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Introduction

Due to the EU Council directive 1999/74/EC on laying
down minimum standards for the protection of laying
hens, major changes in laying hen husbandry will occur in
the near future. Conventional cages will have to be re-
placed by furnished cages or small group housing systems
by the end of 2011 in all European countries. Furthermore,
the German government has banned the use of furnished
cages after 2011 and has only recently approved a small
group housing system with elevated perch positions as an
adequate substitute together with other alternative hou-
sing systems. Compartments of the small group housing
system are equipped with perches at two different heights
and provide space to house 40 or more hens. These systems
are supposed to combine increased animal welfare with
high hygienic and economic standards. The level of stress
which is experienced by laying hens throughout the laying
period is an important welfare criterion, which not only af-
fects layers’ health and resistance against diseases but also
impacts production performance (AL-MURRANY et al.,
2006). A well recognized parameter to measure the
amount of stress imposed on layers is the heterophil to
lymphocyte (H/L) ratio, which was described by GROSS and
SIEGEL (1983). In comparison to plasma corticosteroid lev-
els, the H/L-ratio appeared as a better long-term stress in-
dicator. An increased H/L-ratio reliablely reflects an in-
creasing environmental and social stress in chicken,
whereas a lower H/L-ratio was found in low-stress environ-
ments. As the level of heterophils shows an extensive vari-
ability due to different layer strains, age, diet or inter-labo-
ratory variations (MAXWELL and ROBERTSON, 1998), H/L-ra-
tio reference values can hardly be defined and H/L-ratios
of different studies cannot be directly compared. Only very
few data exists on the effect of housing system or cage de-
sign on the H/L-ratio in laying hens. CAMPO et al. (2005)
found a significant decrease of the H/L-ratio in hens kept
in cages equipped with perches compared to those with-
out. In a study by ELSTON et al. (2000) the cage type prefer-
ence (solid-sided vs open cages) for layers was analysed
and a decrease in the H/L-ratio in open cages, which were
preferred by hens, was found. These findings provide evi-
dence that housing systems and particularly cage designs
which meet layers’ needs can very well reduce the level of
chronic stress in hens. The purpose of the present investi-
gation was to compare the H/L-ratio of laying hens kept
under almost identical management and feeding condi-
tions in 3 different housing systems (small group housing
system with elevated perches, furnished cages, aviary
housing system) and for the first time to analyse the degree
of stress imposed on layers by the different housing envi-
ronments in a direct comparison. Also, the effect of differ-
ent group sizes and perch positions on the H/L-ratio of lay-
ers kept in small group housing systems was tested. Perch
positions and group sizes are strongly discussed parame-
ters in the current development of the small group housing
system.

Materials and Methods

Housing Systems

The three housing systems examined (provided by Big
Dutchman, Vechta, Germany) were established in parallel
position to each other in three different rooms of the same
experimental building. The small group housing system
Eurovent (EV) 625a-EU consisted of a three-tier block of
compartments without centre partitions. Pens were sepa-
rated by solid side partitions and comprised group sizes of
40 and 60 layers, which were evenly distributed over the
three levels of the system. The floor space provided was
2,412 x 1,250 mm (40 hens) and 3,618 x 1,250 mm (60
hens). Hens had access to four (40 hens) and six (60 hens)
nipple drinkers respectively, which were lined up in the
centre of each compartment (Figure 1). Two food chains
were provided outside the compartments. Four perches per
compartment were installed in parallel position to the
length of each compartment, offering each laying hen
15 cm perching space. Perches were either installed with
the front perches being non-elevated (60 mm distance to
cage floor) and the back perches being elevated (BE,
200 mm distance to cage floor) or both front and back
perches being heightened (275 and 200 mm) and incorpo-
rated in a raised and stepped position (ST) (Figure 2). The
central tube for the automatic distribution of dust bathing
substrate served as additional perching space. The fur-
nished cage system Aviplus was implemented as a
three-tier block of back-to-back cages with solid side and
rear partitions. Compartments comprised group sizes of 10
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layers (bottom tier, 1,206 x 625 mm floor space), 20 layers
(medium tier, 2,412 x 625 mm) and 30 layers (top tier,
3,618 x 625 mm). Each compartment contained two para-
llel perches, which were installed on an even level (60 mm
distance to cage floor). Non-elevated perches in EV and
Aviplus were ovally shaped with a flattened top and under-
side. They were 30 mm thick and had a contact area of
20.1 mm for the layers’ feet. All perches in Aviplus were
made out of white, polished plastics (PVC, rigid). In EV, the
surface of elevated perches was made out of abraded, gal-
vanized zinc and roundly shaped. EV and Aviplus system
were equipped with wire floors and provided layers with a
cage surface area of 750 cm2 per hen. Both systems were
equipped with nest boxes, devices to shorten claws and
dust baths. Dust bathing substrate (wood shavings) was
supplied once a day (approximately 150 g per day). The
EU legislative standards on keeping laying hens (EU direc-
tive 1999/74/EG) were fully met. The aviary housing sys-
tem (model “Natura”) was equipped with a three-tier cen-
tral block within a fully littered (sand and wood shavings)
indoor floor space. It was divided into two compartments,
which were located within the same room (floor space per
pen: 3,650 x 15,980 mm). Each compartment contained
1,250 laying hens and had direct access to a separate, cov-
ered outdoor area (“winter garden”). The two separate
outdoor areas contained litter (wood shavings) and were
provided with foraging material (hay) once a day (floor
space per outdoor area: 3,400 x 20,980 mm). Including
the outdoor area, layers were kept with a stocking density
of 1,067 cm2 per hen. The aviary system was equipped
with family nest boxes, which were attached on the walls
opposite the central block. Nest boxes were connected via
access ramps with the medium level of the system. Further-
more, perches were installed in front of the second and
above the top level.

Trial Period, Layer Strain and Management 

The experimental trial investigated started in September
2005 and ended in September 2006. A total number of
5,500 floor-reared Lohmann Silver laying hens were trans-
ferred to the particular housing system at the age of 18
weeks. Hens were reared within the same flock, thus en-
suring fully identical rearing conditions. Hens were sub-
jected to almost identical management and feeding condi-

Figure 1. Compartment (40 hens) of small group system Eu-
rovent 625a-EU with elevated back perches (BE variant)
(Source: Big Dutchman, Vechta, Germany).
Kleingruppenabteil (40 Hennen) der Kleingruppenhaltung Euro-
vent 625a-EU mit erhöhten Sitzstangen im hinteren Bereich des
Abteils (Variante BE) (Quelle: Big Dutchman, Vechta, BRD)
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tions. A commonly accepted immunisation scheme for lay-
ing hens was employed. Throughout the rearing and laying
period, hens were vaccinated against MD, IBD, AE and IB.
Vaccinations against ND and IB were given throughout the
trial period at regular intervals. Hens received a common
two-phase layer diet (Bela-Mühle, Vechta, Germany),
which was automatically provided via food chains three to
four times per day. Diet I was replaced by diet II in week 33
and was provided until the end of the trial period. Food
components were analysed at regular intervals. The nutri-
tional value averaged out at 10.9 MJ ME, 16.5% crude pro-
tein, 3.89% calcium and 0.48% total phosphorus compris-
ing diet I and II. Water was supplied ad libitum from nipple
drinkers. Hens in all three housing systems tested were giv-
en 14 hours of artificial light per day (20 lux). The light
scheme in the indoor part of the aviary system was adapted
to seasonal daylight fluctuations and the beginning of the
light period varied from 5am (3rd laying month) up to 7.15
am (12th laying month). Access to the outdoor areas was
only provided within the 14 hours light period. In the 8th
laying month, three treatments against the red mite (Der-
manyssus gallinae) with Intermitox (Propoxur) were given
in all three housing systems tested within a period of 13
days.

Evaluation of White Blood Cell Numbers and Heterophil to 
Lymphocyte (H/L) Ratio

In the 3rd, 6th, 9th and 12th laying month, approximately
36 laying hens were randomly chosen from each housing
system, considering group sizes and perch position (small
group housing system) to equal parts (430 hens in total).
Hens were not repeatedly sampled throughout the laying
period. In the small group system EV, four compartment
variants related to the different group sizes and perch po-
sitions (60 hens, BE, ST and 40 hens BE, ST) with two rep-
licates each per tier were tested. In Aviplus, compartments
tested had eight replicates (top tier), twelve replicates
(medium tier) and 24 replicates (bottom tier). Hens were
carried to a separate room and blood was immediately tak-
en from a wing vein. At least two blood smears per hen
were prepared within 30 minutes following blood sam-
pling. Blood smears were fixed in methanol (70%) and
stained using Wright-Giemsa stains. An average number of
480 leucocytes, including heterophils, lymphocytes, mono-
cytes, eosinophils and basophils was counted on each slide
and proportions of white blood cells were calculated. The
H/L-ratio was calculated by dividing the relative numbers
of heterophils by the relative numbers of lymphocytes. In

Figure 2. Cross-section of the elevated perch positions BE
(back perch (BP) elevated) and ST (stepped position with back
and front perch (FP) elevated) and of the central tube (CT) with-
in Eurovent 625a-EU compartments.
Querschnitt der erhöhten Sitzstangenpositionen BE (hintere Sitz-
stange (BP) erhöht) und ST (stufige Anordnung, hintere und vor-
dere (FP) Sitzstange erhöht) und des Zuleitungsrohres (CT)
innerhalb der Abteile des Eurovent 625a-EU.
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addition, hematocrit and layers’ body weight were mea-
sured.

Statistical Analysis

Statistical analysis was carried out using the procedure
MIXED of SAS, version 9.1.3. (STATISTICAL ANALYSIS SYSTEM
INSTITUTE INC., CARY, NC, USA, 2007). According to DIXON
and TUKEY (1968), a total of six outlier observations for the
H/L-ratio, which were located at both tails of the distribu-
tion, were identified and removed from the data set. After
logarithmic transformation of observed data values, Sha-
piro-Wilk and Kolmogorov-Smirnow tests revealed data to
be normally distributed (PROC UNIVARIATE). In the sta-
tistical model, housing system (SYS), group size and perch
position (EV) within housing system GR_PP(SYS), laying
month (MON) and the interaction between housing sys-
tem and laying month (SYS*MON) were included as fixed
effects. Additionally, the interaction MON*GR_PP(SYS)
was included in an extended model to show the differences
between housing systems in the course of the H/L-ratio
during the laying period. The interaction between individ-
ual compartment within housing system and laying month
(comp(SYS)*MON) was used as randomly distributed ef-
fect. Body weight (BW) within laying month was employed
as a covariate. F-test was conducted to test the significance
of the effects in the statistical model. Results of variance
analysis were regarded significant when the error proba-
bility was less than 5% (P < 0.05).

Results

The least-square (LS) means of the H/L-ratios and relative
numbers of heterophils significantly differed among the
three different housing systems tested (Table 1). H/L-ratio
was significantly lower in hens kept in the small group sys-
tem (EV) compared to layers housed in furnished cages
(Aviplus). Hens in Aviplus had higher H/L-ratios compared
to the aviary system, although differences were not signif-
icant (P = 0.075). No differences in H/L-ratios could be de-
tected between layers housed in the aviary system and EV.
Relative numbers of heterophils were significantly higher
in hens kept in Aviplus compared to EV and aviary system,
whereas no difference was detected between EV and aviary
system. The corresponding relative number of lym-
phocytes did not differ among the 3 different housing sys-
tems tested. With relation to the different group sizes and
perch positions tested, H/L-ratio was found to be lowest in
layers kept in compartments of 40 hens and perches incor-
porated in the BE position (EV) and was significantly less
than in hens kept in groups of 10, 20 and 30 hens (Aviplus)
and in layers kept in compartments of 40 and 60 hens with

Log-Yijklmn = µ + SYSi + GR_PP(SYS)ij + MONk + SYS*MONik + 
comp(SYS)*MONikl + b x BW(MON)km + eijklmn
Log-Yijklmn H/L-ratio or relative proportion of leucocytes
µ model constant
SYSi fixed effect of housing system (i = 1 to 3)
GR_PP(SYS)ij fixed effect of group size and perch position 

(EV) within housing system (ij = 1 to 8)
MONk fixed effect of laying month (k = 1 to 4)
SYS*MONik fixed effect of housing system and laying 

month (ik = 1 to 12)
comp(SYS)*MONikl randomly distributed effect of interaction 

between individual compartment within 
housing system and laying month

b linear regression coefficient
BW(MON)km body weight of layers within laying month
eijklmn random error variation
perches incorporated in the ST position (EV) (Table 1).
Furthermore, the LS mean of the H/L-ratio in hens kept in
compartments of 40 layers with perches in the BE position
was significantly lower (P = 0.046) compared to hens kept
in the aviary system, when the interaction
MON*GR_PP(SYS) was included in the extended statisti-
cal model. No differences in H/L-ratio were found among
the different group sizes of layers kept in Aviplus. In EV,
compartments of 40 and 60 layers with perches incorpora-
ted in the BE position did not differ in H/L-ratio and no dif-
ferences were found between the two group sizes and
perches installed in the ST position. H/L-ratio increased
from laying month three to twelve and nine to twelve. Cor-
respondingly, relative numbers of heterophils increased
and relative numbers of lymphocytes decreased from the
3rd to the 12th and 9th to the 12th laying month in all
three housing systems tested, although differences were
not significant, except in the aviary system between laying
month nine and twelve (Table 2). In the 9th laying month,
hens kept in EV and aviary system reflected the lowest
H/L-ratio of all four laying months tested. It was interest-
ing to note that the relative number of eosinophils was
highest in layers kept in Aviplus and aviary system and
significantly differed from hens housed in EV. In addition,
the relative numbers of eosinophils were significantly
lower in compartments of 40 layers with perches in the BE
position compared to layers kept in the aviary system, in
the different groups of Aviplus (10, 20, 30 hens) and in
compartments of 60 hens with perches incorporated in the
BE position. Body weight of hens was highest in Aviplus
(2,085.9 g), followed by hens kept in the aviary system
(2,052.5 g) and EV (2,036.2 g), but differences did not
achieve a significant level. In Aviplus and EV, body weight
increased from laying month 3 to 12, whereas a decrease
was found in the aviary system.

Discussion

Hens kept in the small group system EV showed signifi-
cantly lower H/L-ratios compared to layers housed in Avi-
plus. Layers in EV manifested significant heteropenia and
corresponding non-significant lymphophilia. These results
provide evidence that keeping layers in the small group
housing system with elevated perches imposes less envi-
ronmental stress on hens compared to the furnished cage
system. In contrast to these findings, BARNETT et al.
(1997a), ELSTON et al. (2000) described higher H/L-ratios
in layers kept in solid-sided cages compared to open-sided
cages and traced this results back to a possible preference
of layers to experience greater visual access to their sur-
roundings. In both the Aviplus and EV system, compart-
ments were separated by solid side partitions. As compart-
ments of Aviplus were also equipped with solid centre par-
titions, this could have contributed to an increased level of
stress as visual access was limited. The level of stress expe-
rienced by hens kept in EV (H/L-ratio: 0.269) was compa-
rable to layers kept in the aviary system (H/L-ratio: 0.267).
So far, data on H/L-ratios of layers kept in aviary systems
is very rare. NICOL et al. (2006) analysed the effect of flock
size and stocking density in a single-tier aviary system but
could not detect clear effects on the H/L-ratio between the
different treatments, except an increase in H/L-ratio
towards the end of the laying period. As the H/L-ratio is a
highly heritable trait (AL MURRANI et al., 1997) and NICOL et
al. (2006) used a different layer line in their investigation,
data on H/L-ratio values are not comparable with the
present study. Differences in H/L-ratio between layers kept
in Aviplus and aviary system nearly reached a significant
Arch.Geflügelk. 4/2008
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level. Hens kept in the furnished cage system Aviplus expe-
rienced increasing levels of stress with time. A reduced lev-
el of stress in layers kept in the aviary system compared to
Aviplus had been expected, but it was a rather unexpected
finding that differences between EV and Aviplus occurred
to an even greater extent. Hens in the aviary system were
provided with foraging material and were given access to a
littered outdoor-area. Increased opportunities to perform
natural behavioral traits are certainly an explanation for
less exposure to stress. The impact of foraging material
was studied by EL-LETHEY et al. (2000) who detected a
reduced H/L-ratio in hens kept with straw. The effect of
group size on H/L-ratio was significant between compart-
ments of 10, 20, 30 hens (Aviplus) and 40 layers (perch
position BE, EV) with hens in the smaller pens and not-el-
evated perches experiencing a higher stress exposure.
KEELING et al. (2003) suggested that hierarchical social
structures in small groups, which bear the potential of

Table 1. Logarithmized LS-Means (LSMlog), their standard errors (S
vals (CI95) and significant differences between the different h
625a-EU) and laying months for H/L ratios and relative proportio
Logarithmierte LS-Mittelwerte (LSMlog), deren Standardfehler (SElog),
(CI95) und signifikante Unterschiede zwischen den verschiedenen H
vent (EV) 625a-EU) und Legemonaten für den H/L-Ratio und prozent
sinophilen Granulozyten (%).

Trait H/L ratio Heterophils (%)

LSMlog 
SElog

LSM
CI95

LSMlog
SElog

LSM
CI95

Housing s

Aviplus -1.18a 0.31 3.04a 21.0

0.05 0.28-0.34 0.04 19.5-22

EV -1.31b 0.27 2.94b 18.9

0.05 0.24-0.30 0.04 17.5-20

Aviary -1.32ab 0.27 2.93b 18.6

0.06 0.24-0.30 0.05 17.0-20

Group sizes in Aviplus (10, 20, 30), EV (40-B

10 -1.15A 0.32 3.06A 21.3

0.08 0.27-0.37 0.06 18.9-23

20 -1.21AB 0.30 3.03AB 20.6

0.08 0.25-0.35 0.06 18.3-23

30 -1.17AB 0.31 3.05AB 21.0

0.09 0.26-0.37 0.06 18.6-23

40-BE -1.55C 0.21 2.75C 15.7

0.10 0.17-0.26 0.07 13.5-18

40-ST -1.21a 0.30 3.02A 20.5

0.10 0.25-0.36 0.07 17.7-23

60-BE -1.34ac 0.26 2.92ac 18.6

0.10 0.21-0.32 0.07 16.1-21

60-ST -1.16A 0.31 3.05A 21.2

0.10 0.26-0.38 0.07 18.3-24

1,250 
(Aviary)

-1.32ac 0.27 2.93a 18.6

0.06 0.24-0.30 0.05 17.0-20

ST: both perches heightened and in stepped position; BE: back perch ele
(lowercase superscripts: P < 0.05; uppercase superscripts: P < 0.01). 
ST: beide Sitzstangen erhöht, stufige Position; BE: hintere Sitzstange erh
unterscheiden sich signifikant (Kleinbuchstabe: P < 0,05; Großbuchstab
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social conflicts, break down in larger groups so that birds
develop a tolerant social system. A group of 40 hens might
be large enough to develop non-aggressive social behav-
iour. Layers kept in compartments of 60 hens with elevated
back perches (BE) also showed lower H/L-ratio (0.26)
compared to the smaller group sizes of Aviplus (0.32, 0.30,
0.31), although differences did not achieve a significant
level. Apart from the group size, the different perch posi-
tions tested in EV seemed to have a significant effect on
layers’ stress exposure. Hens kept in groups of 40 and 60
layers with perches in the ST position did not differ in
H/L-ratios compared to the smaller group sizes of Aviplus.
Perches incorporated in the BE position in groups of 40
hens were found to reduce levels of stress compared to
groups of 40 and 60 hens with perches in the ST position
and compared to hens kept in groups of Aviplus. A possible
explanation could be that hens were given opportunities to
perch more secludedly in the back of the compartments,

Elog), LSMlog re-transformed (LSM), their 95% confidence inter-
ousing systems, group sizes, perch positions (Eurovent (EV)
ns of heterophils, lymphocytes and eosinophils (%).
 rücktransformierte LSMlog   (LSM), deren 95% Konfidenzintervalle
altungssystemen, Gruppengrößen, Sitzstangenpositionen (Euro-
uale Anteile der heterophilen Granulozyten, Lymphozyten und eo-

Lymphocytes (%) Eosinophils (%)

LSMlog
SElog

LSM
CI95

LSMlog
SElog

LSM
CI95

ystems

4.22a 68.1 -0.04A 1.0

.5 0.01 66.3-70.0 0.07 0.8-1.1

4.25a 70.3 -0.32B 0.7

.3 0.01 68.3-72.3 0.07 0.6-0.8

4.25a 69.8 -0.10a 0.9

.4 0.02 67.4-72.3 0.08 0.8-1.1

E, 40-ST, 60-BE, 60-ST) and Aviary system

4.21A 67.1 -0.02A 1.0

.9 0.02 64.2-70.2 0.12 0.8-1.2

4.24ab 69.5 0.04A 1.0

.3 0.02 66.3-72.7 0.12 0.8-1.3

4.22a 67.7 -0.13a 0.9

.8 0.02 64.5-71.0 0.11 0.7-1.1

4.31B 74.1 -0.57B 0.6

.1 0.03 70.0-78.4 0.14 0.4-0.7

4.23ab 68.6 -0.24ab 0.8

.7 0.03 64.9-72.5 0.13 0.6-1.0

4.26ab 70.9 -0.15ac 0.9

.6 0.03 67.0-75.0 0.14 0.7-1.1

4.22a 67.7 -0.31ab 0.7

.4 0.03 64.1-71.6 0.14 0.6-1.0

4.25ab 69.8 -0.10A 0.9

.4 0.02 67.4-72.3 0.08 0.8-1.1

vated; means within a column with no common superscripts differ 

öht; LS-Mittelwerte innerhalb einer Spalte ohne gemeinsamen Index 
e: P < 0,01).
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which might have been favourable. Perches incorporated
in the ST position could have led to increased accidental
collisions with perches as elevated front and back perches
might have been hindering in layers’ movements. Acciden-
tal collisions with perches as a result of social disruptions
could have increased the level of stress due to pain experi-
ence. BARNETT et al. (1997b) analysed H/L-ratios in hens
kept in cages equipped with perches and those without and
could not prove any differences, whereas CAMPO et al.
(2005) found hens being less stressed and reflecting lower
H/L-ratios when perches were provided compared to cages
without perches. The perch position seemed to play an im-
portant role in reducing layers’ stress exposure particularly
towards the end of the laying period and elevated perches
in the BE variant seemed to prevent best the increase of the

Table 2. Logarithmized LS-Means (LSMlog), their standard errors (S
vals (CI95) and significant differences between H/L-ratio, relative
tween the different laying months of the three housing systems
Logarithmierte LS-Mittelwerte (LSMlog), deren Standardfehler (SElog)
(CI95) und signifikante Unterschiede für H/L-Ratio, prozentuale Ante
Granulozyten (%) zwischen den verschiedenen Legemonaten der un

Laying 
month

H/L ratio Heterophils (%)

LSMlog
SElog

LSM
CI95

LSMlog
SElog

LSM
CI95

Avip

3 -1.23a 0.29 3.00a 20.2

0.10 0.24-0.36 0.08 17.4-23

6 -1.25a 0.29 2.98a 19.7

0.10 0.24-0.35 0.07 17.1.22

9 -1.17a 0.31 3.04a 20.9

0.10 0.26-0.37 0.07 18.1-24

12 -1.06a 0.35 3.15a 23.3

0.10 0.29-0.42 0.07 20.2-26

Eurovent 62

3 -1.38a 0.25 2.98a 18.0

0.11 0.20-0.31 0.08 15.3-21

6 -1.21a 0.30 3.02a 20.4

0.11 0.24-0.37 0.08 17.5-23

9 -1.44a 0.24 2.83a 17.0

0.11 0.19-0.29 0.08 14.6-19

12 -1.22a 0.29 3.01a 20.3

0.09 0.25-0.35 0.07 17.8-23

Aviary s

3 -1.33ab 0.26 2.93ab 18.7

0.13 0.21-0.34 0.09 15.6-22

6 -1.31ab 0.27 3.02ab 18.8

0.13 0.21-0.35 0.09 15.7-22

9 -1.61A 0.20 2.83A 14.7

0.13 0.16-0.26 0.09 12.3-17

12 -1.02B 0.36 3.01B 23.3

0.13 0.28-0.46 0.09 19.4-27

Means within a column with no common superscripts differ (lowercase
LS-Mittelwerte innerhalb einer Spalte ohne gemeinsamen Index unters
P < 0,01).
H/L-ratio in the second half of the laying period. General-
ly, hens in groups of 40 (BE, EV) showed lower stress expo-
sure in the second half of the trial period compared to Avi-
plus and aviary system. Significant differences between EV
(group size 40, BE) and the aviary system were primarily
caused by the increase of the H/L-ratio in hens kept in the
aviary system towards the end of the laying period. DAVIS
et al. (2000) also described an increase in H/L-ratio with
age related to the egg production cycle and NICOL et al.
(2006) found an increase in H/L-ratio by the end of the lay
in hens kept in single-tier aviaries due to poorer welfare
status of layers. Treatment against the red mite (Derman-
yssus gallinae) in the 8th laying month could have contrib-
uted to a lower H/L-ratio in the 9th laying month (EV, avi-
ary system) compared to laying month 6 if the infestation

Elog), LSMlog re-transformed (LSM), their 95% confidence inter-
 proportions of heterophils, lymphocytes and eosinophils be-

 tested.
, rücktransformierte LSMlog  (LSM), deren 95% Konfidenzintervalle
ile der heterophilen Granulozyten, Lymphozyten und eosinophile

tersuchten Haltungssysteme.

Lymphocytes (%) Eosinophils (%)

LSMlog
SElog

LSM
CI95

LSMlog
SElog

LSM
CI95

lus

4.24a 69.2 -0.32a 0.7

.4 0.03 65.4-73.3 0.15 0.5-1.0

4.23a 68.6 0.03ab 1.0

.6 0.03 65.0-72.3 0.14 0.8-1.4

4.21a 67.7 0.10b 1.1

.0 0.03 64.1-71.4 0.13 0.9-1.4

4.20a 67.0 0.02ab 1.0

.8 0.03 63.5-70.7 0.13 0.8-1.3

5a-EU (EV)

4.28a 71.9 -0.59a 0.6

.3 0.03 67.5-76.6 0.16 0.4-0.8

4.22a 68.3 -0.42ab 0.7

.8 0.03 64.4-72.4 0.14 0.5-0.9

4.28a 72.1 -0.07b 0.9

.8 0.03 68.0-76.5 0.15 0.7-1.2

4.23a 68.8 -0.18b 0.8

.1 0.03 65.5-72.3 0.12 0.7-1.1

ystem

4.26ab 70.9 -0.18a 0.8

.5 0.04 66.2-76.0 0.16 0.6-1.2

4.24ab 69.8 -0.20a 0.8

.5 0.04 65.0-74.8 0.17 0.6-1.1

4.31A 74.4 -0,07a 0.9

.7 0.04 69.3-79.8 0.17 0.7-1.3

4.17B 64.7 0.07a 1.1

.9 0.04 60.3-69.3 0.16 0.8-1.5

 superscripts: P < 0.05; uppercase superscripts: P < 0.01). 
cheiden sich signifikant (Kleinbuchstabe: P < 0,05; Großbuchstabe: 
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had contributed to stress exposure. Hematocrit of layers
did not differ among the different housing systems and
group sizes, suggesting that infestation with the red mite
did not accumulate in any of the systems or group sizes
tested. Small group housing systems with elevated perches
are supposed to combine the needs of high hygienic stand-
ards that are related to systems which are well protected
from outside environmental influences and improved ani-
mal welfare. Interestingly, we found a significantly lower
number of eosinophils in hens kept in EV compared to the
aviary system, which could be an indicator of a generally
lower parasitic exposure as hens in the EV did not have any
outdoor access. As hens in Aviplus and EV were equally
protected from external influences, the higher relative
number of eosinophils in Aviplus compared to EV was dif-
ficult to explain. Hens in groups of 10, 20 and 30 layers of
Aviplus might have been subjected to increased dust expo-
sure as the smaller compartment sizes could have led to
less air ventilation compared to the larger group sizes of
EV. One of the reasons for increased relative numbers of
eosinophils in layers kept in Aviplus might be due to aller-
gic reactions as a response to dust exposure.

The findings of the current investigation showed that
stress levels in layers were strongly influenced by different
housing environments, group sizes, perch positions and
laying month. The greatest exposure to stress was experi-
enced by layers kept in the furnished cage system. Keeping
laying hens in the small group housing system in groups of
40 layers together with the back perches being incorpora-
ted in an elevated position appeared to impose the least en-
vironmental stress on hens among the different housing
environments tested including an aviary system with a cov-
ered outdoor area.

Summary

The objective of the present study was to assess the level of
stress imposed on Lohmann Silver laying hens kept in a
small group housing system with elevated perches (Eurov-
ent (EV) 625a-EU, group sizes 40, 60 hens, four perches
with two different heights) compared to furnished cages
(Aviplus, group sizes 10, 20, 30 hens) and an aviary hous-
ing system with a winter garden (Natura, two pens, 1,250
hens) under identical management and feeding condi-
tions. Each two perches within compartments of EV were
either incorporated in a stepped position (ST, front and
back perches heightened) or with only the back perches
being elevated (BE). In the 3rd, 6th, 9th and 12th laying
month, approximately 36 hens were randomly chosen
from each housing system (430 hens in total) and heter-
ophil to lymphocyte (H/L) ratio was determined. Laying
hens kept in EV had significantly lower H/L-ratio compared
to hens housed in Aviplus (P < 0.05), whereas no differ-
ence was detected between EV and aviary system. Hens
kept in groups of 40 layers in compartments with perches
in the BE position showed significantly lower H/L-ratios
compared to hens kept in groups of 10, 20, 30 layers (Avi-
plus) and groups of 40 and 60 hens with perches incorpo-
rated in the ST position. Hens kept in furnished cages re-
flected the greatest stress exposure. Group sizes of 40 hens
together with elevated back perches were associated with
lowest levels of H/L-ratios and these ratios were even lower
than in hens kept in the aviary system. Differences between
group size 40 (BE) and the aviary system nearly achieved
the significance level (P = 0.054). Keeping hens in groups
of 40 layers together with perches incorporated in the BE
position indicated to be most favourable in terms of impos-
ing the least environmental stress on layers.
Arch.Geflügelk. 4/2008
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Zusammenfassung

Einfluss von Haltungssystem, Gruppengröße und 
Sitzstangenposition auf das H/L-Ratio bei Legehen-
nen

Das Ziel dieser Studie war es, erstmalig die Stressbelastung
bei Lohmann Silver Legehybriden in Kleingruppenhaltung
mit erhöhten Sitzstangenpositionen (EV 625a-EU, Grup-
pengrößen 40 und 60 Hennen, hintere Sitzstangen erhöht
(HH), vordere und hintere Sitzstangen erhöht und stufig
installiert (ST)), ausgestalteten Käfigen (Aviplus, Grup-
pengrößen 10, 20 und 30 Hennen) und einer Volierenhal-
tung (Natura, zwei Großgruppen zu je 1,250 Hennen) un-
ter identischen Managementbedingungen anhand des
H/L-Ratios zu vergleichen. Am Ende des 3., 6., 9. und 12.
Legemonats wurden jeweils 36 Hennen pro Haltungssys-
tem für eine Bestimmung des H/L-Ratios zufällig entnom-
men (insgesamt 430 Hennen). Hennen aus Aviplus wiesen
ein im Vergleich zu den Kleingruppen signifikant höheres
(P < 0,05) und ein im Vergleich zur Voliere annähernd sig-
nifikant höheres (P = 0,075) H/L-Ratio auf. Zwischen Tie-
ren aus Volieren- und Kleingruppenhaltung hingegen
konnte kein Unterschied im H/L-Ratio festgestellt werden.
Hennen aus Kleingruppen (40 Tiere, HH Variante) zeigten
ein signifikant niedrigeres H/L-Ratio im Vergleich zu Hen-
nen aus den Kleingruppen mit der ST Variante und zu Hen-
nen aus ausgestalteten Käfigen (10, 20 und 30 Tiere). Die
Unterschiede im H/L-Ratio von Tieren aus der Kleingrup-
pe (40 Hennen, Variante HH) im Vergleich zur Volieren-
haltung erreichten die Signifikanzgrenze (P = 0,054).
Hennen aus Kleingruppen (Gruppengröße 40, Variante
HH) zeigten das geringste H/L-Ratio und diese Werte wa-
ren sogar niedriger als in der Volierenhaltung. Dagegen
war bei Legehennen aus dem Aviplus von allen hier unter-
suchten Haltungssystemen das H/L-Ratio am höchsten.
Somit erwies sich die Kleingruppenhaltung  (EV 625a-EU)
mit 40 Hennen und hinten erhöhter Sitzstange, Variante
HH, als die Haltungsform mit der geringsten Stressbelas-
tung für die Lohmann Silver Legehennen.

Stichworte

Legehenne, H/L-Ratio, Stress, ausgestalteter Käfig,
Kleingruppenhaltung, erhöhte Sitzstangen
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