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Abstract

Wall, H., 2003, Laying Hens in Furnished Cages — Use of Facilities, Exterior Egg
Quality and Bird Health. Doctor’s dissertation.
ISSN 1401-6249, ISBN 91-576-6423-4.

Concern for the welfare of laying hens housed in conventional cages has led to a
change of the Animal Welfare Legislation in Sweden, implying that cages must
provide possibilities for hens to lay eggs in a nest, to rest on a perch and to use
litter. Such requirements are also being considered within the whole European
Union. The purpose of this thesis is to contribute to the general knowledge of, and
further development of, furnished cages, both as regards birds’ use of facilities and
their welfare, as well as with regard to production. The furnished cages housed 6
to 16 birds and the genotypes included were the commercial hybrids Lohmann
Selected Leghorn (LSL), Hy-Line White and Hy-Line Brown. Passive Integrated
Transponders were used in order to record individual bird’s use of litter baths,
nests and passages through pop holes in larger cages divided into two halves.

With some exceptions, nest and perches were generally used by 80-90% of the
birds, and nest use was affected by nest design. There was a very large variation in
the number of days individual birds visited the litter bath, and almost 30% of the
birds never entered the baths. Frequent use of litter affected neither a hen’s
exterior appearance (feather cover, pecking wounds) nor her estimated level of
stress. Providing cages for larger groups of hens with a partition with pop holes, in
order to improve their escape possibilities, did not affect any of the measured
welfare traits. However, the pop holes were frequently used and the cage proved
to work in all practical aspects. Two different measures to reduce egg shell cracks,
both reducing the speed of the eggs on their way out of the nest, proved to be very
efficient. Egg production and mortality rates were normal and similar to levels
recorded in conventional cages. Differences in behaviour, indicators of stress and
fear, exterior egg quality and exterior appearance were identified between
genotypes. In conclusion, most birds found nests and perches attractive, whereas
litter was used to varying extents. With inexpensive measures to reduce egg
cracks, the proportion of cracks can be reduced to the level found in conventional
cages.

Keywords: behaviour, passive integrated transponder, modified cage, enriched
cage, nest, litter bath, dust bath, perch, pop hole, layer.
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Introduction

Background

During recent decades the housing of layers in commercial egg production has
become widely discussed, especially in North Western Europe. The debate has
focused on the barren environment and restricted available area in conventional
cages and the welfare of hens housed in such cages has been questioned (e.g.,
Baxter, 1994; Craig & Swanson, 1994). In Sweden this resulted in a new Animal
Welfare Ordinance in 1988, implying that cages should be banned in 1999 (SFS,
1988). However, the Standing Committee for Agriculture and Environment stated
that the change to alternative housing systems must not lead to impaired animal
health, increased medication, impaired working conditions, introduction of beak-
trimming (prohibited in Sweden, Finland and Norway) or Swedish egg production
being out-competed by foreign cage egg production. The last criterion was added
in 1995 when Sweden joined the EU.

In Sweden, all animal housing systems considered to be new must be tested in a
so-called “New Technique Evaluation Programme” in order to ensure that health
and other animal welfare traits as well as production and mortality rates are
acceptable. Hence, in the early period following the ban on cages several different
aviary systems, i.e., floor systems in multi-tier designs, were tested in this
programme as well as in research. Mainly due to problems with feather pecking,
cannibalism, air condition and some health problems, such as parasitic disorders
and bumble foot, showing up in the testing programme (Algers et al., 1995;
Ekstrand et al., 1997; Tauson & Holm, 1998), the aviary systems did not live up to
the criteria established by the Committee in 1988. Thus, in 1997 the Welfare
Ordinance of 1988 was altered, implying that cages were permitted only if
furnished with a nest, litter bath and a perch (SFS, 1997).

The need for development of furnished cages has become evident also in other
European countries because of the change to alternative housing systems being
prepared in the European Union. Thus, in 1999 the European Commission decided
that by 2012 all laying cages must be ‘enriched’ with a nest, a litter area for
scratching and pecking and a perch (European Commission, 1999). At the moment
in Sweden, conventional cages are being replaced either by floor-housing systems
or by furnished cages. Today, 25-30% of the national flocks are housed in
furnished cages (Tauson, 2003).

Early and recent designs of furnished cages

Research designed to make the environment of cages for layers less restricted and
less barren has been on-going for quite some time. Thus, the Get-Away-Cage,
developed in the 70’s by Bareham (1976) and Elson (1976), had perches on
different levels in order to allow birds to escape. However, disadvantages such as
high mortality rates, less good inspection possibilities, inferior egg quality as
regards cracked and dirty eggs (Abrahamsson et al., 1995) and inferior plumage



hygiene (Abrahamsson et al., 1996a) made this cage less suitable for commercial
egg production both from practical and animal welfare points of view. Hence,
research tended to turn to cages with perches on one level (e.g., Tauson, 1984;
Abrahamsson & Tauson, 1993). In the early 90’s different designs of nests and
litter baths and the optimal position of these facilities within a cage, were
systematically evaluated with focus on birds’ use of facilities as well as on
practical considerations (Appleby et al., 1993). This research resulted in the
Edinburgh Modified Cage or the “EMC” concept (Appleby & Hughes, 1995) in
which a nest was placed at one end of the cage, a litter bath was positioned on top
of the nest and a perch was placed across the cage width, i.e., parallel to the feed
trough. Originally the cage was designed for groups of 4 birds (Appleby &
Hughes, 1995) but in further development of the system into a commercial design,
it was shown that housing 8 hens together in a larger cage worked well too
(Abrahamsson & Tauson, 1997). The larger group size also implied a lower
investment cost as well as a larger available area for birds to move around in.

In the early designs nest boxes were closed during the night in order to prevent
defecation of the nest bottom by birds spending the night inside the nest (Appleby
& Hughes, 1995). However, when the nest design was developed further the
closing of nests during the night proved to be unnecessary (e.g., Appleby et al.,
2002) and hence, in more recent designs the nest is available all the time. The
closing of litter baths during the period of the day when most hens lay their eggs,
is still practised in this concept of a furnished cage. Further development of the
EMC cage has led to commercial designs of furnished cages, of which several
have been tested and approved in the compulsory New Technique Evaluation
Programme in Sweden (e.g., Tauson & Holm, 2002). These are, for example, the
“Comfort Cage” manufactured by Broderna Victorsson AB (Figure 1) and the
“Environment system” manufactured by Hellmann Poultry GmbH, both aimed for
groups of eight hens.

Figure 1. An example of the Edinburgh Modified Cage, or the “EMC” concept, in which a
nest is placed at one end of the cage (lower right), a litter bath positioned on top of the nest
(upper right). A perch is also provided. This particular cage is for 8 birds. Photo: Istvan
Pamlényi.



A totally different concept, also approved in the Swedish New Technique
Evaluation Programme (Tauson & Holm, 2003), is the Aviplus cage for groups of
10 birds, manufactured by Big Dutchman GmbH. This cage is sometimes
described as a reversed cage, because it has the nest, litter facilities and egg
collection belt at the rear of the cage, i.e., in the centre of the cage battery, see
Figure 2.

belt

feed trough

feed trough
litter

Figure 2. The Aviplus cage for 10 birds viewed from above. Litter is distributed
automatically by running the litter belt.

In contrast to nest and perches, the introduction of litter involves a new technical
procedure as litter baths have to be replenished. In large-scale egg production,
filling baths manually is not a realistic solution and the Aviplus cage is one
example of a cage with automatic distribution of litter. The litter facility consists
of a trough, with a belt on its bottom whereby litter is distributed to all cages in the
battery tier.

The furnished cages mentioned above are all for relatively small groups but
research is on-going also on furnished cages for larger groups of birds, housing up
to 54 hens (Fiks-van Niekerk et al., 2001; Rauch ef al., 2002). A larger total cage
area, as a consequence of a larger group size, improves the opportunities for birds
to move within the cage, which in turn may lead to better bone strength. In a larger
cage it is also possible to incorporate more than one nest and a larger litter bath.
Thus, hens can choose between nests and more hens can dustbathe together.
However, the risk of problems with feather pecking (Bil¢ik & Keeling, 2000),
cannibalism (Fiks-van Niekerk et al., 2001) and aggressive interactions (Al-Rawi
& Craig, 1975; Hughes & Wood-Gush, 1977) are associated with group size. It
has been suggested that severe feather pecking and cannibalism are expressed
mainly by some of the birds in a group (Keeling, 1994; Yngvesson & Keeling,
2001) and in a small group only a limited number of animals are affected by the
behaviour of these individuals. However, as regards aggressive encounters, some
studies have reported on the frequency being lower in large group sizes than in
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small (Nicol et al., 1999) and at higher stocking densities (Al-Rawi & Craig,
1975; Nicol et al., 1999). This may occur because birds in smaller group sizes
attempt to form social hierarchies (Nicol et al., 1999), and at lower densities an
individual entering another individual’s “personal space” may trigger an agonistic
encounter (Hughes & Wood-Gush, 1977). These behaviours are important to
consider, especially in countries where beak-trimming is not allowed, like in
Sweden, Norway and Finland. It is also possible that beak trimming will shortly be
banned in more European countries.

Use of nests, litter and perches

Under non confined conditions, nesting behaviour starts with the hen moving
away from the flock, seeking out a protected place where she can build a nest
(Duncan et al., 1978). In captivity, e.g., in a pen, with artificial nests, nesting
behaviour begins with the hen showing some restlessness and giving a
characteristic call (Wood-Gush, 1982). Eventually, after some pacing along the
sides of the pen, explained as trying to find a way out, the hen examines the nests.
After having examined several nests she may alternate between periods of feeding
and drinking, and periods of nest examinations, for up to 3 h (Wood-Gush, 1982),
before she finally settles down in one of the nests. Nesting behaviour is controlled
by several endocrine events following oviposition (see Petherick & Rushen, 1997)
and hence, the behaviour does not disappear in the absence of a nest site but will
merely be modified (Wood-Gush, 1982).

The aim of providing litter in furnished cages is to facilitate foraging, i.e., pecking
and scratching, and dustbathing. The latter consists of a sequence of behavioural
elements which function to work the substrate all the way into the proximal
integument of the hen, ending in dust being shaken out of the plumage (van Liere,
1992). This behaviour regulates the amount of feather lipids and keeps the downy
part of the plumage fluffy (van Liere & Bokma, 1987; van Liere, 1992; Sandilands
et al., 2001). Peat and sand have proved to be effective in removing excessive
lipids, whereas with wood-shavings the contact between the litter and the bird’s
proximal integument is not sufficient, resulting not only in higher lipid levels but
also in interrupted and short baths (van Liere, 1992). According to observations of
birds housed in pens, it appears that the average hen dustbathes on every second
day (Vestergaard, 1982; van Liere & Bokma, 1987), but there may be a large
variation in this frequency between individual birds (Vestergaard, 1982). When
hens are housed in environments without litter they may perform sham
dustbathing, i.e., they perform some of the elements of the dustbathing behaviour
on the wire floor. However, this behaviour has been reported to be common also
in furnished cages, where in fact, litter is provided (Olsson & Keeling, 2002a).

Perches are used both during the day and night. Under feral conditions resting in a
tree provides protection from predators. Abrahamsson et al. (1996b) found that in
day-time one-third of the hens rested on the perch in furnished cages housing 4 or
5 birds. In furnished 8-hen cages used in practice, about 80 to 85% of the birds
used the perch during the night (Tauson & Holm, 2002). However, in most farms
in that survey the light was abruptly turned off instead of successively decreased.
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Hence, in studies on research stations, where the light has been dimmed before
lights-off, the recorded use of perches has been higher, about 90% (e.g.,
Abrahamsson et al., 1996a; Abrahamsson & Tauson, 1997).

Is birds’ use of facilities of significance?

A question of significance when discussing birds’ use of facilities in furnished
cages is to what extent use of nests, litter and perches is of importance and, if so,
to whom - the hens, the egg producer or both?

Several studies have shown that hens are willing to work to gain access to nests
(Smith et al., 1990; Cooper & Appleby, 1994) and when housed in barren
environments such as conventional cages, they may show frustration prior to
oviposition (Mills & Wood-Gush, 1985). Furthermore, in cages, birds with nests
show a more settled and less frustrated pre-laying behaviour than birds without
nests (Appleby, 1998; Yue & Duncan, 2003). Similarly, hens accustomed to
perches showed signs of unrest when access to perches was thwarted, possibly
indicating frustration (Olsson & Keeling, 2000). Furthermore, hens with prior
experience of perches were found willing to work in order to gain access to
perches for night-time roosting (Olsson & Keeling, 2002b). Also, perches improve
the bone strength of hens in cages (Abrahamsson & Tauson, 1993) and, hence,
reduce the risk of bone breakages when birds are taken out of cages and
transferred to the slaughter plant at the end of lay. Evidently, nests and perches
appear to be important resources to laying hens.

Studies of birds’ motivation for litter have resulted in contradictory conclusions.
Lagadic & Faure (1987) and Faure (1991) for example, using operant
conditioning, did not find evidence of a need for litter in caged laying hens,
whereas others have shown that hens are willing to work in order to gain access to
litter (Bubier, 1996; Gunnarsson et al, 2000a; Widowski & Duncan, 2000).
However, there is evidence that providing litter may be of importance in order to
avoid feather pecking, which is a severe welfare, as well as an economic problem
(Tauson & Svensson, 1980; Peguri & Coon, 1993). Blokhuis (1986) explained
feather pecking as redirected ground pecking, related to foraging, whereas
Vestergaard (1994) suggested that feather pecks are redirected dustbathing pecks,
originating because birds do not have access to an adequate dustbathing substrate
early in life. Both theories have subsequently been confirmed; the foraging theory,
e.g., by Huber-Eicher & Wechsler (1997) and the theory related to dustbathing,
e.g., by Johnsen et al. (1998).

Eggs laid in the cage area instead of in the nests of furnished cages do not require
to be collected separately as they roll out into the same cradle as the nest eggs and,
hence, are not a load in terms of causing extra work. However, these eggs run a
higher risk of getting cracked as they may attract the attention of other birds, or
being stepped on as they roll towards the egg cradle (Bell, 1999). Furthermore, if
an egg is laid at the rear of the cage, it has to roll underneath the perch where floor
hygiene may be inferior because droppings can not be effectively trampled down
(Abrahamsson & Tauson, 1993; Glatz & Barnett, 1996). Thus, eggs laid in the
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cage area may run a higher risk of becoming dirty compared with eggs being laid
in the nest, providing of course, that the nest is not defecated by birds spending the
night there (Sherwin & Nicol, 1992). Thus, it is important that birds find it more
attractive to rest on the perch than in the nest.

In cages furnished with perches but without nests, birds may lay eggs when sitting
on the perches (Glatz & Barnett, 1996; Appleby et al., 1998) resulting in high
proportions of cracked eggs (Glatz & Barnett, 1996). Thus, in cages and other
housing environments furnished with nests, perches and litter, a proper and good
use of the facilities may not only be important from bird welfare points of view,
but may also be of considerable economic interest.

Exterior egg quality

The income from eggs delivered to a packing plant depends not only on the
produced quantities, but also on characteristics of the eggs, e.g., their exterior
quality. Thus, cracked and dirty eggs decrease the egg producer’s income. In
countries within the European Union washed eggs are not allowed to be sold as
first-class eggs (Hutchison et al., 2003), and hence, the revenue for these eggs may
be reduced. The housing environment and the way eggs are handled when
transferred from the laying house to the packing unit have a large impact on the
risk of an egg getting cracked (Bell, 1999). In conventional cages, eggs rolling out
from the cage are spread over the whole cage width, whereas in furnished cages,
with most eggs laid in the nest, there is an accumulation of eggs in the cradle in
front of the nest. Thus, the risk of an egg being cracked on account of rolling into
another egg in the cradle is high, especially in the EMC concept (Figure 1) with a
deep and narrow nest. Also in conventional cages, depth and width may be of
importance with regard to the risk of eggs getting cracked (Hughes & Black,
1976). In the Aviplus cage (Figure 2), the nest is wider and less deep, and hence,
the risk of cracks due to eggs colliding in the cradle is considerably lower.

Some hybrids have the ability to produce eggs with better shells than others. Egg
shell thickness may explain about 50% of the variation of the egg shell’s crushing
strength (Richards & Swanson, 1965). However, the egg shell must be fragile
enough to enable the chick to break free at hatching (Hunton, 1995). Also the
shape of the egg, i.e., the egg shape index affects the risk of egg cracks (Richards
& Swanson, 1965). The common way to sort out eggs with defects like cracked or
dirty egg shells, is by visual inspection at candling. However, research has shown
that egg shell cracks can also be effectively detected by acoustic resonance
frequency analysis (De Ketelaere et al., 2000), or by laser detection (Chalukova-
Dimitrova et al., 1998). The latter method can also detect eggs with dirty shells or
shells with local thinnings.

Methods to study layers’ use of facilities

Usually, birds’ use of facilities is studied by direct observations (e.g., Smith et al.,
1990) or video recording (e.g., Cooper & Appleby, 1995) but also photocell
technique has been used (Reed & Nicol, 1992; Ceular et al., 2003). However,
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direct observations are time consuming if used in long-term studies or in
continuous observations, and video recording may be associated with difficulties
to identify individuals in a group of birds. In addition, when used on its own,
photocell technique does not enable identification of animals.

Hence, in long-term studies it may be more feasible to use some kind of automatic
recording system with possibilities to identify individuals, like e.g., Passive
Integrated Transponder (PIT) tags. The PIT tag technique is an identification
system previously used to mark animals of various species, e.g., fish (Brinnis &
Alanird, 1993), laying hens (Brinnés ef al., 2001) as well as pet animals. A PIT
tag consists of an electromagnetic coil and a microchip, sealed in a glass capsule,
12 mm long and 2 mm in diameter (Figure 3). The technique has been described in
detail by Prentice et al. (1990). Every time the tag is close enough to a reader
(antenna) it becomes activated and sends out a unique combination of numbers
and letters which can be transferred to a reader board and stored in a computer. In
birds and mammals tags are generally implanted subcutaneously, through a
cannula (e.g., Jamison et al., 2000; Schooley et al., 1993).
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Figure 3. A Passive

- __; ¥ Ve =ik ""‘1." B - "*\.-" | Integrated  Transponder
- 2 (PIT) tag. Photo: Istvan
- Pamlényi.

Measurements of stress and fear

Two widely used measures of welfare are tonic immobility (TI) and
heterophil/lymphocyte (H/L) ratios. The former is an unlearned fear response
which is elicited by a brief period of physical restraint. Birds with high fearfulness
are assumed to have a long TI response, i.e., remain immobile for a longer period
than birds with a low level of fearfulness (reviewed by Jones, 1986). The ratio of
heterophils and lymphocytes in blood is considered to be a reliable measure of
stress in avians. During mild to moderate stress, an increase in birds’ H/L ratios is
expected (reviewed by Maxwell, 1993).
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Aims of the thesis

The furnished cages for small group sizes represent new housing systems that
recently (1998) have been introduced in practice in Sweden (Tauson, 2003). The
aim of this thesis was to contribute to general knowledge and further development
of furnished cages, both as regards birds’ use of facilities as well as production
traits. Studying effects of genotypes was also considered to be important. More
specific aims were:

e To study the long-term use of litter baths on groups as well on an individual
basis, with sand or sawdust as litter bath substrate, and to find possible
associations between use of litter and selected welfare traits.

e To study whether dividing cages for larger group sizes into apartments is of
benefit to the birds, by e.g., improving their possibilities to move away from other
birds. Furthermore, the bird’s use of pop holes in the partition dividing the cage,
was also important to study.

¢ To study nests of varying designs as regards their use by the birds and to study
possible associations between nest designs and exterior egg quality.

¢ To study different measures to reduce egg shell cracks.

e To adapt and use the PIT tag technique in studies of bird’s visits to nests and
litter baths in furnished cages.

Materials and methods

General designs of furnished cages

The furnished cages used were based on the Edinburgh Modified Cage (EMC)
concept (Appleby & Hughes, 1995; Abrahamsson et al., 1996a), with the litter
bath placed on top of the nest (Figure 1). Furnished 6-hen (FC-6) and furnished 8-
hen cages had one nest box, one litter bath and one perch (Figure 1). Furnished
14-hen and 16-hen cages, from now on referred to as FC-14 and FC-16, had two
nest boxes, a litter bath twice as large as the regular sized baths in the other group
sizes, and two perches. These cages were constructed either by taking away the
rear partition of 7- and 8-hen cages, resulting in fully open cages (O-cages), or by
providing the partition with pop holes through which the birds could pass and
hence use both “apartments” (H-cages). In the present studies, the furnished cages
for 8 hens were either the “Comfort cage” or the “Environment cage”,
manufactured by Brdoderna Victorsson AB and Hellmann Poultry GmbH,
respectively. From now on these cages are referred to as the Victorsson and
Hellmann furnished cages. In the Victorsson cages, curtains of plastic, hanging
behind the gates, screened-off the nests from the aisle. These curtains either did
not reach below the manure deflector (short nest curtain) or ended 1 cm above the
cage floor (long nest curtain). Long curtains, reduced the speed of eggs rolling out
from the nest. In the Hellmann cage, in every second, a wire extended parallel to
and underneath the feed trough (see Paper IV). Hence on the way out of the cage,
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rolling eggs were stopped by this so-called egg saver wire. The wire was lifted
regularly, allowing eggs to slowly roll the last short distance into the egg cradle.

The perch length per hen was 12 cm in all furnished cages except for the
Hellmann cage in which the length was 17 cm per hen. Due to successive
development none of the cages used was identical to the ones later introduced in
commercial production.

In the studies regarding egg quality (Papers III & IV), conventional 4-hen cages
(Trional) were included as comparison. The conventional as well as the furnished
cages fulfilled the Swedish Animal Welfare Directives of a minimum of 600 cm’
cage floor area and 12 cm feed trough length per bird.

The following section gives a short overview of cage designs and measurements
included in the studies.

In Paper I, the effect of sand or sawdust on birds’ use of litter baths, exterior
appearance and H/L ratios was studied in FC-14 cages without a rear partition, i.e.,
O-cages. Use of litter was recorded in individual birds by means of the PIT tag
technique and on group basis by direct observations.

In Paper 1II the studies used FC-16 cages of H- and O-design. The welfare of birds
housed in H- or O-cages was estimated by measures of exterior appearance, H/L
ratios and tonic immobility. Passages through partition pop holes (H-cages) and
visits to nests (H- and O-cages) were followed in individual birds using PIT tag
transponder technique. Birds entered and left the nests through separate openings,
which both were equipped with tubes allowing passages in only one direction. The
pop holes were designed as the nest openings.

Paper III focused on use of nests and production traits, including exterior egg
quality. The effect of covering 30, 50 or 100% of the nest bottom with artificial
turf was studied in FC-6 cages. Furthermore, H- and O-cages was compared using
FC-14- and FC-16 cages. Conventional 4-hen cages were included as comparison.
Nest openings and pop holes were designed as in Paper II (one-way passages).

In Paper IV, two crack reduction measures - long nest curtain and egg saver wire —
were compared in Victorsson and Hellmann furnished cages, respectively.
Covering 30 or 100% of the nest bottom with artificial turf and having the nest
opening positioned in the front or in the rear was compared in FC-6 cages.
Conventional 4-hen cages were included as comparison.

Animals and management

The hybrids used were Hy-Line White hens (HY W; in all papers), Hy-Line Brown
(HYB; in Papers I & IV) Lohmann Selected Leghorn hens (LSL; in Papers II, III
& 1V). The birds were reared in conventional rearing cages by commercial
breeders and were not beak-trimmed (prohibited in Sweden). At 16 weeks of age
(w) the pullets were transferred to the experimental building and were given 10 h
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of light per day. Light was successively increased to 15 h at 24 w and was
increased during 6 min at lights-on in the morning (at 03.00 h) to imitate dawn,
and dimmed 6 min before lights-out in the evening to imitate dusk (at 18.00 h). All
furnished cages except Hellmann had a time-controlled closing mechanism of the
litter bath. The baths were open for 4 h and 30 min at 16 w and the opening period
was successively increased to 6 h and 30 min at 24 w. The baths were then open
between 11.00-17.30 h. However, in the Hellmann cage (Paper IV), baths were
not available to the birds until 24 w, but from then on they were available around
the clock. Litter baths were replenished twice a week with sand (Papers II & III),
sawdust (IV) or sand or sawdust (Paper I).

During rearing the pullets were fed a conventional grower crumbled diet and from
17 w until slaughter the birds received a normal layer crumbled diet (Papers I-IV).
Birds in conventional cages (Papers III & IV) were manually fed once a day,
whereas the feed was distributed by an automatic flat chain feeder four times a day
in the furnished cages. Eggs were collected daily (Papers I-1V) and during periods
when exterior egg quality was measured, eggs were collected by hand.

Collection of data

Exterior egg quality, production and mortality

Eggs were collected and analyzed for proportions of cracked and dirty eggs in a
small version of a commercial egg candling machine on six (Paper III) and seven
(Paper 1IV) occasions during the production cycle. Shape index, shell breaking
strength and shell thickness were analyzed in a sample of eggs from the FC-16
cages at 60 w in Paper III. In Paper IV, samples of eggs from the 6-hen and 8-hen
furnished cages were analyzed for shape index, shell breaking strength and shell
deformation, at 62 w of age. Production was recorded daily per replicate from 20
to 80 w (Papers III & 1V). Dead birds were recorded daily and were subjected to
autopsy (Papers I-1V).

Exterior appearance

Birds were scored for plumage condition (neck, breast, back, wings, tail and
cloaca) and wounds on the comb and around the cloaca at 52 or 54 w (Papers [ &
II). The scoring system assigned values of 1 to 4 points for each trait (Tauson et
al., 1984), where score 4 was the best and score 1 the worst condition. The six
parameters for plumage condition were added into a total score ranging from 6 to
24 points. Cleanliness of feet and plumage (Papers I, III & IV) and length of claws
(Paper I) was scored at 52 or 54 w with the same scoring system as was used for
plumage condition. Bird live weight was recorded in all studies at the time of
scoring.

Estimates of stress and fear

Birds were tested for duration of tonic immobility (TI) at 90 w (Paper II). TI was
induced by restraining the bird as described by Jones & Faure (1981). Birds were
sampled for blood once (37 w, Paper I) or twice (37 and 72 w, Paper II) and the
H/L ratios were calculated.
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Use of facilities

The proportion of birds on the perches, on the cage floor, in the nests or in the
litter baths was recorded one hour after lights-out every eighth week (Paper III) or
on three occasions (at 31, 53 and 77 w, Paper IV). The position of all laid eggs
was recorded every fourth week in Papers III & IV. Visits to nests and passages
through partition pop holes in FC-16 cages were studied in samples of 35 and 21
birds, respectively, using PIT tag technique (Paper II). Use of litter baths was
followed daily in a sample of 118 birds in FC-14 cages using PIT tag technique
and recorded by direct observations at two ages (Paper I). Birds visiting the litter
bath in more or less than 200 days, out of the total 420 days recorded, were
classed as high frequency (HF) and low frequency (LF) birds, respectively.

Statistical methods

Statistical analysis was performed using the GLM, MIXED and FREQ procedures
of the statistical system SAS. To satisfy assumptions of normality in the analysis
of variance, data were arcsine or log transformed where necessary.

Summary of results

Use of litter and welfare traits

There was a large variation in the number of days that individual birds visited the
litter baths (Paper I). Thirty percent of the birds never visited the litter bath and
forty percent visited it in more than 300 days of the 420-day long recording
period. Hence, the majority of birds showed either a very high or a low interest in
the litter bath, at least as regards the number of days they used it. A higher
proportion of the Hy-Line White birds visited the litter bath often, i.e., they were
classed as HF, when the litter bath contained sand as compared with sawdust,
whereas Hy-Line Brown birds used the litter bath to an equal extent regardless of
litter substrate. No differences in measured traits, i.e., mortality, plumage
condition, wounds on comb, H/L ratio, claw length or feet hygiene, were found
between HF and LF birds or between the two litter bath substrates (sand or
sawdust). However, the feather cover of birds using the baths on many days (HF
birds) was significantly better with sand as litter bath substrate than with sawdust,
and in groups with sand, the HF birds had a better plumage condition than the LF
birds (low frequency users). Hy-Line White had a better feather cover than Hy-
Line Brown, but there was no other difference between the hybrids. In the direct
observations of litter baths more dustbathing was seen in the late morning (approx.
30 min after the opening of the litter bath) than in the afternoon (approx. 60 min
before closing of bath). Neither the proportion of birds being in the litter bath nor
the proportion bathing, were affected by genotype or litter substrate in these direct
observations.

When the observations of birds’ visits to the litter baths were ended at 80 w (Paper
I), PIT tags were missing in 24 of the 150 birds still alive, implying a tag loss of

17



16%. In addition, tags were out of position in six birds (had moved under the skin)
and not working in two birds.

Use of nests

Nests were perceived less attractive when the front part of the nest bottom was left
as wire mesh instead of covered with artificial turf (Papers III & IV). Nest opening
in the front, close to the feed trough, or in the rear of the nest did not significantly
affect the number of eggs laid in the nest (Paper IV). In Paper IV, between 88 and
95% of the eggs were laid in the nests and no differences between hybrids were
found. With the specially designed nest openings used in Paper III (tube with one-
way passage), Hy-Line White laid a significantly higher percentage of eggs in the
nest (90%) than LSL (70%). Furthermore, LSL birds laid a much higher
percentage of their eggs in the nests in cages with a rear partition (H-cages)
compared with fully open cages (O-cages), whereas no such difference was found
for the Hy-Line birds. The daily average time individual hens spent in nests varied
between 11 and 86 min (mean 41 min) and the number of visits to nests per day
varied between 1 and 2.4 (mean 1.4). Although the two nests were identical, most
hens visited one of them far more often - the average hen made 90% of her visits
to the nest she visited most frequently.

Use of perches

The use of perches after dark varied throughout the studies. Generally, perch use
was significantly higher in the Hy-Line White birds compared with the other
hybrids observed. For example, in the Victorsson furnished cage for 8 hens (Paper
IV), the perches were used by 88% of Hy-Line White birds, 79% of the Hy-Line
Brown birds and 78% of the LSL birds, and the use was significantly higher in
Hy-Line White. In the Hellmann furnished cage for 8 hens, 81% of the birds used
the perch at night, with no significant difference between the hybrids, i.e., between
Hy-Line Brown and LSL (Paper V).

Use and effects on welfare traits of a partition with pop holes

Birds housed in cages divided into two identical halves by a partition with pop
holes (H-cage) frequently used the possibility to pass through the pop holes (Paper
I1). The 21 hens recorded by the PIT tag technique passed through the pop holes
on average between 1 to 8 times per day. However, no significant differences in
any of the measured traits, i.e., mortality, H/L ratios, duration of tonic immobility
or exterior appearance were found between H-cages and fully open cages (O-
cages). Hy-Line White birds showed significantly better plumage condition,
higher H/L ratio and longer duration of TI than LSL.

Use of facilities in an unintended way

In the cages where the litter baths were closed prior to lights-off no birds were
found inside the bath after dark in the 6-hen cage in Paper III or in the Victorsson
cage in Paper IV. In the larger cages for 14 or 16 hens (Paper III), 0.14% of the
birds were found in the litter bath after dark. In the Hellmann cage where litter
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baths were available around the clock, 1.6% of the birds spent the night inside or
on the edge of the litter baths (Paper IV). Overall, the percentage of birds spending
the night inside the nests was less than 1% in the studies in Paper III and varied
between 0.7 and 4% in the 8-hen furnished cages in Paper IV. In the Hellmann
cage, the proportion of hens in the nest after dark was significantly higher in LSL
birds than in Hy-Line Brown. In the Hellmann cages, with litter baths available
around the clock, 1.0% of eggs were laid in the litter baths (Paper IV). In the cages
where the litter baths were closed during the morning, between 0.1 and 0.3% of
the eggs were laid inside the baths (Paper IV).

Exterior egg quality, production and mortality

In Paper 111, eggs laid by Hy-Line White birds had a significantly thinner egg shell
and a higher shape index, i.e., a more globular shape, than eggs from LSL birds.
Interestingly, when housed in FC-14 or FC-16 cages, the proportion of cracked
eggs was considerably higher in eggs laid by Hy-Line (14%) than by LSL (6%),
whereas there was no difference between the hybrids in conventional cages (3.4
vs. 3.3%). The egg saver wire and prolonged nest curtain both proved to be very
efficient in reducing the percentage of cracked eggs (Paper IV). Having only a part
(30 or 50%) of the nest floor covered with artificial turf did not result in cleaner
eggs or reduced percentages of cracked eggs in Paper III. Actually, the percentage
of dirty eggs was higher in cages with 30% artificial turf than with 100% (Paper
IV). Generally, proportions of dirty eggs appeared to be on the same level or better
in furnished cages compared with conventional (not statistically evaluated).

The average mortality in the furnished cages appeared to be on a level with the
conventional ones, and was between 3 and 11%. The levels were higher in Papers
I & IV than in Papers II & III, most likely on account of the invasion of red mites
in the two former studies. Generally, the production parameters (laying %, egg
weight, egg mass) were affected by genotype but not by differences in cage
design, e.g., by egg crack reduction measures. The production rates were normal
in furnished as well as in conventional cages, with 21 to 22 kg eggs produced per
hen housed.

Further results

In order to follow up the results regarding use of litter and feather pecking in
furnished cages a new experiment has been started (Wall ef al., 2003). This study
focuses on effects of rearing on floors or in cages on feather pecking and use of
litter later in life. Bunches of string have been found to be attractive pecking
stimuli for hens and may also reduce the amount of feather pecking in
conventional cages (Jones ef al., 2002). Hence, effects of enriching furnished as
well as conventional cages with such pecking devices are also being studied.

This study includes 384 Hy-Line White and 384 Hy-Line Brown birds, of which
half have been reared in conventional rearing cages, i.e., without litter, and half in
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a two-tier aviary system with free access to litter from 6 w. At 16 w the birds were
transferred to the experimental building and housed in either Victorsson’s
furnished 8-hen cage, which has been described earlier, or in a conventional 4-hen
cage. Half of the conventional cages and furnished cages are enriched with
pecking devices, positioned above the feed trough (Figure 4). There is one pecking
device per cage in the conventional cage and two per cage in the furnished cages.

Figure 4. A pecking device positioned above the feed trough of a conventional cage.
Originally, the device consisted of 8 separate strings but frequent pecking has turned it into
a soft “ball”. Photo: Karl-Erik Holm.

Use of litter baths in the furnished cages was recorded by direct observations
every second week, between 18 and 42 w, 30, 60 and 90 min after the opening.
Scoring of birds’ plumage (Tauson et al., 1984) was performed at 39 w.

Mean proportions of birds in the litter baths (Table 1) were found higher in Hy-
Line Brown birds than in Hy-Line White and in birds reared on floors as
compared with in cages. The percentage of floor-reared Hy-Line Brown birds in
the litter bath was significantly higher than the other combinations of hybrid and
rearing (not in tables), resulting in a significant interaction (P<0.001). There was
no significant effect of pecking devices on the use of litter baths (not in Table).
Although, the plastic strings were pecked at, see Figure 4, they had no effect on
birds’ plumage condition, either in furnished or conventional cages up to the
present stage of the study (42 w). In conventional cages birds reared on the floor
showed significantly better plumage condition than birds reared in cages, whereas
no such difference was found in the furnished cages (Table 1). In the furnished
cages, a rearingxhybrid interaction (P<0.05) occurred because Hy-Line White
hens had a higher plumage score when reared on the floor compared with those
reared in cages, whereas the opposite condition was found in Hy-Line Brown
hens.
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Table 1. Effect of hybrid and rearing on occupation of litter baths in furnished cages and
plumage scores of birds in furnished and conventional cages, respectively. Because the size
of the litter baths did not allow more than two birds to visit the bath at same time, the
maximum possible use, 100%, was considered to be when the bath was visited by two birds
simultaneously

Hybrids Rearing P-value
Hy-Line Hy-Line Floor Cage Hybrids  Rearing
Brown White
Birds occupation 22 53 23 3.9 0.001 0.001
of litter baths, %
of max. possible
Plumage score 20.0 20.9 20.6 20.4 0.06 0.69
furnished cage
Plumage score 19.8 21.0 21.0 19.8 0.01 0.01

conventional cage

General discussion

Litter — use and effects on bird welfare

Of the facilities represented in furnished cages, the litter bath is probably the most
disputed, partly due to the contradictory findings regarding birds’ behavioural
need for litter, but also likely due to the use being low in some concepts of
furnished cages (e.g., Tauson & Holm, 2002; Olsson & Keeling, 2002a). In the
present work (Paper I), some individuals visited the litter bath practically every
day whereas others never entered the bath. Whether the large variation was due to
differences in the birds’ motivation to use litter, or in their perception of the litter
bath or the substrate, is not known. Although a flock (hatch) of birds have a very
similar genetic origin the observations indicate that layers used in commercial egg
production are individuals that may differ in their behaviours as well as their
needs. In the concept of cage used, with the litter bath on top of the nest, a
considerable proportion of baths may be empty when observed after being opened
(Tauson & Holm, 2002; Paper I). In other concepts of furnished cages where the
litter baths are less enclosed and situated more on a level with the cage floor, and
hence are easier for birds to enter, a considerably higher use has been reported
(van Niekerk & Reuvekamp, 2000; Tauson & Holm, 2003). Thus, when observing
the litter baths of the Aviplus cage (Figure 2) half an hour after the opening, most
baths were occupied by one or two hens (Tauson & Holm, 2003), whereas only
50-60% were occupied in the Victorsson cage (Tauson & Holm, 2002).

In Paper I, there were some indications of benefits with sand as compared with
sawdust, as regards the Hy-Line White birds use of litter as well as the plumage
condition of birds visiting the litter bath frequently. However, these differences are
difficult to explain. A more detailed study of the behaviour of individual birds e.g.,
as regards the performance of feather pecking, or what they actually were doing
during their visits to the litter bath, could perhaps have been helpful in interpreting
those differences. However, as sand is associated with practical disadvantages
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such as wearing of the equipment and difficulties to use in automatic distribution
systems, utilizing sawdust is probably the best solution at the moment.

In commercial egg production in Sweden, most birds housed in furnished cages
have been reared in cages (Tauson & Holm, 2002), as were all birds in the present
work (Papers I-IV). Thus, they had no experience of litter during the rearing
period. However, Wall et al. (2003) showed that use of litter was higher in birds
reared on the floor than in birds reared in conventional rearing cages. The
difference in use may have occurred due to the absence of litter in the early life of
cage-reared birds. Johnsen et al. (1998) showed that chicks reared on a wire floor
during the first 4 w of life, performed less dustbathing as adults than those given
access from day-old and a rather high use of litter baths was reported in floor-
reared hens housed in furnished cages (Appleby & Hughes, 1995). However, in
Wall et al. (2003) it can not be excluded that the birds reared in a two-tier aviary
system became more spatially skilled and, hence, better in using a three-
dimensional space (see Gunnarsson et al., 2000b). This may have been important
in the EMC concept as the litter bath was positioned on top of the nest and not on
a level with the cage floor.

The interaction between rearing and genotype on birds’ occupation of litter baths
and plumage condition, reported in the on-going study (Wall et al., 2003), is
interesting. It indicates the importance of including several genotypes in research
and that rearing conditions may be of importance to a bird’s expression of certain
behaviours later in life.

Nest use

Although it has been shown that hens have a strong motivation to lay their eggs in
a secluded environment, like a nest (e.g., Cooper & Appleby, 1994), a certain
proportion of the eggs in furnished cages are not laid inside the nest. These so-
called misplaced eggs are not unique for furnished cages but occur to a varying
degree also in floor housing systems (e.g., Abrahamsson et.al., 1996b; Wahlstrom
et al., 1998). A large proportion of misplaced eggs in the latter system is a severe
problem as they require manual collection and may be of inferior shell hygiene if
laid in the litter area. An interesting question is whether the misplaced eggs are
laid by some hens consistently laying outside the nest or if occasionally all hens
lay eggs outside the nest. In a review, Appleby (1984) concluded that most hens
are consistent in laying either in nests or on the floor. In experimental cages with
nests, 67% of the hens laid all their eggs in the nests, whereas 4% consistently
used the cage area when observed during 9 days (Sherwin & Nicol, 1993). The
rest of the birds alternated between laying in nests and in the cage area. Since most
eggs are laid within 8 hours after lights-on (Figure 5; Lillpers, 1991) in a group of
birds, egg-laying will probably coincide for some birds. In the furnished cages
used in the present work (Papers I-IV) there was one nest per 6, 7 or 8 hens. It
could be argued that hens in furnished cages are forced to lay eggs outside the
nests because the nest is occupied. However, when comparing furnished cages
where 5, 6, 7 or 8 hens shared one nest there was no difference in the proportion
of eggs laid in the nest (Abrahamsson & Tauson, 1997), and also in experimental
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cages supplying one nest per hen some eggs are laid in the cage area (Sherwin &
Nicol, 1993). Furthermore, nests of the design used in the present studies, are
often used by several hens simultaneously. When visits to nests were recorded in a
group of 5 hens, using PIT tags, up to 4 hens were together inside the nest on one
occasion during the 14-day long study (Figure 6; Wall, 1998). In some furnished
cage designs, e.g., the Hellmann cage or Aviplus cage, the nest is separated from
the rest of the cage by plastic curtains, and not by a fixed wall. Thus, these nests
can be entered anywhere along one side, which may be of benefit when several
hens use the nest simultaneously.

Frequency (%)
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Figure 5. Frequency distribution of mean oviposition times of 486 laying hens of three
genotypic lines (Lillpers, 1991). The shaded area represents the dark period.
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Figure 6. Illustration of nest visits of five birds housed together in a furnished cage with
one nest (Wall, 1998). During a short period, 4 of the hens were inside the 50%25 cm large
nest simultaneously.
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With the specially designed nest openings used in Paper III (tube with one-way
passage), LSL birds laid a considerably lower percentage of eggs in the nest when
housed in cages without a rear partition (O-cage) than in fully open cages (H-
cage). Hence, it appears that the genotypes differed in the ability to learn how to
use the experimental doors in the nest openings, and that learning might have been
facilitated by the use of the same experimental doors in the partition pop holes.
Cooper & Appleby (1997) found that hens occasionally laying eggs outside the
nest were as motivated to perform pre-laying behaviour as hens always using the
nest. They concluded that the variation in incidence of misplaced eggs was
associated with an individual variation in the hens’ perception of the nest site.
Hence, whereas most birds find enclosed nests lined with artificial turf as an
acceptable nesting environment, some birds may not. The finding that nests only
partly lined with artificial turf are perceived as less attractive than fully lined nests
(Papers III & IV) has been confirmed by Janssen ef al. (2003). It has been shown
that hens, when given a choice, prefer nests with some kind of loose material
(Huber et al., 1985) that can be moulded (Duncan & Kite, 1989) but for practical
reasons such nests are not used in commercial egg production. If individuals
rejecting the artificial nests provided in furnished cages or in other housing
systems are as motivated to perform nesting behaviour as the others, it is possible
that the housing environment does not meet the behavioural needs of those
individuals.

The PIT tag technique in Paper II enabled visits to nests to be followed in a
sample of hens. However, egg positions of individual birds were not recorded and,
hence, the study does not reveal whether individual birds laid their eggs in the nest
that they visited most frequently or, in fact, whether they laid in nests at all. In two
studies by Cooper & Appleby (1996; 1997) it was shown that hens laying a
considerable proportion of their eggs (at least 15%) outside the nest actually made
more Vvisits to the nest than birds laying almost all their eggs in their nest. The fact
that the hens that often lay their eggs outside nests may be the ones that pay most
attention to them in terms of number of visits, illustrates that although a facility
attracts a lot of attention it may not satisfy the behavioural needs of the hen. It has
been suggested that a large number of nest visits of short duration in the pre-laying
period may indicate that birds do not find nests entirely suitable (Appleby et al.,
2002), although they may finally lay their egg there. In Paper II, none of the hens
individually followed made, on average, more than 2.4 visits to nests per day and,
hence, there was no indication of frustrated pre-laying behaviour in that respect, at
least not in this sample of hens.

Perch use

The proportion of birds using perches during the night in the present work (Papers
[T & 1V) varied between 80 and 90 %, and hence, some birds used other locations
within the cage. All furnished cages, except for the Hellmann cage (Paper 1V),
provided 12 cm perch per hen, which was in agreement with the present Swedish
Animal Welfare Directives at that time. However, according to the Directive
passed by the European Commission (European Commission, 1999), cages should
provide a length of 15 cm per hen. Although perch length per hen in the Hellmann
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cage (Paper IV) was 17 cm, almost 20% of the birds did not use the perch during
night. In a study using two different per lengths per hen, 12 vs. 15 cm, the former
was provided by one perch placed along the cage width and the latter by placing
two perches in the shape of a cross (Tauson, 2003). However, the additional 3 cm
perch per hen did not result in a higher use of perches at night, either in brown or
white birds. Hence, it can be questioned whether additional perch length provided
by two perches placed in a cross, actually results in more usable space, because the
point where the two perches meet can be used only by one bird. Such perch
arrangements may also restrict birds movements, and hence, imply inferior cage
floor hygiene.

Generally, most of the birds that did not use the perches at night, rested on the
cage floor and not in the nest and, thus, did not defecate the nest linings. However,
in surveys on furnished cages in practice, the proportion of birds inside the nest
after dark was <1% on some farms and >10% on others (Tauson & Holm, 2002),
which probably had an impact on the proportion of dirty eggs.

Pop holes — use and effects on bird welfare

In the present work, the partition with pop holes was an attempt to find a measure
to improve a bird’s possibility to avoid a certain hen when needed, e.g., when
being subjected to aggression, cannibalism or feather pecking. When comparing
cages with a rear partition (H-cage) with those fully open (O-cage) in Paper II, no
differences were found in any of the measured welfare traits. However, because of
to the total absence of cannibalism and low levels of aggression, there was
probably no urgent need for birds to escape. Generally, the problem with
cannibalism is larger in brown hybrids than in white, especially when housed in
large groups (e.g., Abrahamsson & Tauson, 1995; Abrahamsson et al., 1996b).
Hence, using an even larger group size and/or a brown hybrid in the study might
have been of benefit when comparing cage designs in this respect.

The hybrid differences in plumage condition, H/L ratios and duration of TI (Paper
II) are difficult to explain, because the hybrid showing the best plumage cover
appeared to be more stressed than the other one, according to the measurements of
H/L and TI. This may indicate a difference in the genotypes’ stress thresholds, as
suggested by El-lethey et al. (2000), or in their so-called copying strategies (Korte
etal., 1997).

The PIT tag technique

A problem when PIT tags are used in order to identify individual animals is loss of
tags. Most tags are probably lost by exiting through the insertion hole caused by
the cannula during implant (Freeland & Fry, 1995; Jamison et al, 2000), and
hence, are lost shortly after implantation. Thus, by scanning for tags shortly after
implantation, individuals without tags can be identified and implanted with a new
transponder. However, in Papers [ & II, such a procedure would have required that
all birds must be taken out from their cages, and hence exposed to a stressful
situation. In Paper II, the PIT tag technique allowed a relatively small sample of

25



birds to be followed, as regards nest visits and passages through pop holes,
whereas the technique worked considerably better in Paper I. Metallic
surroundings are not optimal for PIT tag reading (Freeland & Fry, 1995) and there
was a difference in the environments of nest and litter baths as regards the
proximity of metal. Thus, in the nests (Paper II), the antennas were more closely
surrounded by metal than in the litter baths, which most likely contributed to a
lower proportion of birds being followed in Paper II than in Paper 1. Despite the
problem with lost tags, the technique is feasible to use, especially in studies
conducted over a longer period. However, the technique needs to be further
developed in order to avoid interference from metal when used in cage
environments.

Production, egg quality and mortality

In the present work, egg production levels were not affected by cage designs,
which might have been the case, e.g., if egg eating had been a problem. If so,
crack reduction measures such as long nest curtains and egg saver wires, proven to
be almost necessary in some designs of furnished cages, may be a disadvantage
because they retained eggs within reach of hens for a longer time. The hybrids
differed in production capacity, which is a common finding (see e.g.,
Abrahamsson ef al., 1995) and, hence, not surprising. Very similar production and
mortality rates have recently been reported in surveys in commercial farms
(Tauson & Holm, 2002; Tauson, 2003).

Although egg characteristics, such as shape index (Richards & Swanson, 1965)
and shell thickness (Wahlstrom et al., 1998) affect the risk of cracked eggs, the
way the egg is treated after being laid is also very important. This is clearly
illustrated in the comparison of LSL and Hy-Line White birds in Paper III. Both
hybrids had moderate levels of cracked eggs in the conventional cages, but in the
furnished experimental cage the proportion of cracked eggs was considerably
higher in Hy-Line White. The thinner egg shell of the eggs laid by Hy-Line had a
larger impact in the furnished cage, where eggs were accumulated in the cradle in
front of the nest, than in the conventional cage where eggs were spread over the
whole cage width. It is possible that the more globular shape of the eggs laid by
Hy-Line, enhanced the speed of an egg rolling out of the nest and, thus, increased
the risk of an egg getting cracked if colliding with eggs already in the cradle.

Although not statistically analysed, the proportion of cracked eggs was sometimes
considerably lower in the conventional 4-hen cage. This is not surprising as the
furnished cages used were either experimental cages or early designs of the
furnished cages at present used in commercial farms in Sweden (Tauson & Holm,
2002). It is more interesting and important that the studies (Papers III & IV)
showed that problems with cracked eggs in furnished cages can be reduced by
using rather simple and inexpensive measures, e.g., the prolonged nest curtain.
With further developed furnished cages it has been shown that the proportion of
cracked eggs is now close to the level of conventional cages. However, there is
still a wvariation in egg quality between furnished cages from different
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manufacturers. This is probably on account of the cages being subjected to
research and development to varying degrees (Tauson, 2003).

The proportion of dirty eggs was always lower in Hy-Line Brown (Paper 1V),
most likely due to dirt being more difficult to detect in brown-shelled eggs. In
ocular inspection of eggs, what is perceived as a dirty egg may vary between
different persons and packing stations and hence, comparisons between studies
should be made with caution. In the present work (Paper III & IV), the proportions
of dirty eggs in the furnished cages appeared to be at the same level or lower than
in the conventional cages. This was most likely on account of the hygiene of the
nest linings being good. However, another aspect of egg shell hygiene is the
microbiological load. When analysing only eggs appearing clean at ocular
inspection, Mallet et al. (2003) observed a higher bacterial count on eggs from
furnished cages than from conventional cages. However, eggs laid outside the
nests showed a higher bacterial load than eggs laid in the nest, and it was due to
those eggs that the overall bacterial load was found to be higher on eggs from
furnished cages. In a similar project, Tauson (2003) found that the bacterial load
was higher on eggs from furnished cages than from conventional. However, the
levels detected can generally be considered to be low in both categories.

Conclusions

In many respects nest design has a large impact on the extent to which nests are
used by laying hens in small group furnished cages. There is also a large variation
among individual hens in their pattern of visiting the nest, especially as regards
time spent on each visit. With a good design of the nest, most hens prefer to lay
their eggs there. After dark, most hens also seem to prefer to use perches.

Long-term use of litter baths in furnished cages varies considerably between
individuals, at least when the litter is located on top of the nest. This finding
suggests that there is either a difference in individual birds’ motivation for litter or
in how they perceive the litter bath and its content. The reason for this difference
and the effects of early experiences during rearing on use of litter, need to be
further investigated.

A question unanswered is whether dividing a furnished cage into “apartments”
between which birds can pass through pop holes, would improve a bird’s
possibility to escape if subjected to aggressive or cannibalistic pecking. However,
in these designs hens obviously use the possibility to move between apartments. If,
in the future, larger groups of hens are to be housed in furnished cages, it may be
worthwhile to look further into this kind of partition due to the risk of cannibalism
probably being higher.

Egg production and mortality of hens in small group furnished cages are similar to
those in conventional cages. The extensive use of nests results in a considerable

accumulation of eggs in a limited area of the egg cradle, which may cause high
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proportions of cracked eggs. However, the problem can be efficiently reduced by
well-designed nests and non-expensive mechanical crack reduction measures.
Higher proportions of dirty eggs may occur if it is found that some birds
commonly spend the night in the nest. Thus, it is important to have a nest bottom
design that remains acceptably hygienic through out the production period, as well
as being perceived attractive by the hens. It is also important to optimise perch
arrangements and perch lengths per bird in order to minimise interference with
bird movements in the furnished cage, retaining good use of the perch and
acceptable hygiene of the cage floor area.

The Passive Integrated Transponder tag technique may be feasible to use in long-
term studies of individual birds’ visits to facilities in their environment. Hence, in
combination with, e.g., video recording, it would be possible to observe not only
the location of an individual hen but also her behaviour. However, certain
identification problems on account of tag loss or tag migration under the skin, as
well as possible interference from metallic surroundings, have to be addressed.

28



References

Abrahamsson, P. & Tauson, R. 1993. Effects of perches at different positions in
conventional cages for laying hens of two different strains. Acta Agriculturae
Scandinavica, Section A, Animal Science 41, 228-235.

Abrahamsson, P. & Tauson, R. 1995. Aviary systems and conventional cages for laying
hens. Acta Agriculturae Scandinavica, Section A, Animal Science 45, 191-203.

Abrahamsson, P. & Tauson, R. 1997. Effects of group size on performance, health and
birds’ use of facilities in furnished cages for laying hens. Acta Agriculturae Scandinavica
Section A, Animal Science 47, 254-260.

Abrahamsson, P., Tauson, R. & Appleby, M.C. 1995. Performance of four hybrids of laying
hens in modified and conventional cages. Acta Agriculturae Scandinavica, Section A,
Animal Science 45, 286-296.

Abrahamsson, P., Tauson, R. & Appleby, M.C. 1996a. Behaviour, health and integument of
four hybrids of laying hens in modified and conventional cages. British Poultry Science
37, 521-540.

Abrahamsson, P., Tauson, R. & Elwinger, K. 1996b. Effects on production, health and egg
quality of varying proportions of wheat and barley in diets for two hybrids of laying hens
kept in different housing systems. Acta Agriculturae Scandinavica, Section A, Animal
Science 46, 173-182.

Al-Rawi, B. & Craig, J.V. 1975. Agonistic behavior of caged chickens related to group size
and area per bird. Applied Animal Ethology 2, 69-80.

Algers, B., Ekstrand, J., Geismar, S., Gunnarsson, S., Odén, K., Onila, M. & Svedberg, J.
1995. Utviérdering av Oli Voletage inhysningssystem for virphons. Swedish University of
Agricultural Sciences, Department of Animal Environment and Health, Skara.
Specialarbete 31. ISSN 0283-0701.

Appleby, M.C. 1984. Factors affecting floor laying by domestic fowl: a review. World’s
Poultry Science Journal 40, 241-249.

Appleby, M.C. 1998. The Edinburgh Modified Cage: effects of group size and space
allowance on brown laying hens. The Journal of Applied Poultry Research 7, 152-161.
Appleby, M.C. & Hughes, B.O. 1995. The Edinburgh modified cage for laying hens.

British Poultry Science 36, 707-718.

Appleby, M.C., Hughes, B.O., McDonald, M. & Cordiner, L.S. 1998. Factors affecting the
use of perches in cages by laying hens. British Poultry Science 39, 186-190.

Appleby, M.C., Smith, S.F. & Hughes, B.O. 1993. Nesting, dust bathing and perching by
laying hens in cages: effects of design on behaviour and welfare. British Poultry Science
34, 835-847.

Appleby, M.C., Walker, A.W., Nicol, C.J., Lindberg, A.C., Freire, R., Hughes, B.O. &
Elson, H.A. 2002. Development of furnished cages for laying hens. British Poultry
Science 43, 489-500.

Bareham, J.R. 1976. A comparison of the behaviour and production of laying hens in
experimental and conventional battery cages. Applied Animal Ethology 2, 291-303.

Baxter, M.R. 1994. The welfare problems of laying hens in battery cages. Veterinary
Record 134, 614-619.

Bell, D. 1999. Egg shell quality - impact on production, processing and marketing.
Zootecnica International 22, 42-46.

Bil¢ik, B. & Keeling, L.J. 2000. Relationship between feather pecking and ground pecking
in laying hens and the effect of group size. Applied Animal Behaviour Science 68, 55-66.

Blokhuis, H.J. 1986. Feather-pecking in poultry: its relation with ground-pecking. Applied
Animal Behaviour Science 16, 63-67.

Brinnis, E. & Alandrd, A. 1993. Monitoring the feeding activity of individual fish with a
demand feeding system. Journal of Fish Biology 42, 209-215.

Brinnds, E., Wiklund, B.S., Burel, C., Ciszuk, P., Liljedahl, L.E. & Kiessling, A. 2001.
Note on a method for individual recognition in feed pecking in free running groups of
hens. Applied Animal Behaviour Science 70, 239-243.

29



Bubier, N.E. 1996. The behavioural priorities of laying hens: The effect of cost/no cost
multi-choice tests on time budgets. Behavioral Processes 37, 225-238.

Ceular, A.L., Velo, R., Maseda, F., Moreno, M.A., Fernandez, M.D., Rico, M. &
Rodriguez, M.R. 2003. Measurement of nest use time in laying hens with occupation
sensors. In: Welfare of the Laying Hen. Abstracts of Presentations and Posters. 27th
Poultry Science Symposium: 17-20 July, Bristol, WPSA UK Branch, p. 69.

Chalukova-Dimitrova, R., Krivoshiev, G., Filipov, S., Slavchev, V., Belorechkov, D. &
Lyungov, A. 1998. Laser detection of egg shell flaws. Bulgarian Journal of Agricultural
Science 4, 197-204.

Cooper J.J. & Appleby M.C. 1994. The use of aversive barriers to quantify nesting
motivation in domestic hens. In: Modified cages for laying hens. Proceeding of a
symposium held at Nobel House, London on 18th January 1993. Edited by Sherwin C.M.
UFAW, pp. 11-25.

Cooper, J.J. & Appleby, M.C. 1995. Nesting behaviour of hens: Effects of experience on
motivation. Applied Animimal Behaviour Science 42, 283-295.

Cooper, J.J. & Appleby, M.C. 1996. Individual variation in prelaying behaviour and the
incidence of floor eggs. British Poultry Science 37, 245-253.

Cooper, J.J. & Appleby, M.C. 1997. Motivational aspects of individual variation in
response to nestboxes by laying hens. Animal Behaviour 54, 1245-1253.

Craig, J.V. & Swanson, J.C. 1994. Review: Welfare perspectives on hens kept for egg
production. Poultry Science 73, 921-938.

De Ketelaere, B., Coucke, P. & De Baerdemacker, J. 2000. Eggshell crack detection based
on acoustic resonance frequency analysis. Journal of Agricultural Engineering Research
76, 157-163.

Duncan, I.J.H. & Kite, V.G. 1989. Nest site selection and nest-building behaviour in
domestic fowl. Animal Behaviour 37,215-231.

Duncan, LJ.H., Savory, CJ. & Wood-Gush, D.G.M. 1978. Observations on the
reproductive behaviour of domestic fowl in the wild. Applied Animal Ethology 4, 29-42.
Ekstrand, C., Odén, K., Gunnarsson, S., Onila, M., Algers, B. & Svedberg, J. 1997.
Utvérdering av Vencomatic inhysningssystem for vérphons. Swedish University of
Agricultural Sciences, Department of Animal Environment and Health, Skara,

Specialarbete 4. ISSN 1402-3342.

El-lethey, H., Aerni, V., Jungi, T.W. & Wechsler, B. 2000. Stress and feather pecking in
laying hens in relation to housing conditions. British Poultry Science 41, 22-28.

Elson, H.A. 1976. New ideas on laying cage design - the ‘get-away’ cage. Proceedings of
the 5th European Poultry Conference, WPSA Malta Branch, pp. 1030-1037.

European Commission, 1999. Council Directive 1999/74/EC of 19 July 1999 laying down
minimum standards for the protection of laying hens. Official Journal L 203, 03/08/1999.

Faure, J.M. 1991. Rearing conditions and needs for space and litter in laying hens. Applied
Animal Behaviour Science 31, 111-117.

Fiks-van Niekerk, Th.G.C.M., Reuvekamp, B.F.J., & van Emous, R.A. 2001. Furnished
cages for larger groups of laying hens. Proceedings of the 6th European Symposium on
Poultry Welfare, Zollikofen. Edited by Oester, H. & Wyss, C., pp. 20-22.

Freeland, W.J. & Fry, K. 1995. Suitability of passive integrated transponder tags for
marking live animals for trade. Wildlife Research 22, 767-773.

Glatz, P.C. & Barnett, J.L. 1996. Effect of perches and solid sides on production, plumage
and foot condition of laying hens housed in conventional cages in a naturally ventilated
shed. Australian Journal of Experimental Agriculture 36, 269-275.

Gunnarsson, S., Matthews, L.R., Foster, T.M. & Temple, W. 2000a. The demand for straw
and feathers as litter substrates by laying hens. Applied Animal Behaviour Science 65,
321-330.

Gunnarsson, S., Yngvesson, J., Keeling, L.J. & Forkman, B. 2000b. Rearing without early
access to perches impairs the spatial skills of laying hens. Applied Animal Behaviour
Science 67,217-228.

Huber, H.U., Folsch, D.W. & Stéhli, U. 1985. Influence of various nesting materials on nest
site selection of the domestic hen. British Poultry Science 26, 367-373.

30



Huber-Eicher, B. & Wechsler, B. 1997. Feather pecking in domestic chicks: its relation to
dustbathing and foraging. Animal Behaviour 54, 757-768.

Hughes, B.O. & Black, A.J. 1976. Battery cage shape: its implication for welfare. British
Poultry Science 17, 327-336.

Hughes, B.O. & Wood-Gush, D.G.M. 1977. Agonistic behaviour in domestic hens: the
influence of housing method and group size. Animal Behaviour 25, 1056-1062.

Hunton, P. 1995. Understanding the architecture of the egg shell. World’s Poultry Science
Journal 51, 141-147.

Hutchison, M.L., Gittins, J., Walker, A., Moore, A., Burton, C. & Sparks, N. 2003.
Washing table eggs: a review of the scientific and engineering issues. World’s Poultry
Science Journal 59, 233-248.

Jamison, B.E., Beyer, R.S., Robel, R.J. & Pontius, J.S. 2000. Passive integrated transponder
tags as markers for chicks. Poultry Science 79, 946-948.

Janssen, A., Struelens, E., Leroy, T., Vranken, E., Tuyttens, F., De Baere, K., Berckmans,
D., Sonck, B. & Zoons, J. 2003. Comparison of artificial turf and wire mesh floor in
nestboxes of enriched cages. In: Welfare of the Laying Hen. Abstracts of Presentations
and Posters. 27th Poultry Science Symposium. 17-20 July, Bristol, WPSA UK Branch, p.
74.

Johnsen, P.F., Vestergaard, K. & Norgaard-Nielsen, G. 1998. Influence of early rearing
conditions on the development of feather pecking and cannibalism in domestic fowl.
Applied Animal Behaviour Science 60, 25-41.

Jones, R.B. 1986. The tonic immobility reaction of the domestic fowl: a review. World's
Poultry Science Journal 42, 82-96.

Jones, R.B. & Faure, J.M. 1981. Tonic immobility (“righting time”) in laying hens housed
in cages and pens. Applied Animal Ethology 7, 369-372.

Jones, R.B., McAdie, T.M., McCorquodale, C. & Keeling, L.J. 2002. Pecking at other birds
and at string enrichment devices by adult laying hens. British Poultry Science 43, 337-
343.

Keeling, L. 1994. Feather pecking - who in the group does it, how often and under what
circumstances? In: Proceedings of the 9th European Poultry Conference, 7-12th August,
Glasgow, WPSA UK Branch, pp. 288-189.

Korte, S.M., Beuving, G., Ruesink, W. & Blokhuis, H.J. 1997. Plasma catecholamine and
corticosterone levels during manual restraint in chicks from a high and low feather
pecking line of laying hens. Physiology and Behavior 62, 437-441.

Lagadic, H. & Faure, J.M. 1987. Preferences of domestic hens for cage size and floor types
as measured by operant conditioning. Applied Animal Behaviour Science 19, 147-155.

Lillpers, K. 1991. Genetic variation in the time of oviposition in the laying hen. British
Poultry Science 32, 303-312.

Mallet, S., Ahmed, A., Guesdon, V. & Nys, Y. 2003. Comparision of eggshell quality and
hygiene in two housing systems / standard and furnished cages. XVith European
Symposium on the Quality of Poultry Meat and Xth European Symposium on the Quality
of Eggs and Egg Products, WPSA French Branch. In print.

Maxwell, M.H. 1993. Avian blood leucocyte responses to stress. World’s Poultry Science
Journal 49, 34-43.

Mills, A.D. & Wood-Gush, D.G.M. 1985. Pre-laying behaviour in battery cages. British
Poultry Science 26, 247-252.

Nicol, C.J., Gregory, N.G., Knowles, T.G., Parkman, I.D. & Wilkins, L.J. 1999.
Differential effects of increased stocking density, mediated by increased flock size, on
feather pecking and aggression in laying hens. Applied Animal Behaviour Science 635,
137-152.

Olsson, ILA.S. & Keeling, L.J. 2000. Night-time roosting in laying hens and the effect of
thwarting access to perches. Applied Animal Behaviour Science 68, 243-256.

Olsson, [.A.S. & Keeling, L.J. 2002a. No effect of social competition on sham dustbathing
in furnished cages for laying hens. Acta Agriculturae Scandinavica, Section A, Animal
Science 52, 253-256.

Olsson, 1.A.S. & Keeling, L.J. 2002b. The push-door for measuring motivation in hens:
laying hens are motivated to perch at night. Animal Welfare 11, 11-19.

31



Peguri, A. & Coon, C. 1993. Effect of feather coverage and temperature on layer
performance. Poultry Science 72, 1318-1329.

Petherick, J.C. & Rushen, J. 1997. Behavioural restriction. In: Animal Welfare, Edited by
Appleby, M.C. & Hughes, B.O. CAB International. Oxon, UK, pp 89-105.

Prentice, E. F., Flagg, T.A. & McCutcheon, C.S. 1990. Feasibility of using implantable
passive integrated transponder (PIT) tags in salmonids. American Fisheries Society
Symposium 7, 317-322.

Rauch, H.W., Buchenauer, D., Hartung, J. & Hinrichs, P. 2002. Experiences from various
furnished cage models in Germany. Proceedings of the 1I1th European Poultry
Conference, Bremen, WPSA German Branch, CD-ROM.

Reed, H.J. & Nicol, C.J. 1992. Effects of spatial allowance, group size and perches on the
behaviour of hens in cages with nests. British Veterinary Journal 148, 529-634.

Richards, J.F. & Swanson, M.H. 1965. The relationship of egg shape to shell strength.
Poultry Science 44, 1555-1558.

Sandilands, V., Savory, C.J. & Powell, K. 2001. Effects of age and floor substrate on preen
gland size and function in laying hens. British Poultry Science 42, 75-76.

Schooley, R.L., van Horne, B. & Burnham, K.P. 1993. Passive integrated transponders for
marking free-ranging Townsend’s ground squirrels. Journal of Mammalogy 74, 480-484.

SFS, 1988. Animal Welfare Ordinance, SFS 1988:539. SJV, SE-551 82 Jonkoping,
Sweden.

SFS, 1997. Animal Welfare Ordinance, SFS 1997:154. SJV, SE-551 82 Jonkdping,
Sweden.

Sherwin, C.M. & Nicol, C.J. 1992. Behaviour and production of laying hens in three
prototypes of cages incorporating nests. Applied Animal Behaviour Science 35, 41-54.

Sherwin, C.M. & Nicol, C.J. 1993. Factors influencing floor-laying by hens in modified
cages. Applied Animal Behaviour Science 36,211-222.

Smith, S.F., Appleby, M.C. & Hughes, B.O. 1990. Problem solving by domestic hens:
opening doors to reach nest sites. Applied Animal Behaviour Science 28, 287-292.

Tauson, R. 1984. Effects of a perch in conventional cages for laying hens. Acta
Agriculturae Scandinavica 34, 193-209.

Tauson, R. 2003. Experiences of production and welfare in small group cages in Sweden.
XVIth European Symposium on the Quality of Poultry Meat and Xth European
Symposium on the Quality of Eggs and Egg Products, WPSA French Branch. In print.

Tauson R. & Holm K.E. 1998. Utvirdering av Marielund inhysningssystem for varphons.
Swedish University of Agricultural Sciences, Department of Animal Nutrition and
Management, Uppsala, Report 24. ISSN 0347-9838.

Tauson R. & Holm K.E. 2002. Evaluation of Victorsson furnished cage for 8 laying hens
according to the 7§ of the Swedish Animal Welfare Ordinance and according to the New-
Technique evaluation program at the Swedish Board of Agriculture (in Swedish with
English tables, figures and summary). Swedish University of Agricultural Sciences,
Department of Animal Nutrition and Management, Uppsala, Report 25. ISSN 0347-983.

Tauson, R. & Holm, K.E. 2003. Evaluation of “Aviplus” - Big Dutchman furnished cage
for 10 laying hens according to the 7§ of the Swedish Animal Welfare Ordinance and
according to the New-Technique Evaluation Program at the Swedish Board of
Agriculture (in Swedish with English tables, figures and summary). Swedish University
of Agricultural Sciences, Department of Animal Nutrition and Management, Uppsala. In
print.

Tauson, R. & Svensson, S. A. 1980. Influence of plumage condition on the hen’s feed
requirement. Swedish Journal of Agricultural Research 10, 35-39.

Tauson, R., Ambrosen, T. & Elwinger, K. 1984. Evaluation of procedures for scoring the
integument of laying hens - independent scoring of plumage condition. Acta Agriculturae
Scandinavica 34, 400-408.

van Liere, D.W. 1992. The significance of fowls’ bathing in dust. Animal Welfare 1, 187-
202.

van Liere, D.W. & Bokma, S. 1987. Short-term feather maintenance as a function of dust-
bathing in laying hens. Applied Animal Behaviour Science 18, 197-204.

32



van Niekerk, T.G.C.M. & Reuvekamp, B.F.J. 2000. Hens make good use of litter in
enriched cages. World Poultry 16, 34-37.

Vestergaard, K. 1982. Dust-bathing in the domestic - diurnal rhythm and dust deprivation.
Applied Animal Ethology 8, 487-495.

Vestergaard, K.S. 1994. Dustbathing and it srelation to feather pecking in the fowl:
motivational and developmental aspects. PhD thesis. Department of Animal Science and
Animal Health, The Royal Veterinary Agricultural University, Copenhagen, Denmark.

Wahlstrom, A., Tauson, R. & Elwinger, K. 1998. Effects on production performance and
egg quality of feeding different oats/wheats ratios to two hybrids of laying hens kept in
aviaries. Acta Agriculturae Scandinavica, Section A, Animal Science 48, 243-249.

Wall, H. 1998. Studies of transponder technique in monitoring laying hens’ individual use
of nests in furnished cages (in Swedish, with abstract in English). Swedish University of
Agricultural Sciences, Department of Animal Nutrition and Management, Uppsala.
Degree Project 96.

Wall, H., Tauson, R. & Elwinger, K. 2003. Unpublished data. Swedish University of
Agricultural Sciences, Department of Animal Nutrition and Management, Uppsala.

Widowski, T.M. & Duncan, 1.J.H. 2000. Working for a dustbath: are hens increasing
pleasure rather than reducing suffering? Applied Animal Behaviour Science 68, 39-53.

Wood-Gush, D.G.M. 1982. Nesting behaviour of the domestic hen. Hohenheimer arbeiten
121, 133-137.

Yngvesson, J. & Keeling, L.J. 2001. Body size and fluctuating asymmetry in relation to
cannibalistic behaviour in laying hens. Animal Behaviour 61, 609-615.

Yue, S. & Duncan, I.J.H. 2003. Frustrated nesting behaviour: relation to extra-cuticular
shell calcium and bone strength in White Leghorn hens. British Poultry Science 44, 175-
181.

33



Acknowledgements

I thank the Swedish Board of Agriculture, the Swedish Farmers’ Foundation for
Agricultural Research, SFS - Svenska Agg and the Swedish University of
Agricultural Sciences for financial support. The companies Broderna Victorsson
AB, Hellmann GmbH, Big Dutchman International GmbH and Triotec OY are
thanked for providing the requested special or basic equipments and for allowing
me to use it as I pleased.

Many people have been very helpful and supportive over the years, and I wish to
express my sincere gratitude to all of them. However, I especially want to mention
the following:

Ragnar Tauson - huvudhandledare. Med en skicklig hantering av “moroten och
piskan” och ett stort engagemang, har du varit en ovérderlig hjilp for mig vid
genomforandet av det hir projektet. Din energi och entusiasm rickte verkligen
anda fram! Stort Tack!

Klas Elwinger — bitrddande handledare och avdelningchef. Stort tack for att du
tillhandahallit de faciliteter som behdvdes for att genomfora detta arbete. Min
besoksfrekvens pa Friskis och Svettis har nog inte levt upp till dina férvantningar,
men forhoppningsvis blir det lite mer tid for sddant nu. Tack for all hjélp.

Karl-Erik Holm, min rdddare i néden nir det géller datorer och andra maskiner
som man maste lira sig att bemdstra. Utan dig hade det inte blivit nédgra
transponderstudier — och det hade ju varit synd. Tack for att du alltid stillt upp vid
savidl sma som stora kriser.

Richard Oberg, Lovstas hiindigaste man. Tack for fin service och sirskilt din
insats i samband med transponderstudierna.

Annsofie Wahlstrom — f.d. doktorand och f.d kollega. Tank att du anmaélde dig
helt frivilligt till att i tre veckors tid vara med och studera honornas beteende -
Tack. Jag uppskattade verkligen ditt sidllskap pa Lovsta.

Lotta Waldenstedt, Camilla Hartmann, Katja Grandinson, f.d. Lovsta-doktorander.
Er forstéelse och uppmuntran under &rens lopp har varit ett stort stod. Tack!

Stig Andersson, Inst. for husdjursgenetik, SLU. Med stor skicklighet lyckades du
hitta in i den lilla, lilla venen pé sdd& manga, manga honor. Jattetack! Hur var det
nu — en lunch per provtagen hona, ja d& har du ungefar 500 luncher att fordra. Nér
passar det dig...?

Istvan Pamlényi. Med stor noggrannhet har du utfort méitningar av dggskalents

egenskaper och dven utfort mycket annat. Ett sérskilt tack for att du alltid stéller
upp nér vi behover hjilp.

34



Tack Owe Lindberg, Sieglinde Sundin och Eva Jerpdal och alla andra som deltagit
i skotseln av djuren och samlat in mycket av den information som mojliggjorde
och lade grunden till den har avhandlingen.

Desire Jansson, Fjddefdavdelningen vid SVA. Tack sirskilt for att du med stor
precision méarkte vara honor med transpondrar, men ocksa for att du tar dig att
svara pa alla tdnkbara fragor om faglar.

Oddvar Fossum, m.fl., Fjadefdavdelningen vid SVA. Tack for att ni obducerade de
honor som tyvérr dog under forsdkens gang.

Inger Lillieh6ok, Inst. for klinisk kemi, SLU. Tack for att du och dina kollegor
friskt kdmpade pé nér ni drunknade i vara honsprover.

Ulla Engstrand, Inst. for Biometri. Du har alltid stillt upp och hjélpt till nér jag
“gétt vilse” i statistikens underbara (?) virld. Utan din hjilp hade jag formodligen
fortfarande gétt i cirklar. Stort Tack!

Nils Lundeheim, Inst. for husdjursgenetik. Tack for alla de génger du svarat pa
mina statistiska frdgor och tipsat om alternativa sétt att tackla ett problem. Dina
roliga skdmtfiler via e-posten dr alltid lika uppiggande!

Linda Keeling, Inst. for husdjurens miljé och hilsa. Tack for alla vardefulla rad,
sérskilt i samband med genomforandet av beteendestudier.

Prof. Michel Picard, INRA, Tours, Frankrike. Thank you for providing me the
opportunity to spend a very interesting fortnight at INRA. Your great hospitality is
admirable.

Nigel Rollison - en av dem (f4?) som faktiskt last hela avhandlingen. Tack for din
utomordentliga hjélp med att forbéttra spraket i denna bok.

Anne-Marie Karlsson och Anita Liljeholm -sekreterare som under olika faser av
min tid pd Lovsta underléttat mitt arbete paA manga sitt. Stort Tack!

Monica och Jerker Lunneryd. Kors och tvirs har ni farit for att st till hands med
allt ifrdn barnpassning till all annan tinkbar service. Jittestort Tack for all
uppmuntran och hjilp under denna intensiva period i bdde Daniels och mitt liv.

Mina foraldrar Siri och Ulf Wall. Tack vare er har vi tagit oss igenom utebliven
barnomsorg och andra mer eller mindre panikfyllda perioder under det senaste
aret. Med er hjilp har vi lyckats flytta, renovera och skriva varsin
doktorsavhandling, trots stindiga forkylningar och magsjukor. Tack for att ni ar
dem ni &r, dvs sa fina ménniskor!

Daniel, min underbara livskamrat. Tack for att Du alltid stottar mig nér jag snavar
pa livets stora och smé trosklar. Det &r inte alla doktorander som har en alldeles
egen Agronomie Doktor som skdter korrekturldsning, ser till att hela avhandlingen

35



far ratt format, etc. Utan dina skarpa 6gon hade den hir boken innehallit avsevirt
flera felaktigheter &n den gor idag.

Nils, min solstrdle! Ingenting har varit mer uppmuntrade adn att hora dig séga
”Sampa pa” (kdmpa pa)! Alldeles for lite tid har vi haft tillsammans den géngna
sommaren och manga ganger har jag gjort dig besviken genom att mer eller
mindre “bo” pa jobbet. Frdn och med nu ska vi tillbringa mycket mer tid
tillsammans och gunga, busa, leka och gora allt annat som smé pojkar tycker &r
kul.

36



