 ± 1.02     
MFC BE   (II) 67.37 ± 1.02 0.348    
MSG BE  (III) 57.27 ± 1.02 <.001 <.001   
MSG ST   (IV) 60.12 ± 1.02 <.001 <.001 0.044  
MSG FE   (V) 50.43 ± 1.02 <.001 <.001 <.001 <.001 
Dust bath       
MFC BE   (II) 10.02 ± 0.43     
MSG BE  (III) 11.50 ± 0.43  0.014   
MSG ST   (IV) 12.18 ± 0.43  <0.001 0.254  
MSG FE   (V) 11.90 ± 0.43  0.002 0.497 0.644 
Nest boxes       
AP             NE    (I) 8.63 ± 0.61     
MFC BE   (II) 6.94 ± 0.61 0.047    
MSG BE  (III) 7.91 ± 0.61 0.399 0.253   
MSG ST   (IV) 7.01 ± 0.61 0.058 0.932 0.290  
MSG FE   (V) 7.26 ± 0.61 0.107 0.708 0.442 0.773 
Walking on floor       
AP             NE    (I) 3.85 ± 0.43     
MFC BE   (II) 3.60 ± 0.43 0.675    
MSG BE  (III) 5.17 ± 0.43 0.026 0.008   
MSG ST   (IV) 6.86 ± 0.43 <.001 <.001 0.005  
MSG FE   (V) 5.21 ± 0.43 0.022 0.007 0.943 0.006 
Walking on even perches      
AP             NE    (I) 1.76 ± 0.24     
MFC BE   (II) 1.42 ± 0.24 0.304    
MSG BE  (III) 1.27 ± 0.24 0.141 0.656   
MSG ST   (IV) 0.54 ± 0.24 <0.001 0.010 0.031  
MSG FE   (V) 1.63 ± 0.24 0.70 0.521 0.277 0.001 
AP NE : furnished cage system Aviplus with non-elevated perches; MFC BE: modified furnished cage 
system Eurovent 625A-EU with an elevated back perch; MSG BE: modified small group housing 
system Eurovent 625a-EU with back perches being elevated; ST: stepped perches; FE: front perches 
elevated  
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Table 5. Trial 2. Least square means (LSM) with their standard errors for the use of perches in the 
different housing systems with different perch design and their error probabilities (P) for differences 
among different housing systems and different perch positions 
Trait LSM I II III IV 
Use of perches      
AP              NE    (I) 14.11 ± 1.10     
MFC BE   (II) 10.75 ± 1.10 0.029    
MSG BE  (III) 16.99 ± 1.10 0.061 <.001   
MSG ST   (IV) 13.39 ± 1.10 0.639 0.085 0.019  
MSG FE   (V) 23.63 ± 1.10 <.001 <.001 <.001 <.001 
Resting on perches       
AP              NE    (I) 0.39 ± 0.18     
MFC BE   (II) 0.68 ± 0.18 0.236    
MSG BE  (III) 0.47 ± 0.18 0.746 0.390   
MSG ST   (IV) 0.95 ± 0.18 0.021 0.260 0.047  
MSG FE   (V) 1.20 ± 0.18 0.001 0.033 0.003 0.314 
Use of NE-perches      
AP              NE    (I) 14.44 ± 1.07     
MFC BE   (II) 10.79 ± 1.07 0.015    
MSG BE  (III) 12.10 ± 1.07 0.12 0.381   
MSG ST   (IV) 7.51 ± 1.07 <.001 0.030 0.002  
MSG FE   (V) 19.13 ± 1.07 0.002 <.001 <.001 <.001 
Resting on NE-perches      
AP              NE    (I) 0.38 ± 0.17     
MFC BE   (II) 0.67 ± 0.17 0.207    
MSG BE  (III) 0.33 ± 0.17 0.812 0.134   
MSG ST   (IV) 0.39 ± 0.17 0.974 0.219 0.787  
MSG FE   (V) 1.00 ± 0.17 0.008 0.157 0.004 0.008 
Use of elevated 
perches 

     

MFC BE   (II) -0.12 ± 0.74     
MSG BE  (III) 4.81 ± 0.74  <.001   
MSG ST   (IV) 5.89 ± 0.74  <.001 0.295  
MSG FE   (V) 4.42 ± 0.74  <.001 0.708 0.156 
Resting on elevated 
perches 

     

MFC BE   (II) 0.01 ± 0.10     
MSG BE  (III) 0.14 ± 0.10  0.314   
MSG ST   (IV) 0.58 ±0.10  <.001 0.001  
MSG FE   (V) 0.20 ± 0.10  0.138 0.634 0.005 
AP NE : furnished cage system Aviplus with non-elevated perches; MFC BE: modified furnished cage 
system Eurovent 625A-EU with an elevated back perch; MSG BE: modified small group housing 
system Eurovent 625a-EU with back perches being elevated; ST: stepped perches; FE: front perches 
elevated  
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Table 6. Trial 2. Least square means (LSM) with their standard errors for selected behavioural traits in 
the different housing systems with different perch positions and their error probabilities (P) for 
differences among different housing systems and different perch positions 
Trait LSM I II III IV 
Dust bathing in dust 
baths 

     

MFC BE   (II) 0.42 ± 0.15     
MSG BE  (III) 0.23 ± 0.15  0.336   
MSG ST   (IV) 0.30 ± 0.15  0.547 0.718  
MSG FE   (V) 0.53 ± 0.15  0.585 0.132 0.251 
Dust bathing on floor       
AP             NE    (I) 1.06 ± 0.32     
MFC BE   (II) 0.92 ± 0.32 0.749    
MSG BE  (III) 0.86 ± 0.32 0.650 0.894   
MSG ST   (IV) 1.23 ± 0.32 0.704 0.484 0.405  
MSG FE   (V) 1.14 ± 0.32 0.861 0.621 0.530 0.838 
Resting      
AP             NE    (I) 0.79 ± 0.36     
MFC BE   (II) 3.60 ± 0.36 <.001    
MSG BE  (III) 1.58 ± 0.36 0.112 <.001   
MSG ST   (IV) 2.21 ± 0.36 0.004 0.006 0.205  
MSG FE   (V) 2.18 ± 0.36 0.006 0.004 0.232 0.941 
Feather pecking       
AP             NE    (I) 0.52 ± 0.14     
MFC BE   (II) 0.49 ± 0.14 0.894    
MSG BE  (III) 0.35 ± 0.14 0.420 0.500   
MSG ST   (IV) 0.26 ± 0.14 0.203 0.254 0.639  
MSG FE   (V) 0.13 ± 0.14 0.056 0.076 0.269 0.524 
Pecking against 
objects  

     

AP             NE    (I) 7.12 ± 0.82     
MFC BE   (II) 3.89 ± 0.82 0.005    
MSG BE  (III) 3.04 ± 0.82 <0.001 0.463   
MSG ST   (IV) 3.68 ± 0.82 0.003 0.858 0.579  
MSG FE   (V) 3.47 ±0.82 0.002 0.716 0.712 0.854 
Pecking in dust baths      
AP             NE    (I) 1.44 ± 0.28     
MFC BE   (II) 1.31 ± 0.28 0.737    
MSG BE  (III) 1.43 ± 0.28 0.995 0.742   
MSG ST   (IV) 1.55 ± 0.28 0.772 0.532 0.767  
MSG FE   (V) 1.76 ± 0.28 0.396 0.237 0.393 0.576 
AP NE : furnished cage system Aviplus with non-elevated perches; MFC BE: modified furnished cage 
system Eurovent 625A-EU with an elevated back perch; MSG BE: modified small group housing 
system Eurovent 625a-EU with back perches being elevated; ST: stepped perches; FE: front perches 
elevated  
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Table 7. Trial 3. Least square means (LSM) with their standard errors for the localisation of laying 
hens in the different compartment areas and for selected behavioural patterns layers performed in the 
different housing systems with different perch positions and their error probabilities (P) for differences 
among different housing systems and different perch positions 

P Localisation/ 
Trait 

AP  
NE (I) 

MSG 
BE (II) 

MSG 
ST  (III) I-II I-III II-III 

Floor      65.62 ± 1.61 58.05 ± 1.97 61.79 ± 1.97 0.003 0.132 0.178 
Dust bathes  13.78 ± 0.96 12.77 ± 0.96   0.453 
Nest boxes    4.50 ± 0.31 3.44 ± 0.37 4.11 ± 0.37 0.025 0.408 0.198 
Walking on 
floor    2.38 ± 0.52 4.36 ± 0.63 5.92 ± 0.63 0.015 <.001 0.081 

Dust bathing 
in dust baths  0.96 ± 0.18 0.90 ± 0.18   0.811 

Dust bathing 
on floor 0.99 ± 0.16 0.20 ± 0.20 0.10 ± 0.20 0.002 <0.001 0.738 

Resting 1.98 ± 0.27 0.81 ± 0.33 0.84 ± 0.33 0.006 0.007 0.949 
Feather 
pecking  0.47 ± 0.15 0.78 ± 0.18 1.11 ± 0.18 0.172 0.005 0.190 

Pecking 
against objects 2.00 ± 0.33 3.22 ± 0.40 2.39 ± 0.40 0.017 0.448 0.137 

Pecking in 
dust baths 2.29 ± 0.34 1.83 ± 0.42 2.18 ± 0.41 0.391 0.845 0.545 

AP NE: furnished cage system Aviplus with non-elevated perches; MSG: modified small group 
housing system Eurovent 625a-EU; BE: back perches elevated; ST: stepped perches  
 
 
Table 8. Trial 3. Least square means (LSM) with their standard errors for the use of perches in the 
different housing systems with different perch design and their error probabilities (P) for differences 
among different housing systems and different perch positions 

P Trait AP 
NE (I) 

MSG 
 BE (II) 

MSG 
ST  (III) I-II I-III II-III 

Use of perches  20.05 ± 1.10 19.23 ± 1.35 14.88 ± 1.35 0.636 0.003 0.022 
Resting on 
perches 1.11 ±  0.22 0.20 ± 0.28 0.56 ±  0.27 0.008 0.110 0.336 

Use of elevated 
perches   3.67 ± 0.61 5.04 ± 0.61   0.114 

Resting on 
elevated perches  0.05 ± 0.08 0.30 ± 0.08   0.025 

AP NE: furnished cage system Aviplus with non-elevated perches; MSG: modified small group 
housing system Eurovent 625a-EU; BE: back perches elevated; ST: stepped perches  
 
 
Table 9. Description of the different housing systems evaluated 
 AP SG/MSG FC/MFC 
Group size  10  20  30  40  60  20 30 
Floor space (mm x 
mm) 

1,206 x 
625 

2,412 x 
625 

3,618 x 
625 

2,412 x 
1,250 

3,618 x 
1,250 

2412 x 
625 

3618 x 
625 

Height (mm) 450 450 450 450 450 450 450 
Space/hen (cm²) 756 756 756 750 750 750 750 

AP: furnished cage system Aviplus; SG: small group housing system Eurovent 625a-EU; MSG: 
modified small group housing system Eurovent 625a-EU; FC: furnished cage system Eurovent 625A-
EU; MFC: modified furnished cage system Eurovent 625A-EU 
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1 Einleitung 

Mit Umsetzung der EU-Richtlinie 1999/74/EG zur „Festlegung von Mindestanforderungen 

zum Schutz von Legehennen“ in nationales Recht wird in Deutschland die konventionelle 

Käfighaltung von Legehennen ab 2008 gänzlich verboten sein. In den übrigen EU-Ländern 

dürfen konventionelle Käfige bis 2012 genutzt werden und müssen dann durch ausgestaltete 

Käfige oder alternative Haltungssysteme ersetzt werden. Während die deutsche Gesetzgebung 

darüber hinaus die Nutzung ausgestalteter Käfige bis 2020 befristet hat, wird derzeit vermehrt 

die Entwicklung und praktische Erprobung sogenannter Kleingruppenhaltungen gefördert und 

deren Eignung für die Legehennenhaltung untersucht. Die Kleingruppenhaltung stellt zum 

jetzigen Zeitpunkt neben der Freiland- und Bodenhaltung ein Haltungssystem dar, welches 

den Hennen innerhalb eines geschlossenen Systems einen größtmöglichen 

Bewegungsspielraum bietet und somit einen positiven Einfluss auf Gesundheits- und 

Leistungsmerkmale erwarten lässt. Kleingruppenhaltungen sowie Bodenhaltungen sind in 

Deutschland unbefristet zur Nutzung zugelassen.  

Im Rahmen dieser Studie wurde eine Meta-Analyse aus bereits veröffentlichten Studien sowie 

eigenen Daten von insgesamt zehn untersuchten Legedurchgängen (Gesamtzahl untersuchter 

Hennen: 4.553) und mehreren Legelinien, wie Lohmann Selected Leghorn (LSL), Lohmann 

Brown (LB) und Lohmann Silver (LS), durchgeführt. Dabei wurden verschiedene 

Haltungssysteme, angefangen von der konventionellen Käfighaltung bis zu der aktuell 

diskutierten Kleingruppengruppenhaltung, sowie eine Volierenhaltung, hinsichtlich 

ausgewählter gesundheits- und leistungsbezogener Merkmale der Hennen verglichen. Ziel 

dieser Studie war es, in einer umfassenden Auswertung darzustellen, inwieweit Einflüsse 

durch die technische Weiterentwicklung von ausgestalteten Käfigen zu 

Kleingruppenhaltungssystemen auf die ausgewählten Merkmale feststellbar waren und 

welche positiven Effekte auf Gesundheit und Leistung der Hennen erzielt werden konnten. 

Als Referenzsystem diente eine Volierenhaltung mit Kaltscharrraum bzw. mit zusätzlichem 

Auslauf (intensive Auslaufhaltung).  

 

2 Material und Methoden 

2.1 Legedurchgänge und Datenherkunft 

Die in die Meta-Analyse einbezogenen Untersuchungsdaten wurden im Zeitraum 1999 bis 

2006 im Legehennenstall des Lehr- und Forschungsgutes (LuFG) Ruthe der Stiftung 

Tierärztliche Hochschule Hannover sowie im Versuchsstall (VS) Wesselkamp der Deutschen 

Frühstücksei GmbH in Ankum, Kreis Osnabrück, erhoben. Die Meta-Analyse beinhaltete 
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insgesamt zehn Legedurchgänge (LD) und eine Gesamtzahl von 4.553 untersuchten Hennen 

unter Einbezug der Studien von LEYENDECKER et al. (2001a; 2001b; 2005; unveröffentlichte 

Daten (2002/2003)), VITS et al. (2005), WEITZENBÜRGER et al. (2005; 2006a; 2006b), SCHOLZ 

et al. (2006) (sowie zur Veröffentlichung eingereichte Daten (LD 2005/2006)) und RÖNCHEN 

et al. (2006) (sowie zur Veröffentlichung eingereichte Daten der LD 2004/2005 und 

2005/2006) (Tab. 1). Auf dem LuFG Ruthe erfolgten für alle untersuchten Legeperioden pro 

Legedurchgang stichprobenweise Entnahmen von im Mittel 518 Legehennen im 3., 6., 9. und 

12. Legemonat. Im VS Wesselkamp wurden pro Legedurchgang im Mittel 360 Hennen zu 

den oben genannten Untersuchungszeitpunkten bzw. nur im 6. und 12. Legemonat (LD 

2004/2005 und 2005/2006) zur Untersuchung entnommen. Haltungssysteme, Legelinien und 

Untersuchungszeitpunkte wurden jeweils anteilsmäßig mit gleichen Anzahlen untersuchter 

Legehennen berücksichtigt. Detaillierte Beschreibungen der untersuchten Haltungssysteme 

der in Tab. 1 angeführten Autoren sind den jeweiligen Studien zu entnehmen. Eigene Studien 

wurden über zwei LD (2004 bis 2006) jeweils zeitgleich auf dem LuFG Ruthe und VS 

Wesselkamp durchgeführt. 

 

2.2 Haltungssysteme und Legelinien der LD 2004 bis 2006 

In beiden Versuchsställen waren jeweils drei verschiedene Haltungssysteme für Legehennen 

(Hersteller Fa. Big Dutchman, Vechta, Deutschland) installiert. Die Systeme Aviplus (AP) 

und Eurovent (EV) 625A-EU stellten zwei Varianten eines ausgestalteten Käfigs dar. Im AP 

wurden Gruppengrößen von 10, 20 und 30 Tieren (LuFG Ruthe) bzw. 10 und 20 Tieren (VS 

Wesselkamp) gehalten. Der ausgestaltete Käfig Eurovent (EV) 625A-EU war für 20 und 30 

Hennen pro Abteil ausgelegt. Das Haltungssystem EV 625a-EU stellte eine 

Kleingruppenhaltung für Gruppen von 40 und 60 Hennen dar. Alle untersuchten 

Haltungssysteme boten den Hennen eine Grundfläche von mindestens 750 cm2 pro Tier und 

erfüllten durch die Ausstattung mit Sitzstangen, Legenestern, Sandbädern und 

Krallenabriebsflächen in allen Punkten die erforderlichen Kriterien der EU-Richtlinie 1999/74 

für die Haltung von Legehennen. In beiden LD (VS Wesselkamp) sowie im zweiten LD 

(LuFG Ruthe) wurden die Sitzstangen innerhalb der Abteile des  EV 625a-EU und EV 625A-

EU auf zwei verschiedenen Höhen installiert, um den Hennen zusätzlichen Bewegungsanreiz 

und die Möglichkeit des Aufbaumens zu bieten. 

Auf dem LuFG Ruthe waren die dreietagig montierten Systeme AP (doppelreihig), Eurovent 

625a-EU sowie eine dreietagige Volierenanlage „Natura“ installiert. Die Volierenhaltung 

bestand aus zwei Abteilen mit jeweils 1.215 Legehennen (3,650 x 15,980 mm Grundfläche 
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pro Abteil) und separaten, angegliederten Außenscharrräumen (20.980 x 3.400 mm 

Grundfläche). Die im ersten LD eingestallten 5.430 Legehennen setzten sich zu gleichen 

Teilen aus den Legelinien Lohmann Silver (LS) und Lohmann Tradition (LT) zusammen. Im 

zweiten LD wurden nur LS eingestallt. Im VS Wesselkamp standen die über vier Etagen 

installierten Systeme AP, EV 625A-EU (beide doppelreihig) sowie  EV 625a-EU zur 

Verfügung. Im ersten LD wurden etwa 4.500 Lohmann Selected Leghorn (LSL) und 4.500 

Lohmann Brown (LB) eingestallt. Im zweiten LD wurden bei gleicher Tierzahl nur LSL 

verwendet.  

 

2.3 Gesundheitsmerkmale der LD 1999 bis 2006 

Zur Bestimmung des Gesundheitsstatus der Legehennen wurden die Merkmale Humerus- und 

Tibiaknochenfestigkeit, Brustbein-, Fußballen- und Gefiederstatus berücksichtigt. Während 

der gesamten Versuchsdauer wurden alle Merkmale von den jeweiligen Autoren mit 

identischen Geräten (Knochenbruchfestigkeit) sowie anhand identischer 

Untersuchungsprotokolle (Brustbein, Fußballen, Gefieder) erhoben. Die Bestimmung der 

Humerus- und Tibiaknochenfestigkeit erfolgte bei allen Autoren mit der 

Materialprüfmaschine vom Typ „Zwick/Z2.5/TNIS” (Zwick-Roell, Ulm, Deutschland) und 

wurde in Newton (N) angegeben. Die Materialprüfmaschine wurde jährlich geeicht und auf 

ihre Präzision bei der Messung hin überprüft. Der Brustbeinstatus der Legehennen wurde von 

den Autoren anhand einer vierstufigen Punkteskala ermittelt (Note 4 = unverändertes 

Brustbein, Note 3 = geringgradige, Note 2 = mittelgradige und Note 1 = hochgradige 

Deformation). Zur Beurteilung des Fußballenstatus (Sohle) wurden von jeder Legehenne 

beide Füße makroskopisch untersucht. Dabei wurden Hyperkeratosen und Epithelläsionen 

getrennt voneinander erfasst. Der Schweregrad des Fußpaares richtete sich nach der 

Veränderung mit der stärksten Ausprägung. Zur Befunderhebung wurde ein einheitliches 

Beurteilungsschema mit den Schweregraden 1 (keine Hyperkeratose, Epithel intakt, keine 

Verdickung des Ballens) bis 4 (großflächige, tiefgreifende Läsionen, Ballen hochgradig 

verdickt) bzw. 5 (höchstgradige Hyperkeratose) verwendet. Der Befiederungsstatus wurde 

von allen Autoren für die Körperregionen Kopf, Hals, Brust, Bauch, Rücken, Flügel und 

Schwanz separat anhand einer Bewertungsskala von 1 (gravierende Gefiederschäden, 

federlose Stellen) bis 4 (sehr gutes, vollständiges Gefieder mit nur wenig deformierten oder 

beschädigten Federn) bewertet. Zur Ermittlung des Gesamtgefiederstatus wurden die für die 

jeweiligen Körperregionen vergebenen Punkte im Anschluss zu einer Gesamtsumme 

aufaddiert (max. 28, min. 7 Punkte). 
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2.4 Leistungsmerkmale, Eischalenbruchfestigkeit und Mortalität der LD 1999-2006 

Neben dem Leistungsmerkmal Legeleistung pro Bestandshenne wurden die Merkmale 

Eischalenbruchfestigkeit und Mortalität der Hennen  in die Untersuchung einbezogen. Die 

Legeleistung der Hennen sowie die Anzahl der verendeten Tiere wurden in beiden 

Versuchsställen täglich durch die Tierbetreuer erfasst. Bei allen Autoren erfolgten die 

Untersuchungen zur Messung der Eischalenbruchfestigkeit über den gesamten 

Versuchszeitraum mit der Materialprüfmaschine vom Typ „Zwick/Z2.5/TNIS”. Die 

Untersuchungen wurden einmal pro LM durchgeführt. In den LD 2004-2006 (Ruthe) wurde 

jeweils eine Stichprobe von im Mittel 4.389 Eiern, gleichmäßig auf die jeweils zu 

untersuchenden Haltungssysteme aufgeteilt, untersucht. Die Anzahl der untersuchten Eier der 

Autoren VITS et al. (2005) und LEYENDECKER et al. (2005) sind den angegebenen 

Publikationen zu entnehmen. 

 

2.5 Verhaltensmerkmale der LD 2002-2006 

Die Verhaltensmerkmale Stehen auf dem Drahtboden, Gehen auf dem Drahtboden, 

Aufenthalt auf den Sitzstangen (Stehen und Sitzen), Ruhen auf den Sitzstangen, Sandbaden 

auf dem Drahtboden, Pickaktivität im Sandbad, auf Objekte gerichtete Pickaktivität (z.B. 

Einrichtungselemente, Drahtboden) und Federpicken wurden während der Lichtphase mittels 

Direktbeobachtung und Momentaufnahme erfasst. Zur Methodik der Datenerfassung siehe 

WEITZENBÜRGER et al. (2006b). Eigene Verhaltensbeobachtungen erfolgten im 3., 6., 9. und 

12. LM (2. LD, LuFG Ruthe), im 6. und 12. LM (1. LD) sowie im 3., 6. und 12. LM (2.LD) 

(VS Wesselkamp). 

 

2.6 Statistische Auswertung 

Für die Meta-Analyse wurden die LSM aus jedem Legedurchgang pro Ort der Untersuchung, 

Haltungssystem und Legelinie (soweit mehrere LL eingesetzt wurden) für Humerus- und 

Tibiabruchfestigkeit, Brustbein-, Fußballen- und Gefiederstatus, Legeleistung pro 

Bestandshenne, Mortalität, Eischalenbruchfestigkeit sowie für die Verhaltensmerkmale 

verwendet. Die dazu gehörigen Studien sind in Tab. 1 angeführt.  

Die Meta-Analyse erfolgte anhand eines linearen Weighted Least Square Modells (Prozedur 

GLM von SAS mit der Option „weight“). Als Gewichtung wurden die Reziprokwerte der 

quadrierten  Standardfehler (SE) der zugehörigen LSM verwendet. Die Anzahl der LSM, die 

den gewichteten LSM der einzelnen Merkmale jeweils zugrunde liegen, sind in der Legende 

zu unten angegebener Formel aufgeführt. Aufgrund einer unterschiedlichen genetischen 
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Herkunft der Legelinie Lohmann Silver wurden dem fixen Effekt LIN in dem statistischen 

Modell die drei Ausprägungen Braunleger (Lohmann Brown, Lohmann Tradition), Weißleger 

(Lohmann Selected Leghorn) und Lohmann Silver zugewiesen. Das Haltungssystem (SYS), 

der Ort der Untersuchungen (LuFG Ruthe, VS Wesselkamp) innerhalb des Haltungssystems 

(ORT(SYS)), sowie die Legelinie innerhalb des Haltungssystems (LIN(SYS)) wurden als fixe 

Effekte in das Modell einbezogen. Insgesamt wurden sechs verschiedene Haltungssysteme 

unterschieden. Aufgrund der Datenstruktur wurde für die Auswertung der Mortalität und der 

Verhaltensmerkmale die Legelinie LIN(SYS) nicht mit in das Modell einbezogen. Für die 

Verhaltensmerkmale waren Legelinie und Ort der Untersuchung miteinander verknüpft. Für 

das Merkmal Legeleistung wurde aufgrund der Datenstruktur der ORT(SYS) nicht in das 

Modell aufgenommen. 

 

Yijkl = µ + SYSi + ORT(SYS)ij + LIN(SYS)ik + eijkl 

Yijkl LSM für die Merkmale Humerus- und Tibiabruchfestigkeit (jeweils n = 

36), Brustbeinstatus (n = 24), Fußballenstatus (n = 21), Gefiederstatus 

(n = 21), Legeleistung pro Bestandshenne (n = 30), Mortalität (n = 36), 

Eischalenbruchfestigkeit (n = 24) sowie für die Verhaltensmerkmale (n 

= 14) 

μ   Modellkonstante 

eijkl   zufälliger Restfehler 

 

3 Ergebnisse 

Die Ergebnisse der Varianzanalyse zeigten, dass der fixe Effekt des Haltungssystems einen 

signifikanten Einfluss auf die Merkmale Humerus- und Tibiabruchfestigkeit, 

Sohlenhyperkeratose, Legeleistung, Mortalität und Sandbaden auf dem Drahtboden hatte 

(Tab. 2), während er sich für die Merkmale Brustbeinstatus, Epithelläsion der Sohle, 

Gefiederstatus, Eischalenfestigkeit sowie für die übrigen ausgewählten Verhaltensmerkmale 

als nicht signifikant erwies. Ein signifikanter Einfluss des Untersuchungsortes wurde für die 

Merkmale Tibiabruchfestigkeit, Gefiederstatus, Mortalität, Picken im Sandbad, Federpicken, 

Aufenthalt auf den Sitzstangen (Stehen/Sitzen) und Sandbaden auf dem Boden festgestellt. 

Der fixe Effekt der Legelinie erwies sich ausschließlich für die Legeleistung als signifikant.  

Hennen in konventioneller Käfighaltung wiesen im Vergleich zu allen übrigen 

Haltungssystemen eine geringere Humerus- und Tibiabruchfestigkeit auf. Weiterhin zeigten 

Hennen aus beiden Varianten des ausgestalteten Käfigs und der Kleingruppenhaltung eine 
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geringere Humerus- und Tibiafestigkeit im Vergleich zur Volierenhaltung, mit Ausnahme der 

in EV 625A-EU gehaltenen Hennen, welche eine mit der Volierenhaltung vergleichbare 

Tibiafestigkeit und somit auch eine signifikant günstigere Tibiafestigkeit als Hennen im 

ausgestalteten Käfig Aviplus und in der Kleingruppenhaltung aufwiesen. Die 

Humerusfestigkeit von Hennen aus Kleingruppenhaltung und ausgestalteten Käfigen 

unterschied sich nicht signifikant voneinander.  

Hennen aus dem Aviplus (AP) zeigten eine geringere Humerus- und Tibiafestigkeit 

verglichen mit Tieren aus der intensiven Auslaufhaltung. Zwischen den beiden untersuchten 

EV Systemen und der intensiven Auslaufhaltung konnten keine Unterschiede in der 

Humerusfestigkeit beobachtet werden. Für Hennen aus Kleingruppenhaltung zeigte sich im 

Vergleich zur intensiven Auslaufhaltung eine niedrigere Tibiafestigkeit.  

Hennen im EV 625a-EU zeigten vermehrt hyperkeratotische Veränderungen an den Sohlen 

im Vergleich zu Hennen aus AP, während sich die übrigen Haltungssysteme in diesem 

Merkmal nicht voneinander unterschieden.  

Die Legeleistung der Hennen aus konventioneller Haltung unterschied sich nicht von Tieren 

aus den übrigen Haltungssystemen. Hennen aus AP, EV 625A-EU und EV 625a-EU erzielten 

eine höhere Legeleistung im Vergleich zur Volieren- und intensiven Auslaufhaltung. Darüber 

hinaus zeigten Hennen aus EV 625A-EU eine höhere Legeleistung als Tiere aus AP und EV 

625a-EU. Hennen aus der Volierenhaltung zeigten die höchste Mortalitätsrate und die 

Unterschiede zu den Systemen AP, EV 625A und EV 625a-EU erwiesen sich als signifikant. 

Keine Unterschiede in der Mortalitätsrate zeigte sich zwischen Hennen aus Volierenhaltung, 

intensiver Auslaufhaltung und konventioneller Käfighaltung. 

Hennen aus AP zeigten signifikant häufigeres Sandbadeverhalten auf dem Drahtboden im 

Vergleich zu Hennen aus EV 625a-EU und EV 625A-EU, während Hennen aus den beiden 

letztgenannten Systemen sich in diesem Merkmal nicht voneinander unterschieden. 

Obwohl der fixe Effekt des Haltungssystems für den Brustbein- und Gefiederstatus sowie für 

das Merkmal Aufenthalt auf den Sitzstangen (Stehen/Sitzen) nicht signifikant war, zeigten 

sich bei einzelnen Vergleichen der Systeme signifikante Unterschiede. So wiesen Hennen aus 

Volierenhaltung einen ungünstigeren Brustbeinstatus im Vergleich zu EV 625a-EU auf, 

unterschieden sich jedoch nicht von Hennen aus EV 625A-EU und AP. Weiterhin wurde bei 

Hennen aus der Volierenhaltung ein signifikant günstigerer Gefiederstatus verglichen mit 

Tieren aus ausgestalteten Käfigen und Kleingruppenhaltung beobachtet. Hinsichtlich der 

Verhaltensmerkmale hielten sich im AP signifikant mehr Hennen auf den Sitzstangen auf 
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(Stehen, Sitzen) als Hennen aus EV 625A-EU, während Hennen aus EV 625a-EU die 

Sitzstangen signifikant häufiger zum Stehen und Sitzen nutzten als Hennen aus EV 625A-EU. 

 

4 Diskussion  

Die Meta-Analyse erbrachte in mehrerer Hinsicht bemerkenswerte Ergebnisse. Nur wenige 

Merkmale zeigten signifikante Unterschiede zwischen den sechs untersuchten 

Haltungssystemen. Im Haltungssystem EV 625A-EU war die Mortalität am geringsten, die 

Legeleistung pro Bestandshenne und damit auch pro Anfangshenne am höchsten und die 

Gesundheitsmerkmale am ausgewogensten. Die Hyperkeratosen der Sohle waren niedrig und 

der Brustbeinstatus zeigte keinen Unterschied im Vergleich zu den anderen untersuchten 

Haltungsformen. Die Tibiaknochenfestigkeit war mit den in der Voliere gemessenen Werten 

vergleichbar und sowohl Humerus- als auch Tibiafestigkeit unterschieden sich nicht von 

Werten aus der intensiven Auslaufhaltung. Im Vergleich zur konventionellen Käfighaltung  

wurde in allen untersuchten Haltungssystemen eine bessere Humerus- und 

Tibiaknochenfestigkeit erzielt. Die in dieser Untersuchung festgestellte Verbesserung der 

Humerus- und Tibiafestigkeiten von Hennen aus ausgestalteten Käfigen und 

Kleingruppenhaltungen im Vergleich zur konventionellen Käfighaltung kann neben der 

Sitzstangennutzung auch durch den sogenannten „Omnibuseffekt“ hervorgerufen worden 

sein, der den Hennen das Zurücklegen größerer Distanzen (insbesondere in der 

Kleingruppenhaltung) innerhalb eines Abteils ermöglichte und sich somit in erster Linie 

positiv auf die Tibiafestigkeit ausgewirkt haben könnte. Ebenfalls kann eine Aufteilung der 

Haltungseinheiten in Sandbad-, Sitzstangen- und Nestbereich und eine hohe Akzeptanz der 

verschiedenen Bereiche, dazu beigetragen haben, dass die Hennen angeregt wurden, sich 

zwischen den genannten Arealen zu bewegen. Die in der Volierenhaltung erzielten hohen 

Knochenfestigkeiten konnten jedoch nicht für Legehennen im Aviplus System und in der 

Kleingruppenhaltung ermittelt werden und wurden auch nicht durch die intensive 

Auslaufhaltung übertroffen. Das Nutzen des Etagenelementes und des angegliederten 

Kaltscharrraumes bot den Hennen in der Voliere eine Vielzahl an Bewegungsmöglichkeiten, 

welche sich positiv auf eine Erhöhung der Knochenfestigkeit ausgewirkt hat. Die im EV 

625A-EU ermittelte und mit der Volierenhaltung vergleichbare Tibiafestigkeit  lässt sich in 

diesem Zusammenhang schwer erklären. Da im Gegensatz zum Aviplus System die 

Sitzstangen im EV 625A-EU teilweise auf verschiedenen Ebenen installiert waren, könnte 

sich dies sehr positiv auf die Tibiafestigkeit in diesem System ausgewirkt haben. In einer 

Untersuchung von BISHOP et al. (2000) wurde eine positive Korrelation zwischen Humerus- 
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und Tibiafestigkeit sowie dem Brustbeinstatus beschrieben. Trotz hoher Humerus- und 

Tibiaknochenfestigkeit in der Volierenhaltung wurde in diesem System jedoch ein 

ungünstiger Brustbeinstatus im Vergleich zur Kleingruppenhaltung beobachtet. In einer 

umfassenden Studie von ELSON und CROXALL (2006) wurde ebenfalls ein verminderter 

Brustbeinstatus bei Hennen in Volieren festgestellt. GREGORY et al. (1990) beschrieben als 

einen prädisponierenden Faktor für Brustbeinveränderungen ein hohes Kollisionsrisiko durch 

fehlerhaftes Anfliegen von Sitzstangen bei Hennen in Volierenhaltung. Ursache für ein 

vermehrtes Unfallrisiko könnte eine ungünstige Sitzstangenpositionierung sein. Laut einer 

Studie von MOINARD et al. (2004) sollten Sitzstangen einen Abstand von 600 mm nicht 

überschreiten, um den Hennen eine problemlose Nutzung zu gewährleisten. Die in der Voliere 

installierten Sitzstangen hatten einen Abstand von 830 mm zum Boden und 480 bzw. 740 mm 

Abstand zu der obersten Etage des Volierenelementes. Dies könnte möglicherweise mit einem 

höheren Kollisionsrisiko assoziiert gewesen sein. BESSEI (1997) wies ebenfalls darauf hin, 

dass Anflugsitzstangen optimal positioniert sein müssen, um das Risiko von Frakturen zu 

minimieren. Obwohl der Brustbeinstatus in den ausgestalteten Käfigen sich nicht von den 

Werten der Volierenhaltung unterschied, war zwischen letzterem System und der 

Kleingruppenhaltung ein signifikanter Unterschied zu verzeichnen. KEELING et al. (2003) 

stellten bei Hennen in Abteilen mit Gruppengrößen um die 30 Hennen eine vermehrte Unruhe 

aufgrund einer instabilen sozialen Hierarchie fest. In diesem Zusammenhang könnten die 

teilweise auf verschiedenen Ebenen positionierten Sitzstangen in den 30-er Abteilen des EV 

625A-EU vermehrt zu ungewollten Kollisionen mit dem Brustbein geführt haben, während in 

den größeren Gruppen der Kleingruppenhaltung eine tolerantes Sozialverhalten auftrat, dass 

mit weniger Unruhe verbunden war. In einer Studie von WAHLSTRÖM et al. (2001) wurden die 

in ausgestalteten Käfigen beschriebenen Brustbeinveränderungen auf starke mechanische 

Belastung bei der Sitzstangennutzung zurückgeführt. In der vorliegenden Studie führte nur die 

Nutzung der Sitzstangen in der Kleingruppenhaltung weniger stark zu Deformationen des 

Brustbeins als die Haltungsbedingungen im untersuchten Volierensystem. GENTLE (2001) 

konnte in einer Studie eindeutige Hinweise auf komplexe Vorgänge der 

Schmerzwahrnehmung bei Geflügel nachweisen, so dass die in der Voliere auftretenden 

Brustbeindeformationen durchaus kritisch zu bewerten sind.  

Legehennen im den untersuchten Kleingruppenhaltungssystemen waren stärker von 

hyperkeratotischen Veränderungen der Sohlenballen betroffen. Hierzu könnte eine 

unterschiedlich frequente Nutzung der Sitzstangen beigetragen haben. Darüber hinaus wird 

der Fußballenstatus durch das Design der angebotenen Sitzstangen maßgeblich beeinflusst 
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(SIEGWART, 1991; OESTER, 1994; TAUSON und ABRAHAMSSON, 1994). Form und 

Oberflächenbeschaffenheit der in der Kleingruppenhaltung installierten Sitzgelegenheiten 

unterschieden sich teilweise von denen der ausgestalteten Käfige. In allen untersuchten LD 

war den Hennen im Kleingruppenhaltungssystem das Nutzen des Zuleitungsrohres der 

Sandbadbefüllung als Sitzgelegenheit möglich. Durch seine runde Form und die 

vergleichsweise raue Oberfläche, könnte eine vermehrte Proliferation der Sohlenballenhaut 

hervorgerufen worden sein (WEITZENBÜRGER et al, 2005). In Studien von SIEGWART (1991) 

und WEITZENBÜRGER et al. (2005) werden als Ursache des Entstehens von 

Sohlenballenhyperkeratose vor allem die Nutzung von Sitzstangen angesehen. Läsionen und 

Entzündungen werden am häufigsten in alternativen Haltungssystemen beobachtet (KEUTGEN 

et al., 1999). So begünstigt eine feuchte und durch Exkremente verunreinigte Einstreu (WANG 

et al., 1998) sowie mangelnde Sauberkeit von Sitzstangen (ELSON und CROXALL, 2006) 

entzündliche Veränderungen der Fußballen. Entgegen Blokhuis et al. (2007) konnte in der 

vorliegenden Studie jedoch kein vermehrtes Auftreten von Sohlenballenläsionen in der 

Volierenhaltung im Vergleich zu den ausgestalteten Käfigen und Kleingruppenhaltungen 

beobachtet werden. Dies könnte auf guten hygienischen Zustand des verwendeten 

Einstreumaterials zurückgeführt werden. 

Ein intaktes Gefieder trägt maßgeblich zum Wohlbefinden der Hennen bei. Gefiederschäden 

können sowohl durch Einrichtungselemente in Käfighaltungssystemen (FREIRE et al., 1999) 

als auch durch einen gegenseitigen Abrieb zwischen Hennen bei hoher Besatzdichte 

verursacht werden (APPLEBY et al., 2002). Diese Faktoren könnten den in den ausgestalteten 

Käfigen und Kleingruppenhaltungen beobachteten ungünstigeren Gesamtgefiederstatus der 

Hennen im Vergleich zur Volierenhaltung hervorgerufen haben. Federpicken stellt ebenfalls 

eine wichtige Ursache für das Auftreten von Gefiederschäden dar (BILČÍK und KEELING, 

1999). Die durchgeführten Untersuchungen zum Verhalten zeigten jedoch keine Unterschiede 

hinsichtlich des Auftretens von Federpicken in Kleingruppenhaltung und den ausgestalteten 

Käfigen. Verhaltensbeobachtungen in der vorliegenden Studie umfassten die Untersuchung 

von Merkmalen, die Rückschlüsse auf die Raumnutzung sowie Akzeptanz der 

Einrichtungselemente der Haltungseinheiten zuließen. Obwohl die Kleingruppenhaltung 

aufgrund der größeren Grundfläche der Abteile Möglichkeit zu mehr Fortbewegung bot, 

konnte kein Unterschied in der Häufigkeit der Fortbewegung (Gehen auf Drahtboden) zum 

ausgestalteten Käfig ermittelt werden. Ebenso konnten keine Abweichungen zwischen den 

Haltungssystemen für die Merkmale Ruhen auf den Sitzstangen und Aufenthalt (Stehen) auf 

dem Drahtgitterboden ermittelt werden. Hennen aus EV 625a-EU nutzten Sitzstangen im 
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Vergleich zum EV 625A-EU zum Sitzen/Stehen vermutlich häufiger, da ihnen durch das 

Zuleitungsrohr zur Sandbadbefüllung eine zusätzliche Möglichkeit der Sitzstangennutzung 

zur Verfügung stand. Sandbaden stellt ein wichtiges Element des Komfortverhaltens dar. In 

neuartigen Haltungssystemen, in denen durch Ausgestaltung der Abteile mit 

Sandbadevorrichtungen den Legehennen die Ausübung des Sandbadens ermöglicht wird, ist 

dieser Bereich jedoch noch immer als eine Schwachstelle anzusehen (BUCHENAUER, 2005). 

So kritisierten WEITZENBÜRGER et al. (2006b) unter anderem die Größe der angebotenen 

Staubbäder, die das von Hennen bevorzugte Sandbaden in der Gruppe nur eingeschränkt 

zuließ. In der vorliegenden Studie wurde Sandbadeaktivität auf dem Drahtboden signifikant 

häufiger im AP beobachtet im Vergleich zur Kleingruppenhaltung und EV 625A-EU. Dies 

könnte möglicherweise auf ungünstigere Lichtverhältnisse in den Sandbadevorrichtungen des 

AP zurückgeführt werden. Aufgrund der zentralen, lichtundurchlässigen Trennwand war die 

Lichtintensität in diesen Bereichen im Vergleich zur Kleingruppenhaltung (ohne Trennwand) 

und dem EV 625A-EU (Trennwand zur Hälfte aus Gitterdraht) geringer. BUCHENAUER (2005) 

konnte das Ausüben des Sandbadeverhaltens oftmals auf dem Drahtboden in Nähe einer 

Lichtquelle beobachten, da die Sandbadevorrichtungen nicht genügend ausgeleuchtet waren 

und somit der wichtige Schlüsselreiz des Lichtes fehlte. Auch die im Vergleich zu EV 625a 

und EV 625A zeitlich limitierte Verfügbarkeit des Sandbads im AP wird als Grund einer 

erhöhten Sandbadeaktivität auf dem Drahtboden angesehen, da die Hennen nur unzureichend 

Möglichkeiten hatten, ihr Sandbadeverhalten während des begrenzten Zugangs zu der 

Sandbadevorrichtung auszuüben. Pickaktivitäten werden zum Funktionskreis des 

Erkundungs- und Nahrungsaufnahmeverhaltens gezählt. WEITZENBÜRGER et al. (2006b) 

erwähnten einen möglichen Zusammenhang zwischen einem gehäuften Auftreten von 

Federpicken und gleichzeitig verminderter Pickaktivität im Sandbad in ausgestalteten Käfigen 

und führten dies auf einen Mangel an adäquatem Erkundungs- und Beschäftigungsmaterials 

zurück, welches die Hennen veranlasste, Pickaktivitäten auf das Gefieder ihrer Artgenossen 

zu projizieren. In der vorliegenden Studie konnten für die Verhaltensmerkmale Federpicken, 

Pickaktivität im Sandbad sowie gegen Objekte gerichtetes Picken keine Unterschiede 

zwischen ausgestalteten Käfigen und der Kleingruppenhaltung beobachtet werden. Da alle 

aufgeführten Pickaktivitäten in den untersuchten Systemen beobachtet wurden, konnte aus 

den vorliegenden Ergebnissen nicht geschlussfolgert werden, ob Menge und Struktur des 

angebotenen Scharrmaterials geeignet waren, den Erkundungstrieb der Tiere voll zu 

befriedigen. Die in der Volieren- und Auslaufhaltung niedrigere Legeleistung im Vergleich zu 

ausgestaltetem Käfig und Kleingruppenhaltung entspricht den Ergebnissen von BLOKHUIS et 
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al. (2007). Nicht vollständig  geschlossene Haltungssysteme bergen aufgrund externer 

Umwelteinflüsse ein größeres Gesundheitsrisiko für Hennen, welches zusammen mit oftmals 

höherem Futteraufwand zu einer größeren, wirtschaftlichen Unsicherheit des Haltungssystems 

führen kann. Die in der Volierenhaltung im Vergleich zu ausgestaltetem Käfig und 

Kleingruppenhaltung aufgetretene höhere Mortalitätsrate spiegelt diesen Aspekt ebenfalls 

wider.  

Schlussfolgernd lässt sich sagen, dass sich die technische Weiterentwicklung der 

Legehennenhaltungssysteme hin zu ausgestalteten Käfigen und Kleingruppen positiv auf die 

erfassten gesundheits- und leistungsbezogenen Merkmale im Vergleich zur konventionellen 

Käfighaltung ausgewirkt hat. Die Volierenhaltung konnte in den Merkmalen Humerus- und 

Tibiaknochenfestigkeit nicht übertroffen werden, wobei Hennen aus EV 625A-EU eine 

vergleichbare Tibiafestigkeit aufwiesen. Hennen aus der Voliere zeichneten sich durch einen 

ungünstigeren Brustbeinstatus im Vergleich zur Kleingruppenhaltung aus und wiesen eine 

höhere Mortalität und geringere Legeleistung auf. Die Weiterentwicklung der ausgestalteten 

Käfige zur Kleingruppenhaltung brachte weitere Verbesserungen in den untersuchten 

Gesundheits-, Leistungs- und Verhaltensmerkmalen. Hinsichtlich wirtschaftlicher Aspekte 

(Legeleistung, Mortalität) boten ausgestaltete Käfige und Kleingruppenhaltungssysteme 

deutliche Vorteile gegenüber der Volierenhaltung. In den untersuchten ausgestalteten Käfigen 

sind gegenüber den anderen alternativen Haltungsformen bestimmte Verhaltensweisen stark 

eingeschränkt beziehungsweise fehlgeleitet (Sandbadeverhalten auf dem Drahtboden im AP), 

so dass auch unter Verhaltensaspekten eine Weiterentwicklung der ausgestalteten Käfige zur 

Kleingruppenhaltung notwendig war. 

 

Zusammenfassung 

In der vorliegenden Studie wurden mittels Meta-Analyse gesundheits- und leistungsbezogene 

Parameter, sowie ausgewählte Verhaltensmerkmale von Legehennen in unterschiedlichen 

Haltungssystemen untersucht. Einbezogen wurden eigene Untersuchungsergebnisse sowie 

bereits veröffentlichte Daten verschiedener Autoren zu insgesamt zehn Legedurchgängen und 

einer Gesamtzahl von 4.553 Hennen. Die getesteten Haltungssysteme waren konventionelle 

Käfige, zwei Varianten eines ausgestalteten Käfigs, Kleingruppenhaltungen, ein 

Volierensystem, sowie eine intensive Auslaufhaltung. Die Analyse umfasste die LS-

Mittelwerte (LSM) von Humerus- und Tibiaknochenfestigkeit, Brustbein-, Fußballen- und 

Gefiederstatus, Legeleistung, Mortalität, Eischalenfestigkeit sowie Verhaltensmerkmale der 

Hennen. Die LSM der einbezogenen Studien wurden anhand der Reziprokwerte ihrer 
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quadrierten Standardfehler gewichtet und die Meta-Analyse erfolgte anhand eines linearen 

Weighted Least Square Modells. Das Haltungssystem erwies sich für Humerus- und 

Tibiabruchfestigkeit, Sohlenballenhyperkeratose, Legeleistung, Mortalität und Sandbaden auf 

dem Drahtboden als signifikant. Im Vergleich zu den ausgestalteten Käfigen und der 

Kleingruppenhaltung erzielten die in der Voliere gehaltenen Hennen die höchsten 

Knochenfestigkeiten, zeigten jedoch einen ungünstigeren Brustbeinstatus verglichen mit den 

ausgestalteten Käfigen, sowie eine geringere Legeleistung und höhere Mortalität. 

Hyperkeratotische Veränderungen der Sohlenballen traten am häufigsten in der 

Kleingruppenhaltung auf. Für die Merkmale Humerusbruchfestigkeit, Brustbein- und 

Gefiederstatus, Eischalenfestigkeit, Mortalität sowie für die ausgewählten 

Verhaltensmerkmale, mit Ausnahme der Sandbadeaktivität auf dem Drahtboden und des 

Aufenthaltes auf den Sitzstangen (Stehen und Sitzen), konnten keine Unterschiede zwischen 

ausgestaltetem Käfig und Kleingruppenhaltung festgestellt werden.   

 

Schlüsselwörter: Meta-Analyse, Legehennen, Gesundheitszustand, Verhalten, 

Haltungssysteme  
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Meta-analysis of welfare, egg quality, production and selected behavioural traits to 

evaluate small group housing systems for laying hens 

 

Abstract 

The objective of the current investigation was to employ the tool of meta-analysis in order to 

assess selected welfare, behavioural and production traits of four different layer strains kept in 

different types of housing systems. The study was carried out from 1999 to 2006 at two 

experimental farms and included data of ten laying periods, comprising 4,553 hens in total. 

Data was collected by the different authors employing fully identical methods. Housing 

systems tested were conventional cages, two types of furnished cages, small group systems, 

an aviary housing system and an intensive free range system. Least square means (LSM) of 

the traits bone strength, keel bone status, foot pad health, plumage condition, egg shell 

strength, production, mortality and selected behavioural patterns were chosen for meta-

analysis. LSM given by the included studies were weighted with their squared, reciprocal 
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standard errors and meta-analysis was carried out using a linear Weighted Least Square 

Model. Housing system had a significant effect on humerus and tibia bone strength, 

hyperkeratosis of sole pad, production, mortality rate and dustbathing on wire floor. At the 

expense of inferior keel bone status compared to furnished cages and unfavourable production 

and mortality rate, bone strength of hens kept in the aviary system could not be exceeded by 

any other type of housing system tested. Foot pad health of hens kept in the aviary was not 

found to be unfavourable although litter had been provided and hyperkeratosis of sole pad 

was found to be mostly prevalent in the small group systems. Highest production and lowest 

mortality rates were detected in furnished cages and small group systems. Humerus bone 

strength, keel bone status, plumage condition, eggshell strength, mortality rate and the 

selected behavioural patterns, except the traits dust bathing on wire floor and standing/sitting 

on perch, did not differ between hens kept in furnished cages and small group systems. 

 

Key words: meta-analysis, laying hen, welfare, behaviour, housing system 
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Tab. 1. In die Meta-Analyse einbezogene Studien, deren Untersuchungszeiträume (LD), 

Versuchsfarmen, Haltungssysteme, verwendete Legelinien (LIN), Anzahl untersuchter 

Hennen (n) und Anfangsbestand (AB) der jeweils in dem Versuchsstall eingestallten Hennen. 

Studies included in the meta-analysis, their investigation periods (LD), trial farms, housing 

systems, layer lines (LIN), number of hens (n) examined and total number of hens housed. 

LuFG Ruthe VS Wesselkamp 
LD 

Studien, Systeme LIN n 
AB Studien, Systeme LIN n 

AB 

1999-
2000 

Leyendecker et al. 
(2001a, 2001b) 

KK, Voliere, AH 

LSL
LT 

300 
4.500 - - - 

2000-
2001 

Leyendecker et al. 
(2005) 

KK, AP, Voliere 
LS 600 

5.211 - - - 

2001-
2002 

Leyendecker et al. 
(2005) 

KK, AP, Voliere 
LS 675 

4.882 - - - 

2002-
2003 

Leyendecker, 
unveröffentlicht LS 628 

5.410

Vits et al. (2005), Weitzenbürger 
et al. (2005, 2006a, 2006b) 

AP, EV 625A-EU, EV 625a-EU 

LB 
LSL 

432 
8.640 

2003-
2004 - - - 

Vits et al. (2005), Weitzenbürger 
et al. (2005, 2006a, 2006b) 

AP, EV 625A-EU, EV 625a-EU 
LSL 432 

8.640 

2004-
2005 

Scholz et al. (2006) 
Rönchen et al. (2006),* 

AP, EV 625aEU, 
Voliere 

LS 
LT 

478 
5.490

Scholz/Rönchen* 
AP, EV 625A-EU, EV 625a-EU 

LB 
LSL 

288 
ca. 

9.000 

2005-
2006 

Scholz/Rönchen* 
AP, EV 625a-EU, 

Voliere 
LS 432 

5.560
Scholz/Rönchen* 

AP, EV 625A-EU, EV 625a-EU LSL 
288 
ca. 

9.000 
KK: konventioneller Käfig; AP: AP; AH: intensive Auslaufhaltung; EV: Eurovent; LD: 

Legedurchgang; LIN: Legelinie; LSL: Lohmann Selected Leghorn, LT: Lohmann Tradition; 

LS: Lohmann Silver; LB: Lohmann Brown; *: zur Veröffentlichung eingereicht 
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 Tab. 2. Signifikante Unterschiede der Meta-Analyse zwischen den verschiedenen Haltungssystemen 

bezogen auf die Merkmale Humerus- und Tibiabruchfestigkeit, Hyperkeratose der Sohle (HypS), 

Legeleistung pro Bestandshenne (LL), Mortalitätsrate (Mort) und Sandbadeaktivität auf dem 

Drahtboden (Sb Draht) 

Significant differences of meta-analysis among the different housing systems tested related to the 

traits humerus- and tibia bone strength, sole pad hyperkeratosis (HypS), production rate per hen 

present (LL), mortality rate (Mort) and dustbathing on wire floor (Sb Draht) 

Humerus  
(N) 

Tibia  
(N) 

HypS  
(1-5) 

LL  
(%) 

Mort  
(%) 

Sb Draht 
(%) Sys 

LSM SE LSM SE LSM SE LSM SE LSM CIu CIo LSM SE 

KK 107,98a 15,74 107,34a 4,45 - - 81,20abcd22,69 11,1ab 0,07 0,16 - - 
AP 169,83b 8,09 129,98b 1,98 1,83a 0,04 87,57a 0,22 5,86c 0,04 0,08 0,96a 0,07
EVA 195,23bc 12,81 143,44c 3,53 1,88ab 0,08 88,75b 0,15 3,74c 0,02 0,06 0,61b 0,09
EVa 184,42bc 9,72 133,67b 2,23 2,04b 0,04 87,88a 0,22 5,51ac 0,03 0,09 0,52b 0,06
VOL 237,14d 14,85 153,26c 3,95 2,02ab 0,12 79,50c 0,60 12,23b 0,09 0,16 - - 
AH 231,90cd 23,10 153,25c 6,52 - - 74,21d 0,85 9,68abc 0,04 0,21 - - 
Sys: Haltungssystem; KK: konventioneller Käfig; AP: AP; EVA: EV 625A-EU; EVa: EV 625a-EU; 

VOL: Voliere; AH: intensive Auslaufhaltung; verschiedene Buchstaben (a, b, c, d) innerhalb einer 

Spalte kennzeichnen signifikante Differenzen (p < 0,05) zwischen den Haltungssystemen für das 

jeweilige Merkmal 
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Evaluation of foot pad health, plumage condition, fat status and behavioural traits in 

laying hens kept in different housing systems 

 

In the present study, different housing systems for laying hens were tested to evaluate if these 

housing systems show an influence on foot health, plumage condition, fat status and selected 

behavioural traits in laying hens. Housings systems evaluated were furnished cage systems 

(Aviplus (AP), Eurovent (EV) 625A-EU (FC)) small group housing systems (EV 625a-EU 

(SG)) and an aviary system (Voliere Natura (AV)). Furthermore, furnished cages (EV 625A-

EU (FC)) and small group housing systems (EV 625a-EU (SG)) were modified in perch 

design and perch height. In the modified furnished cages (MFC), one of the two installed 

common white plastic perches was heightened (200 mm distance to cage floor) in the back 

(BE) or the front (FE) of the compartment. Within the modified small group housing system 

(MSG, 4 perches), round metal perches were added and elevated in the front or the back of the 

compartment side. Furthermore, a stepped (ST) perch variant was created using only metal 

perches (200 and 275 mm). Examinations were performed on two different farms during two 

trials. Four layer lines were tested: Farm A: Lohmann Silver (LS) and Lohmann Tradition 

(LT); Farm B: Lohmann Brown (LB), Lohmann Selected Leghorn (LSL). Clinically healthy 

hens were randomly chosen out of the different housing systems regarding layer line, group 

size and perch position in the 3rd, 6th, 9th and 12th laying month (Farm A), respectively in 

laying month 3, 9 and 12 (Farm B). Plumage condition was examined directly after taken 

hens out of the different housing systems using scores from 1 (high graded damage of 

plumage) to 4 (very good plumage condition). Body regions scored were the regions head, 

neck, breast, belly, back, wings and tail. Sum of the different body regions were accumulated 

to the total plumage condition score (lowest score 7; highest 28). Body weight of the hens was 

measured before slaughter. Status of integument (injuries) and claw length was recorded and 

foot pad health was assessed regarding hyperkeratosis and epithelial lesions. Hyperkeratosis 

and lesions of foot pads were classified due to severity on a scale from 1 (no hyperkeratosis) 

to 5 (very severe hyperkeratosis) and from 1 (no lesion) to 4 (deep and large epithelial lesion 

and high grade swelling of foot pad). Alterations of both feet were evaluated separately for 

sole pad, toe pad and the region between toe and claw. Fat status of liver (colour and 
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consistence), abdomen (amount of fat of the intra abdominal fat pad) and heart (fat mass in 

the region of the coronary vessels) was examined and liver weight was measured without gall 

bladder. Behavioural observations were performed on both farms on four consecutive days in 

each examination month. Recorded behavioural traits comprised the categories feeding, 

exploration, comfort, resting and social behaviour. Selected traits of the collected behavioural 

observation data were analysed regarding laying hens’ room use in the different 

compartments of housing system. 

Farm A 

In trial 1, foot pad health and plumage condition in LS and LT laying hens (n=478) kept in 

small group housing systems (SG), furnished cages (AP) and an aviary housing system (AV) 

was evaluated at the end of laying month 3, 6, 9 and 12. Total plumage condition score was 

23.9 in all hens examined. No significant differences between housing systems or layer lines 

could be detcted. Foot pad lesions and hyperkeratosis of the toe pad and the region between 

toe and claw were significantly affected by housing system, whereas for hyperkeratosis of 

sole pad no significant difference was found. Scores of sole pad lesions in SG were 

significantly higher than in hens kept in AP and in AV. Significantly higher scores of toe pad 

lesions were recorded in AP compared to SG and AV. The difference between SG and AV 

was also significant. Lesions of the region between toe and claw were significantly higher 

scored in layers housed in AP compared to SG. Plumage condition was not negatively 

affected in laying hens from AP and SG compared to laying hens in AV. Keeping laying hens 

in SG and AP did not lead to proliferative hyperkeratosis. Positive effects on sole and toe pad 

health were observed in AV. 

In trial 2, foot pad health, plumage condition, integument and claw length were evaluated in 

432 Lohmann Silver laying hens kept in a modified small group housing system (MSG) with 

perches on different  levels (BE, ST), a furnished cage system (AP) and an aviary (AV). 

Examinations took place in the 3rd, 6th, 9th and 12th laying month. Integument was assessed 

for lesions and claw length of the middle toe was measured. Mild foot pad hyperkeratosis was 

the most frequent finding in hens of all housing systems. Sole pad hyperkeratosis was less 

frequent in AP and occurred more often in MSG and AV. Significantly more often 

hyperkeratosis in the region between toe and claw was observed in AP. Toe pad lesions and 

lesions between toe and claw were scored lowest in AV and highest in AP. An aggravation of 

plumage in the course of the laying period was observed in all hens. Hens showed a 

significantly better total plumage condition in AP compared to MSG. Within housing system, 

group size had a significant influence on plumage condition. Plumage was better in smaller 
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groups. Lesions of the integument were rarely detected. Claws were significantly shortest in 

AP, longer in AV and longest in MSG. Perch design in MSG was not significant for all traits 

except for comb lesions. 

The influence of different housing systems on adiposis of liver, abdomen and heart was 

evaluated in 670 Lohmann Silver (LS) and 240 Lohmann Tradition (LT) laying hens during 

two trials (see above). In addition, serum concentration of triglycerides (TRI) was analysed. 

Housing systems included in these investigation were a furnished cage system (AP), a small 

group housing system (SG), with perches at the same (trial 1) and at different levels (trial 2, 

MSG), and an aviary system (AV). In both trials, a significantly lower fat status of abdomen 

and liver could be observed in hens housed in AV. Consistently in both trials, body weight 

and housing system had the largest influence on fat status of liver, abdomen and heart. Scores 

of fat status of liver and abdomen in SG and MSG were in between of those observed in AV 

and AP, while heart fat status did not differ among housing systems. With an increasing 

macroscopic fat status of the liver, liver weight and TRI concentration significantly increased. 

Different perch positions in MSG did not have a significant influence on fat status in layers. 

Farm B 

In two trials, foot pad health in LSL and LB laying hens kept in a modified small group 

housing system (Eurovent (EV) 625a-EU (MSG), four perches) equipped with perches at 

different levels, a modified furnished cage system (EV 625A-EU (MFC), two perches) with 

the back or the front perch being elevated, a small group housing system (EV 625a-EU (SG), 

four non-elevated perches), and furnished cages with (two) non-elevated perches (EV 625A-

EU (FC), Aviplus (AP)), was evaluated. Foot pad status was macroscopically assessed and 

classified in 576 laying hens (432 LSL, 144 LB). In trial 1, 69 samples of sole pads and 68 toe 

pad samples were examined histologically. Mild hyperkeratosis was the most frequent 

macroscopic finding and epithelial lesions were observed in hens of all housing systems 

evaluated. Modified perch positions had a positive influence on some traits of foot pad health. 

Histological examinations revealed hyperkeratosis in sole and toe pad samples in all cases. 

Mild hyperkeratosis was the predominant finding in sole pads, whereas in toe pads, moderate 

hyperkeratosis was prevailing. Severe cases of hyperkeratosis could be observed in FC, MFC, 

SG and MSG. Erosions and ulcerations were found in sole pad samples of hens kept in SG 

and MSG. Perivascular infiltration of lymphocytes was observed in nearly all sole and toe pad 

samples examined. 
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Farm A + B 

Observations of laying hens’ behaviour were conducted on two different farms in Lohmann 

Selected Leghorn (LSL), Lohmann Brown (Farm B) and Lohmann Silver hens (Farm A) kept 

in different housing system. The study contained furnished cages (Aviplus (AP), small group 

housing systems (SG), modified furnished cages (MFC) and modified small group housing 

systems (MSG) with perches on different levels. Behavioural observations were analysed 

regarding room use and acceptance of perches offered within the different housing systems. 

The majority of hens stayed on wire floor in all housing systems evaluated. The highest 

number of hens staying on wire floor was recorded in AP. In total, with an increasing group 

size, more hens stayed on floor. Comparing offered elevated perching opportunities in SG, AP 

(non elevated perches) with those in MSG, MFC, (back perches being elevated) in trial 1 

(Farm B), perch use was highest in SG with non elevated perches in LB and LSL layers. If in 

trial 2 (Farm B) compartments of MSG were equipped with the back (BE) or the front (FE) 

perch being elevated or with stepped (ST) perches, layers frequented perches most in FE- and 

less in ST-compartments. Layers in all housing systems tested visited nest boxes throughout 

the whole day as a withdrawing area. Dust baths were frequented more often for other 

activities than for performing dust bathing behaviour. Walking activity on wire floor was 

highest in MSG and in total it increased with an increasing group size respectively a larger 

base area within the compartments. Furthermore, frequency of hens walking on wire floor 

was highest in ST-compartments, where hens were able to cover longer distances without 

crossing even perches. 

 
The present investigation is part of study, which started in 1999 and now comprises data of 

ten separately analysed laying periods (4,553 hens in total) by different authors. On two 

different farms different housing systems for laying hens were evaluated in order to assess 

selected welfare, behavioural and production traits of four different layer lines (LB, LS, LSL, 

LT). Housing systems tested were conventional cages, two types of furnished cages (AP, 

FC/MFC), small group housing systems (SG/MSG), an aviary system (AV) and an intensive 

free range system. The following traits were chosen for meta-analysis: foot pad health, 

plumage condition, bone strength, keel bone status, egg shell strength, production, selected 

behavioural patterns and mortality. The traits sole pad hyperkeratosis, humerus and tibia bone 

strength, production, mortality rate and dust bathing activity on wire floor were significantly 

influenced by housing system. Sole pad hyperkeratosis was most prevalent in layers kept in 

small group housing systems. Housing laying hens on litter in the aviary did not negatively 
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influence foot pad health. Layers in the aviary showed the highest values in bone breaking 

strength of humerus and tibia compared to the other housing systems tested. Keel bone status 

was better in furnished cages than in layers kept in the aviary. In comparison to furnished 

cages and small group housing systems, lowest egg laying performance was recorded in 

layers kept in the aviary. Mortality rate was significantly lower in furnished cages and small 

group housing systems than in the aviary. Loss rates between aviary, intensive free range and 

conventional cages did not reveal significant differences. No significant differences for the 

traits humerus bone strength, keel bone status, plumage condition, eggshell strength and 

mortality rate could be observed between layers kept in furnished cages and small group 

housing systems. Perch use frequency and number of hens performing dustbathing activity on 

floor revealed differences between these housing systems. The number of hens frequenting 

perches was higher in AP and SG/MSG than in FC/MFC. Dust bathing hens on floor could be 

recorded more often in AP compared to FC/MFC and SG/MSG.  
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Erweiterte Zusammenfassung 

 

Swaantje Rönchen (2007) 

 

Evaluierung von Fußballengesundheit, Gefiederstatus, Verfettung und 

Verhaltensmerkmalen bei Legehennen in verschiedenen Haltungssystemen 

 

In der vorliegenden Studie wurde eine Evaluierung verschiedener 

Legehennenhaltungssysteme  vorgenommen um einen möglichen Einfluss dieser Systeme auf 

bestimmte Gesundheitsmerkmale sowie ausgewählte Verhaltensmerkmale festzustellen. Die 

Untersuchungen wurden während jeweils zwei Legedurchgängen auf zwei verschiedenen 

Farmen durchgeführt. Eingestallte Legelinien waren Lohmann Silver und Lohmann Tradition 

(Farm A), sowie Lohmann Brown und Lohmann Selected Leghorn (Farm B). Getestet wurden 

folgende Haltungssysteme: zwei Modelle ausgestalteter Käfige (Aviplus (AP) für 10, 20 

(Farm A und B) und 30 (Farm A) Hennen pro Abteil; Eurovent (EV) 625A-EU (FC), für 

Gruppen von 20 und 30 Hennen (Farm B)), Kleingruppenhaltungssysteme (Eurovent (EV) 

625a-EU (SG), für 40 und 60 Legehennen pro Abteil (Farm A und B), sowie ein 

Volierenhaltungssystem (Voliere Natura (AV), zwei Großgruppen von je 1250 Legehennen 

(Farm A)). Ausgestaltete Käfige des Systems EV 625A-EU (FC) und Abteile des 

Kleingruppenhaltungssystems EV 625a-EU wurden in ihrer Sitzstangenanordnung 

modifiziert. In modifizierten ausgestalteten Käfigen (MFC) wurde entweder die vordere (FE) 

oder die hintere (BE) der zwei installierten herkömmlichen weißen Plastiksitzstangen in ihrer 

Höhe verändert (200 mm Abstand zum Käfigboden). Im Kleingruppenhaltungssystem (SG) 

wurden zwei der insgesamt vier Sitzstangen (zwei Sitzstangen pro Abteilhälfte) modifiziert. 

Zu zwei ebenen Plastiksitzstangen wurden jeweils zwei erhöhte (200 mm), runde 

Metallsitzstangen ergänzt, die entweder im vorderen (FE) oder hinterem (BE) Abteilbereich 

montiert wurden. Eine weitere Variante stellte die stufige (ST) Anordnung der Sitzstangen 

dar. Hierbei wurden ausschließlich Metallsitzstangen verwendet,  die auf einer Höhe von 200 

und 275 mm installiert waren.  

Im Rahmen der Evaluierung wurde an den Legehennen der Fußballenstatus, die Krallenlänge, 

der Zustand des Gefieders und des Integuments, sowie der Verfettungsgrad von Leber, 

Körperhöhle und Herz erfasst und beurteilt. Hierzu wurden klinisch unauffällige Hennen nach 

dem Zufallsprinzip aus den jeweiligen Haltungssystemen unter Berücksichtigung von 

Legelinie, Gruppengröße und Sitzstangenposition entnommen. Der Gefiederstatus wurde 
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mittels einer Skala von 1 (gravierende Gefiederschäden) bis 4 (sehr guter 

Befiederungszustand) beurteilt. Erfasst wurden die Körperregionen Kopf, Hals, Brust, Bauch, 

Rücken, Flügel und Schwanz. Aus der Summe der Werte ergab sich der Gesamtgefiederstatus 

(höchste Punktzahl 28, niedrigste 7). Das Körpergewicht der Legehennen wurde vor der 

Schlachtung erhoben. Der Zustand des Integuments (Vorkommen von Verletzungen), die 

Krallenlänge, sowie der Status der Fußballengesundheit hinsichtlich Hyperkeratose und 

Läsionen des Epithels wurden am toten Tier ermittelt. Die Regionen Sohle und Zehe, sowie 

der Übergangsbereich vom distalen Zehenballen zur Krallensohle wurden getrennt 

voneinander erfasst. Hyperkeratose und Epithelläsionen wurden hinsichtlich ihres 

Schweregrades von Grad 1 (keine Hyperkeratose) bis  Grad 5 (höchstgradige Hyperkeratose),  

bzw. Grad 1 (intaktes Epithel) bis Grad 4 (tiefgreifende, großflächige Läsion und hochgradige 

Schwellung des Ballens) beurteilt. Der Zustand der Leber bezüglich einer makroskopisch 

erkennbaren Verfettung des Organs (Farbe und Konsistenz), sowie der Verfettungsgrad von 

Herz (Fettauflagerung im Bereich der Koronargefäße) und Körperhöhle (Menge des 

intraabdominalen Depotfettes) wurden ermittelt. Verhaltenbeobachtungen wurden jeweils an 

vier aufeinander folgenden Tagen vor der Tierentnahme mittels Direktbeobachtung 

durchgeführt. Erfasste Verhaltensmerkmale umfassten Futteraufnahme-, Erkundungs-, 

Komfort-, Ruhe- und Sozialverhalten und wurden unter besonderer Berücksichtigung der 

Raumnutzung analysiert.  

Farm A 

Im 1. Legedurchgang wurde die Fußballengesundheit von LS und LT Legehennen (n = 478) 

aus Kleingruppenhaltung (SG), ausgestalteten Käfigen (AP) und einer Volierenhaltung (AV) 

signifikant vom Haltungssystem beeinflusst, während zwischen den beiden Legelinien keine 

Unterschiede zu verzeichnen waren. Insgesamt war die milde Form der Hyperkeratose der 

häufigste Untersuchungsbefund. In allen untersuchten Haltungssystemen konnten 

oberflächliche Epithelläsionen gefunden werden. Insgesamt waren Sohlenballenläsionen 

signifikant ausgeprägter in SG (1,71)  als in AP (1,44) und AV (1,51), während Legehennen 

in AP (1,79) signifikant stärker von Zehenballenläsionen betroffen waren als Hennen in SG 

(1,56) und AV (1,35). Der Unterschied zwischen Hennen aus AV und SG erwies sich 

ebenfalls als signifikant. Hyperkeratotische Veränderungen der Zehenballen waren signifikant 

stärker bei Tieren aus AP (2,08) ausgeprägt als bei Hennen aus SG (2,00). Der 

Übergangsbereich von Zehe zu Kralle bei AP-Legehennen (2,35) war ebenfalls stärker von 

Hyperkeratose betroffen als bei SG-Hennen (1,99) und AV-Tieren (2,00). Darüber hinaus 

zeigten sich Läsionen in diesem Bereich stärker in AP (1,34) gegenüber SG (1,16). Der 

 137



Erweiterte Zusammenfassung 
 

 
Befiederungszustand der untersuchten Legehennen erwies sich als unbeeinflusst von 

Haltungssystem und Legelinie, während der Legemonat einen signifikanten Einfluss auf das 

Gefieder aufwies. Im Verlauf der Legeperiode war eine deutliche Verschlechterung der 

Befiederung festzustellen. LS Hennen aus AP (24,6) zeigten einen besseren 

Gesamtgefiederstatus als LS Hennen aus SG (23,5).   

Im 2. Legedurchgang wurde bei 432 LS Legehennen Fußballengesundheit, Gefiederstatus, 

Zustand des Integuments, sowie die Krallenlänge untersucht. Die Hennen wurden in 

ausgestalteten Käfigen (AP, wie Legedurchgang 1), einem modifizierten 

Kleingruppenhaltungssystem (MSG: BE- und ST-Sitzstangen) und einer Voliere (AV, wie 

Legedurchgang 1) gehalten. Bei allen untersuchten Hennen der drei verschiedenen 

Haltungssysteme, war geringgradige Hyperkeratose der häufigste Befund. Epithelläsionen der 

Fußballen konnten in allen Haltungssystemen  gefunden werden. In AP (1,83) waren die 

Hennen signifikant weniger von Sohlenhyperkeratose betroffen als in MSG (2,04) und AV 

(1,96). Läsionen der Sohle unterschieden sich nicht signifikant zwischen den 

Haltungssystemen. Hyperkeratose zwischen distalem Zehenballen und Kralle war signifikant 

ausgeprägter in AP (2,45) als in MSG (1,97). Ebenso waren bei AP-gehaltenen Legehennen 

Läsionen der Zehenballen (1,87) und Läsionen des Übergangsbereiches (1,56) signifikant 

stärker ausgeprägt als in MSG und AV. Signifikant weniger Läsionen der Zehenballen als in 

MSG (1,72) wurden bei Hennen in AV beobachtet (1,29). Die  Unterschiedliche 

Sitzstangenpositionen in MSG (BE, ST) zeigten keinen Einfluss auf den Fußballenstatus der 

Legehennen. Der Gesamtbefiederungszustand der Hennen wurde vom Effekt des Legemonats 

signifikant beeinflusst. In AP, MSG und AV konnte im Verlauf der Legeperiode eine 

zunehmende Verschlechterung beobachtet werden. Die Sitzstangenposition in MSG zeigte 

keinerlei Einfluss auf die Gesamtbefiederung der Legehennen. Hennen aus 40er-Gruppen 

zeigten ein besseres Gefieder als Hennen aus 60er-Gruppen in MSG. Insgesamt konnten 

signifikante Unterschiede in der Befiederung der einzelnen Körperregionen (mit Ausnahme 

des Schwanzes) zwischen den Haltungssystemen beobachtet werden. Legehennen in AV 

zeigten bessere Noten der Regionen Kopf, Hals, Brust und Flügel als Hennen aus MSG. 

Darüber hinaus war der Befiederungsstatus von Hals, Brust und Flügeln besser bei Hennen 

aus AV als aus AP. Bei Legehennen des AP waren Rücken - und Bauchbefiederung besser als 

in MSG, während in MSG der Hals der Hennen bessere Beurteilungsnoten erhielt. Mit 

zunehmendem Alter der Hühner konnte eine Verschlechterung des Gefieders für die Regionen 

Kopf, Hals, Brust und Flügel beobachtet werden. In AP zeigten Hennen aus 10er-Gruppen im 

Vergleich zu 30er-Gruppen ein intakteres Gefieder der Flügel, während im MSG Legehennen 
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aus 40er-Gruppen ein besseres Gefieder an Flügeln und Schwanz aufwiesen. Das Integument 

war nur selten von Verletzungen betroffen. Bei 2,8% der untersuchten Hennen aus MSG, 

2,1% aus AV und 0,7% aus AP konnten Kammläsionen in Form von oberflächlichen Wunden 

oder Nekrosen der Kammspitzen beobachtet werden. Die Kehllappen waren stets intakt. Die 

Kloakalregion wies bei 2,1% der Legehennen aus MSG und AP und bei 0,7% der Hennen aus 

AV Verletzungen auf. Lediglich eine Henne aus MSG zeigte eine Ständerverletzung. 

Verletzungen des Integuments waren nicht vom Haltungssystem beeinflusst. Legehennen aus 

Abteilen mit BE-Sitzstangen zeigten weniger Läsionen des Kammes als Hennen, die in ST-

Abteilen gehalten wurden. Hennen in Abteilen mit 60 Tieren waren mehr von Kammläsionen 

betroffen als Legehennen aus 40er-Gruppen. Die kürzesten Krallen wurden in AP gemessen. 

In MSG zeigten Hennen signifikant längere Krallen als Legehennen in AV. Die Krallenlänge 

nahm signifikant ab dem 6. Legemonat in allen Haltungssystemen zu. Modifizierte 

Sitzstangenpositionen in MSG hatten keinen Einfluss auf die Länge der Krallen.  

In den zwei zuvor beschriebenen Legedurchgängen wurde bei insgesamt 670 LS und 240 LT 

Legehennen der Einfluss der verschiedeneren Haltungssysteme (s.o.) auf die Verfettung von 

Leber, Abdomen und Herz untersucht. Zusätzlich wurde im Serum der Hennen die 

Triacylglycerid (TRI)-Konzentration bestimmt. Im ersten Legedurchgang zeigten 53,8% der 

AV-Hennen eine unveränderte Leber, gefolgt von 43,3% der Legehennen aus SG. In AP 

wurden 29,2% unveränderte Lebern erfasst. Ähnlich verhielt sich die Verteilung der 

Beurteilungsnoten im Hinblick aus den Verfettungsgrad von Abdomen und Herz. Ein über 

das normale Maß hinausgehender Anstieg des Körperfettes wurde bei 50% der Hennen aus 

AP und 44,7% der Hühner aus SG festgestellt, während in AV bei 9,3% der Legehennen 

einen Anstieg des Abdominalfetts auftrat. Die Anzahl der Legehennen mit einer vermehrten 

Auflagerung von Fett im Bereich der Koronargefäße war am größten in AP (43,1%), gefolgt 

von SG (39,3%) und AV (16,3%). Das durchschnittliche Lebergewicht war bei Legehennen 

in AP (39,4g) signifikant niedriger als bei Hennen in SG (43,3g). Die TRI-Konzentration im 

Serum unterschied sich signifikant zwischen Hennen aus SG und AV. Hennen in AV zeigten 

höhere Serumkonzentrationen. Im zweiten Legedurchgang wurden ähnliche Ergebnisse wie in 

Legedurchgang 1 beobachtet. Der Großteil der Fettlebern wurde bei Hennen in AP (66%) 

festgestellt, während Legehennen in AV am wenigsten betroffen waren (42,2%). Eine mittlere 

Position nahm das modifizierte Kleingruppenhaltungssystem (MSG) ein (59%). Vermehrt 

ausgebildetes Abdominalfett zeigten 44,4% der Hennen aus AP, 38,2% der Tiere aus MSG 

und 11,1% der in AV gehaltenen Legehennen. Das Herz von 42,4% der AP-, 43,1% der 

MSG-, sowie 23,6% der AV-Hennen zeigte eine vermehrte Fettauflagerung. Das 
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durchschnittliche Lebergewicht war signifikant höher bei AV- (44,6g) als bei AP-Legehennen 

(41,9g). Legehennen, die in AP in Gruppen von 30 Tieren gehalten wurden, waren stärker von 

Leber- und Abdomenverfettung betroffen als Hennen aus 20er-Gruppen. Die TRI-Serum-

Konzentration war im zweiten Legedurchgang im Vergleich  zu Hennen aus AP und MSG in 

AV signifikant niedriger. In beiden Legedurchgängen übte das Haltungssystem einen großen 

Einfluss auf die Verfettung von Leber und Abdomen aus. Legehennen in AV waren 

signifikant weniger stark von einer Verfettung der Leber und des Abdomens betroffen als in 

AP, SG und MSG. Die für den Verfettungsgrad von Leber und Abdomen verzeichneten 

Werte bei Legehennen in SG und MSG nahmen eine Mittelstellung zwischen Hennen aus AV 

und AP ein. Für den Herzfettstatus konnten keine Unterschiede zwischen den verschiedenen 

Haltungssystemen ermittelt werden. In beiden untersuchten Legedurchgängen zeigte das 

Körpergewicht innerhalb Legelinie (Durchgang 1) und Legemonat einen signifikanten 

Einfluss auf das Lebergewicht.  Die Lebern schwererer Tiere wiesen ein höheres Gewicht auf. 

Das Lebergewicht stieg zudem mit zunehmendem Verfettungsgrad des Organs an. Ein 

Zunehmen der Leberverfettung war bei beiden Legedurchgängen im Verlauf der Legeperiode 

zu beobachten. Das Körpergewicht innerhalb Legelinie (Legedurchgang 1) und Legemonat 

beeinflusste in beiden Durchgängen den Fettstatus von Leber, Abdomen und Herz signifikant. 

Insgesamt waren schwerere Legehennen stärker von Verfettung betroffen. Mit steigender 

Leberverfettung konnte ein Anstieg der TRI-Konzentration im Serum beobachtet werden. 

Hennen mit einem höheren Körpergewicht zeigten höhere TRI-Werte. Die 

Sitzstangenmodifikationen (BE, ST) in MSG zeigten keinen Einfluss auf die 

Verfettungsstatus von Leber, Abdomen und Herz.  

Farm B 

In zwei Legedurchgängen wurde der Fußballenstatus von 432 LSL und 144 LB Legehennen 

erfasst, die in einem modifizierten Kleingruppenhaltungssystem (MSG), modifizierten 

ausgestalteten Käfigen (MFC), einem Kleingruppenhaltungssystem (SG), sowie 

ausgestalteten Käfigen (FC und AP) gehalten wurden. Die Sitzstangen in MSG waren in 

Legedurchgang 1 in BE- Position angebracht. In Legedurchgang 2 wurden die Positionen FE 

und ST zusätzlich installiert. In MFC waren die Sitzstangen in BE- und FE- Position montiert. 

In beiden Legedurchgängen war der im Hinblick auf das Auftreten von Hyperkeratose am 

häufigsten festzustellende Befund eine geringgradige Proliferation der Fußballenhaut. 

Läsionen traten in allen getesteten Systemen auf. In beiden Legedurchgängen war der 

Fußballenstatus signifikant vom Haltungssystem beeinflusst. Im ersten Legedurchgang war 

Hyperkeratose der Sohlenballen signifikant stärker in den Kleingruppenhaltungen (SG/MSG) 
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(2,00) ausgeprägt als bei Hennen aus AP (1,79). Ebenso traten Läsionen der Sohle signifikant 

weniger in AP (1,24) als in SG/MSG (1,66) und FC/MFC (1,49) auf. Hyperkeratose zwischen 

distalem Zehenballen und Krallensohle war signifikant am stärksten in AP ausgeprägt (2,51). 

Die unterschiedliche Sitzstangenanordnung in FC und MFC hatte einen signifikanten Einfluss 

auf den Fußballenzustand. Sohlenballenhyperkeratose war deutlicher in FC (2,03) ausgeprägt 

als in Abteilen von MFC mit FE-Sitzstangen (1,75). Deutlich weniger Hyperkeratose der 

Zehen war bei Hennen aus FE- (1,91) gegenüber Hennen aus BE- Abteilen (2,17) zu finden. 

Hyperkeratose im Übergangsbereich zwischen Zehe und Kralle war bei LSL-Hennen in FC 

(2,16) signifikant stärker ausgeprägt als bei LSL- Hennen, die in FE-Abteilen des MFC (1,79) 

gehalten wurden, während bei den LB Hennen solche aus BE-Abteilen des MFC am stärksten 

betroffen waren. Das Sitzstangendesign in MSG zeigte keinen Einfluss auf den 

Fußballenstatus der Legehennen. Im zweiten Legedurchgang zeigten Hühner, die in MSG 

(1,95) gehalten wurden signifikant  mehr  Sohlenhyperkeratose als Hennen aus AP (1,71) und 

FC/MFC (1,76). Auch von Läsionen der Sohlenballen waren Hennen in MSG (1,91) 

signifikant stärker betroffen als Legehennen in AP (1,39), während Hyperkeratose im 

Übergangsbereich von Zehe zur Kralle signifikant stärker bei Hennen aus AP (2,18) 

ausgeprägt war als den beiden anderen Systemen (FC/MFC: 1,98; MSG: 2,01). Der 

Fußballenstatus wurde signifikant von der Sitzstangenanordnung beeinflusst. Legehennen in 

BE- Abteilen des MFC (1,28) waren weniger von Sohlenballenläsionen betroffen als Hennen 

in FC (1,87). In FE- Abteilen des MFC (1,83) zeigte sich ein günstigerer Status bezüglich 

Hyperkeratose im Bereich zwischen Zehe und Kralle, als in FC (2,10). In MSG wiesen 

Hennen in ST- im Vergleich zu FE-Abteilen weniger ausgeprägte Sohlenballenläsionen auf. 

Im ersten Legedurchgang wurden ergänzend zur makroskopischen Untersuchung 69 Sohlen- 

und 68 Zehenballen histologisch untersucht. Alle Proben der Sohlen- und Zehenballen die zur  

histologischen Untersuchung herangezogen wurden, zeigten hyperkeratotische 

Veränderungen. Während Sohlenballen vorwiegend geringgradige Hyperkeratose aufwiesen 

(49,3%), zeigten Zehenballen vornehmlich mittelgradige Veränderungen (54,4%). 

Hochgradige Hyperkeratose wurde bei Proben aus FC/MFC (Sohle: 4,8%; Zehe: 14,3%) und 

SG/MSG (Sohle: 12,5%; Zehe: 17,4%) beobachtet. Die beobachteten Hyperkeratosen waren 

in einer Vielzahl der Fälle von einer Verbreiterung des Stratum spinosum (Akanthose) 

begleitet. Erosionen (16,7%) und Ulzerationen (12,5%) traten in Sohlenballenproben von 

Hennen aus SG/MSG  auf. Perivaskuläre Infiltrationen von Lymphozyten konnten in fast 

allen Fußballenpräparaten festgestellt werden.    
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Farm A und B 

Auf Farm A wurde das Verhalten von LS-Hennen im Haltungssystem AP und MSG (ST- und 

BE- Sitzstangen) während des zweiten Legedurchgangs untersucht. Auf Farm B erfolgte die 

Beobachtung des Verhaltens in Legedurchgang 1 und 2. Im 1. Legedurchgang erstreckten sich 

die Untersuchungen auf LB und LSL Hennen in den Systemen AP, SG, MSG (BE) und MFC 

(BE), während im 2. Durchgang LSL Hennen beobachtet wurden, die in AP, MSG (BE, FE, 

ST) und MFC (BE) gehalten wurden. Die Ergebnisse der Untersuchung zeigten, dass sich die 

Mehrheit der Legehennen in allen getesteten Haltungssystemen vornehmlich auf dem 

Käfigboden aufhielt (stehend, sitzend, liegend, in Sandbadehaltung oder bei 

Sandbadeaktivität). In AP war die Anzahl der Hennen, die den Drahtboden als Aufenthaltsort 

nutzten in jedem drei untersuchten Durchgänge am höchsten (>65%). Insgesamt konnte 

festgestellt werden, dass sich mit zunehmender Gruppengröße mehr Legehennen auf dem 

Drahtboden aufhielten. In ersten Legedurchgang auf Farm B, wurden die angebotenen 

Sitzstangen in SG im Vergleich zu den anderen Systemen am häufigsten genutzt (LSL: 23%; 

LB: 19,8%). In Legedurchgang 2 wurden innerhalb des MSG die meisten Hennen auf den 

Sitzstangen beobachtet, wenn Abteile mit FE- Stangen ausgestattet waren (23,6%), während 

sich in ST-Abteilen die wenigsten Legehennen auf den Sitzstangen aufhielten (13,4%). Auf 

Farm A waren am häufigsten Hennen in AP (20,1%), am seltensten Hennen in ST-Abteilen 

des MSG (14,9%) auf den Sitzstangen anzutreffen. In allen untersuchten Haltungssystemen 

wurden die Nester ganztägig von den Legehennen aufgesucht und als Rückzugsbereich 

genutzt. Insgesamt wurden die Nester von Hennen in AP am häufigsten aufgesucht. Die 

angebotenen Staubbadevorrichtungen wurden deutlich öfter für andere Aktivitäten genutzt als 

für die Ausführung des Staubbadeverhaltens. Während sich insgesamt zwischen 7 bis 14% 

der Hennen in der Staubbadevorrichtung aufhielten, war der Anteil der Hennen, die 

tatsächliche Staubbadeaktivitäten ausübten, mit <1% sehr gering. Die Fortbewegungsaktivität 

der Legehennen (Gehen auf dem Boden) war insgesamt in MSG am höchsten und nahm mit 

wachsender Gruppengröße, beziehungsweise einer damit verbundenen Zunahme der 

Grundfläche der Abteile zu. In  ST-Abteilen, wurde die höchste Fortbewegungsaktivität 

beobachtet (Farm A: 5,9%; Farm B: 6,9%). Hier war es den Hennen möglich, längere 

Distanzen zurücklegen, ohne ebene Sitzstangen überqueren zu müssen.  

Die vorliegende Studie ist Teil eines Forschungsprojektes, das insgesamt 10 Legedurchgänge 

umfasst. Im Rahmen dieses Projektes wurden Merkmale zur Gesundheit und Leistung von 

insgesamt 4.553 Legehennen erfasst. Folgende Haltungssysteme wurden untersucht: 

konventionelle Käfige, ausgestalteten Käfige (AP, FC, MFC), Kleingruppenhaltungen (SG, 
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MSG), ein Volierensystem (AV), sowie eine intensive Auslaufhaltung. Mittels einer Meta-

Analyse, in die bereits veröffentlichte Daten der oben erwähnten Legedurchgänge anderer 

Autoren sowie die Ergebnisse der eigenen Untersuchungen einbezogen wurden, wurden 

Daten zu Fußballen-, Gefieder- und Brustbeinstatus, Humerus- und Tibiaknochenfestigkeit,  

Legeleistung, Mortalität, Eischalenfestigkeit sowie Verhaltensmerkmalen der Hennen 

analysiert. Das Haltungssystem zeigte einen signifikanten Einfluss auf das Auftreten von 

Hyperkeratose der Sohlenballen, auf die Bruchfestigkeit von Humerus und Tibia, die 

Legeleistung, das Ausführen des Staubbadeverhaltens auf dem Käfigboden, sowie die 

Mortalität. Hyperkeratotische Proliferationen der Sohlenballenhaut waren signifikant stärker 

bei Hennen in Kleingruppenhaltung (SG/MSG) ausgeprägt, als bei Legehennen, die im 

ausgestalteten Käfig AP gehalten wurden. Während der fixe Effekt des Haltungssystems sich 

als nicht signifikant für den Gefiederzustand, den Brustbeinstatus sowie die 

Sitzstangennutzung herausstellte, konnten dennoch Unterschiede im direkten 

Haltungssystemvergleich gefunden werden. So wiesen Hennen aus der Voliere eine bessere 

Befiederung auf als Legehennen aus ausgestalteten Käfigen und Kleingruppenhaltung. 

Hennen aus Kleingruppenhaltung zeigten einen besseren Brustbeinstatus als Legehennen in 

der Voliere. Eine höhere Frequenz der Sitzstangennutzung konnte in AP und SG/MSG 

gegenüber FC/MFC beobachtet werden. Die geringste Knochenfestigkeit (Humerus und 

Tibia) wurde bei Hennen aus konventionellen Käfigen gemessen. Die Legehennen in 

Volierenhaltung wiesen stärkere Knochen auf als Hennen aus ausgestalteten Käfigen und 

Kleingruppenhaltung. Eine Ausnahme waren gleich hohe Tibia- Bruchfestigkeiten bei Tieren 

in FC/MFC und der Voliere. Im AP zeigten Hennen niedrigere Humerus- und 

Tibiafestigkeiten im Vergleich zur intensiven Auslaufhaltung. Geringere Werte der 

Tibiabruchfestigkeit wurden in Kleingruppen- im Vergleich zur Auslaufhaltung gemessen. 

Das Sandbaden auf dem Käfigboden konnte signifikant häufiger in AP als in FC/MFC und 

SG/MSG beobachtet werden. Die Legeleistung der in konventionellen Käfigen gehaltenen 

Legehennen erwies sich als nicht signifikant gegenüber den anderen Haltungssystemen. In 

intensiver Auslauf- und Volierenhaltung war die Legeleistung geringer als in ausgestalteten 

Käfigen und Kleingruppenhaltung. Die Legeleistung der in FC/MFC gehaltenen Hennen war 

höher als in SG/MSG und AP. Die höchste Mortalitätsrate wurde in der Volierenhaltung 

verzeichnet. Diese erwies sich gegenüber Mortalitäten in ausgestalteten Käfigen und 

Kleingruppenhaltung als signifikant, während zur intensiven Auslaufhaltung und 

konventioneller Käfighaltung keine signifikanten Unterschiede bestanden.  
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Figure 1: Furnished cage system Aviplus for 10 laying hens per compartment, Big Dutchman. 
 
 
 
 

 
Figure 2: Lohmann Silver laying hens housed in an Aviplus-compartment for 10 hens.  
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Figure 3: Furnished cage system Eurovent 625A-EU for 20 laying hens per compartment with 
non elevated perches (NE), Big Dutchman. 
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Figure 4: Modified small group housing system Eurovent 625a-EU for 40 laying hens with 
elevated front perches (FE), Big Dutchman. 
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Figure 5: Lohmann Silver laying hens kept in the modified small group housing system 
Eurovent 625a-EU with stepped perches (ST). 
 
 

 non elevated perches (NE) 
 

elevated front perches (FE) 
 

elevated back perches (BE) 
 

4 

3 2          1 

stepped perches (ST) 
 
Figure 6: Different perch positions tested in small group and modified small group housing 
systems, schematic cross-section. 1: supply pipe of dust bath filling; 2: back perch; 3: front 
perch; 4: nipple drinkers.  
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Compartment 01 02 03 04 05 06 07 08 09 10 
Group size 40 60 60 60 40 40 40 40 60 60 
Perch variant NE NE NE NE NE NE NE NE NE NE 

tier 3 
LM 3 2 3LT  3 LT  2  2 LT  3 
LM 6   3 LT  2  2 LT  3  
LM 9 2 3 LT  3 LT  2  2 LT  3 
LM 12   3 LT  2  2 LT  3  

tier 2 
LM 3  3  3 2 LT   2  3 LT 
LM 6 2 LT  3   2 LT 2  3 LT  
LM 9  3  3 2 LT   2  3 LT 
LM 12 2 LT  3   2 LT 2  3 LT  

tier 1 
LM 3   3 LT  2   2 LT 3  
LM 6 2 3 LT  3 LT  2 2 LT   3 
LM 9   3 LT  2   2 LT 3  
LM 12 2 3 LT  3 LT  2 2 LT   3 

Figure 7: Number of hens (Lohmann Silver, Lohmann TraditionLT) taken out of compartments 

of Eurovent 625a-EU in laying month (LM) 3, 6, 9 and 12 of laying trial 2004/05, Farm Ruthe. 

NE: perches non-elevated. 

 
Compartment 01 02 03 04 05 06 07 08 09 10 
Group size 60 40 60 60 40 40 40 40 60 60 
Perch variant ST ST BE BE BE BE FE ST ST ST 

tier 3 
LM 3 2 2 2  2      
LM 6 2 2 2  2      
LM 9 2 2 2  2      
LM 12    6  6  6 6  

tier 2 
LM 3  3  3  3   3  
LM 6 3  3  3   3   
LM 9  3  3  3   3  
LM 12 3  3  3   3   

tier 1 
LM 3 3  3  3   3   
LM 6  3  3  3   3  
LM 9 3  3  3   3   
LM 12  3  3  3   3  

Figure 8: Number of hens (Lohmann Silver) taken out of compartments of Eurovent 625a-EU 

in laying month (LM) 3, 6, 9 and 12 of laying trial 2005/06, Farm Ruthe. ST: stepped 

position; BE: back perch elevated; FE: front perch elevated. 
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Compartment 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
Group size 60 60 60 60 60 60 40 40 40 40 40 40 40 40 40 

tier 4 
Perch variant NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE
LM 6 2 2  2 LB 2 LB  2 2    2 LB 2 LB   
LM 12 2 2  2 LB 2 LB  2 2    2 LB 2 LB   

tier 3 
Perch variant NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE
LM 6 2 LB 2 LB  2  2 2 LB 2 LB   2  2   
LM 12 2 LB 2 LB  2  2 2 LB 2 LB   2  2   

tier 2 
Perch variant BE NE BE NE BE NE BE NE BE NE BE NE BE NE BE
LM 6                
LM 12                

tier 1 
Perch variant BE BE BE BE BE BE BE BE BE BE BE BE BE BE BE
LM 6 2 LB 2 LB  4   2 LB 2 LB   2  2   
LM 12 2 LB 2 LB  4   2 LB 2 LB   2  2   

Figure 9: Number of hens (Lohmann Selected Leghorn, Lohmann BrownLB) taken out of 

compartments of Eurovent 625a-EU in laying month (LM) 6 and 12 of laying trial 2004/05, 

Farm Wesselkamp. NE: non-elevated; BE: back perch elevated. 

 

 
Compartment 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
Group size 60 60 60 60 60 60 40 40 40 40 40 40 40 40 40 
Perch variant ST ST FE FE BE BE ST ST ST FE FE FE BE BE BE

tier 4 
LM 6  2  2  2  2   2   2  
LM 12  2  2  2  2   2   2  

tier 3 
LM 6  2 2  2  2   2   2   
LM 12  2 2  2  2   2   2   

tier 2 
LM 6  2  2  2   2   2  2  
LM 12  2  2  2   2   2  2  

tier 1 
LM 6  2 2  2   2   2  2   
LM 12  2 2  2   2   2  2   

Figure 10: Number of hens (Lohmann Selected Leghorn) taken out of compartments of 

Eurovent 625a-EU in laying month (LM) 6 and 12 of laying trial 2005/06, Farm Wesselkamp. 

ST: stepped position; FE: front perch elevated; BE: back perch elevated. 
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Compartment 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
Group size 30 30 30 30 30 30 20 20 20 20 20 20 20 20 20 

tier 4 
Perch variant NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE
LM 6  2R 1L * 2R* 1L*  2R 1L  * 2R* 1L* * * 
LM 12  2R 1L * 2R* 1L*  2R 1L  * 2R* 1L* * * 

tier 3 
Perch variant FE FE FE FE FE FE FE FE FE FE FE FE FE FE FE
LM 6 2R* 1L* *  2R 1L * 2R* 1L* *   2R 1L  
LM 12 2R* 1L* *  2R 1L * 2R* 1L* *   2R 1L  

tier 2 
Perch variant BE FE BE FE BE FE BE FE BE FE BE FE BE FE BE
LM 6 2L 1R  * 2R* 1L* 2L 1R   * * 2L* 1R* * 
LM 12 2L 1R  * 2R* 1L* 2L 1R   * * 2L* 1R* * 

tier 1 
Perch variant NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE
LM 6 * 2R* 1L*  2R 1L  2R* 1L* *  2R 1L   
LM 12 * 2R* 1L*  2R 1L  2R* 1L* *  2R 1L   

Figure 11: Number of hens (Lohmann Selected Leghorn, Lohmann Brown*) taken out of 

compartments of Eurovent 625A-EU in laying month  (LM) 6 and 12 of laying trial 2004/05, 

Farm Wesselkamp. NE: non-elevated; FE: front perch elevated; BE: back perch elevated. 

 
 
Compartment 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
Group size 30 30 30 30 30 30 20 20 20 20 20 20 20 20 20 

tier 4 
Perch variant NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE
LM 6  2R   2R 2L  2R    2R 2L   
LM 12  2R   2R 2L  2R    2R 2L   

tier 3 
Perch variant FE FE FE FE FE FE FE FE FE FE FE FE FE FE FE
LM 6 2R 2L   2R   2R 2L    2R   
LM 12 2R 2L   2R   2R 2L    2R   

tier 2 
Perch variant BE  BE  BE  BE  BE  BE  BE  BE
LM 6 2L  2L   2R 2L  2L     2R  
LM 12 2L  2L   2R 2L  2L     2R  

tier 1 
Perch variant NE NE NE NE NE NE NE NE NE NE NE NE NE NE NE
LM 6  2R   2R 2L  2R    2R 2L   
LM 12  2R   2R 2L  2R    2R 2L   

Figure 12: Number of hens (Lohmann Selected Leghorn) taken out of compartments of 

Eurovent 625A-EU in laying month (LM) 6 and 12 of laying trial 2005/06, Farm 

Wesselkamp. NE: non-elevated; FE: front perch elevated; BE: back perch elevated. 
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Figure 17: Unaltered foot pad skin (score 1). 

 

Figure 18: Mild hyperkeratosis of sole and toe pad (score 2).  
 

 
Figure 19: Moderate hyperkeratosis in the region between toe  
and claw (score 3). 
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Figure 20: Superficial toe pad lesions (score 2).  
 

 
Figure 21: Severe swelling of sole pad, dorsal view. 
 

 
Figure 22: Deep and large lesion and severe swelling of sole  
pad (score 4). 
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Figure 23: Mild hyperkeratosis, H.E. x 10. 

  

 
 

  
Figure 24: Severe hyperkeratosis and  
development of secondary papillae, H.E. x 10. 
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Figure 25: Akanthosis, H.E. x 10. 
 

 
Figure 26: Perivasculare infiltrations of  
lymphocytes in the dermis, H.E. x 10. 
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Figure 27: Elongation of rete folds, H.E. x 10. 
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Figure 28: Back region, score 1. 
 

 
Figure 29: Back region, score 2. 
 

 
Figure 30: Back region, score 3. 
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Figure 31: Wing, score 1.                                             Figure 32: Wing, score 2. 
 

                                                      
Figure 33: Wing, score 3.                                  Figure 34: Wing, score 4. 
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Figure 35: Unaltered liver (score 1).                                        Figure 36: Moderate fatty liver                 
                                                                                                 (score 3). 
 

 
Figure 37: Severe fatty liver  
(score 4). 
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Figure 38: from the left to the right: normal heart fat status up  
to a severe increase of heart fat.  
 
 
 
 
 
 
 
 

 162



Appendix 
 

 
 
 

50%

60%

70%

80%

90%

100%

0 50 100 150 200 250 300 350

Aviplus - LSL EV 625A-EU - LSL

EV 625a-EU - LSL

 
Figure 39: Laying performance (%) per hen housed of the layer line Lohmann 

Selected Leghorn (LSL) (first trial, Farm Wesselkamp). 

 

50%

60%

70%

80%

90%

100%

0 50 100 150 200 250 300 350

Aviplus - LB EV 625A-EU - LB

EV 625a-EU -  LB

 
Figure 40: Laying performance (%) per hen housed of the layer line Lohmann 

Brown (LB) (first trial, Farm Wesselkamp). 
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Figure 41: Laying performance (%) per hen housed of the layer line Lohmann 

Selected Leghorn (LSL) (second trial, Farm Wesselkamp). 
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Figure 42: Laying performance (%) per hen housed of the layer line Lohmann 

Silver (LS) (second trial, Farm Ruthe). 
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Figure 43: Survival rate (%) of the layer line Lohmann Selected Leghorn (LSL) 

(first trial, Farm Wesselkamp).  
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Figure 44: Survival rate (%) of the layer line Lohmann Brown (LB) (first trial, 

FarmWesselkamp 
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Figure 45: Survival rate (%) of the layer line Lohmann Silver (LS) (second trial, 

Farm Ruthe). 
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