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Abstract

In Europe, conventional housing systems for finishing bulls (Bos taurus) tend to consist of group pens with a high stocking density. Up
until now there have been no regulations in place defining bulls’ space requirements, even although insufficient space allowance is
considered to impair animal welfare. Our study aimed to measure the surface area that finishing bulls occupy in standing and lying
positions.We observed 46 bulls on a German fattening farm.The animals from one pen were assigned to one of three weight classes
(W1:< 450 kg;W2: 450-649 kg;W3:2 650 kg), and two pens of each weight class were examined. For image recordings, a camera
trap was installed above the pens. To analyse the covered surface, the recorded images (n = 242) were edited. Furthermore, the
observed lying postures were differentiated in terms of lying position and stretched-out legs. On average, the areas covered by the
bulls increased with class of bodyweight. A finishing bull covered up to .21 m? in a standing position and up to 1.57 m? in a lying
position, the most space being needed in an outstretched position. The calculated values provide information only about the surface a
finishing bull covered in different positions in the pen. In practice, additional dynamic and social space must be taken into account for
recommendations on space requirements, in order to ensure adequate inter-individual distances, social interaction and characteristic

behaviours to improve animal welfare.
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Introduction

Housing on concrete slatted flooring with high stocking
densities is the most common method of keeping bulls
(Bos taurus) for fattening in Europe (Wechsler 2011).
However, these housing systems have major drawbacks in
terms of animal welfare (Park et al 2020).

One important factor is the impact of hard flooring on
animals’ physical health. Several studies have shown hard
surfaces to be the cause of increased occurrence of claw and
leg lesions (Schulze Westerrath et a/ 2007; Graunke et al
2011; Magrin et al 2019) and abnormal lying behaviour
(Gygax et al 2007a; Graunke et al 2011). The additional
limitations regarding space might exacerbate these negative
effects since insufficient space on a hard, uncomfortable
floor has been shown to increase the risk of bulls stepping
onto a lying pen-mate (Schrader ef al 2001). Such housing
conditions cause animals to be dirtier, thereby exposing
them to increased levels of discomfort and infection
(Bosilevac et al 2005; Gygax et al 2007b; Zerbe et al 2008),
not to mention stress (Gupta et al 2007).

Irrespective of the type of surface, lying behaviour is
fundamentally important to animal behaviour because

limitations in lying space can seriously impact various
parameters such as health and the ability to fulfil various
physical and social needs. Since bulls are forced to spend
increased time standing, pens that fail to also provide
sufficient lying space create an increased risk of lameness
(Fjeldaas et al 2007; Gygax et al 2007a; Graunke et al
2011). Furthermore, bulls have a tendency for abnormal
standing-up and lying-down movements (Gygax et al
2007a). Reduced space allowance was shown to curtail
daily lying times (Ruis-Heutinck et a/ 2000), and natural
behaviour impaired by restricted lying synchronisation
(Schrader 2007). A review of intensive beef production
found overall lying behaviour to be negatively affected by
decreased space allowance (Wechsler 2011) while a study
looking into the welfare and meat quality of beef cattle
found space restriction to increase conflicts between the
bulls, leading to more fights and mounting activities
(Gottardo et al 2003). Accordingly, Tessitore et al (2010)
reported decreased negative interactions such as displace-
ment or head-butts when space allowance was increased.

As regards the housing of finishing bulls in terms of
minimum space allowance and suitable floor quality,
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Table |

Number of evaluated images of lying and standing animals in each bodyweight class. The numbers in the round

brackets indicate the count of animals from which these images originated.

BWC Average age (months) Pen Animals in pen (n) Images lying (n) Images standing (n) Total
WI 10 A 8 14 (6) I (7) 25

B 8 29 (7) 15 (8) H“
W2 14 A 8 57 (8) 27 (8) 84

B 7 25 (5) 15 (7) 40
W3 I8 A 8 21 (6) 7 (6) 28

B 7 I (3) 10 (6) 21

Total 46 157 (35) 85 (42) 242

BWC: Bodyweight class (W1:< 450 kg; W2: 450-649 kg;W3: 2 650 kg);

recommendations are in place both from the Council of
Europe (European Council 1998) and the Scientific
Committee on Animal Health and Animal Welfare
(SCAHAW) (2001) assigned by the European Commission,
which are based on production experiments or common
practice. However, these recommendations are yet to be
included in European legislation. In Lower Saxony,
Germany, the Guideline for the Housing of Fattening Cattle
(LAVES 2018) demands, for the first time, that the lying
area should be large enough to enable all animals to lie
down simultaneously and on an appropriate surface
affording sufficient space. Intensive consultations between
veterinary authorities, agriculture and animal welfare repre-
sentatives lead the minimum space requirement for animals
weighing at least 650 kg to be set at 3.5 m? total area per
animal, including 2.5 m? of lying area per animal. However,
no legislation or EU standards dealing with space allowance
in housing systems for finishing bulls are in place. In the
US, the North American Meat Institute (NAMI) published
‘Recommended Animal Handling Guidelines and Audit
Guide’ with minimum space allowances for livestock
during transport and standards for holding pen stocking
capacity at slaughter facilities (Grandin & NAMI 2019).
Here, however, no legal requirements are in place either.

Additionally, to our knowledge, no scientific data are
available that exactly measure the static space in regard to
a finishing bull’s minimum space requirement both in a
standing and lying position relative to its physical dimen-
sions. A review of the spatial requirements of different
farm animals included an allometric method designed to
calculate the space required for individuals both standing
and lying (Petherick 2007). Previous studies had also
used biometric data on animals’ physical dimensions to
define space requirements in pens and on transportation
vehicles. A colour-contrast planimetric method deter-
mined the surface area covered by poultry (Spindler et al
2016; Giersberg et al 2017), rabbits (Giersberg et al 2015)
and pigs (Arndt ef al 2019) while calculations from direct
measurements of the animal and from digital images were

used in an Italian study estimating the space occupied by
finishing and heavy pigs (Pastorelli et a/ 2006). However,
such animal-specific measurements are yet to be carried
out on fattening bulls.

Public concern for the housing condition of pigs and poultry
tends not to be matched when it comes to finishing beef
cattle (Wechsler 2011). So, this study sought to draw more
attention to the welfare of finishing bulls by assessing the
absolute minimum surface area covered by a lying or
standing animal. Image analysis was used to investigate the
static space requirement of bulls during their fattening,
measuring the covered surface.

The aim being to improve bulls’ housing conditions via
provision of recommendations regarding space allowance.

Materials and methods

Study animals and housing

This study was conducted on 46 finishing bulls (Simmental
and German Holstein breeds) on a commercial fattening
farm in Lower Saxony, Germany which housed 250 bulls in
total. The Simmental bulls (n = 44) were purchased at eight
weeks of age from a variety of farms and fattened on-farm
until slaughtering (22 months). The German Holstein bulls
(n =2) were born on the farm as it kept ten dairy cows. The
animals were housed in groups of seven to eight (3.5—4.0 m?
per bull) in fully slatted pens (28.3 m?) with rubber mats
(Gummiwerk Kraiburg, Waldkraiburg, Germany) covering
the slats at the rear of the pen (16.5 m?). Once or twice daily
bulls were fed and water was made available ad libitum. For
investigation, bulls from one pen were assigned to one of
the three groups depending on their estimated bodyweight
(W1: <450 kg; W2: 450-649 kg; W3: > 650 kg) in accor-
dance with customary fattening phases in Lower Saxony,
Germany (Herzog et al 2019), and two pens of each weight
class were examined. The average age (in months) of the
animals at the time of observation in each pen is shown in
Table 1. Individual animals in the pen were identified by the
colour and patterns of their fur.

© 2021 Universities Federation for Animal Welfare

https://doi.org/10.7120/09627286.30.3.007 Published online by Cambridge University Press


https://doi.org/10.7120/09627286.30.3.007

Image recordings

For image recordings, a camera trap (SnapShot Mini 5.0
MP Model UV 555, Dérr GmbH, Neu-Ulm, Germany) was
installed above each pen (n = 6 pens) focusing primarily on
the part of the lying area at the rear of the compartment
covered in rubber mats. Cameras took a picture every
10 min, 24 h per day, over seven days and, overall,
1,008 pictures of each pen were taken. A structurally
identical pen not containing any animals had the same
camera in place and a 2 m?> wooden frame (2 x 1 m; length
x width) placed on the ground. This frame was also
recorded for the two examined body positions (lying and
standing) for each weight class. The height of the standard
frame was set to the levels (height from the ground) shown
in Table 2 representing the back height of the bulls and used
as a reference value. Thus, the area covered by the animals
and the reference surface from the standard frame both
represented the same distance from the camera.

After data acquisition, each image’s usability was assessed.
Only those images in which the entire animal was repre-
sented in a standing or lying position were used for further
processing. Overall, 242 images were evaluated which did
not originate from all animals in the pen (Table 1).

The observed lying positions were differentiated according
to Gygax et al (2007b) as shown in Figure 1(a)—(f).

Image analysis

To analyse the surface covered by bulls of differing weights,
the images were edited using the Image] programme
(Version 1.51q, NIH, Bethesda, Rockville, MD, USA).
First, the areas of the standard frames were measured,
counting the covered pixels and equated to 2 m?. Then, the
images from the bulls were edited using the freechand
selection tool marking the outline of the animals. Again, the
area was measured, and its content was calculated in
relation to the 2 m? of the respective standard frames. In
order to standardise the measurement method, each photo-
graph was edited three times, and the mean value of the area
calculated. These means were used for further analysis.

Statistical analysis

Statistical analyses were performed using the SAS
programme (Statistical Analysis Software 9.4, SAS Institute
Inc, Cary, NC, USA). To estimate inter-observer agreement,
ten randomly selected images from each bodyweight class
(five lying and five standing bulls) were examined by two
researchers (NV and SLR). Intra-observer reliability was
calculated by comparing the agreement between 30 pictures
evaluated thrice by one observer. Finally, to calculate intra-
and inter-observer agreement, Krippendorff’s o (KALPHA)
(Hayes & Krippendorff 2007) as the statistical measure of
reliability was used with the ‘macro’ developed by Hayes
(2020). The results were valued using the classification
proposed by Landis and Koch (1977) (< 0.00 = poor; 0.00—
0.20 = slight; 0.21-0.40 = fair; 0.41-0.60 = moderate; 0.61—
0.8 = substantial; 0.81-1.00 = almost perfect). Covered
surface measurements in a standing and lying position (all
postures) were analysed on a descriptive basis.
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Table 2 Adjusted height of the standard frame for each
bodyweight class for lying and standing position.

BWC Lying Standing
Wi 50 cm 120 cm
W2 80 cm 140 cm
W3 90 cm 150 cm

BWC: Bodyweight class (WIl: < 450 kg W2: 450-649 kg
W3: 2650 kg).

Results

The calculation of intra- and inter-observer agreement for
the measurements of the covered surface resulted in a
Krippendorff’s reliability of a = 0.99.

The overall covered surface increased with increasing body-
weight, and the animals required more static space in a lying
position than in a standing one. A finishing bull in a standing
position covered, on average, 0.73 m? in W1, 0.97 m? in W2
and 1.09 m? in bodyweight class W3. In a lying position the
animals required, on average, 1.12 m? (W1), 1.25 m? (W2)
and 1.39 m? (W3) static space (Table 3).

In analysing the covered surface measurements within the
different lying positions, the largest space was required for
an outstretched body posture (Figure 1[a]) in all bodyweight
classes. In this lying posture, the finishing bulls covered up
to 1.39 m? in bodyweight class W1, 1.54 m? in W2 and up
to 1.57 m? in W3. The least space was needed when the
bulls were lying on their belly with none of their legs
stretched out (Figure 1[f]) (W1 = 0.79 m?, W2 = 1.05 m?,
W3 =1.18 m?) (Table 4). The distribution of the static space
required in the different lying positions within the three
weight classes is shown in Figure 2.

Discussion

This study aimed to measure the minimum floor space
covered by finishing bulls depending on their supposed
bodyweight and body positions. Several studies have dealt
with the problem of housing fattening cattle under intensive
farming conditions and, thus, the space requirements of
finishing bulls (Gottardo et al 2003). Specific information
on the static space is demanded and, as a result, information
is needed on the space requirements of each finishing bull
(in m?) to ensure a standing or lying position.

The suitability of our chosen study method was deemed
acceptable due to the agreement between the two observers
(inter-rater reliability) as well as the intra-observer relia-
bility revealing near perfect agreement (both a = 0.99)
according to the classification values proposed by Landis
and Koch (1977). The image processing method with the
programme, ImagelJ was also used by Rodrigues dos Santos
et al (2017) to evaluate biometric data in equines, obtained
by the traditional method of body measurement. Moreover,
Campbell et al (2016) used Image] to measure animals’
body space as they sought to calculate the percentage of
litter floor space occupied by laying hens.
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Figure |

(b)

(d

A

Examples of different lying positions showing (a) lying on the side with both hind legs and at least one foreleg stretched out, (b) lying on
the belly with at least one foreleg and one hind leg stretched out, (c) lying on the belly with one foreleg but no hind leg stretched out,
(d) lying on the belly with one hind leg but no foreleg stretched out, (e) lying on the belly with two hind legs but no foreleg stretched

out and (f) lying on the belly with none of the legs stretched out.

Only one-quarter of the 1,008 images taken were evaluated,
since these were the only ones showing the animals in full.
While these pictures showing the middle of the pen
benefited from showing lying animals that were somewhat
isolated and not obscured by a pen-mate lying next to them,
not every bull per pen was represented for each standing and
each lying position as bulls generally avoid lying in the
centre of the pen (Siegwart et al 2005; Gygax et al 2007b).
This was most evident in bodyweight class W3, where only
six out of eight and three out of seven animals in a lying
position could be evaluated. Hence, we have to keep in
mind also that the different lying postures were not imaged
with the same frequency. For example, lying posture (c) in
class W1 and W3 could be evaluated only once; values
given therefore represent one animal solely. Thus, the
present study can thus make no reliable conclusions on
differences of the covered surface for the various lying
positions in between bodyweight classes, even if its an

interesting aspect. But for such conclusions the number of
evaluated images should be considerably larger and the
animals and groups imaged should be more uniform.

As expected, the measured covered surface increased with
increasing class of bodyweight. However, since the study
animals were weighed neither before nor during the fattening
period, their live-weights — and, by association, their body-
weight classes — were based only upon the farmer’s estima-
tion. Furthermore, the different heights of the standard
frame — and, thus, the represented back heights of the
bulls — were not measured exactly but were also an estima-
tion. That said, the standing height corresponds approximately
with information on breed characteristics of Simmentals
(Porter et al 2016) and the lying height was closely correlated
with the dimensions of the partitions between cubicles in dairy
cattle housings (Veissier et al 2004).

In practice, finishing bulls are kept in one single pen in
small groups that remain stable throughout the entire
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Table 3 Results of image analyses with covered surface measurements in a standing and lying position (all postures).

BWC Position N Mean (% SD) (m?) Minimum (m?) Maximum (m?)
WI Standing 27 0.73 (+ 0.09) 0.87 0.58
Lying 43 1.12 (£ 0.14) 1.39 0.79
W2 Standing 42 0.97 (% 0.06) 1.12 0.83
Lying 82 1.25 (£ 0.11) 1.54 1.05
W3 Standing 17 1.09 (+ 0.07) 1.21 0.98
Lying 33 1.39 (= 0.11) 1.57 1.18

BWC: Bodyweight class (W1:< 450 kg;W2:450-649 kg;W3: 2 650 kg);

Table 4 Values (m?) for the different lying positions within the three bodyweight classes.

Wi w2 w3

LP N Min Max Mean (X SD) N Min Max Mean (£ SD) N Min Max Mean (£ SD)
a 7 1.25 1.39 1.30 (£ 0.07) 3I 1.10 1.54 .33 (£0.10) 6 1.36 1.57 1.48 (+ 0.09)
b 7 0.95 1.32 .18 (£ 0.11) 9 .17 1.35 .25 (£ 0.05) 3 1.38 1.47 |.44 (+ 0.05)
c | 1.19 1.19 1.19 3 1.06 1.30 .17 (£ 0.12) | 1.20 1.20 1.20

d 2 0.89 1.02 0.96 (+ 0.09) 7 1.06 1.24 [.15(£0.07) 7 1.25 1.51 1.37 (£ 0.09)
e 13 0.93 1.26 1.07 (£ 0.11) 12 1.12 1.42 .24 (£ 0.09) 7 1.31 1.54 1.42 (£ 0.08)
f 13 0.79 1.19 1.06 (£ 0.11) 20 1.05 1.26 [.16 (£ 0.06) 9 1.18 1.53 1.32 (£ 0.12)

LP: Lying posture, W : < 450 kg, W2: 450-649 kg, W3: = 650 kg;

fattening period. This would imply more space for animals
at the start and in the middle of the fattening period
(<650 kg) with space limitations becoming more
pronounced during the final period of fattening (> 650 kg)
(Herzog et al 2019). For 500 kg animals in the final
fattening period, the Scientific Committee on Animal
Health and Animal Welfare recommend a minimum space
allowance of 3.0 m? for each bull plus 0.5 m? for each addi-
tional 100 kg of bodyweight (SCAHAW 2001). There are
general requirements for new buildings and conversions set
out in the ‘Animal Welfare Guidelines for Animal
Husbandry of Fattening Bulls and Suckler Cows in Lower
Saxony (Germany)’ whereby a bull in the final period of
fattening (> 650 kg) should have at least 2.5 m? (per animal)
of the total space in the pen set aside as a soft and
deformable lying area (Herzog et al 2019). Considering the
static space requirement calculated in this study, a bull
would cover approximately 56% (1.39 m? of 2.5 m?) of this
lying area which, according to the guideline, should be
available to a finishing bull in the final fattening period.
Thus, the animal would have an additional 1.11 m? on the
lying surface to maintain, for example, inter-individual
distances and species-characteristic movements, such as
head lunges. Depending on the animal’s lying posture, this
space may even reduce in size since a finishing bull lying in
an outstretched position (Figure 1[a]) would cover 1.57 m?,
leaving only 0.93 m? additional surface area.

Since cattle are naturally gregarious animals, they generally
show synchronised behaviour and tend to eat and lie at the
same time, if they have the space and opportunity to do so
(Phillips 2002; Winckler 2009; Schneider et a/ 2020). Not
only sufficient space should be provided for the bulls to rest
comfortably, but also to access resources asynchronously, ie
animals should have the space for a usable path to feed while
all the other animals in the pen keep on lying. In the present
study, finishing bulls were housed in pens (28.3 m?) with a
rubber-coated area of 16.5 m?. If we were to consider such a
pen housing eight fattening bulls, weighing at least 650 kg
and, therefore, requiring an average space of 1.39 m? each in
a lying position, together the animals would take up 11.1 m?.
If all eight bulls in a pen chose to lie in an outstretched
position, thereby covering 1.57 m? each, the collective
required space would be around 12.6 m? leaving 3.9 m?
available. Thus, in a purely mathematical sense, the lying
area would be sufficient for lying simultaneously and there
would even be additional free space available on the rubber-
coated area. But, again, we must bear in mind, that bulls
have preferred lying areas so even though the lying area
provides sufficient space for all animals to lie down simulta-
neously, there may be intense competition for specific areas
linked to important resources (Gygax et al 2007b).

Furthermore, the lying area that is provided would appear

insufficient to allow, for example, appropriate distances to
be maintained. Ekesbo and Gunnarsson (2018) found adult
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Figure 2
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Scatterplot showing the covered surface measured in the different lying positions within the three bodyweight classes (W 1: < 450 kg,W2:

450-649 kg, W3: 2 650 kg). For positions (a)—(f), see Figure I.

cattle on pasture to be keen to preserve inter-individual
distance and would not rest very close to one another.
Given a choice, cattle would appear to favour keeping 2—
3 m apart when lying (Broom & Fraser 2007). Such a
distance was not possible for the bulls in the present study,
as there was an average of 3.54 m? for each of the eight
W3-animals in the whole pen (28.3 m?), and 2.06 m? for
each at the lying area with rubber-coated slats. The study
of Gygax et al (2007b) showed that the distance to their
nearest neighbour finishing bulls choose, increases expo-
nentially with increasing space allowance in the pen. They
recommend an area higher than 4.0 m? per animal to
account for this welfare parameter. Presumably, the 2.5 m?
lying area recommended in the ‘Animal Welfare Guideline
for Animal Husbandry of Fattening Bulls and Suckler
Cows in Lower Saxony (Germany)’ can be considered as
far too little space, in regard to animal welfare.

Furthermore, cattle require space to perform their character-
istic lying-down and getting-up movements, as their centre
of gravity has to shift dynamically, although the actual
extent of this space varies between studies. Faull et a/
(1996) reported 0.60 m, Schrader (2007) 0.70-1.0 m, and
Boxberger (1982) noted 1.30-1.50 m was necessary for
dairy cows to carry out their typical head lunge at rising.
Ceballos et al (2004) used kinematic techniques to provide
accurate measures of mature Holstein cows’ space require-
ments when executing their lying-down movement. They
found this large dairy breed to require up to 3.0 m of longi-

tudinal space when lying down. Therefore, designing
compartment partitions, even for beef cattle, needs to addi-
tionally take these displacement measures into account.

For housing finishing bulls, it is also crucial to factor in
their social interactions as a natural behaviour when calcu-
lating additional space requirements, eg during fighting
protagonists must have the opportunity to be able to escape
from a rival (Petherick 2007). Further social interactions
occur in groups of finishing bulls when animals enter
puberty during the fattening period (Byrne et al 2018).
Therefore, the aggressive behaviour of these adult males,
which has evolved in relation to dominance formation and
access to resources, also increases (Tennessen et al 1985).
As previous studies have shown that increased space
allowance leads to a decrease in conflicts and an increase in
positive interactions, additional space should also be set
aside for those social space requirements (Fisher et al 1997;
Gottardo et al 2003; Tessitore et al 2010).

To summarise, our data would suggest the need for further
studies to be carried out into the space requirements of
finishing bulls to enable characteristic behaviours (lying-
down/standing-up) to be carried out and for social interac-
tions and maintenance of inter-individual distance. Finally,
due to the fact, that cattle weight and body size have
increased considerably during the last two decades (for
steers and heifers, see Kline er a/ 2019 and for dairy cows,
see Dirksen et al 2020), it is recommended that space
requirements are reviewed regularly in the future.
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Animal welfare implications and conclusion

This study measured the static space required by finishing
bulls of different weight classes during various standing and
lying positions, in order to demonstrate and evaluate the
actual available space in lying areas for each animal, on-
farm. The results showed that a finishing bull covered up to
1.21 m? in a standing position and up to 1.57 m? when lying.
However, additional dynamic and social space must also be
taken into account to improve natural behaviour in respect
to the lying behaviour of fattening bulls.

Moving forward, a crucial step would be to enact legislation
standardising the housing conditions of fattening cattle. This
must legislate a minimum space allowance per animal in the
pen as well as a minimum lying area with good floor quality.
This would be essential in helping improve the welfare of the
intensive beef production systems that are in use.

Acknowledgements

The authors wish to thank the participating farm staff for
their kind assistance. Special thanks also go to our former
colleague, Harald Ulbrich for technical support.

References

Arndt H,Volkmann N, Spindler B, Hartung ] and Kemper
N 2019 Do pigs have adequate space in animal transportation
vehicles>—Planimetric measurement of the floor area covered by
finishing pigs in various body positions. Frontiers in Veterinary Science
5:330. https://doi.org/10.3389/fvets.2018.00330

Bosilevac JM, Nou X, Osborn MS, Allen DM and
Koohmaraie M 2005 Development and evaluation of an online
hide decontamination procedure for use in a commercial beef
processing plant. Journal of Food Protection 68(2): 265-272.
https://doi.org/10.4315/0362-028X-68.2.265

Boxberger ] 1982 Wichtige Verhaltensparameter von Kiihen als
Grundlage zur Verbesserung der Haltungseinrichtung. Habil:
Weihenstephan, Freising, Germany. [Title translation: Important
behavioural parameters of cows as a basis for improving the
housing system]

Broom D and Fraser F 2007 Domestic Animal Behaviour and
Welfare. Fourth Edition. CABI: Wallingford, Oxon, UK.
https://doi.org/10.1079/9781845932879.0000

Byrne CJ, Fair S, English AM, Urh C, Sauerwein H, Crowe
MA, Lonergan P and Kenny DA 2018 Plane of nutrition before
and after 6 months of age in Holstein-Friesian bulls II: Effects on
metabolic and reproductive endocrinology and identification of phys-
iological markers of puberty and sexual maturation. Journal of Dairy
Science 101(4): 3460-3475. https://doi.org/10.3168/jds.2017-13720
Campbell DLM, Makagon MM, Swanson JC and Siegford
JM 2016 Litter use by laying hens in a commercial aviary: dust
bathing and piling.  Poultry 95(1):  164-175.
https://doi.org/10.3382/ps/pev 83

Ceballos A, Sanderson D, Rushen D and Weary DM 2004
Improving stall design: Use of 3-D kinematics to measure space

Science

use by dairy cows when lying down. Journal of Dairy Science 87(7):
2042-2050. https://doi.org/10.3168/jds.S0022-0302(04)70022-3

Static space requirements of finishing bulls 313

Dirksen N, Gygax L, Traulsen I, Wechsler B and Burla JB
2020 Body size in relation to cubicle dimensions affects lying
behavior and joint lesions in dairy cows. Journal of Dairy Science
103(10): 9407-9417. https://doi.org/10.3168/jds.2019-16464
Ekesbo | and Gunnarsson S 2018 Farm Animal Behaviour:
Characteristics for Assessment of Health and Welfare, Second Edition.
CABI Wallingford Oxfordshire UK.
https://doi.org/10.1079/9781786391391.0000

European Council 1998 Council Directive 98/58/EC of 20 July
1998 concerning the protection of animals kept for farming pur-
pose. Offical Journal L221:23-27

Faull WB, Hughes JW, Clarkson M), Downham DY, Manson
F), Merritt JB, Murray RD, Russell WB, Sutherst JE and
Ward WR 1996 Epidemiology of lameness in dairy cattle: the
influence of cubicles and indoor and outdoor walking surfaces. The
Veterinary Record 139(6): 130-136.
https://doi.org/10.1136/vr.139.6.130

Fisher AD, Crowe MA, Prendiville DJ and Enright W] 1997
Indoor space allowance: effects on growth, behaviour, adrenal and
immune responses of finishing beef heifers. Animal Science 64(1):
53-62. https://doi.org/10.1017/S135772980001554X

Fjeldaas T, Nafstad O, Fredriksen B, Ringdal G and
Sogstad A 2007 Claw and limb disorders in 12 Norwegian beef-
cow herds. Acta \Veterinaria  Scandinavica 49: 24.
https://doi.org/10.1186/1751-0147-49-24

Giersberg MF, Kemper N and Fels M 2015 Planimetric mea-
surement of floor space covered by fattening rabbits and breeding
does in different body positions and weight classes. Livestock
Science 177: 142-150. https://doi.org/10.1016/j.livsci.2015.04.010
Giersberg MF, Kemper N, Hartung }, Schrader L and
Spindler B 2017 Determination of body width in brown and
white layer pullets by image analyses. British Poultry Science 58(3):
230-235. https://doi.org/10.1080/00071668.2017.1293230
Gottardo F, Ricc R, Fregolent G, Ravarotto L and Cozzi G
2003 Welfare and meat quality of beef cattle housed on two types
of floors with the same space allowance. Italian Journal of Animal
Science 2(S1): 243-253. https://doi.org/10.408 1/ijas.2003.243
Grandin T and North American Meat Institute (NAMI)
2019 Recommended animal handling guidelines and audit guide:A sys-
tematic approach to animal welfare. NAMI:Washington, DC, USA
Graunke K, Telezhenko E, Hessle A, Bergsten C and
Loberg ] 2011 Does rubber flooring improve welfare and pro-
duction in growing bulls in fully slatted floor pens? Animal Welfare
20: 173-183

Gupta S, Earley B and Crowe MA 2007 Pituitary, adrenal,
immune and performance responses of mature Holstein X
Friesian bulls housed on slatted floors at various space allowances.
The Veterinary Journal 173(3): 594-604.
https://doi.org/10.1016/j.tvjl.2006.02.01 |

Gygax L, Mayer C,Westerath HS, Friedli K and Wechsler
B 2007a On-farm assessment of the lying behaviour of finishing
bulls kept in housing systems with different floor qualities. Animal
Welfare 16(2): 205-208

Gygax L, Siegwart R and Wechsler B 2007b Effects of space
allowance on the behaviour and cleanliness of finishing bulls kept in
pens with fully slatted rubber coated flooring. Applied Animal Behaviour
Science 107(1-2): 1-12. https://doi.org/10.1016/j.applanim.2006.09.01 |

https://doi.org/10.7120/09627286.30.3.007 Published online by Cambridge University Press

Animal Welfare 2021, 30: 307-314
doi: 10.7120/09627286.30.3.007


https://doi.org/10.7120/09627286.30.3.007

314 Volkmann et al

Hayes AF 2020 SPSS, SAS, And Mplus Macros and Code.
http://www.afhayes.com/spss-sas-and-mplus-macros-and-code.html

Hayes AF and Krippendorff K 2007 Answering the call for a
standard reliability measure for coding data. Communication

Methods and Measures I(1): 77-89.
https://doi.org/10.1080/19312450709336664

Herzog K, Boyens B and Petermann S 2019
Niedersachsische Tierschutzleitlinie fiir die Mastrinderhaltung. Ber!
Miinch  Tierdrztl ~ Wochenschr 132(11-12):  497-503.
https://doi.org/10.2376/0005-9366-18093. [Title translation:

Animals welfare guideline for animal husbandry of fattening bulls
and suckler cows in Lower Saxony]

Kline HC, Edwards-Callaway LN and Grandin T 2019 Field
observation: Pen stocking capacities for overnight lairage of finished
steers and heifers at a commercial slaughter facility. Applied Animal
Science 35(1): 130-133. https://doi.org/10.15232/aas.2018-01799
Landis JR and Koch GG 1977 The measurement of observer
agreement for categorical data. Biometrics 33(1): 159-174.
https://doi.org/10.2307/2529310

LAVES 2018 Tierschutzleitlinie fiir die Mastrinderhaltung. Lower
Saxony State Office for Consumer Protection and Food Safety.
https://www.laves.niedersachsen.de/download/ 139604/ Tierschutzl
eitlinie_fuer_die_Mastrinderhaltung.pdf. [Title translation: Animal
welfare guidelines for animal husbandry of fattening bulls]
Magrin L, Gottardo F, Contiero B, Brscic M and Cozzi G
2019 Time of occurrence and prevalence of severe lameness in
fattening Charolais bulls: Impact of type of floor and space
allowance within type of floor. Livestock Science 221: 86-88.
https://doi.org/10.1016/j.livsci.2019.01.021

Park RM, Foster M and Daigle CL 2020 A scoping review: The
impact of housing systems and environmental features on beef cattle
welfare. Animals 10(4): 565. https://doi.org/10.3390/ani| 0040565
Pastorelli G, Musella M, Zaninelli M, Tangorra F and
Corino C 2006 Static spatial requirements of growing-finishing
and heavy pigs. Livestock Science [05(1-3): 260-264.
https://doi.org/10.1016/j.livsci.2006.05.022

Petherick JC 2007 Spatial requirements of animals: Allometry
and beyond. Journal of Veterinary Behavior 2(6): 197-204.
https://doi.org/10.1016/j.jveb.2007.10.001

Phillips C 2002 Cattle Behaviour and Welfare. Blackwell Science
Ltd: Oxford, UK. https://doi.org/10.1002/9780470752418
Porter V, Alderson L, Hall SJG and Sponenberg DP 2016
Mason’s World Encyclopedia of Livestock Breeds and Breeding, Volume 2.
CABI: Oxfordshire, UK. https://doi.org/10.1079/9781845934668.0000
Rodrigues dos Santos M, Freiberger G, Bottin F, Chiocca
M, Zampar A and de Cérdova Cucco D 2017 Evaluation of
methodologies for equine biometry. Livestock Science 206: 24-27.
https://doi.org/10.1016/j.livsci.2017.10.009

Ruis-Heutinck LFM, Smits MC), Smits AC and Heeres }J
2000 Effect of floor and floor area on behaviour and carpal joint
lesions in beef bulls. In: Blokhuis HJ, Ekkel ED and Wechsler B (eds)
Improving Health and Welfare in Animal Production, EAAP Publication
No 102 pp 29-36.Wageningen Pers:VWageningen, The Netherlands

SCAHAW 2001 The Welfare of Cattle kept for Beef Production.
Scientific Committee on Animal Health and Animal Welfare.
European Commission, Health & Consumer Protection
Directorate-General. https://core.ac.uk/reader/10919221
Schneider L,Volkmann N, Spindler B and Kemper N 2020
Large group housing systems in fattening bulls. Comparison of
behavior and performance. Frontiers of Veterinary Science 7: 1064.
https://doi.org/10.3389/fvets.2020.543335

Schrader L 2007 Verhalten und Tierhaltung. In: Brade W and
Flachowsky G (eds) Rinderzucht und Rindfleischerzeugung -
Empfehlungen fiir die Praxis. Landbauforschung Volkenrode - FAL
Agricultural Research: Braunschweig, Germany. [Title translation:
Behaviour and livestock farming]

Schrader L, Roth HR, Winterling C, Brodmann N,
Langhans W, Geyer H and Graf B 2001 The occurrence of tail
tip alterations in fattening bulls kept under different husbandry
conditions. Animal Welfare 10(2): 119-130

Schulze Westerath H, Gygax L, Mayer C and Wechsler B
2007 Leg lesions and cleanliness of finishing bulls kept in housing
systems with different lying area surfaces. The Veterinary Journal
174(1): 77-85. https://doi.org/10.1016/j.tvjl.2006.05.010

Siegwart R, Gygax L and Wechsler B 2005 Wird das
Wohlbefinden von Mastbullen auf gummierten Spaltenboden mit
vergrossertem Platzangebot erhoht? KTBL-Schrift 441:76-85. [Title
translation: Does increased space allowance enhance animal wel-
fare in finishing bulls kept on rubber coated slatted floors?]
Spindler B, Giersberg MF, Briese A, Kemper N and
Hartung ] 2016 Spatial requirements of poultry assessed by using
a colour-contrast method (KobaPlan). British Poultry Science 57(1):
23-33. https://doi.org/10.1080/00071668.2015.1 127894
Tennessen T, Price MA and Berg RT 1985 The social interac-
tions of young bulls and steers after re-grouping. Applied Animal
Behaviour Science 14(1): 37-47. https://doi.org/10.1016/0168-
1591(85)90036-X

Tessitore E, Brscic M, Aziza B, Prevedello P and Giulio C
2010 Effects of pen floor and class of live weight on behavioural
and clinical parameters of beef cattle. Italian Journal of Animal
Science 8(52): 190-192. https://doi.org/10.408 | /ijas.2009.5s2.658
Veissier |, Capdeville ] and Delval E 2004 Cubicle housing
systems for cattle: Comfort of dairy cows depends on cubicle
adjustment. Journal of Animal Science 82(11): 3321-3337.
https://doi.org/10.2527/2004.821 1332 1x

Wechsler B 201 | Floor quality and space allowance in intensive
beef production: A review. Animal Welfare 20: 497-503

Winckler C 2009 Verhalten der Rinder. In: Hoy S (ed)
Nutztierethologie pp 78-103. Verlag Eugen Ulmer: Stuttgart,
Germany. [Title translation: Cattle behaviour]

Zerbe F, Niemann G and Scheithauer E 2008
Mastbullenhaltung - Alternativen in der Spaltenbodenhaltung.
Deutsche Tierdrztliche Wochenschrift 115:118-122. [Title translation:
Fattening bulls: alternative housing on slatted floors]

© 2021 Universities Federation for Animal Welfare

https://doi.org/10.7120/09627286.30.3.007 Published online by Cambridge University Press


https://doi.org/10.7120/09627286.30.3.007

