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Simple Summary: The housing of farm animals, such as laying hens and broiler chickens, is regulated
by the European Union (EU). However, for young laying hens which are not laying eggs yet, i.e.,
so-called pullets, no regulation for the number of birds per space is available. We exemplarily
calculated maximum stocking densities for pullets based on their body size taking into account the
European regulations for adult laying hens and broiler chickens. Our approach is mainly considering
that a certain proportion of additional space should be provided to enable the birds to perform
active behaviour.

Abstract: Stocking densities for domestic chickens (Gallus gallus domesticus) are regulated by the
Council Directives of the European Union for both laying hens and broiler chickens. For layer pullets
no regulation of stocking density has been established yet. Based on the existing Council Directives
for laying hens (1999/74/EC), broiler chickens (2007/43/EC) and calculations of the floor space that is
required for the respective chicken’s body, we exemplarily calculated maximum stocking densities for
layer pullets. Based on the calculations we obtained absolute additional spaces for birds of different
live body mass classes, i.e., useable floor space that the birds have additionally available to the space
covered by their body. This allowed us to calculate the relative additional space per individual. We
suggest the relative additional space to be a key parameter to derive requirements for a maximum
stocking density in layer pullets. We analysed several scenarios for pullets under consideration of
the Council Directives for laying hens and for broiler chickens, coming to the conclusion that layer
pullets at the end of their rearing period should be provided ideally with a relative additional space
of about 40-60%.

Keywords: pullets; stocking density; broiler; welfare; housing; planimetric measurement; space
requirement; poultry; rearing; modeling

1. Introduction

Maximum stocking densities for domestic chickens are regulated in the European Union (EU)
by Directives of the European Council for both laying hens and chickens kept for meat production,
to which we refer in the following as broiler chickens. Maximum stocking density for laying hens
i.e., reproductive adult hens (usually from around 20 weeks of age on [1,2]), is regulated by Council
Directive 1999/74/EC [3]. The Council Directive 2007/43/EC [4] regulates stocking densities for broiler
chickens of both sexes. Broiler chickens are kept from the day of hatching usually until a maximum
age of 6 weeks [2]. At first glance, the housing of domestic chickens seems to be comprehensively
regulated. However, the period prior to laying in the respective young hens, so-called pullets, has
been neglected by the legislation so far. The lack of legislative coverage for pullets results in pullets
often being kept at high stocking densities. This early rearing of chickens is of specific importance
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(e.g., [5-7]) for the development and welfare of the birds and represents usually more than a quarter of
the entire life span of a commercially housed laying chicken, which undergoes a laying cycle of usually
up to 72-74 weeks [8,9]. Here, we suggest exemplary calculations about how a normative maximum
stocking density for layer pullets might be defined. The aim of our exemplary calculations is to provide
proxies for a maximum stocking density for layer pullets that are orientated at the amount of space
the animal requires. The results may on the one hand be transferred into legal requirements for layer
pullets and on the other hand, they should be feasible for farmers. We aimed to settle our exemplary
calculations on the already formally existing normative regulations for the maximum stocking density
of broiler chickens and laying hens [3,4] and on the area that is covered by the animal’s body. We, here,
did not consider any space requirements that could be derived from specific behavioural performances
of chickens [10-13], and also not strain-specific differences in behaviour between laying hen and broiler
chicken strains [14-16]. We did this intentionally for reasons of simplicity and data availability, and,
thus, we did not further include any ethological parameters or nearest-neighbour distances into our
exemplary calculations. The existing European regulations for stocking densities for layers (1999/73/EC)
and for broilers (2007/43/EC) were taken as the reasonable and normative basis for our calculations.

Interestingly, both Council Directives [3,4] define the maximum stocking density in different ways.
In Council Directive 1999/74/EC for laying hens [3], number of birds per m? usable area define the
maximum stocking density, which must not exceed nine hens per m? [3]. Defining a fixed number of
birds per space for laying hens seems to be well suited as these birds have undergone the majority of
their growth (Table 1, e.g., [9,17,18]). In contrast, broiler chickens are extremely fast growing during the
time of their housing (Table 2, [19]). Consequently, in Council Directive 2007/43/EC [4], the maximum
stocking densities are defined by the amount of live body mass (in kg) that can be housed per m?,
which must not exceed 33 kg/m?, and 39 kg/m? under specific conditions, or maximally 42 kg/m? (see
2007/43/EC, article 3(2-5)).

Table 1. Examples of information provided by two breeding companies about live body mass
development of their chicken strains for egg laying.

Average Body Mass Relative Growth after
. . Average Body Mass .
Strain Production in kg (range) at in ke (Range) at End Onset of Laying i.e., Reference
Purpose Week 20 i.e., Onset o fgLa ingPerio d Week 20 — End of
of Laying ying Laying Period
Lohmann . o
LS Claast egg laying 1.385 (1.33-1.4) 1.80 (1.70-1.90) 29.96% [20]
Lohmann egg laying 1.65 (1.60-1.70) 2.05 (1.90-2.20) 24.24% [21]

Brown-Classic

Table 2. Examples of information provided by two breeding companies about live body mass
development of their chicken strains for meat production.

Production Average Average Body Mass in Relative Growth
Strain Purpose Hatching Body kg at Production End during Fattening Reference
P Massin g (Day 35 Assumed) Period
ROSS 308 meat 4 2.144 5004.76% [22]
Broiler production

In case that the body masses of the animals are known, the two parameters for stocking density
(i.e., animals or mass per space) can be converted into each other. For example, broiler chickens with
an average live body mass of 2.144 kg (see Table 2) can be housed under certain conditions with a
maximum stocking density of 42 kg/m? (2007/43/EC). This would mean that at the end of the fattening
period a maximum of on average 19.59 broiler chickens could be housed per m? (Equation (1a)). Similar
calculations can be conducted vice versa for laying hens. Here, nine hens per m? usable space are
allowed. Thus, at the end of the production period hens with a mean body mass of e.g., 1.8 kg (Table 1)

could be kept with an average stocking density of 16.2 kg live mass per m? (Equation (1b)).
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Equation (1a): Number of chickens (x) that can be kept per m? if the maximum stocking density
(StDyss defined as live body mass per space; = y in Equation (1b)) and birds” live body mass (Z) are
known. In this example, the maximal 5¢tD;ss5 is assumed as 42 kg/m2 and the average live body mass
as Z =2.144 kg.

Z  2144kg (1a)
Equation (1b): Live body mass (y) that can be kept per m? if the maximum stocking density (5tDyymper
defined as number of birds per space, = x in Equation (1a)) and average birds’ live body mass (Z) are
known. In this example, 5tD,,,;per is assumed as 9 hens/m? and the average live body mass is Z =
1.8 kg.

birds

Y = StDpymper X Z =9 2

x 1.8 kg (1b)

Due to the possibility of converting the space requirement into the number of birds per m? in body
mass per m? and vice versa, it was possible to use the existing legal normative requirements for both
layers and broiler chickens as starting assumptions to exemplary calculate possible maximum stocking
densities for layer pullets. Since layer pullets are also undergoing a steep growth during the first
20 weeks of life, it seemed justified to define a normative upper stocking density threshold by live
mass per space, as it is the case for broiler chickens. On the other hand, after reaching maturity, they
are regarded as laying hens and their respective maximum stocking density is defined from thereon
by the number of individuals per area usable space. To propose a regulation of the stocking density
for layer pullets, it was worth to consider as reference both the European regulation for laying hens
(1999/74/EC) [3] and for broiler chickens (2007/43/EC) [4].

2. Exemplary Calculations for a Maximum Stocking Density for Layer Pullets

All animals including domestic chickens of any strain require a certain amount of floor space to
be physically present in a stable. Animals of course do not only require floor space but also space in
the third dimension. However, for our exemplary calculations, we focused on the two-dimensional
floor space, specific height requirements need to be discussed elsewhere.

The birds’ bodies cover a certain area of floor space due to their pure presence [23-26], which we
refer to as “floor space requirement” (FSR). However, beside this pure FSR, the birds need additional
space to perform behaviours e.g., to move, to feed, etc. [23-26]. FSR’s differ between different behaviours
of chickens [23]. Sitting requires slightly more FSR than standing [23]. For our exemplary calculations,
we considered the FSR’s of standing chickens for two reasons. First, most active behaviours are
performed in a standing position such as locomotion, feeding, social behaviours, etc. Second, when
chickens are sitting, they are mostly resting (except e.g., for dust bathing) and, thus, do not require as
much additional space as active chickens.

Additional space should be regarded as a key quality parameter for sufficient space of captive
animals as the FSR represents only the necessary and immutable space for an individual to a given
time point to be present. Thus, the additional space is the crucial parameter to estimate the quality of a
given stocking density as it allows the animals to perform behaviours, and ideally their entire natural
behavioural repertoire. The FSR of chickens (and other animals) are not fixed values, but increase with
increasing body size and body mass of the individuals, which especially in young birds is strongly
linked with age. However, in theory FSR does not increase linearly with body mass/size of the chickens,
but slightly lowers. This is due to the fact that FSR is a parameter with a quadratic exponent (i.e., cm?)
and the size of an individual is a parameter reflecting a volume and thus has a cubic exponent (i.e.,
cm?). Planimetric measurements in poultry often assume linear fits between FSR and body size/mass,
which is often suitable; alternatively, non-linear relationships might also be explored as done, e.g., for
domestic turkeys [27]. Based on the available data for floor space requirements of pullets, laying hens
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and broiler chickens, as well as their changes over the growth period [23,24,26], we calculated for layer
pullets the FSR’s at different body masses.

We assumed for the laying hens a maximum stocking density of nine hens per square meter
usable space according to the Council Directive 1999/74/EC [3]. For broiler chickens we assumed the
three available stocking densities that are allowed under certain prerequisites, i.e., 33 kg live mass per
m? (2007/43/EC; article 3.2), or 39 kg/m2 (2007/43/EC; article 3.4) or maximally 42 kg/m2 (2007/43/EC;
article 3.5) [4]. In combination with the regulations for stocking densities for laying hens and broiler
chickens (1999/74/EC and 2007/43/EC [3,4]) we calculated the respective additional space. As a result,
we have a proxy for the additional space that should be provided to layer pullets.

More specifically, in our exemplary calculations we compared how much floor space is provided
to the birds corresponding to the above-mentioned Council Directives 1999/74/EC and 2007/43/EC [3,4])
and how much FSR was occupied by the birds’ bodies at a respective growth stage. From the difference
of both measures we obtained the additional space (provided space minus FSR equals the additional
space), which is available per bird for behavioural performances.

We considered the rearing period of layer pullets to last until 19 weeks of age and to about 1.6 kg
of live body mass (see Table 1). In our exemplary calculations, we considered the FSR’s of standing
chickens of the strains LT (Lohmann Tradition), LB (Lohmann Brown) and LSL (Lohmann Selected
Leghorn) according to the FSR functions from Spindler et al. [23] (see Equations (2a—c)) in response to
the live body mass (x).

Equations (2): Functions of the relationship between FSRs (floor space requirements) of chickens
at a given body mass (x) for three laying strains a—c, from [23].

FSR; 1 = 0.2302x + 106.29 (2a)
FSR;p = 0.2031x + 124.2 (2b)
FSR;g; = 0.2247x + 88.811 (20)

We calculated the FSR stepwise for every 0.1 kg of live body mass for each of the three lines. For
the further calculations, we took the average FSR of the three strains (i.e., FSRy), to simplify and to
generalise our exemplary calculations (see Supplementary Material Table S1). The additional space
under consideration of the Council Directive for laying hens (1999/74/EC) was calculated as follows.
Nine hens per m? usable space are allowed at maximum. Thus, each laying hen had a space of 1111.11
cm? available (Equation (3)).

Equation (3): Minimal amount of usable floor space available per hen (x) according to the Council
Directive 1999/74/EC that nine hens per m? usable space can be housed.

1m2 cm2 cm2

x = gy = 1000055 = 1111117~ 3)

From the floor space available per bird in accordance to the Council Directive 1999/74/EC (Equation
(3)), the average FSR for layer pullets (Table S1) was subtracted. The resulting difference represents
the additional space available for pullets (see Table S2). As an example, for a layer pullet of 900 g live
body mass under consideration of Council Directive 1999/74/EC, the following resulted: A pullet of 900
g has 1111.11 cm? available space in the stable and its FSR is 303.8 cm? (Table S1). Thus, the difference
is roughly 807 cm?, which represents its additional space (compare Table S2).

For broiler chickens, FSR values from the strain Ross308 were available for three different body
mass stages [26], which we used to illustrate that a function for FSRs in relation to live body mass can
be easily obtained based on few measures, which might be interesting for the consideration of other
strains or breeds. By plotting the FSR values as a function of the body mass, we calculated the formula
of this relationship, using Microsoft Excel 2016, assuming a linear relationship. The values from [26]
were: (i) Ross308 broilers at 1.696 kg body mass had a FSR of 303.28 cm?; (ii) at 2.168 kg body mass a
FSR of 342,67 cm?; and (iii) at 2.733 kg body mass a FSR of 410.77 cm?. This resulted in the following
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relation between FSR (y) and body mass (x) for broiler chickens at the example of Ross308 (Equation
(4)), an alternative function is available from [28].

Equation (4): Functions of the relationship between FSRs (floor space requirements) of broiler
chickens at a given live body mass (x) based on the data from [26].

y = 0.1042x + 123.1 @)

Using this formula (Equation (4)), the FSR for each live body mass stage was calculated for every
cumulative 0.1 kg. Furthermore, for each live body mass stage, we calculated the stocking density
according to Council Directive 2007/43/EC in three different variants: For a maximum of 33 kg/mz,
39 kg/m? and 42 kg/m? (2007/43/EC; article 3.2; 3.4; 3.5, respectively). The respective theoretically
resulting stocking density [10,000 cm? /number of chickens] was used to calculate the offered space
per chicken for each of the three respective variants provided in the Council Directive 2007/43/EC.
From the respective available space, the FSR at the different live body mass stages (Equation (4)) were
subtracted. This resulted in the additional space per bird at each live body mass stage (Table S2) under
these three broiler chickens’ scenarios. We illustrate these calculations by two examples and remark a
theoretical pitfall at low live body mass stages, as here, in theory, stocking density can be very high,
which is not usually the case in practice. The two examples for additional space calculations for broiler
chickens are the following.

Example A: Chickens with 600 g live body mass according to Equation (4) have a FSR of 185.62
cm? per bird (0.1042 x 600 + 123.1 = 185.62). In accordance with Council Directive 2007/43/EC, a
stocking density of 42 kg/m? is allowed under certain circumstances. In a flock with broiler chicken of
600 g live body mass this would, in theory, result in up to 70 chickens per square meter (42,000 g/600 g
= 70). This means that under such a scenario, each chicken is offered a space area of 142.86 cm? per
bird (10,000 cm?/70 = 142.86 cm?). The difference from offered space and the FSR of the birds at this
live body mass stage (185.62 cm?) would result in a negative additional space per chicken (Table S2);
142.86 cm? — 185.62 cm? = —42.7 cm?). Thus, the birds would not have enough space for their bodies.
However, as mentioned above, in practice, such high stocking densities of 70 birds per m? will not
occur, as farmers usually calculate the number of day old chickens housed in a stable based on the
expected slaughter live body masses.

Example B: Here, chickens with a live body mass of 1.6 kg are considered. Equation (4) shows
that each bird has an FSR of 289.82 cm? (0.1042 x 1600 + 123.1 = 289.82). Broiler chickens with a live
body mass of 1.6 kg could be housed at a density of 26.25 birds per square meter (42,000 g / 1600 g=
26.25). This would mean that the space provided per birds is 380.95 cm? / bird (10,000 cm? / 26.25 =
380.95 cm?). The difference between offered space and FSR results in an absolute additional space per
bird of 91.13 cm? (380.95 cm? — 289.82 cm? = 91.1 cm?) (Table S2).

The general results of our exemplary calculations showed two different patterns for the absolute
additional space (Figure 1a). First, when we admitted layer pullets the same space as they would have
as layer hens (1999/74/EC), they have relatively more absolute additional space early in the rearing
phase which, however, decreases over time. The second pattern resulted from treating layer pullets
similar to as broiler chickens (2007/43/EC). Early in life, the absolute additional space is limited (or
even negative, see above; Table S2), but increases over time. However, at no point is the level of the
layer-like variant reached. It is remarkable that the layer variant pattern does not reflect the birds’
development although it provides more absolute space throughout the rearing period of layer pullets.
In contrast, the slope of the three broiler variants better match the birds” development. Very early in
life the absolute additional space required for the birds is smaller than later in life as with increasing
age and increasing live body mass the absolute additional space should also increase.
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Figure 1. Outcome of the exemplary calculations. Amount of (a) the absolute additional space, and

(b) the relative additional space that is available to a layer pullet of a given live body mass under
the assumptions of the Council Directive 1999/74/EC, indicated by the red dots) for laying hens, the
Council Directive 2007/43/EC for broiler chicken with either 33 kg/m? (article 3.2; green dots), 39 kg/m?
(article 3.4; dark brown triangles), or 42 kg/m2 (article 3.5; orange triangles). The dashed lines in (b)
at x = 1400 g and x = 1600 g indicate typical live body masses when pullets reach maturity (compare

Tables 1 and 2). The blue arrows pinpoint the relative additional space at these live body mass stages.
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However, the additional space should reflect the need for increasing space with increasing age and
live body mass of birds. Thus, instead of the absolute additional space it seems to be more appropriate
to consider the relative additional space that is available per bird. In order to calculate the relative
additional space per bird, the absolute calculated additional space (Table S2; Figure 1a) is divided by
the sum of the total area per bird (i.e., FSR plus additional space). The outcome is shown in Table 53
and Figure 1b.

3. Discussion for Defining Legal Regulation at a European Level

As a result of our exemplary calculations and considerations, we recommend to regulate the
maximum stocking density for layer pullets on the basis of the additional space, or, more precisely, on
the relative additional space. From our perspective, the relative additional space is the key parameter
enabling chickens to perform their behaviours. As shown in our calculations it is easy to calculate
the FSR (i.e., the required floor space that hens cover with their body) in relation to the live body
mass (this can also be converted to an age-dependent function, see [29]). However, the reliability
of the calculated FSRs strongly depend on the availability and quality of data on the body area of
birds [23,26]. Moreover, the FSR can significantly differ between chickens of different genetic lines (see
Table S1, [23]). Such differences may be taken into account for defining any legal requirement for a
maximum stocking density of layer pullets.

In order to define a normative value for the maximum stocking density for layer pullets, a certain
value for the relative additional space chickens that shall be provided to the birds during the rearing
period must be specified. This value then results in a dynamic absolute additional space that increases
in parallel to the growth of layer pullets. Thus, it is possible to calculate a respective maximum stocking
density for each requested live body mass class. However, it is neither practical nor desired with
respect to animal welfare that farmers continuously reduce the flock size with increasing live body
mass of chickens in order to just not exceed the maximum stocking density, as thereby certain amounts
of birds need to be removed from their familiar environment/group.

With our exemplary calculations, we strictly follow a formal approach by using already existing
normative regulations for the maximum stocking density of broiler chickens and layers. We, thus,
do not consider any space requirements that can be derived from behavioural needs of chickens [30].
However, the existing requirements for the maximum stocking densities for broiler chickens and layers
had been agreed in a political decision process in which both the behavioural needs of birds and the
economic interest of farmers had been taken into account. Thus, the existing regulations for maximum
stocking densities can be assumed as a normative basis for our exemplary calculations.

Based on these considerations we suggest that layer pullets should be treated with respect to the
stocking density between the legal requirements for laying hens (1999/74/EC) and for broiler chickens
(2007/43/EC), as they are fast growing and will become laying hens. It is hard to justify that a layer
pullet needs less space compared to a broiler chicken. With respect to the reduced activity of broiler
chickens due to their fast growth, it is plausible that the more active and agile layer pullets require
more floor space. On the other hand, the space offered to laying hens might be sufficient also for
layer pullets.

For the stocking density of layer pullets, the most relevant live body mass range probably is
between 1.4-1.6 kg, thus, i.e., the live body mass when the pullets reach maturity (compare Tables 1
and 2) and where space in rearing might be most limited. In this live body mass range, as highlighted in
Figure 1b, the relative additional space ranges between about 60% when assuming space requirements
for layers [3] and about 40% when assuming space requirements for broiler chickens in reference to
Council Directive 2007/43/EC article 3.2 (33 kg/mz) or about at least 20% in reference to article 3.5 (42
kg/m?) [4]. In order to simplify the calculations, it is also possible to calculate the number of birds per
square meter usable space based on the relative additional space. To give some examples, we did so
for the relative additional space of 40% (see Equation (5a—g)). Calculations for 60% and 20% relative
additional space are provided in the electronic supplement (see Equations (S1) and (52)).
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Equation (5): Example of a calculation to transfer a relative additional space of 40% into a stocking
density with birds/m?.

additional space (Z)

Ladd. R) = 5
rel.add.space (R) additional space (Z) + space covered by body (FSR) (5a)
4 Z
10 Z+FSR (5b)
4 4
47 + 4FSR = 107 (5d)
4FSR = 6Z (5e)
%FSR -z (56)
2
SFSR=Z Gg)

The calculations (Equations (5), (S1) and (52)) reveal that in order to provide 40% relative additional
space, for each pullet 2/3 of its FSR, i.e., the area covered by its body, needs to be additionally provided.
In order to offer 60% relative additional space (Equation (S1)), each pullet requires 3/2 (1.5 fold) of its
FSR area as additional space (for 20% relative additional space for each pullet § of the FSR is required
additionally). Thus, we could now calculate for certain chicken strains the stocking density under
assumption of a relative additional space of 40/60%, based on the equations from [18], as indicated in
Equations (2a—c). For LSL chickens, the producer provides a starting live body mass of laying hens
from 1.385 kg. Under the 40% relative additional space scenario, this would result in a total area of
about 666 cm? (see Equation (6)) at the end of the rearing period of the layer pullets. When each bird is
provided with that space, it is possible to house about 15 birds/m? (i.e., 10,000 cm?/666.7 cm? = 14.999).

Equation (6): FSRs of the LSL chickens (Equation (2c)) at the live body mass of x = 1.385 kg
including the factor for a relative additional space of 40%, i.e., 2/3 (=0.667), derived from Equation V
for a.

FSRyg1+40%re = (0.2247 x 1385 + 88.811) x (1 + 0.667) = 666.7cm> (6)

Calculating this for LSL chickens analogously for a relative additional space of 60% results in a
maximum stocking density of 10 birds/m?2 (i-e., 9.999 hens/mZ). For heavier LB hens, which start as
laying hens at about 1.65 kg (Tables 1 and 2), the 40% relative additional space would result in a
maximum stocking density of 13.06 birds/m? at the end of the rearing period of the respective layer
pullets, and for 60% relative additional space to a maximum pullet stocking density of 8.71 birds/m?.
For only 20% relative additional space the maximum stocking density for LSL and LB would be 19.99
hens/m? and 17.41 hens/m?, respectively.

A crucial aspect regarding the maximum stocking density is the available usable space in rearing
systems for layer pullets. Often pullets are reared in multi-tier systems, which is recommended to
adapt the pullets to the housing which they face as laying hens. Such multi-tier systems often are
equipped with perches or grids at the edges of the tiers helping the birds to safely reach a certain tier or
to move between tiers. In addition, these perches or grids are frequently used by the pullets for resting.
In housing of laying hens, however, these perches or grids or not counted as useable area because
according to the Council Directive 1999/74/EC, article 4(3) where it is stated that “the levels must be so
arranged as to prevent droppings falling on the levels below”. Thus, only tier-levels equipped with
manure belt can be regarded as useable area in layer stables. Manure belts reduces ammonia emissions
from layer housing systems as they are used to regularly remove the droppings from the stables. This
is meaningful in particular with respect to the long housing period of laying hens that may last longer
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than a year [8,9]. As layer pullets are kept for a comparable shorter period in the rearing stable it might
be worthy to consider whether here the area above the perches or grids at the edges of tier-level can be
counted as usable space.

4. Conclusions

The relative additional space in relation to the birds” weight can be a useful parameter to derive
requirements for the maximum stocking density in layer pullets. Our approach using exemplary
calculations easily allows to calculate specific national legislative normative thresholds for stocking
densities in layer pullets. Thus, the calculations provide a useful tool for political decisions. We
analysed here a scenario for layer pullets under consideration of the Council Directives for laying
hens (1999/74/EC) [3] and for broiler chickens (2007/43/EC) [4] and came to the conclusion that layer
pullets at the end of their rearing period shall ideally be provided with a relative additional space
of about 40-60% to treat layer pullets at least as well as broiler chickens (Figure 1b). Alternatively,
when considering the number of birds per usable space on the basis of the relative additional space,
this number should be for layer pullets, based in our exemplary calculations, between 9-15 birds per
square meter usable space.

Relative additional space provides a flexible measure for growing birds, such as layer pullets, but
the same approach as used by our exemplary calculations can be used for other farm animals, where
FSR values are available as for example in other poultry [26,27] or pigs [31-34].

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-2615/9/6/348/s1,
Table S1: Calculated FSR'’s (Floor space requirement) based on Equations (2a—c) and the respective average FSRX.
The table only shows two decimals places, calculations were conducted with exact numbers, Table S2: Additional
space for layer pullets when applying the Directives (1999/74/EC) for adult laying hens and (2007/43/EC) for broiler
chicken. The table only shows one decimal place, but calculations were conducted with exact numbers. Data with
* were omitted from the respective Figure 1a as they show negative values and we chose for graphical reasons to
start the y-axis at zero, Table S3: Relative additional space when applying the Council Directives(1999/74/EC) for
adult laying hens and (2007/43/EC) for broiler chickens. The table only shows three decimals places, calculations,
but were conducted with exact numbers. Data with * were omitted from the respective Figure 1b as they show
negative values and we chose for graphical reasons to start the y-axis at zero, Equation (S1): Calculation of how a
relative additional space of 60% can be transferred into a stocking density parameter with birds/area, Equation
(S2): Calculation of how a relative additional space of 20% can be transferred into a stocking density parameter
with birds/area.

Author Contributions: Conceptualization: E.T.K., L.S.; Methodology: E.TK., L.S.; Formal Analysis: ETK., L.S,;
Writing: E.TK,, L.S.

Acknowledgments: We thank four reviewers for helpful comments on an earlier version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Jensen, P. Domestication—From behaviour to genes and back again. Appl. Anim. Behav. Sci. 2006, 97, 3-15.
[CrossRef]

2. Nicol, C.J. The Behavioural Biology of Chickens; CABI: Wallingford, UK, 2015.

3. Council Directive 1999/74/EC of 19 July 1999 Laying down Minimum Standards for the Protection of Laying
Hens. Available online: http://data.europa.eu/eli/dir/1999/74/0j (accessed on 17 January 2019).

4. Council Directive 2007/43/EC of 28 June 2007 Laying down Minimum Rules for the Protection of Chickens Kept
for Meat Production. Available online: http://data.europa.eu/eli/dir/2007/43/0j (accessed on 17 January 2019).

5. Gunnarsson, S.; Yngvesson, J.; Keeling, L.J.; Forkman, B. Rearing without early access to perches impairs the
spatial skills of laying hens. Appl. Anim. Behav. Sci. 2000, 67, 217-228. [CrossRef]

6. Krause, E.T.; Naguib, M.; Trillmich, F.; Schrader, L. The effects of short term enrichment on learning in
chickens from a laying strain (Gallus gallus domesticus). Appl. Anim. Behav. Sci. 2006, 101, 318-327. [CrossRef]

7. Janczak, AM.; Riber, A.B. Review of rearing-related factors affecting the welfare of laying hens. Poult. Sci.
2015, 94, 1454-1469. [CrossRef] [PubMed]


http://www.mdpi.com/2076-2615/9/6/348/s1
http://dx.doi.org/10.1016/j.applanim.2005.11.015
http://data.europa.eu/eli/dir/1999/74/oj
http://data.europa.eu/eli/dir/2007/43/oj
http://dx.doi.org/10.1016/S0168-1591(99)00125-2
http://dx.doi.org/10.1016/j.applanim.2006.02.005
http://dx.doi.org/10.3382/ps/pev123
http://www.ncbi.nlm.nih.gov/pubmed/26009752

Animals 2019, 9, 348 10 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Singh, R.; Cheng, K.M.; Silversides, F.G. Production performance and egg quality of four strains of laying
hens kept in conventional cages and floor pens. Poult. Sci. 2009, 88, 256-264. [CrossRef] [PubMed]
Lieboldt, M.A.; Halle, I.; Frahm, J.; Schrader, L.; Baulain, U.; Henning, M.; Preisinger, R.; Déanicke, S.;
Weygand, S. Phylogenic versus selection effects on growth development, egg laying and egg quality in
purebred laying hens. Eur. Poult. Sci. 2015, 79. [CrossRef]

Buijs, S.; Keeling, L.J.; Vangestel, C.; Baert, J.; Tuyttens, F.A. Neighbourhood analysis as an indicator of spatial
requirements of broiler chickens. Appl. Anim. Behav. Sci. 2011, 129, 111-120. [CrossRef]

Buijs, S.; Keeling, L.]J.; Tuyttens, FA. Using motivation to feed as a way to assess the importance of space for
broiler chickens. Anim. Behav. 2011, 81, 145-151. [CrossRef]

Buijs, S.; Keeling, L.J.; Vangestel, C.; Baert, J.; Vangeyte, ].; Tuyttens, EA.M. Resting or hiding? Why broiler
chickens stay near walls and how density affects this. Appl. Anim. Behav. Sci. 2010, 124, 97-103. [CrossRef]
Buijs, S. Using Spatial Distribution and Behaviour to Determine Optimal Space Allowances for Poultry and
Rabbits. Ph.D. Thesis, University of Uppsala, Uppsala, Sweden, 2011.

Reiter, K.; Bessei, W. Gait analysis in laying hens and broilers with and without leg disorders. Equine Vet. |.
Suppl. 1997, 29, 110-112. [CrossRef]

Buzata, M.; Janicki, B.; Czarnecki, R. Consequences of different growth rates in broiler breeder and layer
hens on embryogenesis, metabolism and metabolic rate: A review. Poult. Sci. 2015, 94, 728-733. [CrossRef]
[PubMed]

Qanbari, S.; Rubin, C.-J.; Magbool, K.; Weigend, S.; Weigend, A.; Geibel, ]J.; Kerje, S.; Wurmser, C.;
Peterson, A.T.; Brisbin, LL., Jr.; et al. Genetics of adaptation in modern chicken. PLoS Genet. 2019, 15,
€1007989. [CrossRef] [PubMed]

Scheideler, S.E.; Jaroni, D.; Puthpongsiripron, U. Strain, fiber source, and enzyme supplementation effects on
pullet growth, nutrient utilization, gut morphology, and subsequent layer performance. . Appl. Poult. Res.
1998, 7, 359-371. [CrossRef]

Narushin, V.G.; Takma, C. Sigmoid model for the evaluation of growth and production curves in laying hens.
Biosyst. Eng. 2003, 84, 343-348. [CrossRef]

Gous, RM.; Moran, E.T,, Jr,; Stilborn, H.R.; Bradford, G.D.; Emmans, G.C. Evaluation of the parameters
needed to describe the overall growth, the chemical growth, and the growth of feathers and breast muscles
of broilers. Poult. Sci. 1999, 78, 812-821. [CrossRef] [PubMed]

Lohmann Tierzucht Webpage. Available online: https://www.ltz.de/en/layers/cage-housing/lohmann-Isl-
classic.php (accessed on 7 March 2019).

Lohmann Tierzucht Webpage. Available online: https://www.ltz.de/en/layers/cage-housing/lohmann-brown-
classic.php (accessed on 7 March 2019).

Aviagen Webpage. Available online: http://eu.aviagen.com/assets/Tech_Center/Ross_Broiler/Ross-308-
Broiler-PO-2014-EN.pdf (accessed on 7 March 2019).

Spindler, B.; Clauf3, M.; Briese, A.; Hartung, J. Planimetrische Ermittlung des Mindestplatzbedarfs von
Junghennen. Berl. Miinch. Tierirztl. Wochenschr. 2013, 126, 156-162. [PubMed]

Giersberg, ML.F,; Kemper, N.; Hartung, J.; Schrader, L.; Spindler, B. Determination of body width in brown
and white layer pullets by image analyses. Br. Poult. Sci. 2017, 58, 230-235. [CrossRef] [PubMed]

Riddle, E.R.; Ali, A.B.; Campbell, D.L.; Siegford, ].M. Space use by 4 strains of laying hens to perch, wing
flap, dust bathe, stand and lie down. PLoS ONE 2018, 13, €0190532. [CrossRef]

Spindler, B.; Giersberg, M.E; Briese, A.; Kemper, N.; Hartung, J. Spatial requirements of poultry assessed by
using a colour-contrast method (KobaPlan). Br. Poult. Sci. 2016, 57, 23-33. [CrossRef]

Ellerbrock, S.; Knierim, U. Static space requirements of male meat turkeys. Vet. Rec. 2002, 151, 54-57.
[CrossRef]

Giersberg, M.E,; Hartung, ].; Kemper, N.; Spindler, B. Floor space covered by broiler chickens kept at stocking
densities according to Council Directive 2007/43/EC. Vet. Rec. 2016, 179, 124. [CrossRef] [PubMed]
Schrader, L.; Krause, E.T. Vorschlag fiir eine Regelung der Besatzdichte in der Aufzucht von Junghennen.
Empfehlungen des FLI. Greifswald—Insel Riems. Friedrich-Loeffler-Institut, 2018. Available online:
https://www.openagrar.de/receive/openagrar_mods_00040587 (accessed on 5 July 2018).

Carmichael, N.L.; Walker, W.; Hughes, B.O. Laying hens in large flocks in a perchery system: Influence of
stocking density on location, use of resources and behaviour. Br. Poult. Sci. 1999, 40, 165-176. [CrossRef]
[PubMed]


http://dx.doi.org/10.3382/ps.2008-00237
http://www.ncbi.nlm.nih.gov/pubmed/19151338
http://dx.doi.org/10.1399/eps.2015.89
http://dx.doi.org/10.1016/j.applanim.2010.11.017
http://dx.doi.org/10.1016/j.anbehav.2010.09.027
http://dx.doi.org/10.1016/j.applanim.2010.02.007
http://dx.doi.org/10.1111/j.2042-3306.1997.tb05067.x
http://dx.doi.org/10.3382/ps/pev015
http://www.ncbi.nlm.nih.gov/pubmed/25691756
http://dx.doi.org/10.1371/journal.pgen.1007989
http://www.ncbi.nlm.nih.gov/pubmed/31034467
http://dx.doi.org/10.1093/japr/7.4.359
http://dx.doi.org/10.1016/S1537-5110(02)00286-6
http://dx.doi.org/10.1093/ps/78.6.812
http://www.ncbi.nlm.nih.gov/pubmed/10438123
https://www.ltz.de/en/layers/cage-housing/lohmann-lsl-classic.php
https://www.ltz.de/en/layers/cage-housing/lohmann-lsl-classic.php
https://www.ltz.de/en/layers/cage-housing/lohmann-brown-classic.php
https://www.ltz.de/en/layers/cage-housing/lohmann-brown-classic.php
http://eu.aviagen.com/assets/Tech_Center/Ross_Broiler/Ross-308-Broiler-PO-2014-EN.pdf
http://eu.aviagen.com/assets/Tech_Center/Ross_Broiler/Ross-308-Broiler-PO-2014-EN.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23540199
http://dx.doi.org/10.1080/00071668.2017.1293230
http://www.ncbi.nlm.nih.gov/pubmed/28277793
http://dx.doi.org/10.1371/journal.pone.0190532
http://dx.doi.org/10.1080/00071668.2015.1127894
http://dx.doi.org/10.1136/vr.151.2.54
http://dx.doi.org/10.1136/vr.103563
http://www.ncbi.nlm.nih.gov/pubmed/27377394
https://www.openagrar.de/receive/openagrar_mods_00040587
http://dx.doi.org/10.1080/00071669987566
http://www.ncbi.nlm.nih.gov/pubmed/10465382

Animals 2019, 9, 348 11 of 11

31. McGlone, J.J.; Newby, B.E. Space requirements for finishing pigs in confinement: Behavior and performance
while group size and space vary. Appl. Anim. Behav. Sci. 1994, 39, 331-338. [CrossRef]

32. Ekkel, E.D.; Spoolder, H.A.; Hulsegge, 1.; Hopster, H. Lying characteristics as determinants for space
requirements in pigs. Appl. Anim. Behav. Sci. 2003, 80, 19-30. [CrossRef]

33. Gonyou, HW.; Brumm, M.C.; Bush, E.; Deen, ]J.; Edwards, S.A.; Fangman, T., McGlone, ].J.;
Meunier-Salaun, M.; Morrison, R.B.; Spoolder, H.; et al. Application of broken-line analysis to assess
floor space requirements of nursery and grower-finisher pigs expressed on an allometric basis. J. Anim. Sci.
2006, 84, 229-235. [CrossRef] [PubMed]

34. Fels, M.; Konen, K.; Hessel, E.; Kemper, N. Determination of static space occupied by individual weaner and
growing pigs using an image-based monitoring system. J. Agric. Sci. 2018, 156, 282-290. [CrossRef]

® © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1016/0168-1591(94)90166-X
http://dx.doi.org/10.1016/S0168-1591(02)00154-5
http://dx.doi.org/10.2527/2006.841229x
http://www.ncbi.nlm.nih.gov/pubmed/16361511
http://dx.doi.org/10.1017/S002185961800014X
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Exemplary Calculations for a Maximum Stocking Density for Layer Pullets 
	Discussion for Defining Legal Regulation at a European Level 
	Conclusions 
	References

