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Introduction

Feather pecking is a behaviour by which hens destroy the
feathers of other hens, in some cases even plucking out
feathers and eating these. In some severe cases feather
pecking can be followed by cannibalism, where hens eat
the blood and tissue of other hens. A wide range of causal
factors of feather pecking, such as housing-, rearing-, and
feeding factors, have been reported (SHARMA et al., 1999).
Furthermore, additive genetic variation is evident (KJAER and
SØRENSEN, 1997; RODENBURG et al., 2003), probably deter-
mined by one or a few major genes as well as several genes
with minor effects (LABOURIAU et al., 2009), meaning that
feather pecking is a heritable trait (SU et al., 2005). This
fact has made it possible to select lines of laying hens dif-
fering in the level of feather pecking (KJAER et al., 2001).
Correlated changes of behavioural and physiological traits
in these lines (see BUITENHUIS and KJAER, 2008, for an over-
view) might point to biological mechanisms causing feather
pecking to develop in some birds and not in others. Several
causal mechanisms have been suggested, the most widely
accepted being that feather pecking is a redirection of beha-
viour related to feeding in the absence of relevant foraging
stimuli, the redirected foraging-hypothesis (BLOKHUIS, 1986;
DIXON et al., 2008; HOFFMEYER, 1969; HUBER-EICHER and
WECHSLER, 1997; LEVY, 1938), but also redirected dust-peck-
ing (VESTERGAARD, 1994; VESTERGAARD and LISBORG, 1993)
and redirected social pecking (RIEDSTRA and GROOTHUIS,
2002) have been suggested as possible causal factors in the
development of feather pecking. However, these hypothe-
ses of redirected pecking have, with good reason, been
challenged (NEWBERRY et al., 2007) and recently it was sug-
gested that a neurologically based hyperactivity-disorder
could be triggering the development of feather pecking in
some subjects and this could then spread in a group by social
facilitation (KJAER, 2009).

None of these hypotheses, though, can give an explana-
tion to the fact that 1) some birds, more than others, change
their pecking from normal inanimate targets like feed,

litter and other objects in the environment, to non-normal
animate targets like other birds and 2) how individuals’
pecking targets are set (defined) in the first place. There
seems to be a kind of innate ‘picture’ (or template) depict-
ing objects, forms, colours or shapes to which chickens are
predisposed to peck or to avoid (SUBOSKI and BARTASHUNAS,
1984). These templates are thought to be guidance for the
neonatal chicken so pecks are directed in the most effective
way in order to gain the necessary food and water and to
avoid dangers. Under natural settings, the mother hen will
supplement these inherited templates with more explicit
information of what to peck by increasing releasing-va-
lence of pecked substrates (SUBOSKI, 1984) and thus guide
pecking in a certain direction (RIBER et al., 2007; WAUTERS
et al., 2002). Could it be that feather pecking evolves in a
situation where the templates are wrong and there is no
proper guidance from a mother hen as to what targets are
‘right’ and ‘wrong’? Some anecdotal evidence supports this
idea. Pheasants are very prone to feather pecking (KJAER,
2004) and neonate pheasant chickens seem to direct more
bird-to-bird pecking to pen mates falling over and lying on
their back than to pen mates standing on their feet in a
normal position (J.B. KJAER, unpublished observations). In
domestic laying hens feather pecking seems to be associated
with pecking at inanimate objects and it has been suggested
that ‘feather pecking may be associated with increased
motivation to peck at any object regardless of its nature, or
at least when it is presented vertically rather than horizon-
tally’ (CHANNING et al., 1998). Common for these observa-
tions is that pecking eliciting properties of certain stimuli
depend on physical properties like shape, size and colour
and by changing these properties, by for example reversing
direction away from ‘normal’, the pecking eliciting proper-
ties will also change; i.e. the stimuli will not match the
template anymore.

So how can these templates differ between individuals?
According to evolution theory one would assume the peck-
ing target templates to have a certain variation between
individuals following a normal distribution, and a low in-
heritance based on a large number of genes (a continuous
trait) (FALCONER, 1989). There will be natural selection on
these templates, which in a situation with nutritive restric-
tions (in nature) will keep the development of abnormal
templates very rare. Under artificial selection the selection
on ‘normal’ templates will be reduced, neutral or even nega-
tive in a case where template types are genetically correlated
with for example production traits under artificial selec-
tion pressure. In the situation with artificial selection for
higher (or lower) levels of feather pecking, like in the high
and low feather pecking lines used in the present study,
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these templates might even deliberately be changed thus
inducing a higher respectively lower level of pecking to
objects which not normally would be targets, including
feathers of pen mates.

To test this hypothesis of genetically ‘changed templates’
as a possible causal mechanism of feather pecking behav-
iour we recorded pecking preferences of young chickens of
the high and low feather pecking lines to a range of forms
which were presented as pictures on a computer screen.
The chicken has a very well-developed visual system and
their ability to detect small differences in the sizes and
shapes of stimuli, also known as visual acuity, is excellent
(HODOS, 1993). Further, there is growing evidence that
chickens can process information from televised images
and show appropriate responses (CLARKE and JONES, 2000).
The seed-shaped circular or ellipsoid forms would possibly
indicate feed (templates to peck) whereas more oblong
(rods), featherlike objects (rods in a group), or even pictures
of a feather, would indicate non feed objects (templates to
avoid pecking). Various colours were tested to see if any dif-
ference in colour preference could be found between the
feather pecking lines. Besides these tests, recording of
feather pecking behaviour was made during the first 3
weeks of life. It was expected, according to the ‘changed
template’-hypothesis, that 1): pecking preferences would
differ between lines for forms and more explicitly 2):
chickens of the high feather pecking line, compared to
chickens from the low feather pecking line, would direct
relatively more pecking to the ‘feather like’ forms and less
to the food like forms.

Methods

Genetic populations and experimental subjects

A selection experiment was initiated in 1995. A detailed
description of the selection procedure is given in KJAER et
al. (2001) and SU et al. (2005), and a brief outline is as fol-
lows. The founder line was a White Leghorn line formed in
1970 on the basis of a number of commercial lines. Since
then this line has been randomly bred. From this popula-
tion lines have been bred for high (HFP) or low (LFP) levels
of feather pecking, respectively. Selection criteria was the
individual level of feather pecking recorded from a 3 hour
video recording on groups of around 20 individually
marked adult (30–40 weeks old) hens. Based on these
scores breeding values were calculated using an animal
model and thereby including information from relatives.
Breeding values of males were calculated on basis of
feather pecking of the female relatives. The subjects of the
present study were chickens of the 9th generation. Feather
pecking levels (average (STD)) of adult breeder birds of
generation 8 were 7.2 (25.1) and 36.5 (55.3) pecks per
bird per hour in the LFP respectively the HFP line.

Housing and management

A total of 280 chickens were used. They hatched in two
batches with 14 days in between. They were sexed at day-old
and housed in 20 groups (10 groups of the LFP and 10
groups of the HFP line) of 14 chickens each (7 males and 7
females) in a climate controlled stable (34°C lowered to
20°C during the 5 weeks, 50–80% RH). The pens meas-
ured 100 by 100 cm and were fitted with water-nipples and
a 1 m long feed trough. Standard chicken feed and water
was available ad libitum. A layer of 5 cm wood chips cove-
red the floor. Light was supplied from overhead 11 W low
energy lamps to a light intensity of 50 to 70 lx. Lighting

program followed the standard program of the Institute,
being 24L:0D for the first day, 18L:6D for the next 6 days,
16L:8D for week 2, 14L:10D for week 3, 12L:12D for week
4, 10L:14D for week 5 and 9L:15D for week 6 (end of the
experiment).

Behavioral recordings and variable categorisation

Screen pecking. At the age of 15–16 (hatch 1) and 14–15
(hatch 2) days 15 images (Figure 1) showing one of 5
forms (circle, ellipse, rod, rods in feather like pattern,
feather) in each of three colours (red, green, yellow) were
presented in a random order on a TFT-screen model
DT-121-A from Distronic (Distronic, D-65239 Hochheim/
Main, Germany). The display was a 12.1” SVGA 600*800
pixel model LB121S03-TD01 from Phillips (Phillips
Deutschland GmbH, D-20001 Hamburg, Germany). A
picture (showing one type of form in one colour) was
presented for 15 s and a black screen appeared for 2 s
between pictures. The collection of pictures was presented
for each group of chickens for 25 minutes on each of two
days, a total time of 50 minutes. A frame submitting infra-
red beams in a narrow cross-pattern in front of the display
(type IRT 121.V3.0-A251, 12.1“ from Citron GMBH, 86165
Augsburg, Germany) made it possible to automatically
record each single peck and these data were stored on hard
disk using a custom written computer program.

Feather pecking. At the age of 6, 9, and 21 days feather peck-
ing behaviour was recorded with all occurrence sampling
by direct observation (ALTMANN, 1973). The observers sat
outside the pens and recorded, in good view of, but with-
out disturbing the chickens, all pecking to the feathers of
other birds for a period of 10 min for each pen, in total
30 min per pen. Pecks were categorised into 1) gentle, explo-
rative feather pecking, where feathers are not visibly altered
in position and 2) severe feather pecking, where the bird
grips, pulls or plucks out a feather of another bird, see NEW-
BERRY et al. (2007) for a more detailed description. A total

Figure 1. Images showing one of 5 forms (C = circle, E = ellipse,
R = rod, H = rods in feather like pattern, F = feather) or the
black control screen (B) between pictures. The pictures were
presented in red, green or yellow colour and in a random order
on a TFT-screen
Die Bilder zeigen eine von fünf Formen (C = Kreis, E = Ellipse,
H = Stab in Federform, F = Feder) sowie den schwarzen Bildschirm
(B) zwischen den Bildern. Die Bilder wurden in roter, grüner oder
gelber Farbe in einer zufälligen Abfolge auf einem TFT-Bildschirm
gezeigt.
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of 30 minutes of recording was done per pen by three inde-
pendent observers blind to the treatments. Pen averages
(5 pens per line per hatch, in total 20) were used as data
points for further analysis. Where nothing else is stated
results are presented as pecks per bird per hour.

Statistical analysis

Pecking data were analysed by a mixed model with a doubly
two dimensional repeated measures model (LITTELL et al.,
1996, pp 130–134) using the mixed-procedure of SAS. The
model included hatch (1,2), line (LFP, HFP), form (circle
(C), ellipse (E), rod (R), feather like pattern (H) and feath-
er (F), see Figure 1), colour (green, red, yellow) and their
interactions as fixed factors. Form by pen and colour by
pen were included as random factors, assuming that pecking
to various forms respectively colours within a pen were
correlated. The variance component covariance structure
was used. Residuals were found to be normally distributed
and least squares means are presented.

Pecks to the black screen shown between pictures as well
as data on gentle feather pecking were subjected to analysis
of variance using the mixed procedure in SAS with a model
including hatch, line and age (6, 9 and 21 days) and their
interactions as fixed effects. Age was analysed as a repeated
measure, assuming that feather pecking at the three ages
was correlated. The variance component covariance struc-
ture was used. Residuals were found to be normally dis-
tributed and least squares means are presented. Severe
feather pecking data was not normally distributed and
therefore simple means are presented for this variable and
testing was done using a non parametric Wilcoxon Rank
Sum test using the NPAR1WAY-procedure of SAS.

Results

Screen pecking

HFP chickens were found to deliver significantly more
pecks than LFP chickens to stimuli on the screen (lsmeans
6.38 vs. 0.97 pecks per bird per hour, mixed model anova
F(1,57.4) = 64.1, P < 0.001) whereas no effects were found for
form (F(4,48.3) = 0.65, P > 0.05) and colour (F(2,28.2) = 2.94,
P > 0.05) or their interactions with line (form*line-interac-
tion F(4,48.3) = 0.21, P > 0.05) (Figure 2). A significant
interaction between form and colour was primarily due to
a relatively higher difference between pecking to the
yellow versus red for ellipse compared to other forms
(F(8,165) = 2.80, P < 0.01; Figure 3). More pecks were re-
corded in hatch 2 than in hatch 1 (4.70 vs. 2.64 pecks,
F(1,57.4) = 6.01, P < 0.05). Only two pecks were given to the
black control screen shown between pictures and therefore
pecks to the black screen were not further analysed.

Feather pecking

Gentle feather pecking did not differ between lines (Mixed
Anova, 1.29 vs. 2.04 peck for LFP and HFP lines, respectively,
F(1,56) = 1.64, P > 0.05) or hatches but decreased with age
(2.45, 1.46 and 1.11 pecks at 6, 9 and 21 days of age, respec-
tively, F(2,56) = 3.32, P < 0.05). Severe feather pecking was
significantly higher in chickens from HFP compared to LFP
only at 21 days of age (1.11 vs. 0.49 pecks per bird per
hour, Wilcoxon Rank Sum Test, Z = 2.0, P < 0.05). Com-
bined (gentle + severe) feather pecking was higher in HFP
(Mixed Anova, 3.49 vs. 1.78 pecks, F(1,56)=7.02, P > 0.05)
and decreased with age (Mixed Anova, 3.85, 2.44 and 1.61
pecks at 6, 9 and 21 days of age, F(2,56)=4.11, P > 0.05).

Figure 2. Average level of pecking (N per bird per hour, + 95%
C.I.) to a touch screen showing various forms by 14–16 day old
chickens from a line selected for less (LFP) or more (HFP) feather
pecking. A significant overall effect of line (P < 0.001 indicated
by ***) was found. Forms did not differ significantly (P > 0.05).
Forms C = circle, E = ellipse, R = rod, H = rods in a feather like
herringbone pattern and F = feather
Durchschnittliche Pickhäufigkeit (N je Tier und Stunde, + 95%
Konfidenzintervall) bei 14–16 Tage alten Küken von auf geringe
(LFP) oder hohe (HFP) Federpickaktivität gezüchteten Linien auf
einen Touchscreen, der unterschiedliche Formen zeigte; Es wurde
ein signifikanter Linienunterschied gefunden (P < 0,001, ***). Die
Formen hatten keinen signifikanten Effekt (P > 0,05). Form:
C = Kreis, E = Ellipse, H = Stab in Federform (Fischgrätmuster),
F = Feder

Figure 3. Average level of pecking (N per bird per hour) to a touch
screen showing various combinations of forms and colours by
14–16 day old chickens. Combined data from two lines selected
for less (LFP) respectively more (HFP) feather pecking was used.
Overall interaction between form and colour was significantly
different from zero (P < 0.01). Forms C = circle, E = ellipse,
R = rod, H = rods in a feather like herringbone pattern and
F = feather. Colours GRE = green, RED = red and YEL = yellow
Durchschnittliche Pickhäufigkeit (N je Tier und Stunde) bei 14–
16 Tage alten Küken von auf geringe (LFP) bzw. hohe (HFP) Feder-
pickaktivität gezüchteten Linien (kombinierte Daten) auf einen
Touchscreen, der unterschiedliche Formen und Farben zeigte; Die In-
teraktion zwischen Form und Farbe war signifikant unterschiedlich
von Null (P < 0,01); Form: C = Kreis, E = Ellipse, H = Stab in Federform
(Fischgrätmuster), F = Feder; Farbe: GRE = grün, RED = rot, YEL = gelb
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Discussion

According to the ‘changed template’-hypothesis, HFP
chickens would differ from LFP chickens in their pecking
preferences to the various forms. This would result in a sig-
nificant line by form interaction effect. This was, however,
not the case and thus the hypothesis could not be support-
ed by the data. One reason for the lack of different prefer-
ences could be that the chickens were not able to discrimi-
nate between different 2-dimensional forms shown on the
computer screen. Chickens are, however, well known to be
able to discriminate even subtle differences in two-dimen-
sional pictures (DAWKINS and WOODINGTON, 1997) and there
is all reason to believe that chickens indeed were able to dis-
criminate between the various forms and colours shown.
Their preference for either of these forms did not differ within
or between lines. Two possible explanations can be given for
this result. First, visual pecking preferences had not yet deve-
loped at this age, at least between the stimuli shown in the
present experiment. Alternatively, pecking preferences exis-
ted at hatch but the chickens learned, during the 14 days
before the experiment, about food and non-food items by
explorative pecking and swallowing of 3-dimensional stim-
uli such as food and litter particles. Testing chickens at an
even earlier age would partly overcome this problem.

This leads to the second finding that chickens of the HFP
line pecked at any form and colour with a much higher in-
tensity than the LFP chickens. This suggests that feather
pecking and general pecking to inanimate objects are gene-
tically correlated traits and do not substitute one another.
This result is in contradiction of the redirected foraging hypo-
thesis which rather suggests that feather pecking substi-
tutes general pecking when adequate foraging materials
are not available. The recently suggested hyperactivity dis-
order model of feather pecking states that feather pecking
is correlated with an increased, genetically based, general
activity (arousal) explaining the significantly higher level
of locomotor activity found in chickens from the HFP line
at 5 and 13–17 weeks of age (KJAER, 2009). The results
found in the present experiment add another element to
this model in that also general pecking activity to inani-
mate objects on a computer screen is higher in the HFP line
compared to the LFP line, thereby extending the model to
include elevated levels of object pecking as well as elevated
levels of locomotor activity.

No effect of colour was evident, but a colour by form inter-
action was found significant. This was mainly due to rela-
tively high levels of pecking to yellow ellipses and much
less to red ellipses. Any biologically meaningful explana-
tion for this result is hard to give but it could be that the yel-
low ellipse resamples a chicken beak. Beak pecking occurred
with approximately the same frequency as gentle feather
pecking (around 1 peck per bird per hour) in adult laying
hens (STEENFELDT et al., 2007). Colour preferences seem in
general to vary much between experiments as they are
influenced by a large number of factors such as previous
experience, medium and context (JONES and CARMICHAEL,
1998). Bunches of yellow string were found to be pecked
more than bunches of orange and blue, but less than white
strings by adult laying hens (JONES and CARMICHAEL, 1998).
Naive chicks selectively pecked at small, non-green, circu-
lar stimuli with regular patterns on the circumference
(SUBOSKI and BARTASHUNAS, 1984). The results from the pre-
sent test, therefore, act more as a guide for further experi-
ments using this method of presentation rather than in
formulating general conclusions on colour preferences in
young chickens.

Levels of feather pecking (combined) were low but nev-
ertheless significantly higher in the HFP line. Feather peck-

ing was actually not expected to differ at this young age for
two reasons. Firstly, because the level of feather pecking is
normally low at this age (JENSEN et al., 2006; HUBER-EICHER
and WECHSLER, 1997) and secondly, the selection criterion
was level of feather pecking in adult hens (at around
30 weeks of age) which seems to be only weakly correlated
with feather pecking at a young age (NEWBERRY et al., 2007;
RODENBURG et al., 2004). However, those studies were
made on phenotypic records within one generation where-
as in the present situation genetic selection had taken
place over several generations and genetic correlations
would therefore seem to be a more appropriate measure.
Only two studies on genetic correlations for feather pecking
at various ages were found in the literature. Genetic correla-
tion between feather pecking at 6 and 38 weeks of age was
found to be 0.87 and significantly different from 0
(P < 0.05) whereas the phenotypic correlation in the same
study was very low (0.10) and not different from 0
(P > 0.05) (KJAER and SØRENSEN, 1997). In a later study,
genetic correlation between feather pecking at 6 and
30 weeks of age did not differ from zero (RODENBURG et al.,
2003). The lack of correlation in that study, however, could
be due to a very low level of feather pecking making the esti-
mation difficult. It should be noted that the level of feather
pecking in the present study fell over time (gentle feather
pecking was 2.45, 1.46 and 1.11 pecks at 6, 9 and 21 days
of age), indicating that the level at 6 weeks of age might be
even lower. Indeed, recordings done at 5 weeks of age in a
separate study and presented elsewhere (KJAER, 2009)
showed very low levels of gentle feather pecking (0.44
pecks on average for LFP and HFP chickens) and even less
severe feather pecking, on average 0.07 pecks per bird per
hour. Such low levels would definitively lead to low genetic
correlations like in the study of RODENBURG et al. (2003).
Fortunately the methodology used in the present study, using
divergently selected lines, overcomes the problem of low
intra-generation correlations by aggregating effects over
several generations of selection. It is therefore superior to
the ‘one generation’ methodology in finding traits being
genetically connected but still highly influenced by age and
environmental causes.

In conclusion, the ‘changed template’-hypothesis sug-
gesting that feather pecking is arising in chickens with an
inherited preference for pecking motives different to that
of non feather pecking, naïve, young chickens, could not be
supported by results from the present study. Rather, the
results lend support to the hyperactivity model of feather
pecking in that genetic selection for a higher levels of
feather pecking is paralleled by a higher level of arousal,
leading to higher locomotor activity, and higher levels of
pecking to animate (other animals) as well as inanimate
(i.e. forms on a screen) stimuli.

Summary

Domestic chickens from lines selected for low (LFP) or
high (HFP) levels of feather pecking (FP) were reared in 14
bird groups and pecking to various forms presented on a
computer screen was recorded at 2 weeks of age. HFP
chickens delivered significantly more pecks (combined for
all forms: circle, ellipse, rod, rods in feather like pattern
and feather in colours: red, yellow, green) than LPF chick-
ens, whereas no significant effects were found for form,
colour, hatch or interactions. Total FP (sum of gentle and
severe FP) was significantly higher in HFP chickens and de-
creased significantly with increasing age from 6 over 9 to
21 days. According to the ‘changed template’-hypothesis,
pecking preferences of HFP chickens would differ to those
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of LFP chickens but data could not support this hypothesis.
Rather, the HFP chickens pecked at any form and colour
with a much higher intensity than the LFP chickens lending
support to the hyperactivity model of feather pecking in
that genetic selection for a higher level of FP is paralleled
by a higher level of arousal leading to increased pecking to
animate (FP) as well as inanimate (i.e. forms on a screen)
stimuli.

Key words

Laying hen, genetic selection, hyper activity model,
inherited templates, neonate feather pecking, pecking
preferences

Zusammenfassung

Pick-Präferenzen und Federpicken bei Hühnerküken: 
eine Untersuchung der ‘changed template’-Hypothese

Haushühner aus zwei Zuchtlinien, die auf geringes (LFP)
und hohes (HFP) Federpicken (FP) gezüchtet wurden,
wurden in Gruppen von 14 Tieren aufgezogen. Das Picken
nach verschiedenen Formen, die auf einem Computer-Bild-
schirm angezeigt wurden, wurde im Alter von 2 Wochen
erfasst. Die HFP Küken pickten signifikant mehr (Kombi-
nation aller Formen: Kreis, Ellipse, Stab, Stab in Feder-
form, Federn in den Farben rot, gelb, grün) als die LFP
Küken. Allerdings konnten keine signifikanten Effekte der
Behandlungsfaktoren Form, Farbe, Schlupf oder deren In-
teraktionen festgestellt werden. Die gesamte Pickaktivität
(Summe von leichtem und starkem Picken), die im Alter
von 6, 9 und 21 Tagen ermittelt wurde, war bei den HFP
Küken signifikant am höchsten und nahm mit dem Alter
ab. Nach der ‚changed template‘ Hypothese müssten sich
die Pickpräferenzen der HFP Küken von denen der LFP Kü-
ken unterscheiden. Dies konnte allerdings nicht beobach-
tet werden, so dass die Daten diese Hypothese nicht bestä-
tigen. Nachdem die HFP Küken generell nach allen Formen
und Farben viel häufiger pickten als die LFP Küken scheint
eher die Hyperaktivitätshypothese zu zutreffen. Die gene-
tische Selektion auf eine höhere Federpickaktivität scheint
mit einem erhöhten Erregungslevel einherzugehen, der
sich in einer erhöhten Pickaktivität sowohl gegen lebende
(Federpicken) als auch gegen leblose (z.B., Formen auf
einem Bildschirm) Stimuli äußert.

Stichworte

Legehenne, genetische Selektion, Hyperaktivitätsmodell,
vererbte Schablone, Picken des Kükens, Pickpräferenzen
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