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Selection for fast early growth rate and feeding and management procedures which
support growth have lead to various welfare problems in modern broiler strains.
Problems which are directly linked to growth rate are metabolic disorders causing
mortality by the Sudden Death Syndrome and ascites. Fast growth rate is generally
accompanied by decreased locomotor activity and extended time spent sitting or
lying. The lack of exercise is considered a main cause of leg weakness, and extreme
durations of sitting on poor quality litter produces skin lesions at the breast and the
legs. Management factors which slow down early growth alleviate many welfare
problems. Alternatively it may be considered to use slow growing strains which do
not have the above mentioned welfare problems. Since growth is a main economical
factor, there are problems of acceptability of these measures in the commercial
broiler production. Stocking density is a central issue of broiler welfare. It is evident,
that the influence of stocking density on growth rate and leg problems acts through
its influence on litter and air quality. High moisture content of the litter enhances
microbial activity, which in turn leads to increase of temperature and ammonia in
broiler houses, and thus, high incidence of contact dermatitis. High stocking density
impedes heat transfer from the litter surface to the ventilated room. This restricts the
efficacy of conventional ventilation systems in alleviating heat stress. Lighting
programmes with reduced photoperiods are considered essential for the stimulation
of locomotor activity and the development of a circadian rhythm in the birds.
Extended dark periods, however, reduce growth when applied in the first weeks of
age. Compensation occurs when the time of the production cycle is substantially
increased. Various methods to enrich the environment have shown only moderate
effects on the behaviour and physical conditions of broilers.

Keywords: broilers; welfare; behaviour; management; leg problems

Introduction

As a result of intensive selection for fast early growth, the poultry breeds and lines used
for meat production differ substantially from egg producing breeds in their anatomy,
physiology and behaviour. Feeding and management for meat production has been
developed concurrently to exploit the genetic potential for growth. The time required to
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reach 1.500 g live weight was reduced from 120 days in 1925 to 30 days in 2005 (Albers,
1998). In order to exploit the high genetic potential for growth highly concentrated diets
fed in pellet form and extended lighting programmes are required. The main welfare issues
which have been addressed in the last two decades are closely linked with the fast early
growth rate: high susceptibility to metabolic disorders and low locomotor activity. Among
the management measures which have elicited criticism from the welfare point of view are
in first line stocking density, litter quality and ammonia concentration in the air. In
addition inadequate light duration and intensity and lack of environmental stimuli are
considered to compromise welfare conditions. Most of the welfare problems are caused by
multiple genetic and environmental factors and their interactions. Therefore it is generally
not possible to strictly attribute particular problems to particular genetic or management
factors. In the following the welfare problems are categorised in those which are mainly
related to the genetic line and mainly to environmental factors. 

The basic welfare issues in meat producing poultry are similar for the different species.
As broiler chickens represent the major part of poultry meat in Europe and world wide,
and most of the research on welfare has been done on broilers, the present overview is
limited to chickens. It is expected, however, that more emphasis will be placed on the
welfare of other poultry species in the future. 

Genetic issues

HIGH EARLY GROWTH RATE AND DISEASES
Slow growing breeds show lower mortality from day-old to slaughter age, although the

duration of the fattening period is shorter in the latter (Bauer et al., 1996). Causes of
mortality related to fast growth are mainly Sudden Death Syndrome (SDS) (Gardiner et
al., 1988) and ascites (Maxwell and Robertson, 1997). With regard to SDS fast growing
male birds are generally more affected than females (Grashorn et al., 1998). Although the
physiological mechanisms causing SDS are not fully understood, there is no doubt that
growth rate represents the most eminent cause for this problem. As expressed in the name
of the syndrome birds which are otherwise in good condition die within a short time. The
range from the first sign of unrest until death was from 37 to 69 seconds (Newberry et al.,
1987). Hence suffering of the birds is restricted to that period. The welfare situation is
different in the case of ascites. Ascites develops gradually and the birds suffer for an
extended period before they die. The disease is characterised by hypertrophy and
dilatation of the heart, changes in liver function, pulmonary insufficiency, hypoxaemia
and accumulation of large amounts of fluid in the abdominal cavity (Riddel, 1991). The
underlying problem of these symptoms is insufficiency of oxygen supply of the tissues of
rapidly growing broilers, and both genetic and environmental factors contribute to the
development of the disease. There exists genetic variation of the susceptibility to ascites
between and within broiler lines (Deeb et al., 2002). Broilers which are susceptible to
ascites showed a reduced function of the tissues mitochondria (Cisar et al., 2005).
Environmental factors, which increase the demand for oxygen, such as low brooding
temperature, or, which impair oxygen supply to the blood, such as high altitude, are known
to increase the incidence of ascites (Mitchell, 1997; Julian, 2000). 

SKELETAL DISORDERS
There is a high incidence of skeletal disorders in commercial broilers. Most of them are

found in the locomotor system. Although diseases and nutritional deficiencies may play a
role in the development of leg problems as well, the influence of growth must be
considered as the main factor. Among the leg problems varus and valgus deformities,

054527_Journal_3  19-07-2006  13:25  Pagina 456



World’s Poultry Science Journal, Vol. 62, September 2006 457

Welfare of broilers: W. Bessei

osteodystrophy, dyschondroplasia and femoral head necrosis play a major role. It has been
found in experiments that the incidence of twisted legs and tibial dischondroplasia can be
reduced by genetic selection (Sørensen, 1989). Because of the negative correlation
between leg problems and growth rate this option may not be fully exploited in
commercial breeding programmes. The leg abnormalities impair the locomotor abilities of
the birds, and lame birds spend more time lying and sleeping (Vestergaard and Sanotra,
1999). Subjective gait scoring systems have been developed from 1 (normal gait) to 5
(high walking problems) to assess the incidence of leg problems in broiler flocks (Kestin
et al., 1992) and it has been assumed that the welfare of birds is poor when the scores are
3 or higher (McGeown et al., 1999). Walking in birds with poor gait scores was
significantly improved after treatment with analgesic and anti-inflammatory drugs. In
self-selection experiments lame birds selected more drugged feed than intact birds
(Danbury et al., 2000). This lead to the assumption that leg problems in broilers are
painful. The proportion of broilers with gait scores of >3 varies from 3 to 30 percent (EU,
2000). In a survey including 29 broiler flocks Sanotra et al. (2001) reported an average
incidence of 30 per cent with a gait score of 3 or more, ranging from 12 to 55 per cent. The
variation of the data may by explained by the effect of the scoring personal rather than
differences in the flocks studied. There exist more objective methods of gait analysis in
birds using video-tracking or foot-print analysis (Reiter and Bessei, 1997; De Jong et al.,
2004). These methods, however, are highly complicated and time consuming, and thus,
not applicable when large flocks have to be controlled. It may be useful to develop a
scoring system which reduces the influence of the scoring personnel. 

Hock burns, breast blisters and foot pad lesions which may be summarised under the
expression contact dermatitis, have been increased in broiler flocks during the last decades
(Hartung, 1994). They are characterised by hyperkeratosis and necrosis of the epidermis
of the affected sites. In an advanced stadium there are inflammations of the subcutis with
degeneration of tissue. Secondary infections (e.g. E. coli) may further worsen the
conditions of the birds. There is evidence that the contact dermatitis cause pain and thus is
a matter of welfare. The incidence has found to be highly variable. Surveys in Sweden
have reported an average prevalence of 5 to 10% (Elwinger, 1995; Berg, 1998) with high
variation among flocks.

Contact dermatitis is obviously the result of the extremely long time of sitting and poor
litter quality. Sitting and lying in fast growing broilers increase with age from 75% in the
first week to 90% at 5 weeks of age (Bessei, 1992a). 

LOCOMOTOR ACTIVITY
Locomotor activity is important for the ossification of the bones of growing animals.
There is a causal interrelationship between fast growth, low locomotor activity and leg

problems. Thorp and Duff (1988) exercised broilers four times for 15 minutes per day
starting at 8 days of age. This reduced the incidence of leg abnormalities from 33 days of
age onwards. Reiter and Bessei (1994; 1995) have shown that the walking ability of fast
growing broilers on a treadmill was higher than the voluntary activity under home pen
conditions, and the increased exercise improved the skeletal conditions of the legs. The
voluntary locomotor activity of fast growing broilers was significantly increased when a
part of the body weight was alleviated by a special suspension device (Rutten et al., 2002).
This treatment improved bone characteristics as compared to the control broilers without
exercise. The importance of exercise differs among breeds. In a recent experiment birds of
a slow and a fast growing broiler line were brought to the same load on the legs by putting
weight on the slow growing and alleviating weight of the fast growing lines (Djukic et al.,
2005). As before, the alleviation of weight from the fast growing lines increased
locomotor activity and improved the leg bone conditions. Loading weight on the slow
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growing broilers decreased the locomotor activity. But the bone structure and walking
ability was not significantly changed. 

Environmental issues

STOCKING DENSITY AND LITTER QUALITY
Stocking density is a key issue for the economical result of broiler production. Current

recommendations for stocking density in broilers differ widely by country and
organisation (Table 1). There are plenty of experiments covering a wide range, from less
than 10 to over 80 kg/m2 floor space. Highest stocking rates of more than 80 kg/m2 have
been reported in caged broilers by Andrews (1972). In deep litter systems maximum
stocking densities of about 50 kg/m2 have been tested by Shanawany (1988) and Grashorn
and Kutritz (1991). Most other experiments ranged between 20 and 40 kg (Scholtyssek
and Gschwindt-Ensinger, 1983; Scherer, 1989; Wiedmer and Hadorn, 1998). There is a
well documented reduction of feed intake and reduced growth rate when stocking density
exceeds about 30 kg/m2 under deep litter conditions. The effect of stocking density was
reduced, when broilers were kept in cages (Scholtyssek, 1973) or on perforated floors in
combination with under-floor ventilation (von Arkenau et al., 1997). The negative effect
of stocking density on growth rate was partially compensated by increased ventilation
rates (Grashorn and Kutritz, 1991). These results lead to the assumption that problems of
dissipating the metabolic heat may be the causal factor for the depression of growth rate.
This was confirmed by a study on the temperature of the litter (Reiter and Bessei, 2000)
(Table 2). The temperature measured 5 cm underneath the litter surface increased from
23.3 to 31.3 centigrade as stocking density increased from 19 to 40 kg per m2. The
temperature 1 m above the litter was about 22 centigrade and not influenced by stocking
density. The assumption that the negative effect of stocking density on growth is caused by
heat stress has been confirmed by McLean et al. (2001). They found that deep panting in
broilers was increased when stocking density increased from 28 to 34 and 40 kg/m2,
suggesting more thermal discomfort from 34 kg onwards. The increase of litter
temperature with increasing stocking density can be explained by different effects. Higher
stocking density increases nitrogen and moisture level in the litter and thus, improves the
conditions for the microbial activity. The transfer of heat from the litter surface to the
ventilated space is inhibited when, at the end of the growing period, the total area of the
floor is covered by the birds. Petermann and Roming (1993) measured the area covered by
broilers in response to their body weight. Based on these data the percentage of the area
covered by the birds was calculated. The area was totally covered at densities of 42, 45 and
48 kg/m2 when the live weight of the broilers increased from 1.5 to 1.9 and 3.2 kg
respectively. 

There was no consistent trend of stocking density on feed conversion rate. While this
trait was improved (Scholtyssek and Gschwindt, 1980; Shanawany, 1988; Grashorn and
Kutritz, 1991; Cravener et al., 1992) or not significantly changed in some cases
(Scholtyssek and Gschwindt-Ensinger, 1983; Waldroup et al., 1992), there was a
significant deterioration reported by Scholtyssek (1974). 

The occurrence of morphological changes, such as dermatitis including food pad
lesions, breast blisters and soiled plumage have been reported as a result of high stocking
rate. Most of the experiments have shown that the prevalence and incidence of these
damages increased with increasing stocking rate (Weaver et al., 1973; Proudfoot et al.,
1979, Cravener et al., Gordon, 1992). It seems, however, that as mentioned before, the
negative effects are the response to factors related to stocking density. When stocking
densities from 10 to 35 birds/m2 were studied, the incidence of dermatitis, leg problems
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and soiled plumage varied with humidity of the litter and ammonia concentration, but not
with stocking density as such (Algers and Svedberg, 1989). In a large scale experiment
with commercial farms using different breeds, management systems and stocking
densities, it was confirmed that the management conditions (litter quality, temperature and
humidity) were more important than stocking density (Dawkins et al., 2004). Wet litter
and ammonia have been found to produce breast blisters and skin lesions (Harms et al.,
1977; Proudfoot et al., 1979; Valentin and Willsch, 1987; Weaver and Meijerhof, 1991;
Grashorn 1993). Wet litter was also identified as main factor for foot-pad dermatitis by
Ekstrand et al. (1997). In this context the type of the watering system showed a significant
effect. Interestingly the incidence of foot-pad dermatitis increased with thickness of the
litter layer.

It can be concluded that the influence of stocking density on the growth rate of broilers
is acting through heat stress rather than physical restriction of the animals` space for
movement. The results have shown that the growth depression which has been found with
increasing stocking density was closely linked to problems of heat dissipation. The effect
of stocking density on growth rate was reduced when the birds were kept on perforated
floors, or on litter floors in combination with under-floor ventilation High stocking density
impedes under conventional deep litter conditions, the heat transfer from the litter to the
ventilated space and increased ventilation rate will not entirely alleviate the problem of
heat stress. The negative effects of stocking density on different forms of dermatitis are
mediated through poor litter conditions.

Table 1 Some recommendations on stocking density in the EU.

EU (2000) Slaughter age, weight and ventilation rate / climatic condition should be
considered; it appears that welfare problems are likely to emerge when
stocking rates exceed 30 kg/m2

This stocking densities should only be allowed when the
producer is able to maintain air and litter quality

European Council (1995) no fixed figures
a.v.e.c. (1997) … stocking density depends on the housing capacity and

quality of equipment and standard of management
Danske Fjekraeraad (1997) maximum 40 kg/m2

FAWC (1992) 34 kg maximum stocking; should not be exceeded at any
time

Germany (Voluntary
Agreement, 1999) 35 kg/m2

Switzerland (Federal Law) 20 birds/m2 or 30 kg /m2 maximum
Sweden (Berg, 1998) 20 – 36 depending on management scoring

Table 2  Temperature in a broiler house at the end of a 6 weeks growing period in response to different
stocking densities and different locations (height over litter surface and underneath litter surface) (after
Reiter and Bessei, 2000).

Height over litter Stocking density (kg/m2)
surface (cm) 19,4 30,0 40,2

100 21,8 21,8 22,3
20 22,3 22,5 28,6
0 23,3 26,9 30,3
-5 23,3 26,9 31,3
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The effect of stocking density on locomotor and scratching behaviour in fast growing
broilers was increased when stocking density was increased from 10 birds/m2 in small
groups, to higher densities in larger groups (Blokhuis and van der Haar, 1990; Lewis and
Hurnik, 1990; Bessei and Reiter, 1993). In other studies using larger groups only there was
no significant effect of stocking density on the behaviour with stocking densities varying
from 10 to 25 birds/m2 (Scherer, 1989; Bessei, 1992a). Since the behavioural activities of
broilers decrease rapidly from 2 weeks of age onwards (Reiter and Bessei, 1995) the effect
of stocking density may become less important in this regard. 

ENVIRONMENTAL ENRICHMENT
The barren environment may contribute to the low behavioural activities of broilers.

There have been various attempts to stimulate the behaviour by the enrichment of the
environment. Various methods have been examined, using litter, light programmes, toys,
sequential feeding programmes and perches or elevated platforms. 

The availability of litter stimulates scratching behaviour. There is a sharp decline of
scratching activity with growing age in conventional broilers (Bessei, 1992a). It is
assumed that the deterioration of litter quality and the general decrease of the activity may
be causes of this effect, but the relative importance of both factors has not been elucidated
so far. The availability of litter did not modify locomotion as compared to an elastic
perforated floor (Bessei, 1992b). Arnould et al. (2001) observed an increase in activity of
young broiler chickens by providing strings and trays containing sand. The effect of the
enrichment disappeared with increasing age. There was no effect of the treatment on the
leg conditions. Mench et al. (2001) found significant improvements of behaviour
activities on leg conditions of broilers, when they were reared in enriched pens with
opportunities to climb, scratch and perch. Provision of perches is considered to stimulate
the activity of broilers. The use of perches is depending on the height from the floor and
the weight of the birds. Since heavy birds, which are considered to need the behavioural
stimulation, are making poor use of the perch, their effect on the locomotor activity is
rather limited. According to Martrenchar et al. (1999) less than 1% of broilers used
perches (20 and 33 cm high) at low stocking density (11 birds/m2).  The acceptance of
perches was increased to 10% when the stocking density was raised up to 22 birds/m2.
More perching (22%) could be achieved by Davies and Weeks (1995) who adapted the
high of the perches, according to the growth of the birds, from 2.5 to 26 cm. Su et al.
(2000) found no effect of perches on gait score. According to our own observations
broilers used a ramp between feeder and drinker as perch, and spent more time sitting than
broilers without ramps (Bessei, 1992 b). Barriers between feeders and drinkers have been
reported to be used as perches (Bizeray et al., 2001). But gait score was not improved.
Some improvement of tibial breaking strength was reported by Balog et al. (1997) when
ramps were placed between feeders and drinkers, but there was no reduction of tibial
dyschondroplasia. Bokkers and Koene (2003) found that more slow growing than fast
growing broilers used perches. The use of perches produced breast blisters and
deformation of the keel bones. 

Sequential feeding of diets containing different levels of lysine has been used to
stimulate the activity of broiler chickens (Bizeray et al., 2001). This procedure increased
the foraging behaviour and locomotor activity in the chicks and improved leg conditions.
At the same time, however, the body weight of the sequentially fed birds was reduced.

Briefly, environmental enrichment methods, which successfully stimulate the activity
can improve the leg conditions and, thus, the welfare state of broilers. Perches are poorly
used and do not increase the activity of the birds. While there was no impact of perches on
leg conditions, they obviously increased the incidence of breast blisters.
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LIGHT
Continuous light regimes allow the birds to feed continuously throughout the day.

Earlier experiments have shown that growth rate and feed conversion were better under
continuous light than under a natural day-night regime (Schutze et al., 1960; Morris,
1967). Short light-dark-rhythms produced similar effects on the performance as
continuous light (McDaniel, 1972; Buckland et al., 1973; Kondo et al., 1986). There was
a positive effect of extended dark periods with regard to leg problems, mortality and
metabolic disorders (Zubair and Leeson, 1996), but growth rate was reduced by this
treatment. It is known that chickens, under extended dark phases, develop a circadian
rhythm with increased feed intake before the beginning of the dark phase. It is also known
that broilers start eating in the dark, when extended dark phases are introduced. It seems,
however, that young broilers are not able to fully compensate for the shortened light
periods. Thomsen (1989) kept broilers at 12:12 hours (light: dark) from 3 to 21 days of age
and at continuous light thereafter. Growth rate was delayed under the 12:12 hrs light-dark
cycle. Full compensation occurred at 49 days of age only. When intermittent lighting of 1
hour light : 3 hrs darkness have been compared with nearly continuous light (23 hrs light:1
hr darkness) compensation of growth rate was observed in males, but not in females
(Buyse, et al., 1996). Sørensen et al. (1999) found reduced incidence of tibial
dyschondroplasia but no improvement of walking ability, when extended dark periods
where provided between 3 and 21 days of age.

It has been shown that the light programme influences the level and diurnal pattern of
the locomotor activity of the chickens. Simons and Haye (1978) measured the activity of
broilers under continuous and intermittent light regimes. The total activity was higher
when continuous light was given, and the activity was evenly distributed throughout the
day. Under intermittent lighting conditions using short light-dark-cycles episodes of high
locomotor activity occurred during the short light periods. These short periods of high
activity did positively influence leg conditions (Simons and Haye, 1978; Thomsen, 1989).
Reiter and Bessei (2002) measured the locomotor activity of broilers under quasi
continuous light (23 hrs light : 1h dark) and 16 hrs light : 8 hrs dark. The average activity
level in the light phase increased as the duration of light decreased. In the same experiment
it was shown that broilers under 23 hrs light : 1 h dark did not develop a circadian activity
patters, while those under 8hrs dark : 16 hrs light did. The development of circadian
rhythms is considered an important indicator of welfare in domestic animals. Therefore
clear day- night light programmes, which enable the expression of the diurnal rhythms,
play an important role in the recommendations of animal-friendly livestock systems. It
seems that more than one hour darkness is required for this purpose. 8 hrs of darkness
obviously allow the development of the rhythm, but it is not known so far, whether this is
the minimum time of light required. It has also to be considered in this context, that these
results are based on the activity of groups of birds. It is generally known that the light
cycles do not generate rhythms, but synchronise endogenous rhythms with different basic
frequencies. It is possible that individual circadian rhythms even under continuous light.
They may remain undetected in the group data because of lacking synchronisation. 

The requirement for light was investigated by Savory and Duncan (1982) who trained
broilers to operate a light switch. When the birds were offered to switch the light on in a
dark environment (1 to 3 min of light per response) they realised a light period of about
20% of the time of day. When the programme allowed switching off the light in a light
environment the time of darkness was less than 1%, and when they could switch the light
on and off the duration of light was more than 80 percent of the time budget. Berk (1995)
reported that broilers, when they were given free choice between a light and dark, the time
spent in the dark increased with age.

Light intensity, wave length and source of light can influence the activity of broilers.
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High light intensity (180 vs. 6 lux) increased the locomotor activity and reduced leg
problems in 6 week old broilers (Newberry et al., 1988). The positive effect of light
intensity disappeared at 9 weeks of age. In another experiment using 2 and 200 lux tibial
bowing was higher at the high light intensity (Gordon and Thorp, 1994). Despite the
higher locomotor activity at high light intensity there was no negative effect on growth
rate and feed conversion. This is in contrast to earlier results where high light intensity was
found to reduce growth and deteriorate feed conversion rate (Proudfoot and Sefton, 1978).
Prayitino et al. (1997) reported that high intensity of red light stimulated the activity of
broilers. Boshouwers and Nicaise (1993) found that high frequency UV light produced
higher activity in laying hens as compared to low frequency UV light. 

High light intensities and particular light sources show some potential to increase the
activity of chickens. Their impact on leg problems and welfare, however, has still to be
investigated.

Chickens kept on continuous light (fluorescent and incandescent), continuous darkness
or under dim light developed ocular enlargement and shallow anterior chambers (Lauber
and Kinnear, 1979). The intraocular pressure was not influenced by the light treatment
(Whitley et al., 1984; Li et al., 1995). Similar results have been reported in turkey poults
by Davis et al. (1986). The continuous light effect on the chicken eye could be avoided by
providing at least 4 hours of darkness in one block at the same time of the day (Li et al.,
2000). In most studies of light on the chicken eye chicks of layer strains have been used.
Troilo et al. (1995) found significant differences in the reaction of different strains to
different light schedules. Therefore the extension of the above mentioned results on broiler
chicks must be considered with reservations. 

Final conclusions

In conclusion the welfare problems of broilers are caused by factors which enable fast
early growth, such as genetic background and extended lighting programmes. Fast
growing lines under continuous light programmes decrease their locomotor activity and
increase the time spent sitting with age. Low locomotor activity in combination with high
early growth rate causes development problems in leg bones and cartilage, which result in
deformation of leg bones and gait anomalies. High duration of time spent sitting on wet
litter lead to skin lesions at the breast and legs, and contribute to deterioration of the
welfare situation. It is assumed that these leg problems are painful. It has been proved that
measures which reduce the early growth rate generally improve the welfare situation of
broilers. The use of slow growing broilers as alternative to reduce growth rate in fast
growing broilers has shown to be more efficient in reducing leg weakness and metabolic
diseases. Stocking density influences welfare criteria mainly through litter and air quality,
and its negative effects can be reduced by adequate management procedures. Moisture and
temperature of the litter increase with age of the broiler and with increasing stocking
density. This leads to thermal discomfort of the animals at the end of the growing period.
Therefore it is recommended to monitor the physical and behavioural conditions of the
birds rather than fixing data on maximum stocking density and other environmental
factors.

References
ALBERS, G.A.A. (1998) Future trends in poultry breeding. Proceedings 10th European Poultry Conference

WPSA, Jerusalem, 21-26 June: 16-20.

054527_Journal_3  19-07-2006  13:25  Pagina 462



World’s Poultry Science Journal, Vol. 62, September 2006 463

Welfare of broilers: W. Bessei

ALGERS, B. and SVEDBERG, J. (1989) Effects of atmospheric ammonia and litter status on broiler health.
Proceedings 3rd European Symposium Poultry Welfare, Tours, France, 11-14 June: 237-241.

ANDREWS, L.D. (1972) Cage rearing of broilers. Poultry Science 51: 1194-1197.
ARKENAU, E.F., MACKE, H. and VAN DEN WEGHE, H. (1997) Einfluss der Bodenbelüftung in

Broilermastställen auf Tierleistung und Tierverluste. Züchtungskunde 69: 307-313.
ARNOULD, C., BIZERAY, D. and LETERRIER, C. (2001) Influence of environmental enrichment on the

use of pen space and activity of chickens. Proceedings 6th European Symposium Poultry Welfare, Zollikofen,
Switzerland, 1-4 September: 335-337.

A.V.E.C. (1997). Chicken welfare and welfare-related quality in current production systems. Report of the
Association of Poultry Processors and Poultry Import and Export Trade in the European Union (July 1997).

BALOG, J.M., BAYYARI, G.R., RATH, N.C., HUFF, W.F. and ANTHONY, N.B. (1997) Effect of
intermittent activity on broiler production parameters. Poultry Science 76: 6-12.

BAUER, M., HEISSENHUBER, K., DAMME, K. and KÖBLER, M. (1996) Welche Broilerherkunft eignet
sich? DGS Magazin 44: 22-26.

BERG, C.C. (1998) Foot-pad dermatitis in broilers and turkeys prevalence, risk factors and prevention. Ph.D.
Thesis, Swedish University of Agricultural Science, Uppsala. ISBN 91-576-5442-5.

BERK, J. (1995) Light choice by broilers. Proceedings. 29th International. Congress. ISAE, Exeter, U.K., 3-5
August: 25-26.

BESSEI, W. (1992a) Das Verhalten von Broilern unter intensiven Haltungsbedingungen. Archiv für
Geflügelkunde 56: 1-7.

BESSEI, W. (1992b) The effect of different floor systems on the behaviour of broilers. Proceedings 19th World’s
Poultry Congress, Amsterdam, The Netherlands, 20-24 September 2: 743-746.

BESSEI, W. and REITER, K. (1993) Der Einfluss der Besatzdichte auf das Verhalten von Broilern.
Internationale Tagung zur artgemässen Nutztierhaltung, DVG, Freiburg. In: KTBL-Schriften, Darmstadt 356:
203-212.

BIZERAY, D., LETERRIER, C., CONSTANTIN, P. and FAURE, J.M. (2001) Sequential feeding with low
lysine diet induces higher level of activity in meat-type chickens. Proceedings 6th European Symposium
Poultry Welfare, Zollikofen, Switzerland, 1-4 September: 173-176.

BLOKHUIS, H.J. and VAN DER HAAR, J.W. (1990) The effect of the stocking density on the behaviour of
broilers. Archiv für Geflügelkunde 54 (2): 74-77.

BOKKERS, E.A.M. and KOENE, P. (2003) Behaviour of fast- and slow-growing broilers to 12 weeks of age
and the physical consequences. Applied Animal Behavioural Science 81: 59-72.

BOSHOWERS, F.M.G. and NICAISE, E. (1993) Artificial light sources and their influence on physical
activity and energy expenditure of laying hens. British Poultry Science 34: 11-19.

BUCKLAND, R.B., HILL, A.T. and BERNON, D.E. (1973) Effects of four lighting regimes on the
performance of broilers and roasters. Canadian Journal of Animal Science 53: 21-24.

BUYSE, J., ZOONS, J. and DECUYPERE, E. (1996) The application of intermittent lighting schedules for
broiler rearing: a review. Proceedings XX World’s Poultry Congress, New Dehli, India, 2-5 September II: 747-
753.

CISAR, C.R., BALOG, J.M., ANTHONY, N.B. and DONOGHUE, A.M. (2005) Differential expression of
cardiac muscle mitochondrial matrix proteins in broilers from ascites-resistant and susceptible lines. Poultry
Science 84: 704-708.

CRAVENER, T.L., ROUSH, W.B. and MASHALY, M.M. (1992) Broiler production under varying
population density. Poultry Science 71: 427-433.

DANBURY, T.C., WEEKS, C.A., CHAMBERS, J.P., WATERMAN-PEARSON, A.E. and KESTIN, S.C.
(2000) Self-selection of the analgesic drug carprofen by lame broiler chickens. Veterinary Record 146: 307-
311.

DAVIES, H. C. and WEEKS, C.A. (1995) Effects of age and leg weakness on perching behaviour of broilers.
British Poultry Science 36: 838.

DAVIS, G.S., SIOPES, T.D., PFEIFFER, R.L. and COOK, C. (1986) Morphologic changes induced by
photoperiod in eyes of turkey poults. American Journal Veterinary Research 47: 953-955.

DAWKINS, M.S., DONELLY, S. and JONES, T.A. (2004) Chicken welfare is influenced more by housing
conditions than by stocking density. Nature 427: 342-344.

DE JONG, I.C., FILLERUP, M., RIEDSTRA, B.J., BOERJAN, M. and HOPSTER, H. (2004) The
relationship between characteristics, broiler welfare and growth. Proceedings 38th International Congress
ISAE, Helsinki, Finland, 3-7 August: 222.

DEEB, N., SHLOSBERG, A. and CAHANER, A. (2002) Genotype-by-environment interaction with broiler
genotypes differing in growth rate. 4. Association between responses to heat stress and to cold-induced ascites.
Poultry Science 81: 1454-1462.

DJUKIC, M., HARLANDER, A. and BESSEI, W. (2005) Locomotion improves bone health more than a
reduction of body weight in broiler chickens. Poster 7th Symposium Poultry Welfare, Lublin, Poland, 15-19
June, Animal Science Papers and Reports 23: 305-306.

EKSTRAND, C., ALGERS, B. and SVEDBERG, J. (1997) Rearing conditions and foot-pad dermatitis in
Swedish broiler chickens. Preventive Veterinary Medicine 31: 167-174.

054527_Journal_3  19-07-2006  13:25  Pagina 463



464 World’s Poultry Science Journal, Vol. 62, September 2006

Welfare of broilers: W. Bessei

EUROPEAN COUNCIL. (1995). Recommendations concerning Domestic Fowl (Gallus gallus). Standing
Committee of the Council of Europe, Strasbourg.

ELWINGER, K. (1995) Broiler production under varying population densities - A field study. Archiv für
Geflügelkunde 59: 209-215.

EU (2000) The welfare of chickens kept for meat production. European Commission, Health and Consumer
Protection Directorate-General. Report of the Scientific Committee on Animal Health and Animal Welfare,
adopted 21 March 2000.

FACW (1992). Report on the welfare of broiler chickens. Farm Animal Welfare Council, Tolworth Tower,
Surbiton, Surrey KT6 7Dx, Großbritannien, 9.

GARDINER, E.E., HUNT, J.R. and NEWBERRY, R.C. (1988) Relationship between age, body weight and
season of the year and the incidence of sudden death syndrome in male broiler chickens. Poultry Science 67:
1243-1249.

GORDON, S.H. (1992) The effect of broiler stocking density on bird welfare and performance. British Poultry
Science 33: 1120-1121.

GORDON, S.H. and THORP, B.H. (1994) Effect of light intensity on broiler liveweight and tibial plateau
angle. Proceedings 9th European Poultry Conference, Glasgow, U.K., 7-12 August 1: 286-287.

GRASHORN, M. (1993) Untersuchungen zur Ätiologie und Pathogenese des plötzlichen Herztods bei
Masthühnern. Hohenheimer Arbeiten, Verlag Eugen Ulmer, Stuttgart.

GRASHORN, M., BESSEI, W., THIELE, H.A. and SEEMANN, G. (1998) Inheritance of Troponin T levels
in meat-type chicken. Archiv für Geflügelkunde 62: 283-286.

GRASHORN, M. and KUTRITZ, B. (1991) Der Einfluss der Besatzdichte auf die Leistung moderner
Broilerherkünfte. Archiv für Geflügelkunde 55: 84-90.

HARMS, R.H., DAMRON, B.L. and SIMPSON, C.F. (1977) Effect of wet litter and supplemental biotin
and/or whey on the production of foot pad dermatitis in broilers. Poultry Science 56: 291-296.

HARTUNG, J. (1994) Environment and Animal Health. In: C.M. Wathes, D.R. Charles (eds.): Pollution in
Livestock Production Systems. CAB International, Wallingford, U.K.: 55-69.

JULIAN, R.J. (2000) Physiological, management and environmental triggers of the ascites syndrome: A review.
Avian Pathology 22: 519-527.

KESTIN, S.C., KNOWLES, T.G., TINCH, A.E. and GREGORY, N.G. (1992) Prevalence of leg weakness in
broiler chickens and its relationship with genotype. Veterinary Record 131: 190-194.

KONDO, K., ISHIMOTO, Y. and YAMASHITA, C. (1986) The influence of intermittent lighting on broiler
performance. Japanese Poultry Science 23: 28-32.

LAUBER, J.K. and KINNEAR, A. (1979) Eye enlargement in birds induced by dim light. Canadian Journal
Ophthalmology 14: 265-269.

LEWIS, N.J. and HURNIK, J.F. (1990) Locomotion of broiler chickens in floor pens. Poultry Science 69:
1087-1093.

LI, T., HOWLAND, H.C. and TROILO, D. (2000) Diurnal illumination patterns affect the development of the
chick eye. Vision Research 40: 2387-2393.

LI, T., TROILO, D., GLASSER A. and HOWLAND, H.C. (1995) Constant light produces severe corneal
flattening and hyperopia in chickens. Vision Research 35: 1203-1209.

MARTRENCHAR, A., HUONNIC, D., COTTE, J.P., BOILLETOT, E. and MORISSE, J.P. (1999) Densité
d’elevage, régime lumineux et utilisation de perchoir chez le poulet de chair. 3ème Journées de la Recherche
Avicole, St. Malo: 37 - 40.

MAXWELL, M.H. and ROBERTSON, G.W. (1997) World Broiler Ascites Survey 1996. Poultry
International 36: 16-30.

MCDANIEL, G.R. (1972) The effects of continuous light versus intermittent light on the growth rate of
broilers. Proceedings 61st Poultry Science Association Inc. Meeting Ohio, USA, 7-11 August: 57-58.

MCGEOWN, D., DANBURY, T.C., WATERMAN-PEARSON, A.E. and KESTIN, S.C. (1999) Effect of
carprofen on lameness in broiler chickens. Veterinary Record 144: 668-671.

MCLEAN, J., SAVORY, J. and SPARKS, N. (2001) Welfare of male and female broiler chickens in relation to
stocking density. Proceedings 6th European Symposium Poultry Welfare, Zollikofen, Switzerland, 1-4
September: 132-135.

MENCH, J.A., GARNER, J.P. and FALCONE, C. (2001) Behavioural activity and its effects on leg problems
in broiler chickens. Proceedings 6th European Symposium Poultry Welfare, Zollikofen, Switzerland, 1-4
September: 152-156.

MITCHELL, M.A. (1997) Ascites syndrome: a physiological and biochemical perspective. World’s Poultry
Science Journal 53: 61-64.

MORRIS, T.R. (1967) Light requirement of the fowl. In: T.C. Carter: Environmental control in poultry
production, Edinburgh and London: Oliver & Boyd Ltd.: 15-39.

NEWBERRY, R.C., HUNT, J.R. and GARDINER, E.E. (1988) The Influence of light intensity on behavior
and performance of broiler chickens. Poultry Science 67: 1020-1025.

NEWBERRY, R.G., GARDINER, E.E. and HUNT, J.R. (1987) Behaviour of chickens prior to death from
sudden death syndrome. Poultry Science 66: 1446-1450.

054527_Journal_3  19-07-2006  13:25  Pagina 464



World’s Poultry Science Journal, Vol. 62, September 2006 465

Welfare of broilers: W. Bessei

PETERMANN, S. and ROMING, L. (1993) Untersuchungen zur Masthähnchenhaltung im Regierungsbezirk
Weser-Ems. Teil I: Tierschutzrelevante Aspekte. Unpublished Report, Hannover, Germany pp 94.

PRAYITINO, D.S., PHILLIPS, C.J.D. and STOKES, D.K. (1997) The effects of color and intensity of light
on behaviour and leg problems in broiler chickens. Poultry Science 76: 1674-1681.

PROUDFOOT, F.G. and SEFTON, A.E. (1978) Feed texture and light treatment effects on the performance of
chicken broilers. Poultry Science 57: 408-416.

PROUDFOOT, F.G., HULAN, H.W. and RAMEY, D.M. (1979) The effect of four stocking densities on
broiler carcass grade, the incidence of breast blisters, and other performance traits. Poultry Science 58: 791-
793.

REITER, K. and BESSEI, W. (1994) Der Einfluss eines Lauftrainings auf die Lauffähigkeit bei Broilern. In:
26. Intern. Tagung für angewandte Ethologie, Freiburg, KTBL-Schrift 370, Darmstadt: 206-217.

REITER, K. and BESSEI, W. (1995) Influence of running on leg weakness of slow and fast growing broilers.
Proceedings 29th International Congress ISAE, Exeter, U.K., 3-5 August: 211-213.

REITER, K. and BESSEI, W. (1997) Gait analysis of laying hens and broilers with and without leg disorders.
Equine Veterinary Journal Supplement 23: 110-122.

REITER, K. and W. BESSEI, W. (2000) Einfluss der Besatzdichte bei Broilern auf die Temperatur in der
Einstreu und zwischen den Tieren. Archiv für Geflügelkunde 64: 1-3.

REITER, K. and BESSEI, W. (2002) Biological rhythms of behaviour. Proceedings 11th European Poultry
Conference, Bremen, Germany: 40.

RIDDEL, C. (1991) Ascites and right ventricular failure in broiler chickens and ducks. In: Diseases of Poultry,
9th Edition Iowa State University Press: 839.

RUTTEN, M., LETERRIER, C., CONSTANTIN, P., REITER, K. and BESSEI, W. (2002) Bone
development and activity in chickens: response to reduced weight-load on legs. Animal Research 51: 327-336.

SANOTRA, G.S., LUND, J.D., ERSBOLL, A.K., PETERSEN, J.S. and VESTERGAARD, K.S. (2001)
Monitoring leg problems in broilers: a survey of commercial broiler production in Denmark. World’s Poultry
Science Journal 57: 55-69.

SAVORY, C.J. and DUNCAN, I.J.H. (1982) Voluntary regulation of lighting by domestic fowls in Skinner
boxes. Applied Animal Ethology 9: 73-81.

SCHERER, P.J. (1989) Einfluß unterschiedlicher Haltungsbedingungen auf das Verhalten von Broilern unter
Berücksichtigung von Leistungsdaten. Dissertation, ETH Zürich Nr. 8805.

SCHOLTYSSEK, S. (1973) Zur Frage der Besatzdichte in Broilerherden. Archiv für Geflügelkunde 35: 235-
239.

SCHOLTYSSEK, S. (1974) Die Bedeutung des Futterplatzes in unterschiedlich besetzten Mastabteilen. Archiv
für Geflügelkunde 38: 41-45.

SCHOLTYSSEK, S. and GSCHWINDT, B. (1980) Untersuchungen zur Besatzdichte und Futterplatz in der
Bodenmast. Archiv für Geflügelkunde 44: 220-224.

SCHOLTYSSEK, S. and GSCHWINDT-ENSINGER, B. (1983) Leistungsvermögen einschließlich
Befiederung und Belastbarkeit von Broilern bei unterschiedlicher Besatzdichte in Bodenhaltung. Archiv für
Geflügelkunde 47: 3-8.

SCHUTZE, J.V., JENSEN, L.S., CARVER, J.S. and MATSON, W.E. (1960) Influence of various lighting
regimes on the performance of growing chickens. Washington Agric. Exp. Stn. Techn. Bull 36.

SHANAWANY, M.M. (1988) Broiler performance under high stocking densities. British Poultry Science 29:
43-52.

SIMONS, P.C.M. and HAYE, U. (1978) Effect of lighting regimes on twisted legs in broilers. Proceedings XVI
World’s Poultry Congress, Rio de Janeiro, Brasil, 18-21 September I: 24-27.

SØRENSEN, P. (1989) Broiler selection and welfare. Proceedings 3rd European Symposium Poultry Welfare,
Tours, France: 45-58.

SØRENSEN, P., SU, G. and KESTIN, S.C. (1999) The effect of photoperiod:scotoperiod on leg weakness.
Poultry Science 78: 336-342.

SU, G., SØRENSEN, P. and KESTIN, S.C. (2000) A note on the effects of perches and litter substrate on leg
weakness in broiler chickens. Poultry Science 79: 1259-1263.

THOMSEN, M.G. (1989) Lysprogrammets og foderstructurens indflydelse pa slagtekyllingers
adfaerdsmonster. Statens Hydyrbrugsforsog Meddelelse, Nr. 736, Copenhagen .

THORP, B.H. and DUFF, S.R.I. (1988) Effect of exercise on the vascular pattern in the bone extremities of
broiler fowl. Research Veterinary Science 45: 72-77.

TROILO, D., LI, T., GLASSER, A. and HOWLAND, H.C. (1995) Differences in eye growth and the response
to visual deprivation in different strains of chickens. Vision Research 35: 1211-1216.

VALENTIN, A. and WILLSCH, K. (1987) Untersuchungen zur Ätiologie und Pathogenese der tiefen
Dermatitis. Monatshefte für Veterinärmedizin 72: 575-578.

VESTERGAARD, K.S. and SANOTRA, G.S. (1999) Relationships between leg disorders and changes in
behaviour of broiler chickens. Veterinary Record 144: 205-209.

054527_Journal_3  19-07-2006  13:25  Pagina 465



466 World’s Poultry Science Journal, Vol. 62, September 2006

Welfare of broilers: W. Bessei

VOLUNTARY AGREEMENT. (1999). Bundeseinheitliche Eckwerte für eine freiwillige Vereinbarung zur
Haltung von Jungmasthühnern (Broiler, Masthähnchen) und Mastputen. Federal Ministry of Agriculture, BML
321-3545/2, Bonn.

WALDROUP, A.L., SKINNER, J.T., HIERHOLZER, J.M., KOPEK, M. and WALDROUP, W.P. (1992)
Effects of bird density on Salmonella contamination of prechill carcasses. Poultry Science 71: 844-849.

WEAVER, W.D., BEANE, W.L. and SIEGEL, P.B. (1973) Methods of rearing sexes and stocking densities on
broiler performance: An experiment conducted by a poultry science curriculum club. Poultry Science 52:
2100-2101.

WEAVER, W.D. and MEIJERHOF, R. (1991) The effect of different levels of relative humidity and air
movement on litter conditions, ammonia levels, growth and carcass quality for broiler chickens. Poultry
Science 70: 746-755.

WHITLEY, R.D., ALBERT, R.A., MCDANIEL, G.R., MORA, E.C. and HENDERSON, R.A. (1984)
Photoinduced buphthalmic avian eyes: 1. Continuous fluorescent light. Poultry Science 63: 1537-1542.

WIEDMER, H. and HADORN, R. (1998) Revision Tierschutzverordnung: Kurzmast-Besatzdichten lassen.
Schweizerische Geflügelzeitung 2/98: 10-15.

ZUBAIR, A.K. and LEESON, S. (1996) Compensatory growth in the broiler chicken: a review. World’s Poultry
Science Journal 52: 189-201.

054527_Journal_3  19-07-2006  13:25  Pagina 466

View publication statsView publication stats

https://www.researchgate.net/publication/231919285


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (Apple RGB)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (GWG_GenericCMYK)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU <FEFF004700680065006e0074002000500044004600200057006f0072006b00670072006f007500700020002d00200032003000300035002000530070006500630069006600690063006100740069006f006e0073002000760065007200730069006f006e003300200028007800310061003a0020003200300030003100200063006f006d0070006c00690061006e00740029>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14173.229 14173.229]
>> setpagedevice




