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The intensive poultry production methods currently in use, aimed to maximise economic
return, rely on the latest technological solutions that facilitate labour and increase
productivity of birds. In general, however, they do not fully correspond to the natural
needs of birds by limiting their instincts or normal behavioural patterns. This results in
stress reactions which are usually manifested in pathological behaviours known as
stereotypies, which present a significant health and economic problem. The most common
pathological behaviours in poultry include feather pecking and cannibalism. Numerous
studies have shown that stereotypic behaviours are a complex issue and depend on many
factors, while the possible introduction of an EU ban on beak trimming in chickens makes
the issue of feather pecking and cannibalism increasingly relevant in poultry rearing.
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Domestication of animals has caused changes in both their anatomy and
physiology, and, secondarily in the environment they are kept in (Brunberg et al.,
2016). Contemporary poultry rearing, characterised by high stocking density,
absence of a free range, movement restriction and considerable mechanisation
does not allow the birds to manifest their innate instincts, thus causing frustration
and provoking non-typical behavioural patterns known as stereotypies.

One of the most frequent behavioural disorders in laying hens with
significant impact on their welfare is feather pecking (Sun et al., 2014; Hartcher
et al., 2015; Brunberg et al., 2016; Giersberg et al., 2017; Birkl et al., 2018; Hu et
al., 2018; Mellor et al., 2018). Two primary types of feather pecking behaviours
have been characterised: gentle feather pecking, limited to a single location on a
feather, where feather endings are gently pecked at or nibbled, and severe feather
pecking, which involves vigorous pecking at and removal (eating) of feathers,
resulting in destroyed plumage, development of wounds and bleeding. Severe
feather pecking may turn into cannibalism in the final phase (Sun et al., 2014;
Urban- -Chmiel, 2014; Daigle et al., 2015, Brunberg et al., 2016; Jung and
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Knierim, 2018; van der Eijk et al., 2018; Zepp et al., 2018). The phenomenon does
not apply exclusively to mature laying hens, but is also common among chicks
and pullets (Gilani et al., 2013; Zepp et al., 2018).

Feather pecking and cannibalism are linked to stress and fear, and present a
serious problem connected with the birds’ well-being (de Haas et al., 2013;
Heerkens et al., 2015; Janczak and Riber, 2015; Giesberg et al., 2017; van der Eijk
et al., 2018). Additionally, they are perceived as a serious economic issue. Urban-
Chmiel (2014) states that losses suffered by the world’s poultry production due to
cannibalism range from 10% up to 40% in extreme cases and are primarily related
to destroyed plumage, increased forage consumption, greater mortality rate and
considerable decrease in egg-laying performance (Gilani et al., 2013; Heerkens et
al., 2015; Daigle et al., 2015). Also, Sun et al. (2014) and Peeters et al. (2012)
report serious economic losses due to feather pecking and cannibalism.

Although many of these behaviours have received considerable research, the
reasons behind feather pecking remain unclear. A literature review shows that
feather pecking is attributable to a number of factors including flock size, stocking
density, rearing system, stress, foraging, substrate type and genetic features
(Gilani et al., 2013; Rodenburg et al., 2013; Daigle and Siegford, 2014; Daigle et
al., 2015; Brunberg et al., 2016; van der Eijk et al., 2018).

Environmental factors and foraging

Feather pecking and cannibalism remain serious concerns in all rearing
systems (Giersberg et al., 2017; Birkl et al., 2018), including organic farms
(Bestman and Wagenaar, 2014). The feather pecking frequency and chicken
mortality due to cannibalism is bigger in non-cage systems (Heerkens et al., 2015;
Giesberg et al., 2017; Jung and Knierim, 2018), even though such systems are
generally more bird-friendly, offering more space and allowing the birds to move
naturally. Heerkens et al. (2015) and Gilani et al. (2013) suggest that this is
because birds kept in cages (in smaller groups) are easier to control and the
pecking specimen can be identified and removed from the flock faster than in non-
cage henhouses. Additionally, in non-cage systems, there are more potential
victims exposed to attacks of a single bird than in cages (Rodenburg et al., 2004a).
Campo et al. (2013) reported higher mortality of egg-layers kept in free-range
systems due to feather pecking and cannibalism compared to systems with no
access to free ranges. On the contrary, Grafl et al. (2017) proved that free-range
chickens had better plumage and better feather condition in the summer. His
conclusions are consistent with research by Bestman and Wagenaar (2014), who
showed that access to a free range is favourable to chickens, as environment
enhancement reduces the prevalence of feather pecking. Other studies also
confirmed that environment enhancement through the incorporation of materials
encouraging the birds to find food reduces the incidence of feather pecking (Gilani
et al., 2013; Daigle and Siegford, 2014; Zepp et al., 2018). Nevertheless, when
interpreting the studies on impact of enhancing the birds’ environment on feather
pecking intensity, Hartcher et al. (2015) showed that the type and timing of the
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enhancement are of crucial importance. In their research, they reported no impact
of environment enhancement through scattering around whole oat grains, hanging
out a string at the birds’ head level or using additional bedding on the
improvement of plumage in egg layers in the 43™ week of life. In the opinion of
the authors, this may have been due to a too late introduction of the enhancement
(from the 12™ day of the rearing), since experiences from the earliest periods of
life are crucial for the potential development of feather pecking tendency in
mature birds (Mellor et al., 2018). Some researchers link feather pecking to the
lack of early access to bedding. Bestman et al. (2009) proved that chicks with
limited access to bedding in the first month of life manifest increased feather
pecking tendencies in adult age. Similarly, Haas et al. (2014a) stated that disrupted
or limited access to bedding in early life enhances fearfulness, feather damage and
severe feather pecking in later periods.

Bestman et al. (2009) suggest that in order to reduce feather pecking
incidence in chickens, chicks need to be reared in small flocks. Other studies,
however, do not confirm the relationship between stock density and feather
pecking whether in the rearing or production period (Gilani et al., 2013; Huo and
Na-Lampang, 2016). Zepp et al. (2018) report that aggressive pecking is most
frequent in small flocks with low stocking density, as in bigger flocks with denser
stocking the birds are unable to establish a social hierarchy due to the large number
of specimens, as a result of which chickens show no aggressive behavioural
patterns.

There is abundant research devoted to the impact of light intensity on feather
pecking incidence in laying hens. When comparing groups of chickens reared with
luminous intensity of 5 and 30 Ix, Kjaer and Vestergaard (1999) observed more
severe feather pecking in the group where more intense lighting was used. Gentle
pecking was in turn more frequent in conditions with low light intensity. Three
years later, however, Kjaer and SOrensen (2002) reported no impact of higher light
intensity (10 Ix compared to 3 Ix) on the development of feather pecking
behaviours and cannibalism in chickens. Similarly, Hartini et al. (2002) confirmed
that there was no connection between light intensity (60-80 1x compared to 5 Ix)
and cannibalistic behaviours of young hens in pre-laying and early laying periods.
Going further, Janczak and Riber (2015) found that exposure of laying hens on
daylight did not increase the risk of loss of plumage, while in research by Gilani
et al. (2013) the risk of severe feather pecking in young hens grew together with
reduction of the time during the day when the henhouse was illuminated.

It is commonly believed that crude protein, amino-acid or mineral deficiency
in diet leads to pathological behaviours in chickens, including feather pecking
(Kjaer and Bessei, 2013; Brunberg et al., 2016; Mellor et al., 2018). Although in
this case the pecking can be easily and effectively eliminated through
supplementing the birds’ diet with the deficient ingredients, the already damaged
feathers may give the birds an incentive to continue pecking (Brunberg et al.,
2016). Rodenburg et al. (2013) maintain that severe feather pecking may be
motivated by inappropriate fibre content in diet. Here, the primary motivation
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behind pecking is eating the feathers, since ingested feathers have been shown to
speed up food passage in the same way that fibre does (Rodenburg et al., 2013;
Brunberg et al., 2016), thus making the birds feel satiated.

Numerous studies have shown that the structure of forage fed to birds (Kjaer
and Bessei, 2013), diet changes in the rearing period (Gilani et at., 2013) and types
of feed trays used (Gilani et al., 2014) may favour feather pecking tendencies in
laying hens. On the contrary, a study by Hu et al. (2018) suggests that
incorporation of probiotics into diet has a positive influence on mitigation of
agonistic behaviours in layers through modification of their serotonergic system,
with no negative impact on production performance.

Genetic and physiological determinants

Van der Eijk et al. (2018) have reported a connection between fear and
feather pecking in birds. Many authors have emphasised in their research that the
level of stress and fearfulness in chickens and their predisposition towards feather
pecking tendency may be linked to their genetic background. Feather pecking
expression and cannibalistic behaviours are observed in both pure-bred chickens
and commercial crossbreds (Giersberg et al., 2017). De Haas et al. (2013) report
that commercial lines of white-feathered egg-layers show longer tonic immobility
(TI) and have higher blood corticosterone in response to stressful stimuli
compared to brown-feathered chicken lines. Consequently, Leghorns reared in
conventional cages were reported to be more stressed and have worse feathering
due to feather pecking than Rhode Island Red Chickens (Uitdehaag et al., 2008).
Additionally, blood serotonin in Leghorns was lower than in RIR (Uitdehaag et
al., 2011), a fact associated with more pronounced fearfulness, feather pecking
tendency and aggression (Daigle et al., 2014; Urban-Chmiel, 2014). Rodenburg
et al. (2004b) found a strong negative correlation between the activity of pullets
in an open field test of fear and the incidence of severe pecking in adult age,
meaning that fearful pullets are more vulnerable to develop feather pecking in
adult life. Similarly, De Haas et al. (2014b) and Grams et al. (2015) showed that
fear in young birds is one factor that influences feather pecking tendency in adult
life. On the other hand, Van der Eijk et al. (2018) concluded that chickens
manifesting severe feather pecking tendency were more active in behavioural tests
than chickens from the same genetic line manifesting gentle feather pecking, a
fact suggesting that they were less fearful. Similar results were obtained by
Bogelein et al. (2014) and Kops et al. (2017), whereas Rodenburg et al. (2010)
found no differences in behaviours of birds with severe and gentle feather pecking
tendency subjected to behavioural testing. The differing results obtained show the
need for further studies on the correlation between fearfulness and feather pecking
tendency in different chicken populations.

According to Hughes (1973), feather pecking exacerbates together with an
increase in sex hormone levels (progesterone and oestrogen), suggesting that the
onset of egg laying is crucial for the development of feather pecking in layers.
Vestergaard et al. (1997) found a positive correlation between feather pecking and
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serum corticosterone concentration. Likewise, El-lethey et al. (2001) reported
increased feather pecking in barn-farmed birds fed with forage containing
corticosterone. On the contrary, when comparing corticosterone content in adult
chickens manifesting gentle and severe feather pecking tendencies, Korte et al.
(1997) found out that birds from the second group had higher content of the
hormone in their blood. Similar results were obtained by van Hierden et al. (2002)
in their experiment on pullets aged 14 and 28 days.

In studies on pathological behaviours, attention was also paid to the role of
neurotransmitters such as noradrenaline, serotonin and dopamine (Kops et al.,
2017; Mellor et al., 2018). Kops et al. (2017) stated that increased dopamine and
serotonin release by the body suppressed feather pecking. The results obtained by
van Hierden et al. (2001) and by van Hierden et al. (2004) suggest that pullets
with severe feather pecking tendency had lower serotonin and dopamine levels
compared to pullets manifesting gentle feather pecking. However, research on
adult chickens pointed to the opposite: specimens with severe feather pecking
tendency had higher serotonin and dopamine turnover rate in virtually all brain
regions than birds manifesting gentle feather pecking tendency (Kops et al., 2017).

Moreover, academic literature finds links between feather pecking and the
immune system (Brunberg et al., 2016; Mellor et al., 2018). Brunberg et al. (2016)
state that in commercial egg-layer flocks severe feather pecking is often observed
secondary to the birds’ infection with E. coli or to the incidence of chronic enteritis
in the flock. Parmentier et al. (2009) found that both upon the induction of specific
resistance in young birds and following the application of a standard vaccination
regime, at an older age chickens were more exposed to severe plumage destruction
due to feather pecking than in the control group.

The aforequoted literature suggests that feather pecking is a frequent problem
in egg-layer rearing, as it applies to all farming systems and is correlated with a
number of environmental, genetic and physiological factors. Additionally, the
prevalence of feather pecking and cannibalism is likely to increase with the
planned introduction of a ban on beak trimming in chickens by the EU, which is
now successfully used as a pecking prevention measure. Therefore, we need
further research on feather pecking in order to learn the reasons for and
manifestation of the phenomenon, as well as its impact on the birds’ welfare and
health in more depth, and to be able to elaborate preventive methods or measures
that will enhance the well-being of birds suffering from the disorder.

References

Bestman M., Wagenaar J.P. (2014). Health and welfare in Dutch organic laying hens. Animals,
4:374-390.

Bestman M., Koene P., Wagenaar J.P. (2009). Influence of farm factors on the occurrence
of feather pecking in organic reared hens and their predictability for feather pecking in the laying
period. Appl. Anim. Behav. Sci., 121: 120-125.

Birkl P,Bharwani A.,Kjaer JB,Kunze W,McBride P., Forsythe P., Harlander-



148 1. Skomorucha & E. Sosnowka-Czajka

Matauschek A.(2018). Differences in cecal microbiome of selected high and low feather-peck-
ing laying hens. Poultry Sci., 97: 3009-3014.

Bogelein S., Hurtado D.M,, Kjaer J.B.,, Grashorn M.A.,Bennewitz J., Bessei W.
(2014). The phenotypic interrelationships between feather pecking, being feather pecked and fear
criteria in White Leghorn lines selected for high and low severe feather pecking and their F2-
crosses. Eur. Poult. Sci., 78: 1-15.

Brunberg E., Rodenburg T.B.,, Rydhmer L., Kjaer J., Jensen P, Keeling L.J.
(2016). Omnivores going astray: a review and new synthesis of abnormal behavior in pigs and
laying hens. Front. Vet. Sci., 3, doi: 10.3389/fvets.2016.00057.

Campo J.L.,Cabezas R.,Torres O., Gonzalez Briones 1., Alonso C.(2013). Egg
quality and welfare of white-tinted-, and brown-shell egg layers in three different non-cage housing
systems. Arch. Gefliigelk., 77, 3: 179-188.

Daigle CL, Siegford J.M. (2014). Use of dynamic and rewarding environmental enrichment to
alleviate feather pecking in non-cage laying hens. Appl. Anim. Behav. Sci. 161: 75-85.

Daigle CL,Rodenburg TB.,BolhuisJE., Swanson J.C,SiegfordlJM. (2015). Indi-
vidual consistency of feather pecking behavior in laying hens: once a feather pecker always a feather
pecker? Front. Vet. Sci., 2: 2-12.

De Haas ENN,, Kemp B., Bolhuis J.E, Groothuis T., Rodenburg T.B. (2013). Fear,
stress, and feather pecking in commercial white and brown laying hen parent-stock flocks and their
relationships with production parameters. Poultry Sci., 92: 2259-2269.

De Haas E.N.,, Bolhuis JE, Kemp B., Groothuis T.G.G., Rodenburg T.B. (2014a).
Parents and early life environment affect behavioural development of laying hen chickens. PLoS
One. 0:¢90577.

De Haas EN.,, Bolhuis JE., de Jong 1.C, Kemp B., Janczak AM., Rodenburg T.B.
(2014b). Predicting feather damage in laying hens during the laying period. Is it the past or is it the
present? Appl. Anim. Behav. Sci., 160: 75-85.

El-lethey H., Jungi T.W, Huber-Eicher B. (2001). Effects of feeding corticosterone and
housing conditions on feather pecking in laying hens (Gallus gallus domesticus). Physiol. Behav.,
73:243-251.

Giersberg M.F.,Spindler B., Kemper N.(2017). Assessment of plumage and integument con-
dition in dual-purpose breeds and conventional layers. Animals, 7, 97, doi: 10.3390/ani7120097.

Gilani AM., Knowles T.G.,, NicolCJ. (2013). The effect of rearing environment on feather
pecking in young and adult laying hens. Appl. Anim. Behav. Sci., 148: 54-63.

GilaniAM,Knowles T.G,NicolC.lJ. (2014). Factors affecting ranging behavior in young and
adult laying hens. Br. Poult. Sci., 55: 127-135.

Grafl B., Polster S., Sulejmanovic T., Pirrer B., Guggenberger B., Hess
M. (2017). Assessment of health and welfare of Austrian laying hens at slaughter demonstrates
influence of husbandry system and season. Brit. Poult. Sci., 58, 3: 209-215.

Grams V., Bogelein S., Grashorn M.AA,BesseiW.,Bennewitz J. (2015). Quantitative
genetic analysis of traits related to fear and feather pecking in laying hens. Behav. Genet., 45: 228-
235.

Hartcher KM, Tran K.T.N,,Wilkinson S.J,Hemsworth PH.vThomson P.C.,Cronin
G.M. (2015). The effects of environmental enrichment and beak-trimming during the rearing period
on subsequent feather damage due to feather-pecking in laying hens. Poultry Sci., 94: 852-859.

Hartini S., Choct M., Hinch G., Kocher A., Nolan J.V. (2002). Effects of light
intensity during rearing and beak trimming and dietary fiber sources on mortality, egg production,
and performance of ISA Brown laying hens. J. Appl. Poult. Res., 11: 104-110.

Heerkens JL.T.,Delezie E., Rodenburg T.B.Kempen I., Zoons J., Ampe B.,
Rodenburg T.B., Tuyttens F.A.M. (2015). Specific characteristics of the aviary housing
system affect plumage condition, mortality and production in laying hens. Poultry Sci., 94: 2008-
2017.

HulJ,Chen H., Cheng H.W. (2018). Effect of direct-fed microbials, Bacillus subtilis, on production
performance, serotonin concentrations and behavioral parameters in a selected dominant strain of
White Leghorn hens. Int. J. Poult. Sci., 17, 3: 106-115.

Hughes B.O. (1973). The effect of implanted gonadal hormones on feather pecking and cannibalism in
pullets. Br. Poult. Sci., 14: 341-348.



Feather pecking in laying hens 149

HuoX,Na-Lampang P. (2016). Effects of stocking density on feather pecking and aggressive be-
havior in Thai crossbred chickens. Agriculture and Natural Resources, 50: 396-399.

Janczak AM., Riber AB. (2015). Review of rearing-related factors affecting the welfare of laying
hens. Poultry Sci., 94: 1454-1469.

Jung L,Knierim U. (2018). Are practice reccommendations for the prevention of feather pecking in
laying hens in non-cage systems in line with the results of experimental and epidemiological
studies? Appl. Anim. Behav. Sci., 200: 1-12.

KjaerJB.,BesseiW.(2013). The interrelationships of nutrition and feather pecking in the domestic
fowl - A review. Arch. Geflugelkd., 77: 1-9.

KjaerJ.B.,,Sarensen P.(2002). Feather pecking and cannibalism in free-range laying hens as affected
by genotype, dietary level of methionine + cystine, light intensity during rearing and age at first
access to the range area. Appl. Anim. Behav. Sci., 76: 21-39.

Kjaer JB., Vestergaard K.S. (1999). Development of feather pecking in relation to light intensity.
Appl. Anim. Behav. Sci., 62: 243-254.

Kops M.S, K jaerlJB, Gunturkun O., Westphal K.G.C, Korte-Bouws G.A.H.,
Olivier B., Korte S.M,, Bolhuis J.E. (2017). Brain monoamine levels and behaviour of
young and adult chickens genetically selected on feather pecking. Behav. Brain Res., 327: 11-20.

Korte SM.,Beuving G., Ruesink W.,Blokhuis H.J. (1997). Plasma catecholamine and cor-
ticosterone levels during manual restraint in chicks from a high and low feather pecking line of
laying hens. Physiol. Behav., 62: 437-441.

Mellor E., Brilot B., Collins S. (2018). Abnormal repetitive behaviours in captive birds: a
Tin- bergian review. Appl. Anim. Behav. Sci., 198: 109-120.

Parmentier HK., Rodenburg T.B., De Vries Reilingh G., Beerda B., Kemp B.
(2009). Does enhancement of specific immune responses predispose laying hens for feather
pecking? Poultry Sci., 88 (3): 536-542.

Peeters K., Eppink T.T.,,Ellen E.D.,VisscherlJ,BijmaP.(2012). Indirect genetic effects
for survival in domestic chickens (Gallus gallus) are magnified in crossbred genotypes and show a
parent-of-origin effect. Genetics, 192: 705-713.

Rodenburg T.B.,,VanHierden Y.M.,Buitenhuis AJ.,Riedstra B., Koene P., Korte
SM.,VanDerPoel JJ.,Groothuis T.G.G.,Blokhuis H.J. (2004a). Feather pecking in laying
hens: New insights and directions for research? Appl. Anim. Behav. Sci., 86: 291-298.

Rodenburg T.B.,Buitenhuis A.J,Ask B.,,Uitdehaag K.A,Koene P.,vander Poel J.J.,
van Arendonk JJAM., Bovenhuis H. (2004b). Genetic and phenotypic correlations between
feather pecking and open-field response in laying hens at two different ages. Behav. Genet., 34:
407-415.

Rodenburg T.B.,,de Haas ENN,,Nielsen B.L.Buitenhuis A.J. (2010). Fearfulness and feather
damage in laying hens divergently selected for high and low feather pecking. Appl. Anim. Behav.
Sci., 128: 91-96.

Rodenburg T.B., VanKrimpen M.M.,deJong I.C,,de Haas ENN., Kops M.S.,Riedsttra
BJ.,Nordquist RE,Wagenaar JP.,Bestman M., Nicol C.J. (2013). The prevention
and control of feather pecking in laying hens: identifying the underlying principles. Worlds Poult.
Sci. J., 69: 361-374.

Sun Y., Ellen E.D.,vander Poel JJ,Parmentier HK., BijmaP. (2014). Modelling of feather
pecking behavior in beak-trimmed and non-beak-trimmed crossbred laying hens: Variance
component and trait-based approach. Poultry Sci., 93: 773-783.

Uitdehaag K.A,, Rodenburg T.B,, Komen H., Kemp B., van Arendonk JAM.
(2008). The association of response to a novel object with subsequent performance and feather
damage in adult, cage-housed, pure-bred Rhode Island Red laying hens. Poultry Sci., 87: 2486-
2492.

Uitdehaag K.A,, Rodenburg T.B.,, Van Reenen C.G.,, Koopmanschap RE,De Vries
Reilingh G., Engel B., Buist W.G,, Komen H., Bolhuis J.E. (2011). Effects of
genetic origin and social environment on behavioral response to manual restraint and monoamine
functioning in laying hens. Poultry Sci., 90: 1629-1636.

Urban-Chmiel R. (2014). Pterofagia oraz kanibalizm jako nastgpstwa obnizonego poziomu do-
brostanu u drobiu. Zycie Weter., 89, 9: 756-758.



150 1. Skomorucha & E. Sosnowka-Czajka

Van der Eijk J.AJ., Lammers A, Li ?., Kjaer J.B., Rodenburg T.B. (2018). Feather pecking
genotype and phenotype affect behavioural responses of laying hens. Appl. Anim. Behav. Sci., 205:
141-150.

Van Hierden Y.M,, Korte S.M., Ruesink EW., Van Reenen C.G,, Engel B., Korte-
Bouws G.A.,,Koolhaas JM.,,Blokhuis H.J. (2002). Adrenocortical reactivity and central
serotonin and dopamine turnover in young chicks from a high and low feather-pecking line of laying
hens. Physiol. Behav., 75: 653-659.

Van Hierden Y.M., de Boer S.F., Koolhaas J.M., Korte S.M. (2004). The control of feather
pecking by serotonin. Behav. Neurosci., 118: 575-583.

Vestergaard K.S.,, Skadhauge E., Lawson L.G. (1997). The stress of not being able to
perform dustbathing in laying hens. Physiol. Behav., 62: 413-419.

ZeppM., Louton H., Erhard M., Schmidt P., Helmer F. (2018). The influence of
stocking density and enrichment on the occurrence of feather pecking and aggressive pecking
behaviour in laying hen. J. Vet. Behav., 24: 9-18.

Accepted for print on 11 January 2019

IWONA SKOMORUCHA, EWA SOSNOWKA-CZAJKA
Factors affecting the development of feather pecking in laying hens
SUMMARY

The intensive poultry production methods currently in use, aimed to maximize economic return,
rely on the latest technological solutions that facilitate labour and increase productivity of birds. In general,
however, they do not fully correspond to the natural needs of birds by limiting their instincts or normal
behavioural patterns. This results in stress reactions which are usually manifested in pathological
behaviours known as stereotypies, which present a significant health and economic problem. The most
common pathological behaviours in poultry include feather pecking and cannibalism. Numerous studies
have shown that stereotypic behaviours are a complex issue and depend on many factors, while the
possible introduction of a EU ban on beak trimming in chickens makes the issue of feather pecking and
cannibalism increasingly relevant in poultry rearing.
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