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a b s t r a c t
Gregarious nesting has often been observed in laying hens, where hens prefer to visit a nest already occupied by
other hens over empty nests. This may result in overcrowding of the nests which is considered a welfare issue
and, moreover, can increase the economic issue of ﬂoor eggs. This study aimed to describe gregarious nesting
and spatial behavior in broiler breeders and how this relates to genetic background, fearfulness and mating behavior. Five commercially available genetic lines of broiler breeders were housed in 21 pens of 550 females
and 50 males (six pens for lines 1 and 2, ﬁve pens for line 3 and two pens for lines 4 and 5) during the ages
20–60 weeks. Every 10 weeks, the plumage condition and wounds were assessed of 50 random hens per pen.
Avoidance distance and novel object tests were performed to assess fearfulness at four time points. Distribution
of eggs over nests was observed for 6 weeks at the onset of egg production at 26 weeks of age, and use of space
was recorded at four time points, while (ﬂoor) egg production was noted daily per pen. We found differences between genetic lines over time in plumage condition and prevalence of wounds. Fear of humans was highest at the
earliest age tested and did not correlate with general fearfulness as assessed by the novel object test. The distribution of eggs over nests was related to genetic background and was more uneven at the earliest age compared to
later ages, and a more uneven distribution was correlated with an increased percentage of ﬂoor eggs. Distribution
of birds over the litter area differed between the genetic lines, and less use of the litter area was correlated with an
increased fear of humans and presence of wounds, suggesting an association with aggressive mating behavior.
This difference in distribution of the birds could also explain the correlation between increased presence of
wounds and decreased percentage of ﬂoor eggs. It is concluded that broiler breeders do show gregarious nesting,
which is affected by genetic background. Both increased gregarious nesting and wounds are related to increased
ﬂoor egg percentage, which should be studied further in broiler breeder research. Genetic selection for even use
of the available nests and of the litter and slatted area would therefore support both broiler breeder welfare and
performance.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The Animal Consortium. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Implications

Introduction

Chickens are known to show gregarious nesting behavior, which
means that hens prefer to enter an occupied nest over an empty nest.
Excessive gregarious nesting leads to crowded nests, and this decreases
hen welfare. If the nests are too full to enter, a hen might also choose to
lay her eggs outside the nest. These so-called ﬂoor eggs are of lower
quality and require extra labor from the farmer to collect them. In this
study, we investigate which factors are related to gregarious nesting,
which may help to ﬁnd strategies to avoid excessive gregarious nesting
behavior in the future.

Choosing to enter an occupied nest over an unoccupied nest is called
gregarious nesting, which has often been observed in laying hens and
can result in welfare and production problems (Appleby and McRae,
1986; Riber, 2010; Tahamtani et al., 2018). When many hens in a ﬂock
exhibit gregarious nesting, other hens can have an excessive energy expenditure when repeatedly trying to enter a nest which is overcrowded
(Kite et al., 1980 as cited by Riber, 2010). Increased aggression has been
observed in front of nests when multiple hens wanted to enter, as well
as inside occupied nests after entering (Meijsser and Hughes, 1989;
Appleby and Hughes, 1991). Gregarious nesting also has economic consequences as eggs might break if the number of eggs exceeds the egg
belt capacity. Furthermore, when the nests are too full to enter, hens
might lay their eggs outside the nests (also known as ﬂoor eggs). Floor
eggs require manual collection and have a lower hatchability and

⁎ Corresponding author at: Vencomatic Group, P.O. Box 160, 5520 AD Eersel, the
Netherlands.
E-mail address: anne.vandenoever@vencomaticgroup.com (A.C.M. van den Oever).

https://doi.org/10.1016/j.animal.2020.100030
1751-7311/© 2020 The Authors. Published by Elsevier Inc. on behalf of The Animal Consortium. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Please cite this article as: A.C.M. van den Oever, B. Kemp, T.B. Rodenburg, et al., Gregarious nesting in relation to ﬂoor eggs in broiler breeders,
Animal, https://doi.org/10.1016/j.animal.2020.100030

A.C.M. van den Oever, B. Kemp, T.B. Rodenburg et al.

Animal xxx (2021) xxx

available genetic lines, all fast-growing, were represented in different
numbers. The chickens were assigned to 21 pens of 550 females and
50 males of the same genetic line, resulting in six pens for lines 1 and
2 (3300 females and 300 males per line), ﬁve pens for line 3 (2750 females and 250 males) and two pens for lines 4 and 5 (1100 females
and 100 males per line). The position of the genetic lines in the house
was randomized using a block design with 6 blocks; each line was present maximum once per block. The pens were identical in size
(12 × 6.5×2.0 m, length x width x height) and lay-out and were placed
in four rows (see Fig. 1). The animal density was 7.7 birds/m2, which is
comparable to commercial practice. The pens had wire mesh walls,
which allowed the animals from different pens to see each other. The litter area (12 × 3.7 m) was covered with wood shavings, and the slatted
area (12 × 2.3 m) was raised by 0.5 m and gave access to 9 bell drinkers
and 10 nests. The group-nests were of a rollaway type (Vencomatic©),
measuring 1.15 × 0.52 × 0.53 m. All nests had a green rubber nest ﬂoor
slanting toward the back and red nest curtains with an entry point in
the middle. The feeding line for the females was placed partially on
the slats and partially in the litter area, while the male feeding line
was positioned in the litter area.
The management of the birds was the same for the current study as
well as the study focusing on leg health (van den Oever et al., 2020). The
house was lit with artiﬁcial LED lighting. At 20 weeks of age, the animals
had 8 h of light (07:00 to 15:00 h) at 10 lx measured at bird height. This
was gradually increased to 14 h of light (02:00 to 16:00 h) at 60 lx at
bird height at 27 weeks of age. The temperature was maintained at 21
± 1 °C. Food was provided at 08:30 h, giving a restricted amount according to the commercial practice schedule and ranging from 100 to
165 g per female and from 100 to 130 g per male. Bird weight was continuously monitored with hanging poultry scales. Water was provided
from 08:30 to 12:30 h and from 15:30 to 16:00 h. The nests were available to the hens from 1 h before lights on until 30 min before lights off,
from the day after the ﬁrst egg was found (23 weeks of age). The birds
were kept until the age of 60 weeks and then slaughtered for human
consumption.

saleability due to the fact that they are often dirty or broken (van den
Brand et al., 2016).
Several possible causes for gregarious nesting have been suggested.
It could be that many hens share their preference for nests in certain locations, mostly nests at the end of the row or in a corner (Riber, 2010;
Ringgenberg et al., 2015). Corners might be attractive due to a difference
in microclimate or a lower light intensity, but they are also more easily
recognized (Appleby and McRae, 1986; Riber, 2010). Nests are often
presented in long rows at commercial farms, so the nests at the end of
the row are more easily found again than a nest in the middle of the
row. However, offering heterogenous nests, which should be easier to
recognize, did not decrease the occurrence of gregarious nesting
(Clausen and Riber, 2012). Gregarious nesting has also been suggested
to be an anti-predator strategy (Riber, 2012) or the result of a lack of
nesting experience in younger hens (Riber, 2010), but seems to be unrelated to dominance status (Tahamtani et al., 2018).
Gregarious nesting has only been described in laying hens, and it is
unknown whether broiler breeders also exhibit this behavior, while
studying this behavior in broiler breeders is interesting for several reasons. First, different genetic lines of broiler breeders have been selected
for different combinations of goals, which might also affect unselected
characteristics such as gregarious behavior (Dawkins and Layton,
2012). Furthermore, it has been shown that the mere presence of
males reduced ﬂoor eggs in a small experimental study, although the
exact reasons remain unknown (Rietveld-Piepers et al., 1985). It is suggested that broiler breeder males might inﬂuence spatial distribution of
the females and that this in turn affects ﬂoor laying behavior. Broiler
breeder males use the slatted areas less than the litter area and are
known to be aggressive in their mating behavior, causing feather loss
and wounds in females (de Jong and Guémené, 2011). Females have
been observed spending more time on slatted areas to avoid aggressive
males, and as the nests are accessed from this slatted area, this could affect nesting and ﬂoor laying behavior. Finally, fearfulness could also affect the use of raised areas and thereby nesting behavior. Less fearful
laying hens have been found to make more use of raised areas and
perches (Brantsæter et al., 2016), although it is unknown whether this
is also the case for broiler breeders.
In this study, we aim to investigate how much gregarious nesting behavior is performed by broiler breeders and to understand the background of this behavior. This was part of a larger study with the same
animals, and the results of the other part, which focused on leg health,
are reported elsewhere (van den Oever et al., 2020). Therefore, we investigated possible relationships between gregarious nesting and use
of space with plumage condition, presence of wounds, fearfulness and
genetic background. Further, we studied whether these factors are correlated with egg production and ﬂoor egg percentage. The magnitude of
gregarious nesting, presence of wounds and fearfulness were expected
to differ between the different commercially available genetic lines. A
more uneven distribution over the nests was expected to be related to
a more uneven use of space, while wounds and fearfulness were
thought to alter the relative use of slatted and litter areas. Floor eggs
percentage was hypothesized to increase with a more uneven use of
nests, more wounds and lower fearfulness.

Data collection
Gregarious nesting behavior and use of space
In order to assess the distribution of hens over the available nests,
the number of eggs per nest was counted 1 day/week during the ages
of 26–31 weeks. At 29, 38, 47 and 56 weeks of age, the spatial distribution of the birds over the pen was assessed by live observations from the
passage between the rows of pens. This was done by counting the number of empty slatted areas sized 1.15× 1.15 m (total 20 areas) and litter
areas sized 1.15 × 1.30 m (total 20 areas). The width of the areas was
chosen according to the width of the nests (1.15 m), which could be easily distinguished from a distance. The length of the areas was chosen as
half of the total litter or slat length. Observations were done within a
few seconds by one observer, and the birds hardly moved within this
time, especially when they notice they are being observed. Assuming
that an average breeder hen measures 30 × 15 cm, this means that 29
birds ﬁt into a slatted area and 33 birds into a litter area. The number
of areas containing fewer than 7 birds in the slatted area or 8 birds in
the litter area was noted as well, which meant that 75% of the area
was empty. These measurements were repeated ﬁve times/day, starting
at 03:00 h with an interval of 2 h until 13:00 h. The measurements of
09:00 h were discarded as the birds were eating and therefore all
equally distributed along the feeding line.

Material and methods
Animals and housing
The experiment took place from June 2018 to March 2019 at a breeding station, where both gregarious nesting (this study) and leg health
(van den Oever et al., 2020) were investigated. A total of 11 550 females
were reared in 3 groups of mixed genetic lines with raised platforms,
while 1050 males (despurred and toe-clipped) were reared in a separate group with raised platforms. All birds were non-beak trimmed
and moved from their rearing facilities into the production house located at the same farm at the age of 20 weeks. Five commercially

Plumage condition and wounds
Approximately every 10 weeks (21, 32, 40, 50 and 59 weeks of age),
a random selection of 50 hens per pen was scored for feather damage
and wounds on the back and rump (adapted from the laying hen protocol of Welfare Quality®, 2009). The presence of wounds was scored on
a 3-point scale: 0 for no wounds, 1 for at least one wound smaller than
2
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Fig. 1. Top view of a pen used for housing the broiler breeders.

was used to calculate the distribution index using the following
formula:

1 cm and 2 for at least one wound larger than 1 cm. Feather damage was
also scored on a 3-point scale: 0 for no feather damage, 1 for areas of rufﬂed feathers or without feathers smaller than 5 cm in diameter and 2 for
areas of rufﬂed feathers or without feathers larger than 5 cm in
diameter.

n

10

T
∑ ∣Ni − Tn ∣ ∑ ∣Ni − 10
∣
i¼1

SPI ¼ i¼1
¼
2∗T∗0:9
2∗ T− Tn

Fearfulness
To investigate the relationship between fear of humans, gregarious
nesting and use of space, a random selection of 20 hens per pen was
subjected to an avoidance distance test at 22, 31, 41 and 52 weeks of
age (Welfare Quality®, 2009). The observer walked parallel to the slatted area at a distance of 1.5 m and turned to approach the hens sitting
on the edge of the slatted area with the hand in front of the body. The
distance between the hand of the observer and the hen was noted
(rounded to the nearest 10 cm), when the hen retreated. At 22 weeks
of age, a novel object test was performed to measure general fearfulness. After placing the novel object (a colored rod) in the center of the
home pen, the observer withdrew for 1.5 m and started recording. The
number of hens approaching the novel object within bird's distance
was noted every 10 s for 2 min in total, in order to determine the latency
of 7 hens to approach the novel object and the maximum number of
hens that approached the novel object. The benchmark of 7 hens was
chosen after performing the test, this was the overall average number
of hens approaching the novel object test.

where Ni is the number of eggs laid in each nest, T is the total number of
eggs in the pen and n is the number of nests (which is 10) (adapted
from Dickens, 1955). A distribution index of 0 indicates that the eggs
are spread equally over all nests available and 1 indicates that all eggs
are laid in one nest. The number of 75 and 100% empty slatted and litter
areas was calculated into total percentage of empty slatted and litter
surfaces per pen. These measurements were averaged before and after
feeding and analyzed separately, to investigate differences between
main laying time and the rest of the day. Percentage of empty slatted,
litter and total surface was analyzed separately. The measurements of
the avoidance distance test at 31 weeks of age were discarded as the
majority of observations were disturbed by aggressive males. The novel
object latency times and avoidance distance were analyzed as mean per
pen per observation week, whereas the wound score was analyzed as
the percentage of birds with wounds.
All statistical analyses were performed with SAS (version 9.4). The
MIXED procedure was used to perform general linear mixed models in
order to investigate differences between lines and ages. Fixed effects included line and age and their interaction; pen within line was included
as a random effect. The assumptions of homogeneity of variance and
normally distributed residuals were examined visually using the conditional studentized residual plots. In order to satisfy these assumptions,
the percentage of broken eggs was log transformed. Pearson correlations were calculated between traits using the CORR procedure, except
for correlations with percentage of broken eggs for which the
Spearman's rank order correlations were calculated. Results are shown
as non-transformed means with corresponding standard errors, and
p-values below 0.05 were considered signiﬁcant. Tukey's post hoc test
was performed to investigate signiﬁcant pairwise differences between
test groups, which are reported in the Results section if P < 0.05. The
results of pair-wise comparisons between the lines can be found in
supplementary table S1.

Production
Production data were collected for the purpose of this study as well
as the study focusing on leg health (van den Oever et al., 2020). Starting
at 24 weeks of age until the end of the trial, the number of ﬂoor and nest
eggs was recorded daily per pen. The number of broken nest eggs was
counted as well. Floor eggs were collected three times per day, and
nest eggs were collected once a day. Eggs laid on the slatted area were
prevented from rolling into the litter with a 18 mm plastic tube,
which allowed for separate recording of litter eggs and eggs laid on
the slats. This plastic tube had to be removed at 45 weeks of age for
manure management, after which no distinction could be made
between ﬂoor eggs laid on the slats or in the litter.
Statistical analysis
Egg production percentage was calculated by dividing the total
number of eggs by the number of present hens. Floor egg and broken
egg percentages were calculated by dividing the number of ﬂoor or broken eggs over the total number of eggs laid per pen per week, whereas
litter egg percentage was calculated by dividing the number of eggs laid
in the litter over the total number of ﬂoor eggs. Number of eggs per nest

Results
Gregarious nesting behavior and use of space
The distribution index of eggs over the nests provided was affected
by line (F4,16 = 42.15, P < 0.0001) and by age (F5,80 = 9.6,
3
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respectively. Line 2 had a higher avoidance distance (81.6 ± 2.0 cm)
than line 4 (50.8 ± 2.0 cm). Lines 1, 3 and 5 had intermediate avoidance
distances (72.6 ± 1.5 cm, 70.1 ± 1.9 cm and 59.4 ± 1.9 cm,
respectively).
The responses to the novel object at 22 weeks of age did not differ
between the lines, for both the latency of 7 hens to approach (overall average 43.4 ± 11.4 s) and the maximum number of hens approaching the
object (overall average 12.3 ± 1.7). The latency of 7 hens to approach
the novel object was negatively correlated with the maximum number
of hens to approach per pen (r = −0.75, P < 0.0001). Responses to the
novel object test were not correlated with avoidance distance of
humans. No correlation between nest distribution and any of the fear
test responses was found (data not shown).

P < 0.0001), but not by their interaction. Line 4 had the most uneven
distribution (0.45 ± 0.01), line 5 had an intermediate level of distribution (0.29 ± 0.02) and lines 1, 2 and 3 the most even distribution
(0.11 ± 0.01). Fig. 2 illustrates these indices by showing the percentage
of eggs laid in each nest per genetic line. The distribution was more uneven at the age of 26 weeks in comparison to the following weeks.
The use of space differed between the lines, see Fig. 3. Before feeding,
the total percentage of empty space was equal for all lines, but lines 1, 2
and 3 left less slatted area empty (F4,16 = 18.1, P < 0.0001) and more
litter area empty (F4,16 = 5.1, P = 0.008) compared to lines 4 and 5.
The total percentage of empty space was lower after feeding, which
was caused by a lower percentage of empty slatted areas (F4,16 = 7.7,
P = 0.001). Also after feeding, lines 1, 2 and 3 left less slatted area and
more litter area empty compared to lines 4 and 5. There was a tendency
for more empty litter area with a higher percentage of wounded hens
per pen at the ages of 32 and 40 weeks (r = 0.38, P = 0.09 and r =
0.38, P = 0.09, respectively). Average percentage of empty slatted
area per pen was negatively correlated with average avoidance distance
(r = −0.62, P = 0.003), while average percentage of empty litter area
was positively correlated with average avoidance distance (r = 0.49,
P = 0.026). No correlation between nest distribution and use of space
was found.

Production
Egg production percentage increased rapidly after the onset of lay
and then declined again after the age of 30 weeks, while no clear pattern
could be distinguished in the development of ﬂoor eggs. For speciﬁc results, see van den Oever et al., submitted. Most of the ﬂoor eggs were
found in the litter area. The percentage of litter eggs (expressed as a percentage of ﬂoor eggs) increased signiﬁcantly from 78.3 ± 2.0% of the
total number of ﬂoor eggs at 26 weeks of age to 88.9 ± 1.1% at 30
weeks of age (F20,2840 = 15.0, P < 0.0001) after which it did not increase
anymore. The lines did not signiﬁcantly differ in percentage of litter
eggs. Average ﬂoor egg percentage was positively correlated with uneven nest distribution during the period when nest distribution was
measured, e.g. 26–31 weeks of age (rs = 0.28, P = 0.002). Floor egg percentage had a tendency for negative correlation with average prevalence of wounds per pen (r = − 0.40, P = 0.07). No correlation
between distribution of eggs over nests and percentage of broken eggs
was found.

Plumage condition and wounds
The mean plumage score was affected by the interaction between
line and age (F16,64 = 6.34, P < 0.0001; see Fig. 4A). At the age of 32
weeks, lines 1 and 2 had more severe feather damage than line 4,
while at the age of 60 weeks, lines 4 and 5 had more severe feather damage than lines 1, 2 and 3. The prevalence of wounds was also affected by
the interaction between line and age (F16,64 = 2.49, P = 0.0051; see Fig.
4B). Lines 1, 2 and 3 had the highest prevalence of wounds at 32 weeks
of age after which the prevalence decreased again, while for lines 4 and
5, the prevalence increased from the age of 40 weeks onward. Within
individuals (across lines), the prevalence of wounds was positively correlated with severity of feather damage (r = 0.31, P < 0.0001). No correlation between distribution of eggs over nests and plumage condition
or prevalence of wounds was found.

Discussion
Gregarious nesting behavior and use of space
The genetic lines of broiler breeders in this study differed in the distribution of eggs over the nests, which is most likely reﬂecting how
much gregarious nesting behavior was shown. However, it is possible
that the moment of laying could have been spread over time and
thereby reducing the relationship between the number of eggs and gregarious nesting behavior. While line 4 had a very uneven distribution
and line 5 also had an uneven distribution, the other lines had a very
even distribution. The uneven distribution for lines 4 and 5 was caused

Fearfulness

Percentage of eggs [%]

The mean human avoidance distance differed per age (F2,30 = 7.99,
P = 0.0017) and per line (F4,16 = 4.83, P = 0.0096). The mean avoidance distance was higher at the age of 22 weeks with 85.6 ± 1.8 cm
than at ages 40 and 52 weeks with 61.8 ± 1.3 cm and 65.0 ± 1.2 cm,
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Fig. 2. The distribution of eggs (%) over the 10 nests provided per pen, speciﬁed for each genetic line of broiler breeders.
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Fig. 3. The percentage of empty space in the litter (A), on the slats (B) and for the total (C) area speciﬁed per broiler breeder line, comparing before and after feeding.

choose their own preferred nest rather than following the more experienced hens, although this theory has yet to be conﬁrmed. In order to investigate whether lines 4 and 5 were generally more gregarious in their
behavior, we studied the use of space in the rest of the pen during the
day. During the morning, when egg laying takes place, we did not ﬁnd
differences between the lines in terms of spatial clustering. The gregarious nesting behavior was also not correlated with general spatial clustering, so this may be motivated by something else than preferring to be
close to pen mates.
There was however a clear difference in proportional occupation of
the litter and slatted areas between the lines. Based on the percentage
of areas left empty, lines 4 and 5 used the slatted area less and the litter
area more than lines 1, 2 and 3. In the afternoon, the slatted area was
used more by all lines, possibly caused by fewer birds in the nest, although there was still a difference between the lines. A possible explanation for this difference in use of space can be found in the

by a higher use of the nests in the corner of the pen over the nests in the
middle. This preference for nests in the corner or at the end of a row has
been described previously for laying hens (Riber, 2010; Clausen and
Riber, 2012; Ringgenberg et al., 2015). Since the hens in our study
were all kept in the same housing and management conditions, the difference in nest distribution can probably be attributed to genetic predisposition for a trait underlying this behavior. Genetic selection against
this behavior should be possible, and increasing the evenness of bird
distribution over nests by genetic selection is expected to improve
both broiler breeder welfare and performance. It should however be
noted that possible negative genetic correlations of this selection are
unknown and should be investigated in selection experiments.
Our study found a more uneven distribution over the nests at the age
of 26 weeks compared to later weeks, independent of genetic line. Riber
(2010) also found more gregarious nesting at the start of lay compared
to 6 weeks later in laying hens. She suggested that with time, hens will
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Fig. 4. The development of feather damage score (A) and wound prevalence (B) over time per broiler breeder line.
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The genetic lines did not show any differences in response to the
novel object test in terms of latency to approach the object or the
maximum number of hens approaching the object. These two read
out variables were positively correlated with each other, meaning
that pens which would approach the object sooner would also approach with more individuals. Both of these variables are signs of reduced general fearfulness, which was not related to fear of humans in
our study. Another study on different lines of laying hens found that
fear of humans loaded on a different factor in the principal component analysis than the novel object test results (de Haas et al.,
2014). This suggests that fear of novelty has a different origin than
fear of humans, although more research is needed on this subject to
gain a better understanding. Another explanation could be that a
novel object test is not suitable to measure general fearfulness in
broiler breeders, as they seem to show very little interest. Earlier research has shown that broilers have less marked responses compared to laying hens (Keer-Keer et al., 1996), which might make it
difﬁcult to interpret their behavior.

correlation between incidence of wounds and a reduction in use of the
litter area at ages of 32 and 40 weeks. Male broiler breeders are
known to be more aggressive in their mating behavior compared to
layer breeders, which can result in severe wounds on the back and
ﬂanks of the female birds (Millman et al., 2000; de Jong and Guémené,
2011). Male broiler breeders tend to spend most of their time in the litter area, only going to the slatted area to drink. It seems likely that the
hens would avoid spending time in the litter area where the males
are, since this increases the chance of aggressive mating (de Jong and
Guémené, 2011). Genetic strains of broiler breeders are known to differ
in their mating behavior (McGary et al., 2003), which may have caused
the different distributions of the genetic lines in our study. Future research should try to conﬁrm this proposed relation between mating behavior and spatial distribution, so it can be decided whether genetic
selection could help improve optimal use of space in broiler breeders.
The results from the avoidance distance tests provide another explanation for a different use of space between lines. Pens, independent of
genetic line, with a larger avoidance distance used the litter area less
and the slatted area more. The house was set up in a way that the passages used by caretakers or researchers were between the litter areas
of pens and the caretakers would enter the pens in the litter area as
well. A larger avoidance distance is a sign of more fear of humans,
which would explain the avoidance of the litter area where humans
pass nearby and enter the pens. However, it could also be the case
that an approaching human may elicit a similar response as an approaching male broiler breeder. The fear measured with this test could
therefore reﬂect the fear of aggressive males rather than fear of humans.

Production
The percentage of ﬂoor eggs was correlated with two of the studied parameters and not dependent on genetic line. A more uneven
nest distribution was positively correlated with a higher percentage
of ﬂoor eggs. This relation between gregariousness and ﬂoor eggs has
previously been found in a study on broiler breeders (Perry et al.,
1971 as cited by Riber, 2010). This is most likely due to overcrowding
of the corner nests, causing hens to lay their eggs on the ﬂoor. An increased incidence of wounds was found to be correlated with a decreased percentage of ﬂoor eggs. The previously described relation
between the incidence of wounds and avoidance of the litter area
due to aggressive mating behavior of the males seems to be involved
in decreasing the number of ﬂoor eggs. A previous study with laying
hens also concluded that the presence of roosters decreased the percentage of ﬂoor eggs (Rietveld-Piepers et al., 1985). Most ﬂoor eggs
were laid in the litter area and not in the slatted area, so once the
hens are on the slats, the likelihood of laying an egg outside the
nest decreases.
No correlation was found between the percentage of broken eggs
and gregariousness of nesting behavior, which is contrary to our expectations. When the number of eggs exceeds the capacity of the egg belt,
the eggs tend to pile on top of each other and this causes the eggs to
break. This has also been reported in a previous study on gregarious
nesting behavior of laying hens (Appleby and McRae, 1986). The unevenness of egg distribution in our study was apparently not severe
enough to affect egg quality.

Plumage condition and wounds
Feather damage increased with age, but with differences between
the lines. Lines 1, 2 and 3 had more severe feather damage at the early
age of 32 weeks, while lines 4 and 5 had more severe feather damage
at 60 weeks of age. In chickens, feather coverage is known to be inﬂuenced by genetics, feather pecking behavior, feed and metabolism
(Leeson and Walsh, 2010; Moyle et al., 2010). However, for broiler
breeders, the mating activity also strongly inﬂuences the plumage condition. In our study, feather rufﬂing and loss were combined within one
score, which does not allow us to differentiate between the genetic predisposition for feather loss and the rufﬂing or loss of feathers caused by
the mounting of males. Interestingly, lines 1, 2 and 3 improved their
plumage condition from 50 to 60 weeks of age, while lines 4 and 5 did
not. This could be a sign of genetic differences in capacity of feather regeneration or sexual activity (McGary et al., 2003; Lin et al., 2013). Genetic strains differ in their mating behavior, where some strains stay
continuously active in their sexual behavior, while other strains decrease sexual activity from 40 weeks of age onward (McGary et al.,
2003). It is unknown whether this was also the case in our study or
that the difference in wound incidence at later ages was caused by a difference in feather coverage. When feather coverage declines, the skin of
the females will be wounded more easily. This is reﬂected in the correlation between feather damage and the incidence of wounds at the age
of 60 weeks.

Conclusion
The genetic lines of broiler breeders used in this study differed in
the occurrence of gregarious nesting behavior, which was correlated
with the percentage of ﬂoor eggs. Genetic selection against gregarious nesting behavior could therefore improve bird welfare and performance. The genetic lines also differed in use of space, although
this was not related to gregarious nesting or ﬂoor laying behavior,
but was perhaps caused by differences in mating behavior. Fear of
humans at an early age was related to a decreased use of litter
space, although fearfulness was not related to the distribution over
nests or ﬂoor egg percentage. Percentage of wounded hens, possibly
due to aggressive mating behavior, was related to a decreased use of
litter space and a decreased percentage of ﬂoor eggs. Most studies
looking into ﬂoor eggs in broiler breeders focus on housing and management. These ﬁndings suggest that future research should focus on
the effect of males on nesting behavior and methods that help to reduce gregarious nesting behavior.

Fearfulness
The avoidance distance was affected by both age and genetic line.
This test is used to measure fear of humans, so it is expected that the distance will decrease with age as the birds get used to the presence of
humans. Line 2 was most fearful and line 4 least fearful, while the
other lines had intermediate levels of fearfulness. It is known that fear
of humans is a heritable trait in chickens, which could be the reason behind the differences between the genetic lines at the start of the experiment (Agnvall et al., 2014). As discussed before, fear of humans was
related to decreased use of the litter area, but it does not seem to affect
the distribution of hens over nests.
6

A.C.M. van den Oever, B. Kemp, T.B. Rodenburg et al.

Animal xxx (2021) xxx

References

Supplementary materials

Agnvall, B., Ali, A., Olby, S., Jensen, P., 2014. Red Junglefowl (Gallus gallus) selected for low
fear of humans are larger, more dominant and produce larger offspring. Animal 8,
1498–1505.
Appleby, M.C., Hughes, B.O., 1991. Welfare of laying hens in cages and alternative systems: environmental, physical and behavioural aspects. World's Poultry Science Journal 47, 109.
Appleby, M.C., McRae, H.E., 1986. The individual nest box as a super-stimulus for domestic
hens. Applied Animal Behaviour Science 15, 169–176.
Brantsæter, M., Nordgreen, J., Rodenburg, T.B., Tahamtani, F.M., Popova, A., Janczak, A.M.,
2016. Exposure to increased environmental complexity during rearing reduces fearfulness and increases use of three-dimensional space in laying hens (Gallus gallus
domesticus). Frontiers in Veterinary Science 3, 1–10.
Clausen, T., Riber, A.B., 2012. Effect of heterogeneity of nest boxes on occurrence of gregarious nesting in laying hens. Applied Animal Behaviour Science 142, 168–175.
Dawkins, M.S., Layton, R., 2012. Breeding for better welfare: genetic goals for broiler
chickens and their parents. Animal Welfare 21, 147–155.
de Haas, E.N., Bolhuis, J.E., de Jong, I.C., Kemp, B., Janczak, A.M., Rodenburg, T.B., 2014.
Predicting feather damage in laying hens during the laying period. Is it the past or
is it the present? Applied Animal Behaviour Science 160, 75–85.
de Jong, I.C., Guémené, D., 2011. Major welfare issues in broiler breeders. World's Poultry
Science Journal 67, 73–82.
Dickens, M., 1955. A statistical formula to quantify the “spread-of-participation” in group
discussion. Speech Monographs 22, 28–30.
Keer-Keer, S., Hughes, B.O., Hocking, P.M., Jones, R.B., 1996. Behavioural comparison of
layer and broiler fowl: measuring fear responses. Applied Animal Behaviour Science
49, 321–333.
Kite, V.G., Cumming, R.B., Wodzicka-Tomaszewska, M., 1980. Nesting behaviour of hens
in relation to the problems of ﬂoor eggs. In: Wodzicka-Tomaszewska, M., Edey, T.
N., Lynch, J.J. (Eds.), Reviews in Rural Science IV, New South Wales, Australia,
pp. 93–96.
Leeson, S., Walsh, T., 2010. Feathering in commercial poultry II. Factors inﬂuencing feather
growth and feather loss. World's Poultry Science Journal 60, 52–63.
Lin, S.J., Wideliz, R.B., Yue, Z., Li, A., Wu, X., Jiang, T.X., Wu, P., Chuong, C.M., 2013. Feather
regeneration as a model for organogenesis. Development, Growth & Differentiation
55, 139–148.
McGary, S., Estevez, I., Russek-Cohen, E., 2003. Reproductive and aggressive behavior in
male broiler breeders with varying fertility levels. Applied Animal Behaviour Science
82, 29–44.
Meijsser, F.M., Hughes, B.O., 1989. Comparative analysis of pre-laying behaviour in battery cages and in three alternative systems. British Poultry Science 30, 747–760.
Millman, S.T., Duncan, I.J., Widowski, T.M., 2000. Male broiler breeder fowl display high
levels of aggression toward females. Poultry Science 79, 1233–1241.
Moyle, J.R., Yoho, D.E., Harper, R.S., Bramwell, R.K., 2010. Mating behavior in commercial
broiler breeders: female effects. Journal of Applied Poultry Research 19, 24–29.
Perry, G.C., Charles, D.R., Day, P.J., Hartland, J.R., Spencer, P.G., 1971. Egg-laying behaviour
in a broiler parent ﬂock. World's Poultry Science Journal 27, 162.
Riber, A.B., 2010. Development with age of nest box use and gregarious nesting in laying
hens. Applied Animal Behaviour Science 123, 24–31.
Riber, A.B., 2012. Gregarious nesting - an anti-predator response in laying hens. Applied
Animal Behaviour Science 138, 70–78.
Rietveld-Piepers, B., Blokhuis, H.J., Wiepkema, P.R., 1985. Egg-laying behaviour and nestsite selection of domestic hens kept in small ﬂoor-pens. Applied Animal Behaviour
Science 14, 75–88.
Ringgenberg, N., Fröhlich, E.K.F., Harlander-Matauschek, A., Toscano, M.J., Würbel, H.,
Roth, B.A., 2015. Effects of variation in nest curtain design on pre-laying behaviour
of domestic hens. Applied Animal Behaviour Science 170, 34–43.
Tahamtani, F.M., Hinrichsen, L.K., Riber, A.B., 2018. Laying hens performing gregarious
nesting show less pacing behaviour during the pre-laying period. Applied Animal Behaviour Science 202, 46–52.
van den Brand, H., Sosef, M.P., Lourens, A., van Harn, J., 2016. Effects of ﬂoor eggs on
hatchability and later life performance in broiler chickens. Poultry Science 95,
1025–1032.
van den Oever, A.C.M., Bolhuis, J.E., van de Ven, L.J.F., Kemp, B., Rodenburg, T.B., 2020. High
levels of contact dermatitis and decreased mobility in broiler breeders, but neither
have a relationship with ﬂoor eggs. Poultry Science 99, 3355–3362.
Welfare Quality®, 2009. Welfare Quality® assessment protocol for poultry (broilers,
laying hens). Welfare Quality® Consortium, Lelystad, the Netherlands.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.animal.2020.100030.
Ethics approval
This study is not considered to be an animal experiment under the
Law on Animal Experiments, as conﬁrmed by the local Animal Welfare
Body (3 June 2018, Wageningen, The Netherlands).
Data and model availability statement
The data that support the ﬁndings of this study are available from
Cobb-vantress, but restrictions apply to the availability of these data,
which were used under license for the current study, and so are not
publicly available. Data are however available from the authors upon
reasonable request and with permission of Cobb-vantress.
Author ORCIDs
Anna C.M. van den Oever (corresponding author): 0000-0002-42748856 Bas Kemp: 0000-0002-9765-9105 T. Bas Rodenburg: 0000-00023371-1461 Lotte J.F. van de Ven: / J. Elizabeth Bolhuis: 0000-00025172-7635.
Author contributions
Anna C.M. van den Oever (corresponding author): Conceptualization, Methodology, Formal analysis, Investigation, Writing - Original
Draft, Project Administration Bas Kemp: Conceptualization, Writing Review & Editing T. Bas Rodenburg: Conceptualization, Writing Review & Editing Lotte J.F. van de Ven: Conceptualization, Resources,
Writing - Review & Editing J. Elizabeth Bolhuis: Conceptualization,
Writing - Review & Editing
Declaration of interest
The authors declare that the research was conducted in the absence
of any commercial or ﬁnancial relationships that could be construed as a
potential conﬂict of interest.
Acknowledgements
Many thanks to Cobb-vantress - Jos Willems, Britt de Klerk and
Harrie Kemperman for giving us the opportunity to perform this
study. The help of Ilse Poolen, Marcella Merkelbach (Vencomatic
Group), Jan-Willem Jacobs and Frank Lindeboom (Cobb-vantress) during data collection is much appreciated.
Financial support statement
This work was supported by Vencomatic Group, Eersel, the Netherlands.

7

