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Introduction

Feather pecling and cannibalism are generally considered
to be caused by a complex of genetical and environmental
factors, Among the environmental factors nutrition and
feeding behaviour play a prominent role, Nutritionists and
ethologists approach the problem of feather pecking in dif-
ferent ways. While nutritionists assume that feather peck-
ing is caused by nutrient deficiencies or imbalances, etholo-
gists search the primary causes of feather pecking in funda-
mental drives related to feed intake. There are numerous
studies which showed the influence of raw materials, crude
protein or single nutrients, such as amino acids and miner-
als on feather pecking. The first nutritional experiments have
been reported as of the 1930, During the last years there
was an increasing interest in the effect of fibre and feathers
on feather pecking and feed-related behaviours. While mast
experiments have been carried out with layer-type chick-
ens, the problem of cannibalism exists in meat-type chick-
ens, turkeys and other domestic poultry species, such as
quail, muscovy ducks and ostriches. This paper reviews the
main publications on nutrition and behavioural aspects
related to nutritional aspects and feeding behaviour in fowls.

The effect of feedstuffs

The main ingredients of poultry diets have been investigated
with regard to their risk of stimulating damaging pecking
behaviour,

Grain types

Oats seem 10 be the grain type that reduce feather pecking
relative to barley and wheat (BEARSE et al., 1940; ScoTT et
al., 1954a; Seemann, 1982; WaHLSTROM et al., 1998). In
pheasants, known to be severe feather peckers in suboptimal
conditions, it was possible to avoid cannibalism in two flocks
of breeder birds by adding oats to the ration (PULLIAINEN,
1965). In chickens, the positive effect interacts with geno-
type. Some strains respond positively to oats, others do not
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(SeEMannN, 1982; WAHLSTROM et al., 1998), KarLsoN (1996)
found LSL to have better plimage on rations with high
levels of oats while the Swedish breed, Svenskhénan, a
cross between White Leghorn and Rhode Island Red, main-
tained a high quality plumage regardless of oat content. Also
suboptimal environmental conditions increase the positive
effect of oats. For example the detrimental effects of potas-
sium deficiency (WAHLSTROM et al., 1998) or restricted feeder
space (SEEMANN, 1982) were less pronounced in flocks given
supplements of oats.

Comparing barley and wheat, ABranamsson et al. (1996)
found a better plumage condition in layers fed a diet high
in barley (25% barley/39% wheat) compared to a diet high
in wheat (50% wheat/14% barley).

Protein-rich feedstuffs

There is little information on the effect of protein-rich feed-
stuffs on feather pecking and cannibalism. Hydrolysed
feather meal, fishmeal, bloodmeal and meat and bone meal
have been excluded from poultry feed for various reasons,
and soybean meal has become the main source of protein.
The lack of protein of animal origin has been considered
one of the causes of feather pecking and cannibalism. Arren
and Asakae (1993, loc. cit. McKegGan et al., 2001) offered
laying hens in a cafeteria-system three protein sources,
bloodmeal, fishmeal or soybean meal additional to their
feed. The highest levels of cannibalism were observed in the
choice feeding system with bloodmeal and soybean meal.
Savory et al. (1999) fed bantam pullets either a vegetarian
diet on the basis of soybean meal, or a diet based on animal
protein (bloodmeal, fishmeal and hydrolysed feather meal)
or semi-purified casein. There was no significant differ-
ence in feather scores at 3 and 6 weeks of age. There was a
tendency of higher damages in the animal protein group.
Similar results were reported by McKeEGaw er al. (2001),
Commercial brown layers were fed either plant or animal-
based diets during rearing and laying. The main protein
source of the animal protein diet was fishmeal and that of
the plant protein diet soybean meal. The numbers of vigor-
ous pecking and pulling were higher in the plant protein
groups throughout the experiment. There was, however,
no significant difference between the treatments for the
pecking damage scores. In two experiments RicHTER and
Hartune (2003) compared layer diets containing 4% of
meat and bone meal and 4 different diets based on protein
of plant origin. There was a tendency of higher mortality in
some of the vegetarian diets, the differences, however
were not significant. Haporn et al. (1998) found no differ-
ence in mortality of layers fed diets either based on meat
and bone meal, fishmeal or on soybean meal. The plumage
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of layers fed 4% of meat and bone meal was better than
that of hens fed a vegetarian diet and diets of other animal
protein sources (PRRTER and WALSER, 1998). Van KRIMPEN et
al. (2010) fed 4 different types of processed pork meal to
layers. There were no significant effects of the diets on feather
damages at the end of the experiment, but two of the porc
meals (meat and bone meals) delayed the development of
feather pecking. There was more walking, ground pecking
and less time spent food eating in these groups as com-
pared to the other types of pork meal (meat meals}. The
higher level of walking and ground pecking in the meat
and bone meals could be related to the lower intake of cer-
tain amino acids. However, the litter in the meat and bone
meal groups contained less water than in the meat meal
groups and this might have stimulated walking and ground
pecking,

In summary, there exist effects of particular feedstuffs
on feather pecking and pecking-related damages in poul-
try. With regard to the effect of different types of cereals it
seems that grains which contain high amounts of fibre show
a positive effect on feather pecking and cannibalism. The
effect is, however highly variable and subject to interac-
tions with genotype and various environmental influences.

Protein, amino acids and energy

Detrimental effects of low protein diets on feather pecking
and cannibalism have been reported by SCHAIBLE et al.
(1947). A basal corn/wheat diet low in protein (13.5%)
and fibre (2.6%) produced feather pecking in chicks. Gerum
and KircHGEssNER (1978) fed broilers 3 levels of energy
ranging from 2850, 3350 to 3650 kcal ME/kg and 3 levels
of protein (19, 23 and 27%). Feather eating increased with
increasing energy levels in the diet. Less feather eating was
recorded when the protein level increased. Similar results
have been found by Donarpson et al. (1955) and LeonG et
al. (1955}, The effect of low protein levels in the diet was
obviously compensated by the increased feed and protein
intake in the low energy diet. Contrasting results have been
reported by Cam et al. (1984). The authors fed growing
pheasants diets containing 16, 19 and 22% of crude pro-
tein. The lowest level of protein produced high damages
through feather pecking. The situation could be improved
by raising the energy level from 2530 to 2970 kcal ME/kg.

AMBROSEN and PerERSEN (1997) found an improvement in
plumage condition of caged layers with increasing levels of
protein from 11.1% to 19.3% in isocaloric diets. Regression
analysis showed that the feather score on a scale from 5
(very poor) to 20 (very good) increased by 0.4 to 0.5 points
for each percent increase in protein in the feed. The same
Ppicture was seen with respect to martality due to cannibalism,
The mortality caused by cannibalism increased from 5.1 to
8.3 and 17.6% when the protein level was lowered from
13.8 to 12,5 and 11.1% respectively. These authors alse found
a strain x protein level interaction in plumage condition of
4 Leghorn strains, but not in 3 strains of layers of medium
body size.

Conson and PeTErseN (1986) fed 8 to 20 weeks old pullets
of two layer strains on a diet low in lysine (max. 0,4%) and
arginine (max. 0.56%). This gave rise to more feather peck-
ing in the laying period (15% laying month) in one strain,
but not in another. A surplus of arginine was found to stop
feather pecking and cannibalism in groups of chickens and
pheasants (SIrEN, 1963). When adding arginine to a basal
diet holding 3.9% arginine of crude protein (normal) to
6.9%, cannibalistic pecking at first rose, then declined, and
after 2 days stopped. This could not be verified by Mapszn
(1966}, He used the same levels of arginine as suggested
by Sirén, but found a high level of feather pecking but no

consistent pattern in relation to treatment, in three experi-
ments with pheasants and partridges. NeaL (1956) reported
on ‘pick-outs’ in relation to methionine supplementation in
two flocks of layers. The basal diet had a calculated content
of 0.20% methionine. The experimental diet was supple-
mented to about 1%. It was concluded: ‘results indicate
that methionine supplementation at a sufficient level can
suppress cannibalism and pick-outs’. Creex and Denny (1957)
(loc. cit. in Marsupoon and Sigrens, 1962) failed to find
any effect of methionine level on incidence of cannibalism.
Hucrgs and Duncan (1972) found higher pecking damage
from 10 to 20 week old pullets of two Leghorn strains fed
a growers’ ration low in methionine. These authors also
showed a strain x diet interaction for pecking damage from
6 10 18 weeks. One strain was pecked less on diet 1 and the
other strain was pecked less on diet 2, when the diets dif-
fered in their methionine content. A diet x brooding temper-
ature interaction was intermittently evident from weeks 6
to 17 in this study. Chickens fed a diet low in methionine and
brooded at a 29°C temperature had less pecking damage
than those brooded at 32°C. The opposite was true for birds
fed a diet higher in methionine. High levels of cannibalism
(20%) have been found in hens fed an organic diet contain-
ing 0.34% of methionine, The mortality, which was mainly
caused by canntbalism, was reduced to 10.3% when the same
diet was supplemented up to 0.41% of methionine {(ANoNY-
MoUs, 1997). Ksaer and SereNSEN (2002) fed medium heavy
free range hens diets containing 0.5% or 0.9% methionine
+ cystine, No feather pecking or cannibalism was recorded
in any treatment, DANNER and Bessel (2000) fed white layer
hybrids (LSL) increasing levels of methionine (0.22, 0.26,
0.31 and 0.36%). There was clear response to increasing
methionine supplementation with reduced mortality and
improved feather conditions. The main improvement could
be observed when methionine level was raised from 0.22
to 0.26 which corresponded to a methionine + cystine level
from 0.49 to .53,

Tryptophan is a precursor of seratonin, which acts as a neu-
rotransmitter. The dietary level of tryptophan influence the
level of serotonin in the brain (FERNSTROM, 1981), which in
twn modulates aggressive behaviour in broiler breeder males
(SHEA et al., 1990), fear (tonic immobility response) in broil-
ers (NEWBERRY and BLAIR, 1993) as well as self pecking in par-
rots (Icrauer and Rasiv, 1993) and most likely feather peck-
ing in laying hens (Van Hierpew et al., 2004; Van FIIERDEN et
al., 2002). Less feather damage was observed in bantam
chickens fed tryptophan levels considerably higher than
recommended (22,6 versus 2.6 g/kg feed) (Savory et al.,
1999).

Minerals including trace elements

Inadequate sodium supply in the diet has been reported to be
a possible cause of cannibalism in poultry (Cooxg, 1992).
Swarsrick and Parsons (1992) have alleviated outbreaks of
cannibalism by the addition of sodium bicarbonate to drink-
ing water at a level of 2.5 g/1. HucrEs and WHITEHEAD (1974)
did not find more feather pecking or pecking activity in
caged layers fed a sodium deficient {0.038%) diet. This is
explained by the fact that egg production ceased almost com-
pletely reducing the sodium requirement to a minimumn.
When adequate sodium levels were fed, egg production
increased and plumage condition decreased, indicating
that feather pecking increased. Hucngs and Woon-Gusn
{1973) deprived hens of calcium and found increasing gen-
eral pecking activity, termed ‘exploratory’ behaviour, and
locomotion. Feather pecking was not recorded. NESTLER et
al. (1945) reported a range of observations concerning the
control of cannibalism in Bobwhite quail using different
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of layers fed 4% of meat and bone meal was better than
that of hens fed a vegetarian diet and diets of other animal
protein sources {(PFRTER and Watser, 1998). Van KRIMPEN et
al. {2010} fed 4 different types of processed pork meal to
Iayers. There were no significant effects of the diets on feather
damages at the end of the experiment, but two of the porc
meals (meat and bone meals) delayed the development of
feather pecking. There was more walking, ground pecking
and less time spent food eating in these groups as com-
pared to the other types of pork meal (meat meals). The
higher level of walking and ground pecking in the meat
and bone meals could be related to the lower intake of cer-
tain amino acids. However, the litter in the meat and bone
meal groups contained less water than in the meat meal
groups and this might have stimulated watking and ground
pecking.

In summary, there exist effects of particular feedstuffs
on feather pecking and pecking-related damages in poul-
try. With regard to the effect of different types of cereals it
seems that grains which contain high amounts of fibre show
a positive effect on feather pecking and cannibalism. The
effect is, however highly variable and subject to interac-
tions with genotype and various environmental influences.

Protein, amino acids and energy

Detrimental effects of low protein diets on feather pecking
and cannibalism have been reported by ScHamLE et al.
(1947). A basal corn/wheat diet low in protein (13.5%)
and fibre (2.6%) produced feather pecking in chicks. GERUM
and KircHGESSNER (1978) fed broilers 3 levels of energy
ranging from 2850, 3350 to 3650 kcal ME/kg and 3 levels
of protein (19, 23 and 27%). Feather eating increased with
increasing energy levels in the diet. Less feather eating was
recorded when the protein level increased. Similar results
have been found by Donalpson et al. {1955) and LronG et
al. (1955}, The effect of low protein levels in the diet was
obviously compensated by the increased feed and protein
intake in the low energy diet. Contrasting results have been
reported by Cam et al. (1984). The authors fed growing
pheasants diets containing 16, 19 and 22% of crude pro-
tein. The lowest level of protein produced high damages
through feather pecking. The situation could be improved
by raising the energy level from 2530 to 2970 keal ME/kg.

AwmBrosen and PETERSEN (1997) found an improvement in
plumage condition of caged layers with increasing levels of
protein from 11.1% to 19.3% in isocaloric diets. Regression
analysis showed that the feather score on a scale from 5
(very poor) to 20 (very good) increased by 0.4 to 0.5 points
for each percent increase in protein in the feed. The same
picture was seen with respect to mortality due to cannibalism.
The mortality caused by cannibalism increased from 5.1 to
8.3 and 17.6% when the protein level was lowered from
13.810 12.5 and 11.1% respectively. These authors also found
a strain x protein level interaction in plumage condition of
4 Leghorn strains, but notin 3 strains of layers of medium
body size.

Conson and PETERSEN (1986) fed 8 to 20 weeks old pullets
of two layer strains on a diet low in lysine (max. 0.4%) and
arginine (max. 0.56%). This gave rise to more feather peck-
ing in the laying period (15% laying month) in one strain,
but not in another. A surplus of arginine was found to stop
feather pecking and cannibalism in groups of chickens and
pheasants (S1réN, 1963). When adding arginine to a basal
diet holding 3.9% arginine of crude protein (normal) to
6.9%, cannibalistic pecking at first rose, then declined, and
after 2 days stopped. This could not be verified by Mapsen
{1966). He used the same levels of arginine as suggested
by Sirén, but found a high level of feather pecking but no

consistent pattern in relation to treatment, in three experi-
ments with pheasants and partridges. NeaL (1956) reported
on ‘pick-outs’ in relation to methionine supplementation in
two flocks of layers. The basal diet had a calculated content
of 0.20% methionine. The experimental diet was supple-
mented to about 1%. It was concluded: ‘results indicate
that methionine supplementation at a sufficient level can
suppress canmibalism and pick-outs’. CREEK and DEnDy (1957)
(loc. cit, in MarsusooN and SiErens, 1962) failed to find
any effect of methionine level on incidence of cannibalism.
Huches and Duncan (1972) found higher pecking damage
from 10 to 20 week old pullets of two Leghorn strains fed
a growers' ration low in methionine. These authors also
showed a strain x diet interaction for pecking damage from
6 to 18 weeks. One strain was pecked less on diet 1 and the
other strain was pecked less on diet 2, when the diets dif-
fered in their methionine content, A diet x brooding temper-
ature interaction was intermittently evident from weeks &
to 17 in this stady. Chickens fed a diet low in methionine and
brooded at a 29°C temperature had less pecking damage
than those brooded at 32°C. The opposite was true for birds
fed a diet higher in methionine, High levels of cannibalism
(2096} have been found in hens fed an organic diet contain-
ing 0.34% of methionine. The mortality, which was mainly
caused by cannibalism, was reduced to 10.3% when the same
diet was supplemented up to 0.41% of methionine (ANoNY-
Mous, 1997). Kiarr and Sgrensen (2002) fed medium heavy
free range hens diets containing 0.5% or 0.9% methicnine
+ cystine. No feather pecking or cannibalism was recorded
in any treatment, DANNER and Besse: (2000) fed white layer
hybrids (LSL) increasing levels of methionine {0.22, 0.26,
0.31 and (.36%). There was clear response to increasing
methionine supplementation with reduced mortality and
improved feather conditions. The main improvement could
be observed when methionine level was raised from 0.22
to .26 which corresponded to a methionine + cystine level
from 0.49 to (.53,

Tryptophan is a precursor of serotonin, which acts as a neu-
rotransmitter. The dietary level of tryptophan influence the
level of serotonin in the brain (FErnsTROM, 1981), which in
turn modulates aggressive behaviour in broiler breeder males
(SHEA et al,, 1990), fear (tonic immobility response) in broil-
ers (NEwBERRY and Bram, 1993} as well as self pecking in par-
rots (IcLauer and Rasv, 1993) and most likely feather peck-
ing in laying hens (Van HIERDEN et al., 2004; Van HIERDEN et
al., 2002). Less feather damage was observed in bantam
chickens fed tryptophan levels considerably higher than
recommended (22.6 versus 2.6 g/kg feed) (Savory et al,,
1999).

Minerals including trace elements

Inadequate sodium supply in the diet has been reported to be
a possible cause of cannibalism in poultry (Cooxg, 1992).
Swarsrick and Parsons (1992) have alleviated outbreaks of
cannibalism by the addition of sodium bicarbonate to drink-
ing water at a level of 2.5 g/1. HucHEs and WHITEHEAD (1974)
did not find more feather pecking or pecking activity in
caged layers fed a sodium deficient {0.038%) diet. This is
explained by the fact that egg production ceased almost com-
pletely reducing the sodium requirement to a minimum.
When adequate sodium levels were fed, egg production
increased and plumage condition decreased, indicating
that feather pecking increased. HugHrs and Woon-GusH
(1973) deprived hens of calcium and found increasing gen-
eral pecking activity, termed ‘exploratory’ behaviour, and
locomotion. Feather pecking was not recorded. NESTLER et
al. (1945) reported a range of observations concerning the
control of cannibalism in Bobwhite quail using different
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levels and types of salt (NaCl). They concluded that the
addition of 1 to 2% salt for a few days should be efficacious
in controlling cannibalism in 2 out of 3 cases, but that:
‘increasing the salt content cannot be considered as a cer-
tain cure for all cases of the habit’. They also discovered
that pecking could be controlled just as effectively by placing
a hopper full of feed concentrate such as fish meal, soybean
meal, liver meal, or chopped fresh greens in the trouble-
some pen for a day or two. WiLLimoN and Morcan (1953)
were not able to find any consistent effect on feather peck-
ing and cannibalism in layers by adding trace elements such
as Al, Ba, Cr, Pb, Ag, Sn, Zn and others. Adding sodium sili-
cate did not prevent pecking damage in layers fed a corn
based diet of low (3%) fibre (Bearsz et al., 1940).

Other feed ingredients and drugs

Haloanisone, a neuroleptic drug structurally related to chlor-
promazine, stopped cannibalism in 20 flocks of chickens of
various strains after 2 days of administration in the drink-
ing water (MarsHBoON and SIERENS, 1962). Cannibalism
resumed 10 to 20 days after the end of treatment. The drug
exerts a sedative action. There were no adverse effects on
growth rate when administering the drug in the feed at a
dose level of 20-40 mg/kg feed. A saponin, Isosarsapogenine,
used for treatment of syngamosis (Gapes) in two pens of
pheasant chickens, had no effect on feather pecking or can-
nibalism (MaDSEN, 1966).

Feeding pheasants diets supplemented with a range of
antibiotics such as penicillin, zinc bacitracin, terramycin or
aureomycin, had a substantially positive effect on growth,
health and mortality, some positive effect on feathering, but
did not prevent feather pecking (Scorr et al., 1954a).

Diets supplemented with arsenic acid, protamon {a thyroid
extract) or a combination had some positive effect on feath-
ering of pheasant chicks at 2 weeks, but did not prevent
outbreaks of cannibalism at 4 weeks {ScoTTet al., 1954b).
Only one group of pheasants per treatment was used.

NeSTLER et al. (1945) used a range of protein concen-
trates {(soyabean oil meal, dried buttermilk meat and bone
scrap etc.), but failed to prevent cannibalism in Bobwhite
quail,

Adding various supplements rarely had any effect (min-
erals, fibre, lactose, phytin, wheat germ oil, sucrose, cystine-
HCJ, corn gluten meal, dried yeast and dried egg white).
Calcium-dichloride (CaCly) substituting calcium-carbonate
{CaC0O3) and sodium-chloride (NaCl) had some effect as had
dried egg yolk, blood meal, cottonseed meal, liver meal,
casein and gelatine.

Feed structure

Feeding White Leghorn pullets and ‘crossbred fryers’ a higher
(18 versus 13 and 8%) fibre diet, prevented ‘cannibalism/
feather picking' when fed as mash, but not when fed as pel-
lets {BEARSE et al., 1949), Lonspatk et al. (1957) found more
feather pecking in 10 weeks old ‘white cross bred chicks’
fed pellets than in those fed mash. Pellet feeding caused
feather pecking when the birds were kept at high density
and under barren environmental conditions. When broil-
ers were fed pellets (versus mash) they developed feather
pecking at a stocking density of 683 cm? per bird but not at
1024 cm?/bird {SkosLunD and PALMER, 1961). Similar obser-
vations have been reported by Hevwanc and MorGan (1944)
in White Leghorn chickens and Savory et al. (1999) in ban-
tams. NORGAARD-NIELSEN (1989) observed increasing feather
pecking in layers when mash was replaced by pellets. The
effect was more pronounced when the birds had no access
to a straw basket. Similar results have been reported by
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Huegr-EicHER and WEcHSLER {1997). The authors kept chicks
either on slatted floor or on litter. Significantly higher
feather pecking on slatred floor versus litter occurred when
the birds were fed pellets, but not when they were fed mash.
LmeBerG and NicoL (1994) found significantly more out-
breaks of feather pecking when feeding pellets versus mash.
Savory and HeTHERINGTON (1997) also found more feather
pecking, especially severe feather pecking (feather puiling),
in pellet fed layers, and they observed outbreaks of canni-
balism only in pellet fed birds, not in mash fed. In contrast,
Bsing et al. (1992) found more feather pecking and canni-
balism in muscovy ducks fed mash than pellets. Mash was
stuck to the feathers during eating thereby inviting to in-
creased preening and allopreening, and thus obviously facili-
tating feather pecking and cannibalism. Similar effects in
chickens and turkeys have been reported by Ferrwsrs (1953)
and Hate and ScaEN (1962). Feeding pellets reduced time
spent feeding and increased particularly vigorous pulling
of a bunch of feathers (Basser et al., 1999). In two experi-
ments HarTint et al. (2002} fed caged layers pelleted and
fine mash diets with high and low fibre contents. The pel-
leted low fibre diet produced the highest mortality and
the high fibre mash the lowest martality. Savory and Many
(1997} compared the effect of pelleted and mash diets on
the feeding behaviour of layers. Pelleting reduced the time
spent feeding and increased eating of cast feathers.
Warser (1997) investigated the effect of different feed
structures and treatments {mash; expanded, pelleted and
crumbled feed; coarse and fine particle size) on feather peck-
ing and cannibalism in two commercial hybrids. Expanded,
pelleted and crumbled feed produced more feather peck-
ing and more feather damage than untreated finely ground
mash. When coarse and finely gounded crumbles were com-
pared there was no significant difference between the treat-
ments for feather pecking and feather scores. The structure
and treatment did not influence the level of mortality, even
though 12.5% of total mortality in one of the tested lines
was due to cannibalism. NESTLER et al, (1945) recorded less
cannibalism in Bobwhite quail fed corn, wheat, oats or bar-
ley ground on a 3/32” mesh screen compared to finer or
coarser (2/32” or 4/32”) mesh screens. When high level of
coarsely ground fibre was fed to layers the development of
feather damage caused by feather pecking was delayed, and
the feather cover at the end of lay was better than in the
control diet and in the high fibre diet based on finely ground
fibre. Similar results have been reported by HerLAND et al.
{2004) and Van Krimpen et al. (2008). Coarsely grounded
non-starch polysaccharides (NSP) in the diet reduced feather
damages caused by feather pecking. This was explained by
a reduced feed passage time in the foregut and an increase
in the retention time in the crop and gizzard. The authors
assumed that this effect may give the birds a feeling of sati-
ation and, thus, reduce the motivation for feather pecking.

Crude fibre and feathers

The effect of high fibre diets on feed and energy consump-
tion is not consistent throughout the different experiments.
When high fibre is used to dilute the diet and to reduce ME,
there is generally an increase of feed .consumption and
time spent eating (HARTINI et al., 2002; Van Krivpen et al.
2008; Wawser, 1997). However, no full compensation of
energy intake was achieved in growing birds and layers by
Legson et al, (1997}, Other authors reported no negative
effects of high fibre diets on production parameters (DeaTon
et al., 1977). Voreck and KircHeessNEr (1981) suggested
10% of fibre as acceptable in layer diets. Feeding White
Leghorn pullets and ‘crossbred fryers’ a higher (18 versus
13 and 8% fibre diet prevented damage to the integument
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wheun fed as mash, but not when fed as peliets (BEArsE et al,,
1949).

NEesTLER et al. {1945) fed Bobwhite quail (Colinus virgin-
ignus) on diets ranging from 1 to 11% fibre (alfalfa meal or
ground wood pulp) without any significant effect on the
occurrence of cannibalistic pecking, primarily toe-pecking,
and beak-pecking. Calv et al. (1984) increased the energy
content and decreased the fibre content at the same time
(exact fibre contents were not given). This had a beneficial
effect on cannibalism in pheasants. The opposite, increasing
fibre content by adding oat hulls, was found to improve plum-
age condition in pheasant chickens (ScoTT et al., 1954a).
BrARSE et al. (1940) fed layers a corn based diet of low (3%)
or high (11-12%) fibre by adding oat hulls. Damages to the
integument were higher in low fibre diets. Adding oat hull
water extract, oat hull ash or sodium silicate could not pre-
vent pecking indicating that the effect did come from other
fractions of oat hulls.

Van Kriveen et al. (2009) fed ISA Brown layers high or
normal NSP levels (19.5 or 13.3%) combined with normal
and low energy diets (2825 or 2540 keal ME/kg). There
was no significant effect of NSP or the energy level on the
finat feather scores or on the culling rate due to cannibalism,
The development of feather deterioration, however, was
delayed to some extend, when the NSP were offered in a
coarsely ground form. Esmai (1997) fed increasing levels
of fibre to chickens, Feather score improved dramatically
at the level of 8% of fibre and mortality due to cannibalism
was reduced when 13% of fibre was included.

Krizcszis et al. (2012) fed hens isonitrogenous and iso-
caloric diets containing 10% of cellulose or with 10% of
chopped, raw, feathers from day-old to 17 weeks of age.
Feather pecking behaviour was consistently lower in the
aroups fed feathers or crude fibre as compared to the control
birds. The effect was however not significant. From 18 weeks
onwards all experimental groups were given a conventional
low fibre layer diet. Feather pecking continued to increase in
all groups with the birds raised on the high-feather diet
maintaining the lower level. In the high-fibre diet, however,
there was a sharp increase of feather pecking and an out-
break of canmibalism after the change to the low fibre diet.
When the hens of the same experiment were given a free
choice between the high-fibre, the high-feather and control
diets the hens fed the high-fibre and high-feather diets pre-
ferred both diets against the control diet (Benpa, 2008). The
high-feather diet was avoided by the hens raised on con-
trol and high-fibre diets, but not by the hens raised on the
high-feather diet. This shows a clear effect of early experi-
ence on the preference of fibre and feathers in the diet of
chickens. Hens of a Rhode Island Red line which have been
divergently selected for high and low pecking to a bundle
of feathers showed different reactions towards diets supple-
mented with 10% of ground oat hulls and 10% of sand (Bes-
sr1, 1997). The diets were isocaloric and isonitrogencus. The
hens of the high feather pecking line increased their pecking
activity towards the feather bundle when fed the high fibre
and high sand diets as compared to a control diet. The effect
was significant in the high sand diet. The response of the low
feather pecking line o both diets was small and not signifi-
cant. White Leghorn lines selected for high and low feather
pecking at other hens in the group differed in their choice of
low digestible materials. The high feather pecking hens
showed a clear preference of feathers versus wood shavings
(Besskl, 2011). Kaimenpar and Bessu (2012) offered adult
high and low feather pecking hens a high and low fibre diet in
a simultaneous choice test. Hens from the high feather peck-
ing line ate significantly more of the high fibre diet as com-
pared to hens from the low feather pecking line. The cause for
this particular preference has not been elucidated so far.

The high feather pecking lines, whether selected for peck-
ing of a bunch of feathers or for severe pecking at the feath-
ers of pen mates differed significantly in the number of feath-
ers eaten from a transparent sheet of plastic (HARLANDER-
MATAUSCHEX et al., 2007a) and in an operant conditioning
situation (FARLANDER-MATAUSCHEK et al., 2006b; HAUSLER,
2007). This confirms findings of McKzEGAN and SAVORY
(1999a) and McKekcan et al. (2001) who reported that hens
which had been identified as feather peckers ate signifi-
cantly more loose feathers than non-feather pecking hens.
Similar resuits have been found by RAMADAN and vON BORELL
(2008). They raised Lohmann Silver pullets from day-old to
16 weeks of age in one of two conditions. In one treatment
the cast feathers were systematically removed from the floor,
while in the control all feathers were left. There was no sig-
nificant difference in the behaviour, including feather peck-
ing, between the treatment and the control during rearing.
But in the laying period the hens raised in the feather-re-
moved conditions showed less severe feather pecking and
a better plumage than the control.

Discussion and Conclusions

The level of metabolisable energy in the diet seems to have
little direct effect on feather pecking and cannibalism. The
level of metabolic energy obviously acts through the regu-
lation of feed intake and, thus, may increase or decrease
the severity of the deficiency in particular nutrients. It is
generally acknowledged that deficiency in crude protein,
amino acids, and minerals are being detected by the birds
within a short delay and elicit increased exploration behav-
iour, This behaviour can redirect their attention to the plum-
age of their pen mates, and thus, initiate feather pecking.
Exploratory behaviour related to feeding or foraging in
chickens is usually expressed by increased locomotor activity,
ground scratching and ground pecking (BrokHuts, 1986).
Increased locomotor activity of chickens in response to nutri-
tional deficiencies has been reported by HugHESs and WooD-
GusH (1973) for calcium deficiency and Besse: (1978) for
sodium deficiency in laying hens. Van Kriveen et al. (2011)
found increased locomotor activity in pullets with a low
intake of various amino acids. This confirms the general
stimulating effect of nutritional deficiencies on activity.
According to own experience and unpublished reports
severe feather pecking and cannibalism develop within a
few days and affects a large number of birds when nutrient
deficient diets are fed. It usually disappears rapidly after
restoring adequate nutrient levels. Nevertheless, it is inter-
esting that feather pecking has been found to be genetically
linked to high locomotor activity (Kiazr, 2009). Further, birds
found to be physically more active as pullets have a higher
risk of developing feather pecking as adults (NEwRERRY et
al., 2007). How activity and feather pecking is exactly con-
nected and influenced by one another physiologically is still
to be elucidated. - g _
Feather pecking, however, also occurs when the feed con-
tains adequate levels of all nutrients and a surplus of cer-
tain specific nutrients does not reliably prevent it. In order
to ensure the supply of nutrients most poultry diets are
highly concentrated with regard to the level of energy and
protein. In addition the volume of poultry feed is often re-
duced by pelleting and crumbling. This allows the inges-
tion of high amounts of feed within a short time. The short
time required for feed intake is considered a major cause of
behavioural problems in farm animals in general and in
pouliry in particular, Chickens and turkeys under natural
conditions spend about 40 to 60% of the day with feed-re-
lated activities, searching and eating (HucHes and BLack,
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when fed as mash, but not when fed as pellets (Brarse et al.,
1949},

NEsTLER et al. (1945) fed Bobwhite quail (Colinus virgin-
ianus) on diets ranging from 1 to 11% fibre (alfalfa meal or
ground wood pulp) without any significant effect on the
occurrence of cannibalistic pecking, primarily toe-pecking,
and beak-pecking. CaN et al. (1984) increased the energy
content and decreased the fibre content at the same time
(exact fibre contents were not given). This had a beneficial
effect on cannibalism in pheasants. The opposite, increasing
fibre content by adding oat hulls, was found to improve plum-
age condition in pheasant chickens (Scorr et al.,, 1954a).
BearsE et al. (1940) fed layers a corn based diet of low (3%)
or high (11-12%) fibre by adding oat hulls. Damages to the
integument were higher in low fibre diets. Adding oat hull
water exiract, oat hull ash or sodium silicate could not pre-
vent pecking indicating that the effect did come from other
fractions of oat hulls.

Van KrimpeN et al. (2009) fed ISA Brown layers high or
normal NSP levels (19.5 or 13.3%) combined with normal
and low energy diets (2825 or 2540 kcal ME/kg). There
was no significant effect of NSP or the energy level on the
final feather scores or on the culling rate due to cannibalism.
The development of feather deterioration, however, was
delayed to some extend, when the NSP were offered in a
coarsely ground form. EsmaiL (1997) fed increasing levels
of fibre to chickens. Feather score improved dramaticaily
at the level of 8% of fibre and mortality due to cannibalism
was reduced when 13% of fibre was included.

KrieGsels et al. {2012) fed hens isonitrogenous and iso-
caloric diets containing 10% of cellulose or with 10% of
chopped, raw, feathers from day-old to 17 weeks of age.
Feather pecking behaviour was consistently lower in the
groups fed feathers or crude fibre as compared to the control
birds. The effect was however not significant. From 18 weeks
onwards all experimental groups were given a conventional
low fibre layer diet, Feather pecking continued to increase in
all groups with the birds raised on the high-feather diet
maintaining the lower level. In the high-fibre diet, however,
there was a sharp increase of feather pecking and an out-
break of cannibalism after the change to the low fibre diet,
When the hens of the same experiment were given a free
choice between the high-fibre, the high-feather and control
diets the hens fed the high-fibre and high-feather diets pre-
ferred both diets against the control diet (BEnpa, 2008). The
high-feather diet was avoided by the hens raised on con-
trol and high-fibre diets, but not by the hens raised on the
high-feather diet. This shows a clear effect of early experi-
ence on the preference of fibre and feathers in the diet of
chickens. Hens of a Rhode Island Red line which have been
divergently selected for high and low pecking to a bundie
of feathers showed different reactions towards diets supple-
mented with 10% of ground ocat hulls and 10% of sand (Bes-
sE1, 1997). The diets were isocaloric and isonitrogenous. The
hens of the high feather pecking line increased their pecking
activity towards the feather bundle when fed the high fibre
and high sand diets as compared to a control diet. The effect
was significant in the high sand diet, The response of the low
feather pecking line to both diets was small and not signifi-
cant. White Leghorn lines selected for high and low feather
pecking at other hens in the group differed in their choice of
low digestible materials. The high feather pecking hens
showed a clear preference of feathers versus wood shavings
(Brssel, 2011). Kaumenpal and Bgsser (2012) offered adult
high and low feather pecking hens a high and low fibre dietin
a simultaneous choice test. Hens from the high feather peck-
ing line ate significantly more of the high fibre diet as com-
pared to hens from the low feather pecking line, The cause for
this particufar preference has not been elucidated so far.

The high feather pecking lines, whether selected for peck-
ing of a bunch of feathers or for severe pecking at the feath-
ers of pen mates differed significantly in the number of feath-
ers eaten from a transparent sheet of plastic (HarLANDER-
MATAUSCHEK et al., 2007a) and in an operant conditioning
sitwation {HARLANDER-MATAUSCHEK et al., 2006b; HAUsLER,
2007). This confirms findings of McKEeEGaN and SAvory
(1999a) and McKercan et al. {(2001) who reported that hens
which had been identified as feather peckers ate signifi-
cantly more loose feathers than non-feather pecking hens.
Similar results have been found by Ramapan and voN Borgiz
(2008). They raised Lohmann Silver pullets from day-old 1o
16 weeks of age in one of two conditions, In one treatment
the cast feathers were systematically removed from the floor,
while in the control all feathers were left. There was no sig-
nificant difference in the behaviour, including feather peck-
ing, between the treatment and the control during rearing.
But in the laying period the hens raised in the feather-re-
moved conditions showed less severe feather pecking and
a better plumage than the control.

Discussion and Conclusions

The level of metabolisable energy in the diet seems to have
little direct effect on feather pecking and cannibalism. The
level of metabolic energy obviously acts through the regu-
lation of feed intake and, thus, may increase or decrease
the severity of the deficiency in particular nutrients. It is
generally acknowledged that deficiency in crude protein,
amino acids, and minerals are being detected by the birds
within a short delay and elicit increased exploration behay-
iour. This behaviour can redirect their attention to the plum-
age of their pen mates, and thus, initiate feather pecking.
Exploratory behaviour related to feeding or foraging in
chickens is usually expressed by increased locomotor activity,
ground scratching and ground pecking (Brokuuis, 1986).
Increased locomotor activity of chickens in response to nutri-
tional deficiencies has been reported by Hugnes and Woop-
GusH (1973) for calcium deficiency and Besser (1978) for
sodium deficiency in laying hens. Van Krimpen et al. (2011)
found increased locomotor activity in pullets with a low
intake of various amino acids. This confirms the general
stimulating effect of nutritional deficiencies on activity.
According to own experience and unpublished reports
severe feather pecking and cannibalism develop within a
few days and affects a large number of birds when nutrient
deficient diets are fed. It usually:disappears rapidly after
restoring adequate nutrient levels. Nevertheless, it is inter-
esting that feather pecking has been found to be genetically
linked to high locomotor activity (Kiagr, 2009). Further, birds
found to be physically more active as pullets have a higher
risk of developing feather pecking as adults (NEWBERRY et
al., 2007). How activity and feather pecking is exactly con-
nected and influenced by one another physiologically is still
to be elucidated. B .
Feather pecking, however, also occurs when the feed con-
tains adequate levels of all nutrients and a surplus of cet-
tain specific nutrients does not reliably prevent it. In order
to ensure the supply of nutrients most poultry diets are
highly concentrated with regard to the level of energy and
protein. In addition the volume of poultry feed is often re-
duced by pelleting and crumbling. This allows the inges-
tiont of high amounts of feed within a short time. The short
time required for feed intake is considered a major cause of
behavioural problems in farm animals in general and in
pouliry in particular. Chickens and turkeys under natural
conditions spend about 40 to 60% of the day with feed-re-
lated activities, searching and eating (HugHEs and BLAck,
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1976; BessEl, 1983). The time spent feeding highly concen-
trated pelleted feed of caged hens is reduced to approxi-
mately 2 hours (Besse et al., 1999}, It is assumed that
birds have a genetically determined spontaneous moti-
vation for feed related behaviours (pecking, scratching, lo-
comotion), which is not related to the nutrition or other
environmental factors. The mismatch between the sponta-
neous activity and the actual time required for feeding is
considered a cause of feather pecking (Baum, 1995). Evi-
dence for differences in spontaneous locomotor activity in
two lines of White Leghomn laying hens has been proved by
JEZIERSKI and Besse: (1978). The same lines did not differ in
their feather pecking activity (Bessel et al., 1984). In a re-
cent study with a New Hampshire layer line in our own lab
we found heritabilities of a moderate to high size for spon-
taneous locomotor activity in the home pen (Kiaer, 2012)
and the high levels of activity correlated with high levels of
feather pecking (Kuagr, 2009). Bulky feed, e.g. feed con-
taining high amounts of fibre and presented as finely
ground mash, may absorb a major part of the spontaneous
activity and, thus, reduce the risk of feather pecking. This
is supported by numerous experiments quoted above
which showed a beneficial effect of factors which are
known to increase the time required for feed intake. The
availability of extra materials which attract food pecking or
exploratory pecking, such as litter, hay baskets, strings etc.,
operate in the same direction. The presentation of high
fibre diets as mash and the availability of supplementary
material which is considered to attract the pecking activity
of the birds reduce the incidence or, delay the development
of feather pecking and cannibalism in an overwhelming
number of studies. The effect of high fibre diets on feather
pecking may not only act through increasing the time spent
feeding. Inscluble fibre has been found to increase the
mean retention time in the foregut and to reduce the reten-
tion time in the hind gut (HarTmu et al., 2003). High rela-
tive weights of the gizzard and gizzard contents of hens
have also been reported by STEENFELDT et al. (2007) and
HeTianD et al. (2005). VaN KriMpen et al. (2011) confirmed
the higher retention time of the digesta in the foregut of
hens fed high fibre diets. Since the overall retention time
was ntot influenced by the diet it was assumed that the reten-
tion time in the lower gut was accelerated. The authors
suggested that the higher filling of the foregut in response
to unsoluble dietary fibre ,,make the birds feel more satiated”
{loc. cit. Van KriMPEN et al., 2011), and thus reduce the moti-
vation of feather pecking.

Nevertheless, unacceptable high levels of feather pecking
and cannibalism persist even when fibre is available. This
raises the question why some birds are pulling the feathers
of group mates when the feed is not deficient in nutrients
and the birds receive manifold other targets for foraging,
such as grass, hay or straw. The findings that feather peck-
ing birds are eating the feathers (HARLANDER-MATAUSCHEK et
al., 2007b) indicate that feathers not only represent mate-
rial for occupation and exploration but also might play a
role in the digestive tract. The protein content of feathers
is only marginally digestible (McCasLanp and RICHARDSON,
1966). It is therefore not expected that feathers contribute
to the protein supply of the birds, especially when the feed
provides adequate levels of amino acids. Feathers are sim-
ilar to dietary insoluble fibre insofar as they increase the
filling of the crop (HarLANDER-MaTauscHex and BEssEl,
2005) and accelerate the passage time of the ingesta of
hens (HARLANDER-MATAUSCHEK et al., 2006b). Indeed, hens
of a White Leghorn line selected for high feather pecking
showed a faster feed passage than hens selected for low
feather pecking, particularly when fed loose feathers on a
plate of plastic {(Benna, 2008).
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Recent experiments have shown that feathers modify
the bacterial diversity in the digestive tract (MEYER et al.,
2012). This suggests that feathers may represent a substi-
tute for unsoluble fibre. This is supported by the [inding
that hens of a line selected for high feather pecking (Ksagr
etal., 2001) ate more fibre when given the choice of a high
and a low fibre diet (KaiMeNDAL and Besse:, 2012). HETLAND
and CHoct (2003) assumed that chickens have a physiolo-
gical need for insoluble fibre. The same may be true for
feathers. Feathers cast during the moult of juvenile birds
are eaten frequently (McKeecan and Savory, 1999b), and
caged layers eat feathers offered on a sheet of plastic. The
high feather pecking birds differentiate between feathers
and fibre and prefer feathers over fibre in choice tests
(HAUSLER, 2007). These birds will continue to pull and eat
feathers from group mates even if sufficient fibre and alter-
native material is available. Even if the number of birds
with a high initial preference for feathers is small in com-
mercial poultry flocks, pecking can spread through the
groups by social learning and an increasing number of
feather pecking birds may cause considerable damages in
these typical very large groups.

in order to solve the problem it will be necessary to iden-
tify birds, which show this particular preference for feathers
under favourable nutritional and environmental conditions.
The physiological and genetic characteristics of these birds
will allow their identification and elimination from com-
mercial breeding stocks. Automated systems for this kind
of identification on a large scale should be developed in
order to solve one of the most severe welfare problems of
modern egg production.

Conclusions

There is a consistent interrelationship of nutrition and feather
pecking insofar as deficiencies in protein, amino acids and
minerals increase the risk of feather pecking in all poultry
species investigated. Supply of nutrients beyond the known
requirement for production does not clearly reduce feather
pecking. High fibre diets reduce the risk of feather pecking.
The effect of dietary fibre on feather pecking can be attrib-
uted to its effect on the time spent feeding and on its influ-
ence on the passage time of the ingesta in the different parts
of the intestinal tract. Though the risk of feather pecking
can be reduced through appropriate nutrition, it cannot be
prevented. Experiments with layer lines selected for high
feather pecking have shown that these birds have a special
preference for eating feathers. This particular affinity to
feathers is considered the cause of feather pecking under
optimum feeding systems.

summary

1t has been shown in numerous experiments that nutrition
influences feather pecking and cannibalism in different
poultry species. While nutritionists assume that nutritional
deficiencies are the main causes of the problem, ethologists
consider feather pecking and cannibalism as a result of a
fundamental drive related to feeding behaviour, The present
papet reviews the influence of nutrition on feather pecking
behaviour in different species of domestic fowls on the basis
of publications of the last 60 years. Inadequate supply of
protein and amino acids, mainly methionine and lysine,
stimulate feather pecking and in some cases cannibalism.
The effect of dietary arginine on feather pecking is not
clearly documented. The beneficiary effect of tryptophane
on feather pecking in different species has been attributed
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to its function as precursor of serotonin. Sodium deficient
diets increased feather pecking in many cases. The effect of
other minerals and trace elements did not show consistent
results. It is generally acknowledged that nutrient deficiencies
increase the exploratory behaviour, which can be directed
towards the feather cover of group mates. Supplementation
of nutrients beyond the requirement was found to reduce
feather pecking in the case of arginine only. A wide range
of other feed ingredients and antibiotics have been tested
with regard to their effect on feather pecking in chickens,
quail and pheasants. None of the ingredients did prevent
feather pecking.

There was a consistent trend of the feed structure with
coarse particles, especially pellets and crumbles, producing
more feather pecking and cannibalism than finely ground
feed. This effect was explained by the influence of feed
structure on the time spent feeding. Pelleted or coarsely
ground feed reduce the time required to ingest the feed,
and thus, may not allow to fullfil the drive of food peck-
ing and exploration. The remaining pecking activity may be
directed on the pen mate”s feathers. Dilution of the diets
with crude fibre, especially with finely ground fibre, reduced
feather pecking and pecking-related feather damages in
pullets, laying hens and pheasants. The positive effect of
dietary fibre on feather pecking can - similarly to the fine
feed structure — be attributed to the increase of time spent
feeding. A part of the effect of dietary fibre is supposed to
be caused by its influence on the passage of the ingesta
through the gut, Although adequate levels of all nutrients
and high fibre diets fed as fine mash reduce the risk of
feather pecking it does not prevent it entirely. Feeding exper-
iments with a chicken line selected for high feather pecking
behaviour have shown that these birds show a special pref-
erence for feathers, They constantly eat feathers when
offered on a sheet of plastic. Raw feathers in the diet show
a similar effect on the passage of the digesta through the
gut as indigestible fibre. However, the birds of the high
feather pecking line prefer feathers over fibre when given
the free choice, The cause for this specific preference for
feathers remains to be investigated.
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Zusammenfassung
Erndhrung und Federpicken beim Gefliigel

In zahlreichen Experimenten wurde nachgewieser, dass die
Erndhrung einen Einfluss auf Pederpicken und Kannibalis-
mus bei verschiedenen Gefiiigelarten hat. Wihrend Gefliigel-
emahrer annehmen, dass Mangelerscheinungen die wich-
tigsten Ursachen fiir das Problem sind, neigen Ethologen
dazu, Federpicken und Kannibalismus als das Ergebris eines
Triebes anzusehen, der mit dem Futteraufnahmeverhalten
zusammenhingt. Die vorliegende Arbeit ist eine Ubersicht
iiber den Einfluss der Ernghrung auf das Pederpickverhal-
ten bei verschiedenen Gefliigelarien. Sie umfasst Publika-
tionen der letzten 60 Jahre.

Mangel an Protein und Aminosiuren, hauptsichlich
Methionin, Cystin und Lysin fithrt zu Federpicken und in
manchen Fillen auch zu Kannibalismus. Der Effekt von Argi-
nin auf Federpicken ist weniger untersucht und nicht gesi-
chert. Tryptophan zeigte einen positiven Effekt auf Feder-
picken bei verschiedenen Gefliigelarten. Dieser Effekt wurde
in der Funktion von Tryptophan als Vorstufe von Serotonin

diskutiert. Der Mangel an Natrium fiihrte in vielen Fillen
zu einem deutlichen Anstieg von Federpicken und Kanni-
balismus. Fiir andere Mineralstoffe und Spurenelemente
im Futter wurde kein konsistenter Effekt gefunden. Es wird
allgemein angenommen, dass Nihrstoffmangel zu einer
FErhohung des Explorationsverhaltens fithrt, das dann auf
die Federn der Gruppengenossen gerichtet wird. Das Ange-
bot von Nihrstoffen {iber den bekannten Bedarf hinaus hat
bisher nur bei Arginin einen positiven Effekt auf Federpicken
gezeigt. Neben den genannten Nihrstoffen wurde eine
grofie Anzahl von Futterzusatzstoffen und Antibiotika in
ihrer Wirkung auf Federpicken tiberpriift. Keiner der gepriif-
ten Stoffe konnte Federpicken verhindern.

Von der Futterstruktur geht ein deutlicher Effekt auf
Federpicken und Kannibalismus aus, Grobe Futterpartikel,
Pellets und Kriimel hatten einen fordernden Effekt auf
Federpicken und Kannibalismus. Dieser Effekt wurde iber
die Dauer der Futterautnahme erkiirt. Bei pelletierterm und
grob strukturiertem Futter ist die Futteraufnahmedauer
deutlich reduziert. Es wird angenommen, dass unter dieser
Situation die Motivation zum Futterpicken nicht befriedigt
werden kann. Die persistierende Motivation zum Picken
wird dann auf die Artgenossen gerichtet. Eine Verdiinnung
der Rationen mit Rohfaser verlangert dhnlich wie fein ver-
mahlenes Futter die Dauver der Futteraufnahme und redu-
ziert Federpicken. Fin weiterer Aspekt der Rohfaser in Bezug
auf Federpicken wird ihrer Wirkung auf die Darmpassage
zugeschrieben.

Mit Rationen, die ausreichend mit Nihrstoffen ausgestat-
tet sind, eine feine Struktur haben und einen hohen Roh-
fasergehalt aufweisen kann die Ausprigung von Federpicken
verringert aber nicht verhindert werden. Fiitterungsexpe-
rimente mit Hithnerlinien, die auf hohes Federpickverhalten
selektiert worden waren, haben gezeigt, dass diese Tiere
eine ausgeprigte Priferenz fiir Federn haben und Federn
fressen, wenn diese ihnen auf Plastikdeckeln angeboten
werden. Rohe Federn beeinflussen die Darmpassage in
dhnlicher Weise wie Rohfaser. Die auf hohes Federpicken
selektierten Tiere zeigten jedoch eine Préferenz fiir Federn
gegeniiber Rohfaser. Die Ursachen dieser speziellen Prife-
renz sind nicht bekannt.

Stichworte

Legehenne, Federpicken, Kannibalismus, Erndhrung
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