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SUMMARY 

Laura Schneider: 

Investigations on the behavior of fattening cattle in intensive housing systems 

Despite the huge number of fattening bulls housed in Germany and the rest of Europe, 

and the importance of the beef industry for the agricultural sector, there are no 

European standards dealing with detailed housing conditions of fattening bulls. This 

situation is intensified by a lack of scientific studies on various aspects related to the 

housing of fattening cattle. This thesis provides new insights into the behavior of 

fattening cattle in intensive housing environments, concentrating on several aspects of 

housing fattening bulls that were hardly or not at all analyzed in previous scientific 

studies. 

The main focus of the thesis was the analysis of behavior and performance of fattening 

bulls housed in different group sizes of 16, 22 and 33 animals. International housing 

recommendations limit the maximum group size for fattening bulls to 12 to 20 animals. 

However, there is no scientific evidence supporting those recommendations up to now. 

The results of the study underlying this thesis indicate large group systems of 22 and 

33 animals to be suitable for the housing of fattening cattle. This was indicated by 

increasingly synchronized lying behavior, higher lying durations and more undisturbed 

feeding and lying behavior with increments of group size. Furthermore, mean and 

maximum percentages of animals participating simultaneously in interactions did not 

increase with group size. These results neither provide scientific evidence for the 

common argument of an increased level of aggression with increments of group size 

nor for the existing housing recommendations for fattening bulls.  

A second aim of this thesis was to analyze the behavior of fattening bulls fed with an 

automatic feeding system (AFS) at a high feeding frequency of six feed deliveries per 

day. Such feeding systems offer multiple advantages. They are gaining more and more 

importance in dairy farming, but there is still a lack of scientific knowledge on their use 

in fattening cattle. The feeding activity of the bulls in the study was widely spread out 

over the course of the day. The bulls clearly preferred feeding alone or in very small 

groups and there were no obvious peaks in feeding activity after feed delivery. The 

order in which the bulls fed after feed delivery varied, indicating that all animals had 

similar access to fresh feed. These results emphasize how important constant feed 
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availability and quality are at any time of the day. A high feeding frequency of six 

feedings per day seems to ensure such a consistency. 

Both studies revealed possible means for increasing animal welfare in fattening bulls 

under intensive housing conditions. Therefore, current housing recommendations 

should be revised, considering large group systems as well as high feeding frequencies 

as such means. In addition, the lying behavior in both studies was highly synchronized, 

emphasizing the importance of synchronous lying in fattening bulls. This confirms the 

request that the space allowance in fattening bulls should permit simultaneous lying of 

all animals per pen.  

Finally, the occurrence of oral stereotypies was analyzed within this thesis. All existing 

studies on oral stereotypies in adult fattening cattle date back several decades. 

However, the study underlying this thesis revealed a very high prevalence of oral 

stereotypies in fattening cattle, being observed at least once in 234 of 243 animals. 

Average numbers of stereotypies per animal and hour ranged from 0.2 to 0.9. As the 

occurrence of stereotypies is a possible indicator of restrictions in animal welfare, these 

results underline the need for studies analyzing the cause of stereotypies as a 

precondition for reducing their occurrence. Further studies are also required in order 

to determine optimum and maximum group sizes, to further analyze the effects of 

feeding frequency on behavior and performance of fattening cattle, and to detect the 

space requirements of fattening bulls when lying down. 

In conclusion, this thesis provides important and novel information on the behavior of 

fattening bulls in intensive housing environments. Many results emphasize an urgent 

need for further studies. Moreover, the thesis indicates the need for a revision of 

current housing systems as well as a general European legislation concerned with the 

housing of fattening cattle. 
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ZUSAMMENFASSUNG 

Laura Schneider:  

Erhebungen zum Verhalten von Mastbullen unter intensiven 

Haltungsbedingungen  

Trotz der hohen Anzahl an deutschland- und europaweit gehaltenen Mastbullen und 

trotz des bedeutenden Anteils der Rindfleischproduktion an der landwirtschaftlichen 

Gesamtproduktion existiert derzeit keine europaweite gesetzliche Grundlage zu 

detaillierten Haltungsbedingungen von Mastbullen. Verschärft wird die Situation durch 

einen Mangel wissenschaftlicher Erkenntnisse zu verschiedenen Aspekten der Mast-

bullenhaltung. Die vorliegende Arbeit behandelt einige dieser Aspekte, die bisher kaum 

oder noch gar nicht wissenschaftlich untersucht wurden und vermittelt damit neue 

Einblicke in das Verhalten von Mastrindern unter intensiven Haltungsbedingungen. 

Hauptanliegen der Arbeit war die Untersuchung von Verhalten und Wachstum von 

Mastbullen bei Haltung in verschiedenen Gruppengrößen von 16, 22 und 33 Tieren. 

Internationale Haltungsempfehlungen begrenzen die Gruppengröße für Mastbullen auf 

zwölf bis 20 Tiere. Allerdings liegen bisher keine wissenschaftlichen Erklärungen für 

diese Empfehlungen vor. Die Ergebnisse der in dieser Arbeit enthaltenen Studie 

deuten an, dass Großgruppenhaltungssysteme mit 22 und 33 Tieren für die Mast-

bullenhaltung geeignet sind und sich möglicherweise sogar positiv auf das Tierwohl 

auswirken. Darauf weisen eine zunehmende Synchronisierung des Liegeverhaltens, 

längere Liegezeiten sowie ungestörteres Liege- und Fressverhalten mit zunehmender 

Gruppengröße hin. Außerdem stiegen die Anteile der durchschnittlich und maximal 

zeitgleich an Interaktionen beteiligten Tiere nicht mit zunehmender Gruppengröße an. 

Damit bieten die Ergebnisse der Studie weder eine wissenschaftliche Erklärung für das 

weit verbreitete Argument eines vermehrten Auftretens von Aggressionen mit 

zunehmender Gruppengröße noch unterstützen sie die derzeitigen Haltungs-

empfehlungen zur Gruppengröße in der Mastrinderhaltung. 

Ein weiteres Ziel dieser Arbeit war die Untersuchung des Verhaltens von Mastbullen 

bei sechsmal täglicher Fütterung mit einem automatischen Fütterungssystem (AFS). 

Derartige Fütterungssysteme bieten eine Vielzahl von Vorteilen. In der Milchvieh-

haltung gewinnen sie zunehmend an Bedeutung, aber bezüglich ihres Einsatzes in der 

Mastrinderhaltung besteht derzeit ein Mangel an wissenschaftlichen Ergebnissen. Die 
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Fressaktivität der Bullen in der vorliegenden Studie war weit über den Tagesverlauf 

verbreitet. Die Bullen zeigten eine deutliche Präferenz für das Fressen allein oder in 

kleinen Gruppen und es waren keine Peaks in der Fressaktivität nach der Futtervorlage 

erkennbar. Die Reihenfolge fressender Tiere nach der Futtervorlage variierte. 

Demnach hatten alle Tiere vergleichbaren Zugang zu frischem Futter. Diese 

Ergebnisse unterstreichen die Bedeutung konstanter Futterverfügbarkeit und -qualität 

im gesamten Tagesverlauf und deuten darauf hin, dass eine hohe Fütterungsfrequenz 

von sechs Futtervorlagen pro Tag eine derartige Kontinuität gewährleisten kann. 

Beide Studien weisen auf mögliche Maßnahmen zur Tierwohlsteigerung in der 

intensiven Mastrinderhaltung hin. Daher sollten die derzeitigen Haltungs-

empfehlungen, unter Berücksichtigung von Großgruppenhaltungssystemen und 

hohen Fütterungsfrequenzen als derartige Maßnahmen, überarbeitet werden. Des 

Weiteren wurde in beiden Studien ein stark synchronisiertes Liegeverhalten der 

Mastbullen beobachtet. Dies unterstreicht dessen hohe Bedeutung und bestätigt die 

Forderung nach einem Platzangebot, das das zeitgleiche Liegen aller Tiere ermöglicht. 

Zuletzt wurde im Rahmen der vorliegenden Arbeit das Auftreten oraler Stereotypien 

bei Mastbullen untersucht. Alle bisher existierenden Studien zu Stereotypien bei 

adulten Bullen sind bereits mehrere Dekaden alt. In der vorliegenden Studie wurde 

eine hohe Prävalenz oraler Stereotypien bei Mastbullen nachgewiesen. Bei 234 von 

243 Tieren wurden sie mindestens einmal beobachtet und pro Tier und Stunde wurden 

im Durchschnitt zwischen 0,2 und 0,9 Stereotypien erfasst. Da das Auftreten von 

Stereotypien ein Indikator für Einschränkungen des Tierwohls sein kann, unter-

streichen die Ergebnisse die Notwendigkeit weiterer Studien, um die Ursachen von 

Stereotypien zu analysieren und deren Auftreten zu reduzieren. Zudem sind weitere 

Untersuchungen erforderlich, um optimale und maximale Gruppengrößen für 

Mastrinder zu bestimmen und den Einfluss der Fütterungsfrequenz auf Verhalten und 

Wachstum sowie die Platzansprüche der Tiere beim Liegen näher zu analysieren. 

Insgesamt beinhaltet die vorliegende Arbeit wichtige und neue Erkenntnisse zum 

Verhalten von Mastbullen unter intensiven Haltungsbedingungen. Einige Ergebnisse 

unterstreichen die dringende Notwendigkeit weiterer wissenschaftlicher Studien. Des 

Weiteren deuten die Ergebnisse darauf hin, dass derzeitige Haltungssysteme in der 

Mastrinderhaltung kritisch überdacht und eine europaweite Gesetzesgrundlage mit 

detaillierten Angaben zur Mastrinderhaltung geschaffen werden sollten. 
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CHAPTER 1: GENERAL INTRODUCTION 

In 2018, there were 7.88 million bulls aged over one year kept in Europe, more than 

one million of them being housed in Germany (EUROSTAT 2019). The number of 

fattening bulls between the ages of more than eight months and two years in Germany 

even reached 1.42 million (DESTATIS 2019). In 2017, almost half of the European beef 

production came from three member states (EUROSTAT 2018). Besides France and the 

UK, Germany was among these, producing 15.8% of all European beef (EUROSTAT 

2018). Despite this huge number of animals and the importance of the beef industry 

for the agricultural sector, there is no detailed general legislation in force concerned 

with the housing of fattening cattle neither in Germany nor in Europe as a whole. The 

Council of Europe Convention on the Protection of Animals Kept for Farming Purposes 

includes recommendations concerning cattle (COUNCIL OF EUROPE 1988). However, its 

provisions concerning the housing of fattening cattle are rather vague, especially with 

regards to space allowance, flooring and feeding. Furthermore, several studies as well 

as scientific opinions requested by the European Commission question whether these 

recommendations are sufficient for ensuring animal welfare in fattening cattle 

(INGVARTSEN & ANDERSEN 1993; SCIENTIFIC COMMITEE ON ANIMAL HEALTH AND ANIMAL 

WELFARE (SCAHAW) 2001; GOTTARDO et al. 2004; GYGAX et al. 2007b; EFSA 

(EUROPEAN FOOD SAFETY AUTHORITY) PANEL ON ANIMAL HEALTH AND WELFARE 2012).  

Meanwhile, some countries and states have developed stricter regulations, going 

beyond the European recommendations, e.g. Lower Saxony (Germany) with its 

Guideline for the Housing of Fattening Cattle published in 2018 (MINISTRY FOR FOOD, 

AGRICULTURE AND CONSUMER PROTECTION OF LOWER SAXONY). However, there is still a 

lack of European standards dealing with detailed housing conditions of fattening cattle.

The situation is intensified by a lack of scientific studies on various aspects regarding 

the housing of fattening cattle. For instance, there is no literature at all on the effect of 

group size in fattening cattle. This deficiency was already mentioned in the report by 

SCAHAW (2001), but has not changed until today. Furthermore, none of the existing 

studies on fattening cattle analyzed lying synchrony, although this is an important and 

common indicator of cattle welfare (FREGONESI & LEAVER 2001; NAPOLITANO et al. 

2009). According to the EFSA PANEL ON ANIMAL HEALTH AND ANIMAL WELFARE (2012), 

we also lack studies on the current incidence and prevalence of oral stereotypies in 

fattening cattle. However, studies published several decades ago describe a high 
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prevalence of stereotypies in fattening cattle and the occurrence of stereotypies may 

indicate restrictions in animal welfare (BERGERON et al. 2006). In addition, the common 

practice of feeding fattening bulls twice or even only once a day or the effect of feeding 

frequency on the animals’ behavior was never analyzed scientifically. 

This thesis aims to fill at least some of the various gaps in scientific knowledge 

regarding fattening cattle in intensive housing systems. The questions to be dealt with 

and their background are introduced in this chapter, following an overview of the 

current housing situation of fattening cattle in Europe, and in particular in Germany. 

1.1 Current housing situation of fattening cattle  

Beef production is found in all European countries, with housing systems varying from 

very intensive indoor fattening systems to extensive outdoor production systems 

(SCAHAW 2001). Further differences exist regarding the feeding method, breed, and 

age as well as weight at slaughtering (EFSA PANEL ON ANIMAL HEALTH AND WELFARE 

2012). The type of fattening system mainly depends on geographic location and 

resource availability, particularly availability of straw (SCAHAW 2001). The majority of 

European fattening cattle are housed in loose house systems with slatted floors, 

providing low operational costs due to reduced labor and no requirement of bedding 

material (SCAHAW 2001). However, slatted floors negatively affect the health and 

behavior of fattening bulls, leading to an increased occurrence of tail tip necrosis, 

lesions of the claws and joints, lameness and abnormal movements when lying down 

and standing up (GRAF 1979; SCAHAW 2001; SCHRADER et al. 2001; COZZI et al. 2005; 

MAYER et al. 2007; ABSMANNER et al. 2009; EFSA PANEL ON ANIMAL HEALTH AND 

WELFARE 2012). Therefore, SCAHAW (2001) recommends that fully slatted floors 

should not be used. According to the Council of Europe Convention on the Protection 

of Animals Kept for Farming Purposes, a comfortable lying area should be provided 

(COUNCIL OF EUROPE 1988). It is not clearly defined what this area should look like, but 

housing systems should “provide suitable flooring especially in the light of available 

scientific knowledge on the comparison between bedded and slatted lying areas”. 

According to this definition, fully slatted concrete floors may not be suitable. A 

possibility to reduce the problems associated with slatted concrete floors are 

modifications achieved with rubber mats, covering the slats in the whole pen or at least 

in the lying area (SCAHAW 2001; GYGAX et al. 2007a; PLATZ et al. 2007; MÜLLEDER et 

al. 2008; ABSMANNER et al. 2009; GRAUNKE et al. 2011). However, littered housing 
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systems generally reach a higher welfare potential for fattening cattle than slatted floor 

systems regarding the occurrence of tail tip, joint and skin lesions as well as lying 

behavior and growth performance (FRIEDLI et al. 2004; GYGAX et al. 2007a; MAYER et 

al. 2007; SCHULZE WESTERATH et al. 2007; ABSMANNER et al. 2009; ROUHA-MUELLEDER 

et al. 2012). Common littered housing systems are straw-bedded pens or combined 

systems with straw-bedded pens and concrete or slatted areas next to the feeding 

trough (SCAHAW 2001). Straw-bedded pens can include a slope of 8% to 10%. In 

these systems, bulls gradually tread straw and manure downwards along the slope. At 

the lowest point of the pen, these are removed daily, while fresh straw is added in the 

higher parts of the pen. 

The main sources for calves for beef production are beef suckler herds and dairy farms 

(SCAHAW 2001). Dairy breeds are dominated by the Holstein Friesian breed with male 

calves being inferior to other breeds regarding muscle/bone ratio and killing-out 

percentage. In general, dairy calves are separated from their mothers during the first 

days of life, then to be artificially reared on milk or milk replacer plus solid feed. After 

up to nine weeks, calves are weaned and transported to beef fattening farms. In beef 

suckler herds, breeds are very diverse with great phenotypic variations. The primary 

German beef breed is Simmental. Other examples of common beef breeds are Angus, 

Charolais and Limousin. In suckler cow herds, the calves stay with their mothers until 

an age of five to nine months before weaning and being transported to fattening farms. 

Common fattening systems in the EU include rearing dairy or suckler bulls up to an 

age of 16 to 18 months on grass silage and concentrates or maize silage and 

concentrates. Grass silage fattening systems are mainly used in Scandinavia and the 

UK, while maize production and maize silage beef systems are the most common 

fattening systems in continental Europe, including Germany. In other fattening 

systems, bulls are principally reared on concentrates up to an age of 12 to 15 months 

(e.g. in Spain, Portugal or Italy) or male animals are reared as steers to an age of two 

to 2.5 years, being principally housed or at least in summer being put out on pasture.

According to the Council of Europe Convention, the minimum space allowance for 

group-housed bulls of about 600 kg weight should be at least 3 m² per animal (COUNCIL 

OF EUROPE 1988). However, several scientific studies question whether this space 

allowance is sufficient to ensure the welfare of fattening bulls (e.g., INGVARTSEN & 

ANDERSEN 1993; HICKEY et al. 2003; GOTTARDO et al. 2004; GYGAX et al. 2007b). 
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SCAHAW (2001) recommends a minimum space allowance of 2.5 m² per animal for 

bulls expected to reach a weight of 400 kg, plus 0.5 m² per additional 100 kg of weight. 

However, these recommendations have not been taken into account in European 

legislation. The space allowances of the Guideline for the Housing of Fattening Cattle 

published in 2018 by the MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION 

OF LOWER SAXONY are similar: Bulls with an average live weight below 450 kg should 

be provided a total area of 2.5 m² per animal, increasing to 3.0 m² for bulls weighing 

between 450 kg and 650 kg, and 3.5 m² for bulls weighing more than 650 kg. At least 

1.5 m², 2.0 m², and 2.5 m² of this area in the different weight classes should be a lying 

area with bedding material or at least with rubber mats. Fattening bulls reaching 

weights of more than 800 kg should be provided a minimum space allowance of 4 m² 

per animal. 

1.2 Group size in fattening cattle 

The space allocated to an animal consists of the proportion of space occupied by its 

body mass and a proportion of space that is available as free space for movement 

(BRYANT & EWBANK 1972; MCGLONE & NEWBY 1994). As group-housed animals can 

share their free space, larger pens in total provide more free space in which animals 

can move, even if the number of animals per square meter is kept constant. This 

hypothesis was initially introduced in pigs, but TELEZHENKO et al. (2012) also 

transferred it to dairy cows. Following this theory, large group systems could be 

advantageous: With increments of group size, the increasing amount of free space and 

the larger total area may facilitate the possibility of spatial separation of functional 

areas. Housing systems with such spatially separated functional areas are a possibility 

for improving animal welfare, as they reduce the occurrence of disturbances between 

animals performing different activities (SCHRADER 2007). 

According to the Council of Europe Convention, fattening bulls should be housed in 

groups of a maximum of 20 animals (COUNCIL OF EUROPE 1988). Other 

recommendations even suggest maximum group sizes of 12 or 15 animals 

(INTERNATIONAL COMMISSION OF AGRICULTURAL AND BIOSYSTEMS ENGINEERING (CIGR) 

2004; TIERÄRZTLICHE VEREINIGUNG FÜR TIERSCHUTZ E.V. (TVT) 2007). However, there 

is no scientific evidence for these recommendations, as there are no scientific studies 

on fattening bulls housed in large groups. To our knowledge, all existing studies on 

fattening bulls under intensive housing conditions refer to smaller groups with a 
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maximum of 16 animals. In addition, studies evaluating the effect of group size in cattle 

vary regarding their outcome (HINDHEDE et al. 1996; RIND & PHILLIPS 1999; LI et al. 

2010; TELEZHENKO et al. 2012). SCAHAW (2001) confirms the lack of information on 

maximum and optimum group size in cattle. The report estimates group size in cattle 

to be limited to around 40 animals, as establishing stable social structures may be 

restricted in larger groups, leading to increased levels of aggression. This increase in 

aggression with increments of group size is a common theory (PHILIPPS 2002; ESTEVEZ 

et al. 2007), and possibly responsible for the recommended group sizes mentioned 

above. Nonetheless, it was rejected in several studies on pigs and poultry (e.g. 

ESTEVEZ et al. 1997; NICOL et al. 1999; ANDERSEN et al. 2004). A contrary theory is the 

social tolerance hypothesis (ESTEVEZ et al. 1997). This is based on the idea that the 

social system of larger groups with an unlimited access to food and water is more 

tolerant, as expending energy in defending resources is uneconomical with high 

numbers of competitors and high resource availability. According to this theory, large 

group systems should be suitable for the housing of fattening cattle: As they are 

generally fed ad libitum, no increased levels of aggression should occur. 

SCAHAW (2001) underlined the importance of group size for cattle welfare and listed 

determining the optimal group size for fattening cattle as one of the future research 

demands. However, up to now, no further scientific studies have dealt with this issue.

1.3 Lying synchronization in fattening cattle 

As mentioned above, the guideline of the MINISTRY FOR FOOD, AGRICULTURE AND 

CONSUMER PROTECTION OF LOWER SAXONY (2018) firstly named exact minimum 

dimensions regarding the lying area of fattening cattle. In addition, it states that the 

lying area should be sufficiently large to enable all animals to lie down simultaneously. 

However, there are no scientific studies analyzing the synchrony of lying in fattening 

cattle, although it is a typical characteristic of natural behavior of cattle as gregarious 

animals (PHILIPPS 2002; WINCKLER 2009; STOYE et al. 2012). Synchronous lying is also 

used as an indicator of high levels of animal welfare in cattle, and several studies 

underlined its importance in heifers and dairy cows (MOGENSEN et al. 1997; GALINDO & 

BROOM 2000; FREGONESI & LEAVER 2001; NAPOLITANO et al. 2009). Regarding fattening 

cattle, the lack of studies is not limited to lying synchronization in general. It also 

includes the space requirements for lying. Several studies found positive effects of an 

increased space allowance on lying behavior in fattening bulls (GRAF 1979; KIRCHNER 
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1987; WIERENGA 1987; HICKEY et al. 2003; GYGAX et al. 2007b). With increments of 

space allowance, bulls changed their lying positions more often and spent more time 

lying in broad lying positions, including lateral positions (SIEGWART et al. 2006; GYGAX 

et al. 2007b). However, there are no detailed data on the space fattening bulls of 

different breeds and weight classes require for lying down in different lying positions. 

KIRCHNER (1987) calculated the space, fattening bulls cover when lying in different 

positions. Averaged values were 1.2 ± 0.1 m² for bulls with an average weight of 270 kg 

and 1.4 ± 0.1 m² for bulls with an average weight of 380 kg. KLOSKE (2009) estimated 

that bulls with an average weight of 500 kg required an average area of 4.1 m² per 

animal to lie in all lying positions. This study was based on approximate estimations 

with a small sample size. Nevertheless, it indicates that European standard space 

allowances (COUNCIL OF EUROPE 1988) and even the higher space recommendations 

of the MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION OF LOWER SAXONY 

(2018: 1.5 m² to 2.5 m² lying area) are possibly not sufficient to permit synchronous 

lying of all animals. 

1.4 Feeding behavior of fattening cattle 

Under natural conditions, the grazing behavior of cattle also underlies high levels of 

synchrony (PHILIPPS 2002; WINCKLER 2009). However, the level of feeding 

synchronization of cattle in indoor housing environments is reduced in comparison to 

grazing cattle on pasture (O'CONNELL et al. 1989; PHILIPPS 2002). This may be caused 

by housing changing some of the synchronization factors (METZ & WIERENGA 1986). 

For example, social leadership or the necessity of a herd to operate as a social unit 

and move together becomes less important, as there is no risk of predatory attacks. 

Furthermore, the effects of daylight period and climatic factors are reduced, while other 

synchronizing factors are added by management, for example, milking or feed delivery. 

In the housing of fattening cattle, the synchronization of feeding behavior is further 

reduced by the generally used ad libitum feeding regimen with an animal/feeding place 

ratio of around 2:1 (MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION OF 

LOWER SAXONY 2018). In this case, the manger space does not permit simultaneous 

feeding of all animals per pen. However, several studies indicate that the permanent 

availability of feed in an ad libitum feeding regimen generally reduces the motivation of 

cattle to synchronize their feeding behavior (O'CONNELL et al. 1989; GOTTARDO et al. 

2004; COZZI et al. 2005; O'DRISCOLL et al. 2008). Apparently, this reduction in feeding 
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synchrony does not affect the synchrony of lying behavior: For example, O'DRISCOLL 

et al. (2008) observed high levels of synchrony in the lying behavior of non-lactating 

dairy cows fed ad libitum, although their feeding behavior was widely spread over the 

course of the day with low numbers of simultaneous feeding cows at any time of the 

day. 

A reduced motivation to synchronize feeding may reduce feed competition and 

aggression in housing systems with an animal/feeding place ratio beyond 1:1. 

Nonetheless, the delivery of fresh feed is known to stimulate feeding activity in cattle 

(e.g. DEVRIES et al. 2003; COZZI & GOTTARDO 2005; DEVRIES & VON KEYSERLINGK 2005; 

KING et al. 2016; OBERSCHÄTZL-KOPP et al. 2016a). Feed push-ups between the feed 

deliveries ensure continuous feed availability, but lack that stimulating effect (DEVRIES 

et al. 2003; OBERSCHÄTZL-KOPP et al. 2017). Furthermore, cattle are selective feeders 

while consuming conserved feed (PHILIPPS 2002; COZZI et al. 2005). Consequently, 

feed composition, palatability and quality may gradually decline with increasing time 

after feed delivery. This could have detrimental effects on nutrition, especially for low-

ranking animals possibly feeding last, as the pre-selected ration they receive may not 

fulfill their nutrient requirements. Fattening cattle are commonly fed twice per day, in 

the morning and in the evening, or only once per day in the morning. There is no 

legislation concerning the number of feed deliveries as the Council of Europe 

Convention only declares that cattle should have appropriate access to feed (COUNCIL 

OF EUROPE 1988). However, considering the information on cattle feeding behavior 

mentioned above, performing only one feed delivery per day might induce restrictions 

in animal welfare and possibly also negatively affect the animals’ growth performance.

In dairy cattle, automatic feeding systems (AFS) are gaining more and more 

importance. Several studies confirmed that the increased feeding frequency easily 

permitted by AFS may affect behavior, health and productivity of dairy cows and heifers 

in a positive way. For example, dairy cows spent more time feeding (DEVRIES et al. 

2005; MATTACHINI et al. 2017) and increased their dry matter (DM) intake (SHABI et al. 

1999; HART et al. 2014) with an increasing feeding frequency. SHABI et al. (1999) even 

observed an improved milk yield and composition with four instead of two feed 

deliveries per day, while other authors found no such effects (HART et al. 2014; 

MATTACHINI et al. 2015). In several studies, increasing feeding frequency decreased 
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the diurnal variation in ruminal pH which may reduce the risk of subacute ruminal 

acidosis (SARA; FRENCH & KENNELLY 1990; SHABI et al. 1999; MACMILLAN et al. 2017).

All existing studies on fattening cattle refer to animals fed once or twice a day and, to 

our knowledge, there are no studies at all analyzing the effect of feeding frequency in 

fattening cattle. However, the advantages of increasing feeding frequency in dairy 

cattle may be transferable to fattening cattle. Therefore, it should be further analyzed 

and taken into consideration as a means to raise animal welfare in fattening cattle and 

possibly even improve the animals’ growth performance. 

1.5 Occurrence of stereotypic oral behavior in fattening cattle 

Feed composition and unnatural foraging regimes are some of the factors discussed 

in literature as possibly provoking the occurrence of oral stereotypies in ungulates 

(BERGERON et al. 2006). In cattle, tongue playing, object licking, bar biting and 

manipulation of various body parts of conspecifics are described as common oral 

stereotypies in literature (PHILIPPS 2002; BERGERON et al. 2006; MORAN & DOYLE 2015). 

However, most scientific studies on oral stereotypies in cattle refer to calves (e.g. 

KOOIJMAN et al. 1989; VEISSIER et al. 1998; BOKKERS & KOENE 2001; WINCKLER 2009; 

WEBB et al. 2012; WEBB et al. 2013; GAUDE 2014; LERUSTE et al. 2014). Only a few 

studies analyzed the occurrence of oral stereotypies in heifers (REDBO & NORDBLAD 

1997), adult dairy cows (REDBO et al. 1992; REDBO et al. 1996), and fattening bulls 

(SAMBRAUS et al. 1983; WIERENGA 1987; GRAF 1991). Remarkably, all these studies 

agree on a high prevalence of stereotypies in adult cattle. As all of them were published 

several decades ago, in particular those regarding fattening bulls, the prevalence of 

stereotypies may have been reduced by now due to changes in management and 

housing conditions. However, there is no scientific evidence for such a development, 

as there are no current studies on the incidence and prevalence of oral stereotypies in 

fattening cattle (SCAHAW 2001). In veal calves, also more recent studies describe a 

high prevalence of oral stereotypies (WINCKLER 2009; GAUDE 2014; LERUSTE et al. 

2014), indicating that they may persist in adult fattening cattle.

The occurrence of stereotypies in captive animals may indicate restrictions in animal 

welfare (BROOM 1983; WIEPKEMA et al. 1983; MASON 1991). According to MASON 

(2006), they may be caused by frustration of natural behavior patterns due to deficits 

in housing or husbandry, repeated attempts to deal with problems, and/or central 

nervous dysfunction. Oral stereotypies in cattle often occur with a close temporal 
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association with feeding behavior (WIERENGA 1987; REDBO 1990; SATO et al. 1994; 

VEISSIER et al. 1998; BOKKERS & KOENE 2001). Effects of diet on their occurrence were 

described for veal calves (KOOIJMAN et al. 1989; VEISSIER et al. 1998; WEBB et al. 2012; 

WEBB et al. 2013; LERUSTE et al. 2014) and fattening cattle (GRAF 1991) as well as 

heifers (REDBO & NORDBLAD 1997) and dairy cows (REDBO et al. 1996). BERGERON et 

al. (2006) list three main hypotheses explaining the connection between feeding 

behavior and stereotypic behavior in captive ungulates. The first is that the diets do not 

fully satisfy them, as they provide an insufficient gut fill or are deficient in some specific 

ways. The second hypothesis is that the diets take too little time to find, chew or 

ruminate in comparison to natural diets, leading to unfulfilled feeding motivations of the 

animals, independent of gut fill. The third hypothesis is based on the idea that oral 

stereotypies are caused by the consequences of the diets for gut function. In this case, 

they may be an attempt to cope with the low-fiber, carbohydrate-rich diets. 

Consistently, oral stereotypies may even have beneficial effects on gut health 

(WIEPKEMA et al. 1987; CANALI et al. 2001). 

The cause of the development of oral stereotypies in cattle is still unknown and it is 

possibly a variety of different factors (BERGERON et al. 2006; LERUSTE et al. 2014). Once 

developed, stereotypies may also be performed in circumstances where the animals’ 

welfare is not at stake (MASON 1991). Consequently, they may also indicate welfare 

restrictions an animal experienced some time ago. However, oral stereotypies may 

indicate restrictions in animal welfare occurring at some point during the animals’ life. 

Therefore, they should be further analyzed, and, if necessary, considered as a reason 

to review current housing conditions. 

1.6 Aims and hypotheses of this thesis 

A possible approach for evaluating an animal´s welfare is to consider it in terms of the 

Five Freedoms, introduced by the FARM ANIMAL WELFARE COUNCIL (1979). These are 

freedom from hunger and thirst, freedom from discomfort (appropriate comfort and 

shelter), freedom from pain, injury or disease, freedom to display normal behavior and 

freedom from fear. To apply the framework of the five freedoms for welfare analysis, 

we firstly need to know what normal behavior looks like in a certain species. The same 

applies to appropriate comfort and shelter. Therefore, there is an urgent need to close 

the gaps in scientific knowledge on fattening cattle in order to evaluate current housing 

systems and, in the long run, create European legal standards. 
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This thesis aims to add some scientific knowledge on fattening cattle in intensive 

housing systems regarding the most urgent aspects. The focus of the thesis was 

placed on large group housing systems. Therefore, the first study (Chapter 2) analyzed 

behavior and performance of fattening bulls housed in different group sizes, including 

for the first time large groups of up to 33 animals. It was hypothesized that large group 

systems are suitable for the housing of fattening cattle, leading to more undisturbed 

lying and feeding behavior and no negative effects like high levels of aggression or 

restricted access to resources in individual animals. 

The second study (Chapter 3, published in SCHNEIDER et al. 2020) explored the effects 

of an increased feeding frequency in fattening cattle. Behavior and performance of 56 

fattening bulls fed six times per day using an AFS were analyzed. The aim of this study 

was to gain some first scientific results on the usage of high feeding frequencies in 

fattening cattle and to look for evidence for the already described advantages of high 

feeding frequencies in dairy cattle being transferable to fattening cattle. 

The third study (Chapter 4, published in SCHNEIDER et al. 2019) analyzed the 

prevalence of oral stereotypies in fattening bulls housed in different housing 

environments. Therefore, a total of 243 fattening bulls in the different intensive housing 

systems from the first and second study (differing in group size and feeding frequency) 

were observed at three different stages of the fattening period. This study aimed to 

gather current information on the occurrence of oral stereotypies in fattening cattle and 

to detect differences between housing systems and developments over the course of 

the fattening period. 

All three studies investigated research areas that have not at all or only to a very limited 

degree been treated in scientific studies until now. Consequently, the results of this 

thesis add some first scientific data on the most urgent issues in the housing of 

fattening cattle. The confirmation of the hypotheses mentioned above may lead to 

modifications in the housing recommendations for fattening cattle. In the long run, 

scientific studies may also form the basis of a general legislation concerning the 

housing of fattening cattle in the European Union. Thus, the results of this thesis may 

contribute to the creation of behaviorally more appropriate housing systems and, 

therefore, improvements in animal welfare. The findings of the three studies are 

discussed and summarized in Chapter 5 and Chapter 6.
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CHAPTER 2: LARGE GROUP HOUSING SYSTEMS IN FATTENING 

BULLS – COMPARISON OF BEHAVIOR AND PERFORMANCE 

Laura Schneider, Nina Volkmann, Birgit Spindler and Nicole Kemper 

Institute for Animal Hygiene, Animal Welfare and Farm Animal Behavior, University of 

Veterinary Medicine Hannover, Foundation, D-30173 Hannover, Germany 

Abstract 

According to international housing recommendations, fattening bulls should not be 

housed in groups of more than 12 to 20 animals. However, there are no scientific 

studies supporting these recommendations as most studies on fattening cattle refer to 

smaller groups. Therefore, the aim of this study was to analyze and compare behavior 

and performance of 187 fattening bulls housed in different group sizes of 16, 22 and 

33 animals. Behavioral observations were performed during three observation periods 

at an average age of 8.5, 13 and 17 months. Furthermore, body condition, health status 

and carcass weights were analyzed. Effects of increasing group size were observed 

regarding more synchronized lying behavior, longer lying durations and more 

undisturbed feeding and lying behavior. Interindividual variations in lying and feeding 

as well as mean and maximum percentages of animals participating simultaneously in 

interactions did not increase with group size. Therefore, the results of this study do not 

provide scientific evidence for the common argument that increasing group size leads 

to increased aggression. Furthermore, these findings indicate large group systems to 

be suitable for the housing of fattening cattle and to possibly contribute to increasing 

animal welfare. Consequently, current housing recommendations should be revised. 

Keywords: fattening cattle; group size; behavioral synchronization; housing 

recommendations; feeding behavior

2. 1 Introduction 

Fattening cattle in Germany are commonly housed in groups of six to 15 animals 

(MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION OF LOWER SAXONY 

2018). There is no legislation concerning group size, but international housing 

recommendations stipulate that fattening bulls should not be housed in groups of more 

than 12 (CIGR 2004), 15 (TVT 2007) or 20 animals (COUNCIL OF EUROPE 1988). 

However, there are no scientific studies supporting these recommendations. The 
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report by SCAHAW (2001) confirms this, claiming there is little information available 

on maximum group size in cattle, and the optimum group size still needs to be 

determined  

Under natural conditions, group size is self-regulated as animals join a group or leave 

it depending on the environmental conditions (ESTEVEZ et al. 2007). However, housed 

farm animals lack the possibility of abandoning their group when conditions are 

adverse, and may possibly suffer from negative effects provoked by unsuitable group 

sizes. Therefore, scientific knowledge on the effects of group size in cattle is needed 

to evaluate existing recommendations or initiate their revision. 

A general view possibly responsible for the recommendations mentioned above is that 

the ability of animals to recognize all group members decreases with increasing group 

size (SCAHAW 2001; PHILIPPS 2002; ESTEVEZ et al. 2007). Consequently, the 

establishment and maintenance of a stable hierarchy might be restricted, thus leading 

to increased aggression. Nonetheless, according to FRASER & BROOM (1980), cattle 

are able to recognize up to 50 to 70 individuals while SCAHAW (2001) estimates that 

in groups of more than 40 cattle, problems will arise in establishing social structures. 

These figures clearly exceed the recommendations mentioned above and, therefore, 

cannot be used as scientific evidence. Furthermore, the linear increase in aggression 

with increments of group size was rejected by several studies on poultry (ESTEVEZ et 

al. 1997; HUGHES et al. 1997; NICOL et al. 1999; ESTEVEZ et al. 2003) and pigs (NIELSEN 

et al. 1995; TURNER et al. 2001; ANDERSEN et al. 2004). In cattle, to our knowledge, 

there is only one previous study examining the effects of group size in large groups 

(KONDO et al. 1989). However, this study is hardly comparable to fattening cattle as the 

observed animals were older than two years and housed in mixed-sex groups. Further 

studies refer to smaller groups of at maximum 16 animals and vary regarding their 

outcome on the behavioral effects of group size (HINDHEDE et al. 1996; RIND & PHILLIPS 

1999; LI et al. 2010; LEE et al. 2012; TELEZHENKO et al. 2012). 

A hypothesis challenging the increase in aggression with group size is the social 

tolerance hypothesis introduced by ESTEVEZ et al. (1997). According to this hypothesis, 

for animals in large groups with unlimited access to food and water it is uneconomical 

to expend energy in defending resources from others, as the number of competitors is 

high and a depletion of resources by others entails minimal costs. Consequently, costs 

of defending resources exceed possible benefits (KREBS & DAVIES 1996).  A more 
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tolerant social system offers an improved freedom of movement, unrestricted by 

agonistic encounters, and minimal expenditure of time and energy in agonistic 

behavior enabling the animals to spend more time in exploiting the available resources 

(ESTEVEZ et al. 2007). Consequently, access to resources in large groups should not 

be impaired by agonistic behavior or resource monopolization by despotic animals as 

long as food is abundant. As housing systems for fattening cattle generally imply an 

ad libitum feeding regimen ensuring constant feed availability, large group systems 

seem to be suitable for housing fattening cattle.  

Another benefit of housing systems with large groups derives from the hypothesis of 

larger pens providing more free space in total, even if the number of animals per square 

meter is kept at a constant level (BRYANT & EWBANK 1972; MCGLONE & NEWBY 1994; 

TELEZHENKO et al. 2012). This can be explained by the possibility given to group-

housed animals to share their available free space for movement. This hypothesis was 

initially introduced in pigs, but a study by TELEZHENKO et al. (2012) supported its 

relevance in cattle. The increasing amount of free space may facilitate the possibility 

of spatial separation of functional areas in large groups contributing to improved animal 

welfare. In typical pens for cattle, active animals tend to be in the front part of the pen 

containing food and water, while lying animals are more likely to retreat to the back 

part of the pen. With increasing group and pen size, the distance between the front 

and back part of the pen increases, too, possibly leading to fewer disturbances 

between animals displaying different activities.

The aim of this study was to analyze and compare behavior and performance of 

fattening bulls housed in different group sizes including large groups of 22 and 33 

animals for the first time. We hypothesized that bulls in large groups have a more 

tolerant social system, resulting in no individuals suffering from restricted access to 

resources. Consequently, with increments of group size, no increased level of 

aggression has to be expected and the lying and feeding behavior of the animals 

should not be impaired or characterized by increasing interindividual variation within 

groups. Furthermore, we expected a decreasing number of feeding and lying bouts as 

well as increasing bout lengths with increments of group size, as the occurrence of 

disturbances is reduced due to the spatial separation of functional areas. Confirmation 

of these hypotheses may lead to modifications in the housing recommendations for 



LARGE GROUP HOUSING SYSTEMS IN FATTENING BULLS | MATERIALS AND METHODS 14 

 

fattening cattle. Additionally, in the long run, it may contribute to creating behaviorally 

more appropriate housing systems and, therefore, improvements in animal welfare. 

2.2 Materials and methods 

For this study, no ethical approval had to be obtained because it neither involved a 

prospective evaluation nor laboratory animals and only non-invasive procedures were 

applied. The study was carried out in accordance with German legislations, the 

German Animal Welfare Act (German designation: TierSchG; ANONYMOUS 2006b), 

National Requirements for Animal Husbandry (German designation: TierSchNutztV; 

ANONYMOUS 2006a), the Animal Protection Guideline for Fattening Cattle of Lower 

Saxony, Germany (MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION OF 

LOWER SAXONY 2018) as well as the Council of Europe Convention on the Protection 

of Animals kept for Farming Purposes and its recommendations concerning cattle 

(COUNCIL OF EUROPE, 1988). The study was reviewed and it received approval from the 

Animal Welfare Officer of the University of Veterinary Medicine Hannover, Foundation 

(TVO-2017-B5). 

2.2.1 Animals, housing and management 

The study was conducted on 187 Simmental bulls housed on two commercial fattening 

farms in Lower Saxony (farm 1; 308 fattening bulls in total) and North Rhine-Westphalia 

(farm 2; 700 fattening bulls in total), Germany. The bulls were housed in straw-bedded 

pens in groups of 22 animals (G22) on farm 1 and groups of 16 (G16) or 33 animals 

(G33) on farm 2 (Table 1). The space allowance per bull varied on farm 1 from 3.5 m² 

at the beginning to 4.4 m² at the end of the fattening period. On farm 2, the space 

allowance was 4.5 m² during the entire fattening period (Table 1). The bulls were fed 

a total mixed ration (TMR) twice a day. In addition, feed was manually pushed up 

towards the feed barrier several times a day and residues were removed manually 

once per day. The feeding area was not provided with feeding gates or head barriers, 

but with horizontal metal tubes over the bulls’ heads (Supplementary material, Figure 

S 1). With 75 cm manger space per bull, complying with recommendations for fattening 

bulls weighing more than 650 kg (MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER 

PROTECTION OF LOWER SAXONY 2018), the animal/feeding-place ratio was 

approximately 2:1 in all groups (G16: 7.7 feeding places; G22: 12.8 feeding places at 

the beginning and 15.6 feeding places at the end of fattening; G33: 15.2 feeding 

places). The feed composition and particle size distribution of the diet are indicated in 
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Table 1. Water was available ad libitum via two drinking troughs per pen located on 

both sides in the middle of the pen. In G33, two additional drinking troughs were located 

in the center of the pen. Fresh straw was distributed daily with a straw blower.  

The animals arrived at the farms at about six months of age, originating from different 

farms, and were assigned to groups remaining constant until the end of fattening. The 

assignment to the groups was performed considering the animals’ body weight with 

the aim of obtaining homogeneous groups of similar average initial weight. For the 

study, four G22 and two G16 and G33 each were selected. One of the G22 consisted 

of 23 animals in observation periods (OP) 1. After OP1, one animal was removed from 

that group. The mean age of the bulls at slaughtering was 517.4 ± 10.6 days (mean ± 

standard deviation (SD)) in G16, 562.3 ± 29.2 days in G22 and 532.5 ± 21.7 days in 

G33. Carcass weights and pathological findings from carcass evaluations (e.g. lesions, 

abscesses) were provided by the slaughterhouse. 

Table 1 Housing information and ingredients, chemical composition (related to 
dry matter (DM)) and particle size distribution (determined with a forage particle 
separator (HEINRICHS & KONONOFF 2002)) of the total mixed ration (TMR). 

Farm information Farm 1 Farm 2 

Number of bulls per group 22 1 16, 33 
Space allowance per bull [m²] 3.5/4.4 2  4.5 
Number of feeding places 12.8/15.6 7.7, 15.2 
Number of groups observed in this study 4 2, 2 

Ingredients of the TMR [%] Farm 1 Farm 2 

Maize silage 85.5 84.1 

Concentrated feed/grain 8.4 7.7 

Potatoes 4.5 - 

Grass silage 0.9 7.7 

Mineral and vitamin mix 0.7 0.6 

Chemical composition of the TMR Farm 1 Farm 2 

Dry matter [%] 35.9 44.5 

Crude protein [% DM] 10.5 11.6 

Crude ash [% DM] 3.8 6.0 

Crude fat [% DM] 3.2 2.1 

Crude fiber [% DM] 16.3 14.2 

Nitrogen-free extractives [% DM] 66.2 66.1 

TMR Particle size distribution [%] Farm 1 Farm 2 

Particles retained by the 19 mm sieve (long) 3.8 7.9 

Particles retained by the 8 mm sieve (medium) 57.6 58.4 

Particles on the bottom pen (short) 38.6 33.7 
1 One of the groups of 22 animals consisted of 23 animals in observation period  

  (OP) 1. After OP1, one animal was removed from that group.  
2 The space allowance on farm 1 increased during fattening as the bulls were 

   transferred to larger pens between OP2 and OP3. 
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2.2.2 Body condition and health scoring 

Data acquisition began when the animals’ arrival at the farms and their assignment to 

the groups dated back at least four weeks. It was performed during three OP at an 

average age of eight to nine months (OP1), 13 months (OP2) and 17 months (OP3). 

One of the G33 was only observed in OP2 and OP3. At the beginning of each OP, all 

animals were scored individually for body condition and health status by one trained 

observer. The bulls’ body condition was assessed following the body condition score 

(BCS) system described by EDMONSON et al. (1989), with scores ranging from 1.0 

(emaciated condition) to 5.0 (obese condition) in steps of 0.5. Health status was 

assessed considering the welfare criteria for health assessment in accordance with the 

Welfare Quality® assessment protocol for cattle (Table 2; WELFARE QUALITY® 

CONSORTIUM 2009). The analyzed welfare criteria were absence of injuries including 

lameness and integument alterations, and absence of diseases including coughing, 

nasal or ocular discharge, hampered respiration, bloated rumen and diarrhea. In 

addition to observations during scoring, bulls’ health was monitored by the farmers. In 

consultation with their farm veterinarians, they documented any pathological event 

occurring during the fattening period as well as drug use. 

2.2.3 Behavioral observations 

Behavioral observations were performed by analyzing video recordings. The animals 

were videotaped with one video camera per pen (EQ900F, EverFocus Electronics 

Corporation, Taipei, Taiwan) and an eight-channel hybrid recorder (AXR-108, Monacor 

Table 2 Welfare criteria in fattening bulls concerning health following the 
Welfare Quality® assessment protocol for cattle (WELFARE QUALITY® 

CONSORTIUM 2009). 

Welfare criteria Description 

Absence 
of 
injuries 

Lameness Abnormality of movement 

Integument alterations Hairless patches and lesions/swellings 

Absence 
of 
disease 

Coughing 
Sudden and noisy expulsion of air from the 
lungs 

Nasal/ocular 
discharge 

Clearly visible flow/discharge from 
nostrils/eye 

Hampered respiration Deep and overtly difficult or labored breathing 

Bloated rumen 
“Bulge” between hip bone and ribs on the left 
side 

 
Diarrhea Loose watery manure below tail head on both 

sides of the tail 
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International GmbH & Co. KG, Bremen, Germany). The cameras were located above 

each pen, capturing the entire pen. Individual animals were identified and listed 

according to the color and patterns of their fur. The video analyses were performed 

using the program Interact (Version 17.0.1.2, Mangold International GmbH, Arnstorf, 

Germany) for observational research. For the group-based evaluation, the activity of 

the animals was observed for 48 h per OP using a scan sampling technique (MARTIN 

& BATESON 2007). In intervals of two minutes from 05:30 h to 21:00 h and ten minutes 

during the night (21:00 h to 05:30 h), the number of animals feeding, lying and 

performing interactions was recorded. At an individual level, the behavior of all animals 

was scanned at intervals of ten minutes from 05:30 h to 21:00 h on three consecutive 

days per OP, using a combination of scan sampling and focal animal sampling (MARTIN 

& BATESON 2007). The 10-minute interval was chosen in accordance with MITLOHNER 

et al. (2001) and ENDRES et al. (2005). The recorded and analyzed behavioral patterns 

were feeding and lying. Lying included bulls that were observed in sternal as well as in 

total lateral recumbency from the end of the lying-down movement until the end of the 

standing-up movement. An animal was considered to be feeding when its head was 

completely behind the feed rail and above the feed while ingesting the feed. 

Interactions were only analyzed at herd level, and there was no differentiation between 

different types of interactions. Observed interactions were head-to-head fights and play 

fights, threads, all kinds of play behavior, displacements, mounting, mounting intention 

and allogrooming, including sniffing and licking at other animals.

2.2.4 Behavioral analysis 

In accordance with ENDRES et al. (2005), each behavior was assumed to persist for the 

entire sample interval. Therefore, the duration of each performed behavioral pattern 

was calculated by multiplying the number of the correspondent sample intervals by two 

or ten. For the behavioral observations at herd level, the percentage of animals 

performing each behavior was averaged for each interval for all days. Furthermore, 

mean and maximum percentages of animals participating simultaneously in 

interactions were calculated per group and OP. To assess behavioral synchronization, 

the percentage of time a certain number or percentage of animals spent feeding or 

lying was averaged for all groups and days. At an individual level, mean and SD of the 

time spent feeding and lying per 15.5 h-period were calculated for each animal. 

Furthermore, mean and SD of the number and duration of lying and feeding bouts per 

15.5 h-period were determined.
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2.2.5 Statistical analysis 

Statistical analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA, 

1999). First, a descriptive analysis was performed to show frequency distributions and 

averages. Subsequently, the dependent variables of time spent lying and feeding, as 

well as mean bout length and mean number of lying and feeding bouts per 15.5 h-

period were analyzed and tested for normal distribution using histograms and a 

Shapiro-Wilk test to determine a suitable statistical model for the evaluation. The 

procedure was repeated with carcass weights and with the dependent variables mean 

and maximum number of animals performing interactions, as well as the percentages 

of observation time a certain number or percentage of animals spent feeding or lying. 

To examine differences between group sizes and OP, analyses of variance were 

performed using generalized linear mixed models (GLIMMIX procedure). Group size 

as well as the interactions between group size and number of observed groups were 

included as fixed factors and OP as random effect. Multiple pairwise comparisons were 

performed using Bonferroni tests. Correlations between carcass weight and BCS and 

the dependent variables were tested using Spearman’s coefficient of correlation. 

2.3 Results 

2.3.1 Health, body condition and growth performance 

Health problems observed during scoring were hairless patches on the neck, forehead 

and carpal joints in 17 bulls (seven animals from G16, five animals from G22 and G33 

each), coughing (six animals from G22) and ocular discharge (one animal from G16 

and G33 each). No severe health problems were observed and no specific medical 

treatments were required throughout the fattening period. Carcass evaluation at the 

slaughterhouse resulted in one finding (abscess at haunch). BCS values ranged from 

2.0 to 4.0, with mean values increasing from OP1 to OP3 in all group sizes (Table 3). 

Mean carcass weights of the bulls ranged from 391.7 ± 21.1 kg in G16 to 410.6 ± 

24.4 kg in G33, these increasing with increments of group size (Table 3). They differed 

between G16 and G22 (p = 0.0329) as well as between G16 and G33 (p = 0.0115; 

Table 4). 
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Table 3 Body condition score (BCS) at the different observation periods (OP) 
and carcass weight in fattening bulls. BCS scoring system described by 

EDMONSON et al. (1989); SD = standard deviation. 

 Group size n Mean ± SD Minimum Maximum 

BCS OP1 16 32 2.8 ± 0.4 2.0 3.0 

22 891 2.8 ± 0.4 2.0 3.0 

33 292,3 2.9 ± 0.3 2.0 3.0 

BCS OP2 16 32 3.0 ± 0.3 2.5 4.0 

22 88 3.0 ± 0.2 2.0 3.0 

33 633 3.0 ± 0.2 2.0 3.5 

BCS OP3 16 32 3.0 ± 0.4 2.5 4.0 

22 88 3.0 ± 0.2 2.5 3.0 

33 66 3.0 ± 0.2 2.5 4.0 

Carcass weight 

[kg] 

16 32 391.7 ± 21.1 347.0 434.5 

22 874 407.1 ± 44.9 272.2 583.0 

33 654 410.6 ± 24.4 353.5 464.5 

Age at slaughtering 

16 32 517.4 ± 10.6 494 540 

22 874 562.3 ±.29.2 481 673 

33 654 532.5 ± 21.7 382 557 
1 One of the groups of 22 animals initially consisted of 23 bulls. After the end of OP1, 

  one animal was removed from that group.  
2 One of the groups of 33 animals was only observed in OP2 and OP3. 
3 In the groups of 33 animals, body condition could not be rated for all animals in OP1 

  and OP2. 
4 Slaughter data from one animal is missing. 

 

2.3.2. Behavioral observations at herd level 

The averaged percentages of animals feeding, lying and participating in interactions 

during the course of the day in the different group sizes are shown in Figure 1. The 

main lying period with averaged percentages of more than 80% and nearly up to 100% 

of the animals lying was observed during the night and early morning hours with 

maximum values occurring around 06:00 h in all groups. Two further lying periods with 

lower maximum percentages were visible around 13:00 h and 16:00 h in all group sizes 

as well. Minimum percentages of around 20% of animals lying were observed in all 

group sizes during periods of feed delivery, together with maximum percentages of 

animals feeding. The feeding activity was widely spread out from morning to evening 

with averaged percentages of animals feeding rarely exceeding 20%. However, before 

and shortly after the periods of feed delivery, clear peaks in feeding activity were visible 

in all group sizes with maximum values at morning feeding exceeding those in the 

evening. The percentages of bulls participating in interactions also peaked during and 

after feed delivery in all group sizes. During the night, the percentages approached 

zero percent. 
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Figure 1 Averaged percentages of fattening bulls feeding, lying and 
participating in interactions per pen over a 24 h-period in groups of 16 (G16), 22 
(G22) and 33 (G33) animals. Blue line = percentage of animals lying, green line = 
percentage of animals feeding, red line = percentage of animals participating in 
interactions, blue areas = periods of feed delivery. Data were averaged for each 
interval for three observation periods of two days each and two groups of 16 and 33 
animals each as well as four groups of 22 animals. 

The percentage of observation time without any animals feeding decreased with group 

size from 38.8 ± 3.6% in G16 to 34.1 ± 0.9% in G22 and 28.0 ± 7.9% in G33 (Figure 

2a). This difference was significant between G33 and G16 (p = 0.0099; Table 4). The 

most frequent feeding condition showed one bull feeding alone in all group sizes, 

followed by two to three bulls feeding at the same time. The higher the number of 

simultaneous feeding bulls, the lower the averaged percentage of observation time 

during which the feeding situation was observed. The most frequently observed lying 

condition was that of 81% to 100% of the animals lying in all group sizes (Figure 2b). 

For 61% to 80% of the bulls lying, the percentage of time it occurred increased with 

group size, being higher in G33 than in G16 (p = 0.0077) and G22 (p = 0.0064; Table 

4). The mean percentage of time 81% to 100% of the bulls spent lying was highest in 

G33 with 35.1 ± 7.8%. In the other groups, 81% to 100% of the animals lying occurred 
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Table 4 p- and t-value statistic of Bonferroni adjustment for multiple 
comparisons. G16 = groups of 16 animals, G22 = groups of 22 animals, G33 = 

groups of 33 animals, min = minutes, DF = degrees of freedom. 

Variable Compared groups DF t p 

Weight 
G16 vs. G22 176 -2.2 0.0329 

G22 vs. G33 176 -0.7 0.5151 

G16 vs. G33 176 -2.6 0.0115 

Percentage of observation 
time without animals 
feeding 

G16 vs. G22 38 1.5 0.1525 

G22 vs. G33 38 1.7 0.0925 

G16 vs. G33 38 2.7 0.0099 

Percentage of observation 
time with 61%-81% bulls 
lying simultaneously 

G16 vs. G22 38 -0.3 0.7432 

G22 vs. G33 38 -2.9 0.0064 

G16 vs. G33 38 -2.8 0.0077 

Percentage of observation 
time with 81%-100% bulls 
lying simultaneously 

G16 vs. G22 38 0.1 0.9369 

G22 vs. G33 38 -1.4 0.1583 

G16 vs. G33 38 -1.2 0.2360 

Mean percentage of bulls 
participating in interactions 

G16 vs. G22 38 0.2 0.8275 

G22 vs. G33 38 4.7 <0.0001 

G16 vs. G33 38 4.3 0.0001 

Maximum percentage of 
bulls participating in 
interactions 

G16 vs. G22 38 2.0 0.0547 

G22 vs. G33 38 2.9 0.0067 

G16 vs. G33 38 4.2 0.0002 

Lying duration [min] 

G16 vs. G22 1.567 -8.6 <0.0001 

G22 vs. G33 1.567 -3.5 0.0004 

G16 vs. G33 1.567 -10.7 <0.0001 

Number of lying bouts 

G16 vs. G22 1.567 3.5 0.0004 

G22 vs. G33 1.567 -2.6 0.0086 

G16 vs. G33 1.567 1.2 0.2296 

Lying bout duration [min] 

G16 vs. G22 1.567 -7.3 <0.0001 

G22 vs. G33 1.567 1.5 0.1226 

G16 vs. G33 1.567 -5.5 <0.0001 

Feeding duration [min] 

G16 vs. G22 1.567 6.9 <0.0001 

G22 vs. G33 1.567 -6.3 <0.0001 

G16 vs. G33 1.567 1.4 0.1572 

Number of feeding bouts 

G16 vs. G22 1.567 5.7 <0.0001 

G22 vs. G33 1.567 -0.6 0.5301 

G16 vs. G33 1.567 4.8 <0.0001 

Feeding bout duration 

[min] 

G16 vs. G22 1.567 2.0 0.0435 

G22 vs. G33 1.567 -9.1 <0.0001 

G16 vs. G33 1.567 -5.3 <0.0001 
 

during smaller percentages of observation time (G16: 32.3 ± 7.4%; G22: 32.1 ± 9.3%). 

There were no significant differences between the analyzed variables (Table 4). 

Simultaneous lying of all animals per pen (100%) was observed in all group sizes with 

percentages decreasing with group size (G16: 9.4 ± 5.0%, G22: 7.6 ± 1.3%; G33: 4.7 

± 2.7%). The mean and maximum percentages of animals participating in interactions 

decreased with group size, but statistically significant differences only occurred 

between G33 and the smaller group sizes (Figure 3a, b; Table 4). 



LARGE GROUP HOUSING SYSTEMS IN FATTENING BULLS | RESULTS 22 

 

  
(a)                                                    (b) 

Figure 2 Number of simultaneous feeding animals (a) and percentage of 
simultaneous lying animals (b) with corresponding percentage of total 
observation time. Dark blue = groups of 16 bulls (G16), blue = groups of 22 bulls 
(G22), light blue = groups of 33 bulls (G33). Bars indicate the mean values, error bars 
indicate the standard deviations. Data were averaged for three observation periods of 
two days each and two groups of 16 and 33 animals each as well as four groups of 

22 animals. 

                    (a)                                            (b)         

Figure 3 Mean (a) and maximum (b) percentage of animals participating in 

interactions. Dark blue = groups of 16 bulls (G16), blue = groups of 22 bulls (G22), 

light blue = groups of 33 bulls (G33). Data were averaged for three observation 

periods of two days each and two groups of 16 and 33 animals each as well as four 

groups of 22 animals.  

2.3.3. Behavioral observations at individual level 

The averaged feeding duration per animal and 15.5 h-period varied from 127 min in 

G22 to 153 min in G16. Bulls in G22 on average spent less time feeding than those in 

G16 and G33 (both p < 0.0001; Figure 4a; Table 4). Further significant differences 

were observed regarding the mean number and duration of feeding bouts: Bulls in G16 
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displayed a higher number of feeding bouts than those in larger groups (both 

p < 0.0001; Figure 4b; Table 4), while the mean duration of feeding bouts was higher 

in G33 (both p < 0.0001; Figure 4c; Table 4). The mean duration of time bulls were 

lying increased with group size from 416 min in G16 to 465 min in G22 and 481 min in 

G33 (G16 vs. G22, G16 vs. G33: p < 0.0001; G22 vs. G33: p = 0.0004; Figure 5a; 

Table 4). Bulls in G22 on average displayed fewer lying bouts than bulls in G16 and 

G33 (G16 vs. G22: p = 0.0004, G22 vs. G33: p = 0.0086; Figure 5b; Table 4), and the 

mean lying bout duration of bulls in G16 was reduced in comparison to the larger 

groups (both p < 0.0001; Figure 5c; Table 4). For all of the described variables of lying 

and feeding behavior at individual level, SD was similar for all group sizes (Figure 4 & 

Figure 5). Feeding duration as well as number of lying and feeding bouts and lying 

bout duration were not significantly correlated with carcass weight or BCS (Table 5). 

Significant correlations existed between mean feeding bout duration and BCS (p = 

0.0423) and mean lying duration and carcass weight (p = 0.0019; Table 5). However, 

Spearman´s rank correlation coefficients indicate weak correlations in both variables 

(Table 5). 

Over the course of the fattening period, all variables of lying and feeding behavior at 

individual level developed similarly in all group sizes (Supplementary material, Table 

S 1): The time spent lying as well as the mean lying bout length increased with OP, 

while the mean number of lying bouts decreased (all p < 0.0001). The mean feeding 

duration, number and duration of feeding bouts decreased with OP (all p < 0.0001). 

Table 5 Spearman’s correlation of the variables describing feeding and lying 
behavior with body condition score (BCS) and carcass weight. rsp = Spearman’s 
rank correlation coefficient, min = minutes. Degrees of freedom: 184. 

Variable 
BCS Carcass weight 

rsp p rsp p 

Feeding duration [min] 0.0383 0.6031 0.0168 0.8210 

Lying duration [min] 0.0631 0.3906 0.2278 0.0019 

Number of feeding bouts -0.0611 0.4064 -0.0424 0.5680 

Number of lying bouts -0.0434 0.5553 -0.0347 0.6397 

Mean feeding bout length [min] 0.1486 0.0423 0.0709 0.3387 

Mean lying bout length [min] 0.0694 0.3455 0.1376 0.0626 
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(a)                                           (b)                       (c) 

Figure 4 Mean duration of time spent feeding (a), number (b) and mean duration 

(c) of feeding bouts per 15.5 h-period. Dark blue = groups of 16 bulls (G16), blue = 

groups of 22 bulls (G22), light blue = groups of 33 bulls (G33). Data were averaged 

for three observation periods with three 15.5 h-periods of observation each and two 

groups of 16 and 33 animals each as well as four groups of 22 animals.  

 

 

(a)                                          (b)                      (c) 

Figure 5 Mean duration of time spent lying (a), number (b) and mean duration 

(c) of lying bouts per 15.5 h-period. Dark blue = groups of 16 bulls (G16), blue = 

groups of 22 bulls (G22), light blue = groups of 33 bulls (G33). Data were averaged 

for three observation periods with three 15.5 h-periods of observation each and two 

groups of 16 and 33 animals each as well as four groups of 22 animals.  

2.4 Discussion 

The aim of this study was to analyze behavior and performance of fattening bulls 

housed in different group sizes to gain first scientific knowledge on the suitability of 

large group systems for the housing of fattening cattle. Health and growth performance 

were satisfactory in all group sizes. Regarding health and BCS values, no differences 

between group sizes were observed. No severe injuries or health problems occurred, 
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and no animals were scored with BCS values below 2.0 or higher than 4.0, indicating 

emaciated or obese body conditions. Furthermore, BCS values increased over the 

course of the fattening period, converging to a value of 3.0, which is consistent with 

well-balanced frame and covering. Consequently, bulls scored with a low BCS at the 

first OP were able to improve their body condition over the course of the fattening 

period, indicating they had no restricted access to feed due to their weaker body 

condition. Mean carcass weights were consistent with the average carcass weights of 

Simmental bulls in Lower Saxony (LWK NIEDERSACHEN 2019). In G16, they were lower 

than in the larger groups, indicating better growth performances with increments of 

group size. However, it is unlikely that group size per se caused the lower carcass 

weight as the animals in G16 were also younger at slaughter. With 517.4 ± 10.6 days, 

their average age was 15 days lower than that of the bulls in G33 and even 45 days 

lower in comparison to those in G22. As average daily weight gain in fattening bulls 

reaches up to 1.4 kg, these age differences possibly influenced the carcass weights to 

a considerable degree (COZZI & GOTTARDO 2005; COZZI et al. 2009a; COZZI et al. 2013). 

Furthermore, weight at the beginning of fattening as well as daily weight gain were not 

analyzed at individual level in this study, leading to restrictions in interpreting carcass 

weights. However, negative effects of larger group sizes on weight gain were not 

observed. Further differences occurred regarding the range of carcass weights that 

was clearly higher in G22-animals. However, as range and SD were smaller in G16 as 

well as in G33, these differences are also more likely to be caused by farm 

management than by group size. This is confirmed by the age of the animals at 

slaughter, which was higher with a wider range in G22. Furthermore, the animals from 

farm 1 (G22) were mostly slaughtered as complete groups, while groups on farm 2 

(G16 and G33) were divided into subgroups and slaughtered at various dates when 

animals clearly differed in body size.  

2.4.1. Behavioral patterns displayed in all group sizes 

Regarding the animals’ behavior, there were several patterns similarly displayed in all 

group sizes. One aspect is the distribution of the animals’ activity over the course of 

the day. There was one main lying period during the night and early morning hours, 

when the averaged percentage of bulls lying reached nearly 100%, and two further 

lying periods with fewer animals lying simultaneously in the afternoon. An average of 

less than 20% of the animals lying was only observed during the periods of feed 

delivery, when maximum percentages of bulls feeding occurred. Consistent with other 
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studies on cattle fed once or twice per day, there were clear peaks of feeding activity 

during and shortly after the periods of feed delivery in all group sizes (DEVRIES et al. 

2003; COZZI & GOTTARDO 2005; KING et al. 2016; OBERSCHÄTZL-KOPP et al. 2016a). 

These peaks were higher at morning feeding indicating that the animals were hungrier 

in the morning after the longer fasting period without a delivery of fresh feed during the 

night. Apart from these peaks, the feeding activity was widely spread over the whole 

daylight period from about 07:00 h to 22:00 h, while being reduced during the night and 

early morning hours. This pattern resembles the grazing behavior cattle display under 

natural conditions, spreading out their feeding behavior over the whole day with several 

grazing periods from dawn to dusk (PHILIPPS 2002; KILGOUR et al. 2012). Similar 

feeding activity was described by COZZI et al. (2005) for fattening cattle and by DEVRIES 

et al. (2003) for dairy cows.  

Another aspect of behavior consistent in all group sizes was the development of lying 

and feeding behavior over the course of the fattening period: Lying duration as well as 

mean lying bout length increased, while the mean number of lying bouts decreased, 

consistent with other studies (GRAF 1979; KIRCHNER 1987; GOTTARDO et al. 2004; 

GYGAX et al. 2007b; REITER 2010).  

Another typical trait characterizing the natural feeding behavior of cattle is 

synchronization (PHILIPPS 2002; WINCKLER 2009). However, according to several 

authors, housed cattle display less behavioral synchronization than cattle under natural 

conditions (METZ & WIERENGA 1986; PHILIPPS 2002; COOPER et al. 2008). In fattening 

cattle, one reason for this could be the common animal/feeding place ratio of 2:1 

permitting simultaneous feeding of only around 50% of the animals per pen (MINISTRY 

FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION OF LOWER SAXONY 2018). In 

accordance with the recommendations of 75 cm feeding space for bulls weighing more 

than 650 kg, the manger space in the present study provided at least 7.7 (G16), 12.8 

(G22) and 15.2 (G33) feeding places. However, the averaged percentage of bulls 

observed feeding simultaneously was mostly below 20% in all group sizes, and the 

bulls showed a clear preference to feed alone or in small groups. Several other authors 

also describe this preference in fattening cattle fed ad libitum (ANDERSEN et al. 1997; 

GOTTARDO et al. 2004; COZZI & GOTTARDO 2005). In addition, there are studies on non-

lactating dairy cows fed ad libitum also displaying a feeding behavior widely spread out 

over the course of the day, with a low number of cows feeding at any time of the day 
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(O'CONNELL et al. 1989; O'DRISCOLL et al. 2008). Limitations of manger space seem 

unlikely to be the reason for the animals’ preference to feed alone or in small groups. 

Firstly, this is indicated by the study by GOTTARDO et al. (2004), in which the authors 

compared two different manger spaces and found the bulls’ feeding behavior not to be 

affected by manger space. Secondly, the bulls in the present study obviously did not 

suffer from restricted access to feed, as growth performance as well as BCS values 

were satisfactory. Consequently, a more likely explanation for their preference to feed 

alone or in small groups is that the motivation of cattle to synchronize their feeding 

activity is reduced by the permanent availability of feed in an ad libitum feeding regimen 

(GOTTARDO et al. 2004; O'DRISCOLL et al. 2008). This argumentation is supported by 

LONGENBACH et al. (1999) who found a strong motivation to simultaneously visit the 

manger in heifers with restricted feeding.  

Nonetheless, interactions occurred mainly during and after feed delivery in all group 

sizes. Therefore, they seem to be primarily caused by feed competition. However, the 

averaged percentage of bulls participating in interactions was still quite low at any time 

of the day. Furthermore, the feeding duration of the individual bulls as well as the 

number of bouts displayed indicates that feeding was not restricted by an increased 

occurrence of aggression in any of the group sizes: With mean feeding durations of 

127 min to 153 min and 8.3 to 9.4 feeding bouts per 15.5 h-period, the observed 

feeding behavior was comparable to literature values for fattening bulls ranging from 

90 min to 147 min per day (HARTMANN & SCHLICHTING 1989; COZZI & GOTTARDO 2005; 

REITER 2010; HASKELL et al. 2019) divided into six to ten bouts (WINCKLER 2009). The 

same applies to the lying behavior observed in the present study, with mean durations 

ranging from 416 min to 481 min divided into eight to nine bouts. As these values refer 

to a 15.5 h-period excluding the night and early morning hours, when the highest 

percentages of animals lying were observed, they seem to be comparable to literature 

values fluctuating around 800 min and nine to 18 bouts per day (GYGAX et al. 2007b; 

REITER et al. 2007; ABSMANNER et al. 2009). Therefore, impaired lying behavior due to 

increased aggression seems unlikely. 

In contrast to the feeding behavior, the observed lying behavior was highly 

synchronized in conformance with the natural behavior of cattle as gregarious animals 

(WINCKLER 2009; STOYE et al. 2012): The most frequent lying condition was an average 

of 81% to 100% of the animals per pen lying in all group sizes. Furthermore, 
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simultaneous lying of all animals per pen occurred in all pens. In contrast, several 

studies on dairy cattle reported synchronization levels of more than 80% occurring only 

during short periods of time or not at all (O'CONNELL et al. 1989; OVERTON et al. 2003; 

FLURY & GYGAX 2016). Similar observations of highly synchronized lying behavior, but 

hardly synchronized feeding activity, exist for dairy cows (O'DRISCOLL et al. 2008). As 

an explanation for the lack of synchronization in feeding behavior, the authors of this 

previous study named the constant feed availability and composition of conserved feed 

fed ad libitum. To our knowledge, there are no scientific results on the importance of 

feeding synchrony in cattle or the occurrence of negative effects when it is reduced. In 

contrast, synchronous lying is used as an indicator for high levels of animal welfare 

(FREGONESI & LEAVER 2001; NAPOLITANO et al. 2009), and various authors agree on its 

importance. GALINDO & BROOM (2000) found an increased occurrence of lameness in 

low ranking dairy cows that were forced to stand when synchronous lying of all animals 

per herd was not possible. MOGENSEN et al. (1997) confirmed the importance of 

synchronous lying behavior by proving the high priority of lying synchronization in 

heifers: In slatted pens with a littered lying area too small to allow for simultaneous 

lying of all animals per pen, they observed one heifer per pen lying more frequently on 

the concrete slats. These heifers were characterized by lower daily weight gains. The 

findings of the present study emphasize the importance of simultaneous lying in 

fattening cattle and, therefore, the necessity of sufficient space for simultaneous lying. 

At least at the observed space allowances of 3.5 m² to 4.5 m², simultaneous lying of 

all animals per pen was possible. 

2.4.2. Differences between group sizes 

In the present study, the lying behavior tended to be even more synchronized with 

increasing group size: Synchrony levels of 61% to 100% were observed more often in 

G33 than in smaller groups. As mentioned above, synchronous lying has a high priority 

in cattle and high levels of synchrony indicate high levels of animal welfare. In addition, 

the mean duration of time the animals spent lying clearly increased with group size, 

and lying bouts were longer in the larger groups of 22 and 33 animals. Furthermore, 

these bulls performed on average fewer feeding bouts that had a higher average 

duration in the largest group size. These observations indicate increasingly 

undisturbed lying and feeding behavior with increments of group size and, therefore, 

reject the common view that increasing group size leads to increased aggression 

(SCAHAW 2001; PHILIPPS 2002; ESTEVEZ et al. 2007). If this was the case, increments 



LARGE GROUP HOUSING SYSTEMS IN FATTENING BULLS | DISCUSSION 29 

 

of group size would lead to more disturbances of lying and feeding animals and, 

consequently, reduced synchronization. However, the observations of the present 

study indicate the opposite.  

Consistently, the mean and maximum percentage of animals participating 

simultaneously in interactions was lower in large groups of 33 animals than it was in 

small groups of 16 animals. As there was no distinction between sociopositive 

interactions and aggression nor an analysis at individual level, further analysis of the 

effect of group size on aggression in cattle is needed to derive a reliable conclusion. 

However, these first results indicate that there is no linear increase in aggression with 

increments of group size in fattening cattle. Similarly, various authors describe a 

decline in aggression with increasing group size in poultry (ESTEVEZ et al. 1997; 

HUGHES et al. 1997; NICOL et al. 1999; ESTEVEZ et al. 2003) as well as in pigs (NIELSEN 

et al. 1995; TURNER et al. 2001; ANDERSEN et al. 2004). In cattle, KONDO et al. (1989) 

observed a linear increase in aggression with group size, but only in adult cattle older 

than two years in mixed-sex groups. Therefore, this former study is hardly comparable 

to the housing of fattening cattle. To our knowledge, this is the only study examining 

the effects of group size in large groups of cattle. Further studies refer to smaller groups 

of a maximum of 16 animals and they differ regarding their conclusion on the effects 

of group size. The study by KONDO et al. (1989) also included smaller groups of two to 

12 calves aged up to 13 months, where no correlation between aggression and group 

size could be observed. RIND & PHILLIPS (1999) compared groups of four to 16 dairy 

cows and observed an increased aggression in groups of 16. In contrast, TELEZHENKO 

et al. (2012) found no effects on the level of aggression when housing dairy cows in 

groups of six or 12. In agreement, lying behavior of dairy cows housed in groups of six 

or 12 did not differ (HINDHEDE et al. 1996; TELEZHENKO et al. 2012), and group size had 

no effect on the productivity of dairy cows (HINDHEDE et al. 1996; RIND & PHILLIPS 1999). 

The social tolerance hypothesis challenges the increase in aggression with group size 

(ESTEVEZ et al. 1997): It states that larger groups with unlimited access to food and 

water have a more tolerant social system as it is uneconomical for individual animals 

to expend energy in defending resources from others (KREBS & DAVIES 1996). The 

more tolerant social system with few agonistic encounters, enables the animals to 

spend more time in exploiting the available resources (ESTEVEZ et al. 2007). Therefore, 

access to resources in large groups should not be impaired. An observation supporting 
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this hypothesis is the dependence of group size on the abundance of resources under 

natural conditions (MENDL & HELD 2001; ESTEVEZ et al. 2007): In habitats with high 

food availability, the level of competition is low and large groups can be sustained. On 

the contrary, if resources are limited, groups are smaller due to increased competition. 

Such an influence of food abundance and distribution on group size has also been 

observed in cattle (LAZO 1992). The present study also confirmed these theories, as 

bulls spent more time lying with increasing group size and displayed a more 

synchronized lying behavior as well as increasingly undisturbed lying and feeding 

behavior. Consistently, the mean and maximum percentages of animals participating 

in interactions did not increase with group size. A restriction of individual animals can 

also be excluded as the SD of the variables describing lying and feeding behavior at 

individual level was similar in all group sizes. Consequently, with increments of group 

size, there was no increasing variation between individuals. This is confirmed by the 

satisfactory growth performance as well as the absence of significant strong 

correlations between the individual level data on feeding and lying behavior and 

carcass weight or BCS: Restricted access to resources or severe restrictions of 

individuals in lying and feeding behavior would possibly lead to impaired growth 

performance. 

In addition to the social tolerance hypothesis, the hypothesis of shared free space also 

indicates large group systems to be suitable housings systems for fattening cattle. It is 

based on the idea that group-housed animals can share their free space, leading to 

larger pens providing in total more free space in which animals can move, even if the 

number of animals per square meter is kept constant (BRYANT & EWBANK 1972; 

MCGLONE & NEWBY 1994). In the present study, the feeding behavior was less 

synchronized with increasing group size, as the percentage of time without any bulls 

feeding decreased and was lowest in G33. This could be explained by the spatial 

separation of functional areas in larger groups, facilitated by the increasing amount of 

shared free space. Active animals can be probably found in the front part of the pen 

containing food and water, while lying animals are more likely to retreat to the back 

part of the pen. With group and pen size, the distance between the front and back part 

of the pen increases, possibly leading to fewer disturbances of lying animals by active 

ones. According to SCHRADER (2007), this reduction in disturbances between animals 

displaying different activities leads to farm animal housing systems with spatially 

separated functional areas being behaviorally more appropriate. The reduced 
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occurrence of disturbances with increments of group size mentioned above could 

confirm this hypothesis. Furthermore, allelomimetic behavior in cattle is more likely to 

occur between neighboring than between randomly selected animals (STOYE et al. 

2012). Consequently, in large groups, the greater distance between lying and feeding 

animals may reduce the occurrence of allelomimetic effects between them. 

The animals in G22 spent significantly less time feeding than those in the smaller and 

larger groups. However, this difference is more likely to be caused by differences in 

feed composition than by group size per se as the animals of G22 were housed on 

farm 1 and received another TMR than the other group sizes on farm 2. The TMRs 

clearly differed in particle size distribution with long particles making up 7.88% of the 

ration on farm 2 and only 3.87% on farm 1. As the time cattle spend feeding is known 

to depend on silage quality (SÜSS & ANDREAE 1984), the less structured feed on farm 

1 (G22) may be ingested faster.

To summarize, the results of the present study indicate large group systems to be 

suitable for the housing of fattening cattle. They may even improve animal welfare as 

was indicated by an increased level of lying synchronization, higher percentages of 

time spent lying and a tendency to show increasingly undisturbed feeding and lying 

behavior. Thus, the hypotheses of large groups of fattening cattle having a more 

tolerant social system and facilitation of spatial separation of functional areas in large 

groups were confirmed. Consequently, the observations of the present study do not 

provide scientific evidence to support the existing housing recommendations for 

fattening cattle with maximum group sizes of 12 to 20 animals (COUNCIL OF EUROPE 

1988; CIGR 2004; TVT 2007). On the contrary, the indication of positive influences of 

increments of group size on animal welfare confirms SCAHAW (2001) in claiming that 

more information on maximum as well as optimum group size in cattle is required. 

Further studies analyzing the effect of group size on aggression in fattening cattle are 

needed to offer reliable conclusions on suitable group sizes. Additionally, the economic 

dimensions of housing fattening bulls in large groups should be evaluated in detail. 

The higher carcass weights in larger groups observed in this study could also be a 

result of management factors. Therefore, further studies should include control groups 

housed in exactly the same housing systems with consistent management to avoid 

effects of group size being hidden by feed or other management factors. Furthermore, 
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daily weight gain should be monitored at individual level for more detailed information 

on possible effects on growth performance. 

The importance of further research on group size is stressed by the fact that housed 

farm animals may suffer from negative effects provoked by housing in unsuitable group 

sizes, as they lack the natural possibility of leaving a group depending on 

environmental conditions (ESTEVEZ et al. 2007). Therefore, there is an urgent need to 

review the suitability of common group sizes and consider the results in order to revise 

existing housing recommendations and introduce obligatory regulations.

2.5 Conclusion 

Large group systems are suitable for the housing of fattening cattle. With increments 

of group size, lying behavior was more synchronized and the animals spent more time 

lying, displaying a tendency to increasingly undisturbed feeding and lying behavior. 

Furthermore, the mean and maximum percentages of animals participating 

simultaneously in interactions as well as interindividual variations in lying and feeding 

behavior did not increase with group size. These observations provide no scientific 

evidence for the view that increasing group size leads to increased aggression and 

they do not scientifically support existing housing recommendations for fattening bulls 

with group sizes of at maximum 12 to 20 animals. Consequently, these 

recommendations should be revised and the effect of group size on behavior and 

growth performance of fattening cattle should be analyzed further.
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2.6 Supporting information 

Table S 1 Variables describing lying and feeding behavior in fattening bulls with 
differentiation towards observation period (OP) and p- and t-value statistic of Bonferroni 
adjustment for multiple comparisons. dur. = duration. 

Variable 
Group 

size 
OP1 OP2 OP3 DF t p 

Lying 

duration 

[min] 

G16 369.4 ± 58.9 414.6 ± 56.0 464.0 ± 99.2 1,567 85.1 < 0.0001 

G22 427.5 ± 89.5 479.1 ± 96.8 487.7 ± 93.8 1,567 158.1 < 0.0001 

G33 455.6 ± 62.8 488.2 ± 88.2 486.7 ± 54.2 1,567 126.1 < 0.0001 

Number 

of lying 

bouts 

G16 10.2 ± 2.2 8.0 ± 1.91 8.1 ± 2.0 1,567 65.2 < 0.0001 

G22 8.8 ± 2.4 8.2 ± 2.65 7.5 ± 2.2 1,567 101.5 < 0.0001 

G33 8.9 ± 2.2 8.9 ± 1.84 8.0 ± 2.0 1,567 81.4 < 0.0001 

Lying 

bout dur. 

[min] 

G16 3.7 ± 0.9 5.5 ± 1.48 6.0 ± 1.6 1,567 38.5 < 0.0001 

G22 5.2 ± 1.7 6.6 ± 3.53 7.1 ± 2.9 1,567 78.1 < 0.0001 

G33 5.5 ± 2.1 5.8 ± 1.76 6.5 ± 2.0 1,567 58.2 < 0.0001 

Feeding 

duration 

[min] 

G16 228.4 ± 65.4 122.2 ± 29.9 107.6 ± 25.2 1,567 49.7 < 0.0001 

G22 152.9 ± 45.1 121.0 ± 42.5 108.2 ± 37.3 1,567 69.2 < 0.0001 

G33 199.7 ± 55.9 145.7 ± 44.6 123.0 ± 32.0 1,567 61.3 < 0.0001 

Number 

feeding 

bouts 

G16 11.9 ± 2.5 8.3 ± 2.0 8.0 ± 1.8 1,567 63.9 < 0.0001 

G22 9.4 ± 2.3 8.3 ± 2.6 7.4 ± 2.1 1,567 95.1 < 0.0001 

G33 10.3 ± 2.7 8.4 ± 2.2 7.7 ± 1.9 1,567 74.0 < 0.0001 

Feeding 

bout dur. 

[min] 

G16 2.0 ± 0.5 1.5 ± 0.3 1.4 ± 0.3 1,567 63.2 < 0.0001 

G22 1.7 ± 0.4 1.5 ± 0.3 1.5 ± 0.4 1,567 100.9 < 0.0001 

G33 2.0 ± 0.6 1.8 ± 0.5 1.6 ± 0.4 1,567 89.3 < 0.0001 

 

 

Figure S 1 Feeding area with horizontal metal tubes.  
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Abstract 

The usage of automatic feeding systems (AFS) in cattle offers multiple advantages, 

mostly due to the possibility of an increased feeding frequency. While it is gaining more 

and more importance in dairy farming, there is still a lack of experience and scientific 

knowledge regarding its use in fattening cattle. The aim of this study was to describe 

the behavior of 56 Simmental bulls fed with an AFS six times daily a total mixed ration. 

The animals arrived at the farm with an average age of 148 ± 11 days. They were 

housed in four straw-bedded pens in groups of 14 animals each. Their average 

slaughter age was 558 ± 20 days. Behavioral observations were made during three 

observation periods (OP) at an average of 11, 14 and 16 months of age. Using scan 

sampling, feeding and lying behavior of all animals and the order of bulls feeding after 

feed delivery were recorded. Furthermore, body condition and health status were 

monitored and complemented with the carcass weights. Body condition, health status 

and carcass weights of the bulls were found to be satisfactory: Mean body condition 

score increased from 2.8 ± 0.3 in OP1 to 3.0 ± 0.1 in OP3 and mean carcass weight 

was 432.7 ± 40.8 kg. No severe health problems occurred. The feeding activity of the 

bulls was spread out over the course of the day with peaks in the afternoon and 

evening. Percentages of bulls feeding per pen never exceeded 20%, animals feeding 

mostly alone (during 28.0 ± 2.2% of total observation time) or in groups of two to three 

(16.6 ± 2.0% and 6.7 ± 1.9%). The order of bulls feeding after feed delivery varied 

indicating that all animals had similar access to fresh feed. These results emphasize 

the importance of constant feed availability and quality at any time of the day, thus 

indicating the ability of an AFS with six daily feedings to ensure such a consistency. 
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3. 1 Introduction 

Automatic feeding is gaining more and more importance in dairy cattle farming. Main 

reasons to install an automatic feeding system (AFS) are its contributions to a reduction 

in workload and working time as well as increasing flexibility (GROTHMANN et al. 2010). 

However, benefits of AFS are not restricted to management factors. Permitting an 

increasing feeding frequency without increasing costs or workload they also offer 

possibilities to positively influence behavior (DEVRIES et al. 2005; OBERSCHÄTZL-KOPP 

et al. 2016b), productivity (SHABI et al. 1999; MACMILLAN et al. 2017) and health of cattle 

(SHABI et al. 1999; DEVRIES et al. 2005; MACMILLAN et al. 2017). 

Up to now, AFS have been rarely used in housing systems for fattening cattle, despite 

their advantages being transferable from dairy to fattening cattle. Fattening cattle are 

commonly fed twice per day, in the morning and in the evening or even only once in 

the morning, using an ad libitum feeding regimen. On pasture, cattle spend about 10 

to 12 hours per day grazing, divided into several meals spread out from dusk to dawn 

(PHILIPPS 2002). The feeding duration of housed cattle is reduced to four to seven 

hours per day, but feeding is still divided into six to twelve daily meals spread out over 

the daylight period (SAMBRAUS 1978; PHILIPPS 2002). As cattle are selective feeders 

while consuming conserved feed (PHILIPPS 2002), feed composition, palatability and, 

therefore, possibly also feed quality is likely to decline with increasing time after feed 

delivery. This could have detrimental effects on nutrition, as cattle tend to spread out 

their feeding behavior over the course of the day. The pre-selected ration they receive 

with increasing time after feeding may not fulfill their nutrient requirements. An 

increasing frequency of feed deliveries spread out across the day could contribute to 

ensuring not only constant feed availability but also constant feed quality. Using an 

AFS allows such a feed delivery pattern without increasing workload for farmers.

Further positive effects of an increased feeding frequency are known from studies on 

dairy cattle regarding an increase in the time spent feeding (DEVRIES et al. 2005; 

OBERSCHÄTZL-KOPP et al. 2016b; MATTACHINI et al. 2017) as well as in DM intake (SHABI 

et al. 1999; HART et al. 2014). Furthermore, increasing feeding frequency led to 

decreased diurnal variation in ruminal pH, possibly reducing the risk of subacute 

ruminal acidosis (FRENCH & KENNELLY 1990; SHABI et al. 1999; MACMILLAN et al. 2017). 
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However, all these results refer to dairy cattle and heifers, while currently no scientific 

studies at all exist concerning the influence of feeding frequency on behavior, health 

or growth performance of fattening cattle. Nonetheless, the impact of feeding 

frequency is not only important regarding the suitability or benefits of an AFS for 

fattening cattle, but also concerning the current practice of feeding fattening cattle only 

once or twice per day. Therefore, the objective of the present study was to generally 

describe behavior and performance of fattening bulls fed at a high frequency, namely 

six times per day using an AFS.  

3.2 Materials and methods 

3.2.1 Animals, housing and management 

This study did not involve a prospective evaluation or laboratory animals and only non-

invasive procedures were applied. It was reviewed and it received approval from the 

Animal Welfare Officer of the University of Veterinary Medicine Hannover, Foundation 

(reference: TVO-2017-B5).The study was carried out in accordance with the German 

legislations, the German Animal Welfare Act (German designation: TierSchG; 

ANONYMOUS 2006b), national requirements for animal husbandry (German 

designation: TierSchNutztV; ANONYMOUS 2006a), the Animal Protection Guideline for 

Fattening Cattle of Lower Saxony (MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER 

PROTECTION OF LOWER SAXONY 2018) as well as the Council of Europe Convention on 

the Protection of Animals kept for Farming Purposes and its recommendations 

concerning cattle (COUNCIL OF EUROPE 1988). The study was conducted on 56 

Simmental bulls on a commercial fattening farm in Lower Saxony, Germany, housing 

336 fattening bulls in total. The bulls were housed in four groups of 14 animals each in 

straw-bedded pens with a space allowance of 4.0 m² per bull. They were automatically 

fed six times per day a total mixed ration with an AFS (feeding robot Triomatic HP 2 

300, Trioliet, Oldenzaal, the Netherlands). The number of six feed deliveries was 

chosen according to OBERSCHÄTZL-KOPP et al. (2016b). Feed delivery occurred around 

6:15 h, 10:15 h, 14:15 h, 18:15 h, 19:15 h and 22:15 h. In addition, feed was pushed-

up towards the feed barrier by the feed mixing and distribution wagon two times daily 

(around 13:15 h and 21:15 h) and residues were removed manually once per day at 

17:30 h. The feeding area was not provided with feeding gates or head barriers and 

the manger space was 4.85 m per pen. The feed composition and particle size 

distribution of the diet is reported in Table 6. Water was available ad libitum via two 
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Table 6 Ingredients, chemical composition (related to dry matter (DM)) and 
particle size distribution (determined with a forage particle separator (HEINRICHS 

& KONONOFF 2002)) of the total mixed ration (TMR). 

Ingredient [%]  Chemical composition 

Maize silage 72.5 Dry matter [%] 40.5 
Potato pulp 12.7 Crude protein [% DM] 12.9 
Rye with calcium 
carbonate and salt 

5.8 Crude ash [% DM] 6.1 

Rapeseed meal 3.9 Crude fat [% DM] 2.3 
Soybean meal 3.5 Crude fiber [% DM] 16.1 
Barley straw 1.0 Nitrogen free extractives [% DM] 62.6 

Mineral and vitamin mix 0.6 pH 4.62 

Particle size distribution of the TMR [%] 

Particles remained by  
19 mm sieve (long) 10.9   

Particles retained by  
8 mm sieve (medium) 

50.5   

Particles on bottom pen 
(short) 

38.6   

 

drinking troughs per pen located on both sides in the middle of the pen. Approximately 

3 kg straw per animal were distributed daily around 17:00 h with a straw blower.  

The animals arrived on the farm at about five months of age (148 ± 11 days). In the 

following three months, they were assigned to groups of 14 animals each according to 

their body weight. For the study, four groups of similar body weight were selected. 

These groups remained constant until the end of the fattening period. The only 

exception was group 3 from which one animal (animal 32) was removed after the first 

observation period (OP), explained below, due to reduced feeding and growth. Animals 

were slaughtered at an age of 558 ± 20 days and carcass weights were provided by 

the slaughterhouse. 

3.2.2 Body condition and health scoring 

The data acquisition began when the final groups had existed for at least three weeks. 

It was performed during three OP at an average of 338, 407 and 476 days of age, 

respectively (approximately at an age of 11, 14 and 16 months, respectively). The OP 

was defined as a four day-period of data acquisition, beginning with body condition and 

health scoring on the first day and continuing with three days of continuous video 

recording at the following three days. At the beginning of each OP, all animals were 

individually scored for body condition and health status by one trained observer. The 

bulls’ body condition was assessed following the body condition score (BCS) system 

described by EDMONSON et al. (1989) with scores ranging from 1.0 (emaciated 
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condition) to 5.0 (obese condition) in steps of 0.5 (Table 7). Bulls’ health status was 

assessed considering the welfare criteria for health assessment listed in the Welfare 

Quality® assessment protocol for cattle (WELFARE QUALITY® CONSORTIUM 2009). The 

analyzed criteria are listed in Table 8. In addition to observations during scoring, bulls’ 

health was monitored by the farmer. In consultation with his farm veterinarian, he 

documented any pathological event that occurred during the fattening period as well 

as drug use. 

Table 7 Body condition scoring system described by EDMONSON et al. (1989). 

Score Body condition 

1 Severe underconditioning (emaciated) 

2 Frame obvious 

3 Frame and covering well balanced 

4 Frame not as visible as covering 

5 Severe overconditioning (obese) 

 

Table 8 Welfare criteria concerning health following the Welfare Quality® 

assessment protocol for cattle (WELFARE QUALITY® CONSORTIUM 2009). 

Welfare criteria Description 

Absence 
of 
injuries 

Lameness Abnormality of movement 

Integument alterations Hairless patches and lesions/swellings 

Absence 
of 
disease 

Coughing 
Sudden and noisy expulsion of air from the 
lungs 

Nasal/ocular 
discharge 

Clearly visible flow/discharge from 
nostrils/eye 

Hampered respiration Deep and overtly difficult or labored breathing 

Bloated rumen 
“Bulge” between hip bone and ribs on the left 
side 

 
Diarrhea Loose watery manure below tail head on both 

sides of the tail 

 

3.2.3 Behavioral observations 

Behavioral observations were performed by analyzing video recordings. The animals 

were videotaped with two video cameras (EQ900F, EverFocus Electronics 

Corporation, Taipei, Taiwan) and an eight-channel hybrid recorder (AXR-108, Monacor 

International GmbH & Co. KG, Bremen, Germany). The cameras were located above 

the pens covering two full pens each. Individual animals were identified and listed by 

the color and patterns of their fur.  
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The video analyses were performed using the program Interact (Version 17.0.1.2, 

Mangold International GmbH, Arnstorf, Germany) for observational research. For the 

group-based evaluation, the activity of the animals was observed for 48 h per OP using 

a scan sampling technique (MARTIN & BATESON 2007). In intervals of two minutes from 

4:00 h to 23:30 h and ten minutes during the night (23:30 h to 4:00 h), the number of 

animals feeding and lying was recorded. At an individual level, the behavior of all 

animals was scanned at intervals of ten minutes from 4:00 h to 22:30 h on three 

consecutive days per OP using a combination of scan sampling and focal animal 

sampling (MARTIN & BATESON 2007). The 10 min-interval was chosen in accordance 

with MITLOHNER et al. (2001) and ENDRES et al. (2005). The recorded and analyzed 

behavior patterns were feeding and lying. Lying included bulls that were observed in 

sternal as well as in total lateral recumbency from the end of the lying-down movement 

until the end of the standing-up movement. An animal was considered to be feeding 

when its head was completely past the feed rail and above the feed while ingesting the 

feed. 

3.2.4 Behavioral analysis 

In accordance with ENDRES et al. (2005), each behavior was assumed to persist for the 

entire sample interval. Therefore, the duration of each performed behavioral pattern 

was calculated by multiplying the number of the correspondent sample intervals with 

two or ten. For the behavioral observations at herd level, the percentage of animals 

performing each behavior was averaged for each interval for all days. To assess 

behavioral synchronization, the percentage of time a certain number of animals spent 

feeding or lying was averaged for all groups and days. The variables calculated per 

animal at individual level are listed in Table 9. Mean and SD of the percentage of time 

spent feeding and lying per 18.5 h-period were calculated for each single animal for all 

days. Furthermore, the mean bout length and the mean number of bouts per 18.5 h-

period were determined. After each observed feed delivery, the position of each animal 

within the order of animals feeding after feed delivery was determined. Furthermore, 

for each single animal, the percentage of feed deliveries with following feeding 

behavior was calculated. 

3.2.5 Statistical analysis 

Statistical analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, NC, USA, 

1999). First, a descriptive analysis was performed to show frequency distributions and 
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Table 9 Behavioral observations at individual level: Variables calculated per 
animal. 

Behavior Variable  

Lying Mean percentage of time spent lying 

Per 18.5 h-period1 Mean number of lying bouts 

Mean lying bout length 

Feeding Mean percentage of time spent feeding 

Per 18.5 h-period1 Mean number of feeding bouts 

Mean feeding bout length 

Mean feeding order position 2 Averaged for 54 
observed feed 
deliveries 4 

Percentage of feed deliveries with 
following feeding activity 3 

1 Averaged for three observation periods with three 18.5 h-periods of observation     

  each.  
2 After each observed feed delivery, the position of each animal within the order of   

  animals feeding after feed delivery was determined. Bulls feeding for the first time    

  after feed delivery at the same interval received the same feeding order position  

  value.  
3 Feed delivery with following feeding activity means that an animal was observed  

  feeding before the beginning of the next feed delivery or the end of the 18.5 h   

  period. 
4 Three observation periods of three days each and six feed deliveries per day. 

averages. Subsequently, the dependent variables of percentage of time spent lying 

and feeding as well as mean bout length and mean number of lying and feeding bouts 

per 18.5 h-period were tested for normal distribution using histograms and a Shapiro-

Wilk test to determine a suitable statistical model for the evaluation. As data were non-

normally distributed, a one-way ANOVA on ranks (Kruskal-Wallis Test) was conducted 

to examine the differences between the individual animals concerning the dependent 

variables. Correlations between carcass weight and BCS and the dependent variables 

were tested using Spearman’s correlation.

3.3 Results 

3.3.1 Health, body condition and growth performance 

Observed health problems during scoring were incidents of temporary lameness in 

three bulls and hairless patches (skin not damaged, no lesions or swellings) on neck 

or forehead in five bulls. Furthermore, one bull (animal 32 in group 3) was removed 

from the group after the end of OP1 due to reduced growth. Besides, no health 

problems were observed and no specific medical treatments were required throughout 

the finishing period. BCS ranged from 2.0 to 3.5, with mean values increasing from 

OP1 to OP3 (Table 10). The mean carcass weight of the bulls was 432.7 ± 40.8 kg 

(Table 10).  
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3.3.2 Behavioral observations at herd level 

The averaged percentage of animals feeding and lying during the course of the day 

are presented in Figure 6. The feeding activity was widely spread out over the course 

of the day with averaged percentages of animals feeding per pen never exceeding 

20%. Maximum values of animals feeding occurred in the afternoon and evening 

around 16:00 h and 22:00 h. Low percentages of animals feeding as well as maximum 

percentages of more than 90% animals lying occurred during the night and early 

morning hours (maximum around 06:00 h). Two further lying periods with lower 

maximum percentages of 60% to 70% bulls lying were observed in the afternoon and 

evening (around 14:00 h and 20:00 h).  

The most frequent feeding condition showed one bull feeding alone, followed by two 

to three bulls feeding at the same time (Table 11). Simultaneous feeding of more than 

three bulls was rarely observed. During 45.6 ± 4.0% of total observation time no 

animals were observed feeding. The most frequent lying conditions were 61% to 80% 

of the animals per pen lying simultaneously, closely followed by 41% to 60% of the 

animals lying at the same time (Table 12). More than 80% animals lying per pen were 
 

Table 10 Body Condition Score (BCS) at the different observation periods (OP) 

and carcass weight. BCS scoring system described by EDMONSON et al. (1989). 

 n Mean ± SD Minimum Maximum 

BCS OP1 56 2.8 ± 0.3 2 3 

BCS OP2 55 2.9 ± 0.2 2.5 3.5 

BCS OP3 55 3.0 ± 0.1 2.5 3.5 

Carcass weight [kg] 55 432.7 ± 40.8 213 489 

Figure 6 Averaged percentages of animals feeding and lying per pen over a 24 
h-period. Blue line = percentage of animals lying, green line = percentage of animals 
feeding, blue areas = time periods of feed delivery. Data were averaged for each 
interval for three observation periods with two days each and 56 animals housed in 

four groups of 13 to 14 animals each.
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Table 11 Number of simultaneous feeding animals and percentage of time. Data 
were averaged for three observation periods with two days (48 h) each and four 

groups of 13 to 14 animals each. 

Number of bulls feeding 
simultaneously 

Percentage of total observation time [%] 

Mean ± SD Minimum Maximum 

0 45.6 ± 4.0 39.3 52.4 

1 28.0 ± 2.2 23.9 31.9 

2 16.6 ± 2.0 14.0 20.0 

3 6.7 ± 1.9 3.8 10.1 

4 2.3 ± 1.0 1.3 4.7 

5 0.6 ± 0 4 0.1 1.6 

6 0.06 ± 0.1 0.0 0.4 

7 0.02 ± 0.03 0.0 0.1 

Table 12 Percentage of simultaneous lying animals and percentage of time. Data 
were averaged for three observation periods with two days (48 h) each and four 
groups of 13 to 14 animals each. 

Percentage of bulls lying 
simultaneously [%] 

Percentage of total observation time [%] 

Mean ± SD Minimum Maximum 

0 2.7 ± 2.3 0.1 7.4 

1-20 4.7 ± 1.8 1.7 8.0 

21-40 11.6 ± 4.4 6.7 19.8 

41-60 28.9 ± 5.6 19.2 37.4 

61-80 31.6 ± 7.2 18.6 38.4 

81-100 20.5 ± 2.3 16.3 23.9 

 

observed during 20.5 ± 2.3% of total observation time. Simultaneous lying of all 

animals per pen (100%) was observed in all pens. 

3.3.3 Behavioral observations at individual level 

Each bull spent on average 9.9 ± 1.8% of the 18.5 h-period of individual observation 

feeding, and 62.7 ± 4.3% lying (Table 13). Per 18.5 h-period each animal had on 

average 7.9 ± 1.2 feeding bouts with a mean duration of 13.5 ± 1.5 min and 11.0 ± 1.4 

lying bouts with a mean duration of 62.9 ± 9.0 min. 

The individual animals showed significant differences concerning their mean 

percentages of time spent feeding (p = 0.0021) and lying (p < 0.0001). Furthermore, 

they differed in their mean number of feeding and lying bouts (feeding: p = 0.0039, 

lying: p < 0.0001) as well as the mean bout length (feeding: p = 0.0079, lying: p = 

0.0002). None of these variables were correlated with carcass weight or BCS (Table 

14). 
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Table 13 Individual observation results. Data were averaged for three observation 
periods with three 18.5 h-periods of observation each and 56 animals housed in four 

groups. 

Measurement Mean ± SD Minimum Maximum 

Percentage of time spent feeding per 
18.5 h-period [%] 

9.9 ± 1.8 6.7 14.4 

Percentage of time spent lying  
per 18.5 h-period [%] 

62.7 ± 4.3 51.6 72.6 

Percentage of feed deliveries with 
following feeding activity [%] 

75.9 ± 6.8 61.1 92.6 

Mean number of feeding bouts  
per 18.5 h-period 

7.9 ± 1.2 5.2 11.4 

Mean number of lying bouts  
per 18.5 h-period 

11.0 ± 1.4 8.1 14.9 

Mean feeding bout length [min] 13.5 ± 1.5 11.1 17.4 

Mean lying bout length [min] 62.9 ± 9.0 37.4 85.1 

Table 14 Spearman’s correlation of the variables describing feeding and lying 
behavior with carcass weight and body condition score. BCS = body condition 
score, rsp = Spearman’s rank correlation coefficient. 

Variable 
Carcass weight BCS 

rsp p rsp p 

Percentage of time spent feeding  
per 18.5 h-period 

-0.07352 0.5937 -0.20653 0.1267 

Percentage of time spent lying  
per 18.5 h-period 

0.14459 0.2922 0.24873 0.0645 

Mean number of feeding bouts  
per 18.5 h-period 

-0.02716 0.8440 -0.06923 0.6122 

Mean number of lying bouts  
per 18.5 h-period 

0.04524 0.7430 0.02642 0.8467 

Mean feeding bout length 0.01342 0.9225 -0.19227 0.1557 

Mean lying bout length 0.08079 0.5576 0.08092 0.5533 

 

During the observed feed deliveries (n=54), each bull was observed both feeding as 

the first one after feed delivery and as one of the latter (feeding order position 8 to 13; 

Figure 7). With a mean feeding order position of an average of 4.3 ± 0.5, the feeding 

order varied between feed deliveries. The averaged percentage of feed deliveries with 

following feeding activity was 75.9 ± 6.8% (Table 13).
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Figure 7 Mean, minimum and maximum positions of the individual bulls within 
the order of bulls feeding after feed delivery per pen. Data were recorded per pen 
and averaged per individual for all observed feed deliveries over three observation 
periods with three days each and six feed deliveries per day (n = 54); mean position 
values are marked by bars, minimum and maximum values are marked by whiskers. 
Animals 1 to 14 = group 1, animals 15 to 28 = group 2, animals 29 to 42 = group 3, 
animals 43 to 56 = group 4. 

3.4 Discussion 

Under natural conditions, cattle display a need to spread out their feeding behavior 

over the whole day. As diurnal feeders, they perform grazing activity during several 

meals from dawn to dusk with concentrations at crepuscular times (PHILIPPS 2002; 

KILGOUR et al. 2012). Housed cattle also prefer feeding during the daylight hours. In 

consistence, the bulls in the present study spread out their feeding behavior over the 

course of the day with reduced feeding activity during the night and early hours of the 

morning. Similar results were described by other authors for fattening bulls (COZZI & 

GOTTARDO 2005) as well as for lactating dairy cows (DEVRIES et al. 2003). The feeding 

behavior of the bulls in the present study was also evenly distributed over the course 

of the daylight hours, resembling the behavior of cattle under natural conditions: It was 

divided into an average of 7.9 bouts, each bull feeding on average after more than 

three quarters of the daily feed deliveries. Furthermore, the maximum number of 

feeding bulls at any one time was observed during the afternoon and evening. COZZI 

& GOTTARDO (2005) made similar observations in housed fattening bulls with peaks in 

feeding activity occurring after feed delivery, but also around sunset. This resembles 

another aspect of natural cattle behavior, described by PHILIPPS (2002): Cattle on 

pasture take the longest and most intensive mealtime of the day in the evening, this 
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ending shortly after dusk, providing them with sufficient food to digest during the night. 

This may also be the case in the present study: The feeding activity in the morning 

during and after the first feed delivery of the day was quite low, indicating that the bulls 

accumulated sufficient quantities of feed to digest during the night and, consequently, 

were not starving after the night hours without a delivery of fresh feed. 

It is generally regarded as an indicator of a high level of animal welfare when animals 

in housing systems display behavior that resembles their natural behavior (WECHSLER 

2007). Furthermore, the displayed feeding behavior may imply beneficial effects on the 

bull’s health: In dairy cattle, several authors describe a decrease in diurnal variation in 

ruminal pH after increasing the feeding frequency (FRENCH & KENNELLY 1990; SHABI et 

al. 1999). As an explanation, they offer the more even distribution of the feeding activity 

over the course of the day. The lowered variation in ruminal pH leads to a reduced risk 

of developing subacute ruminal acidosis (SARA). This was confirmed by the findings 

of MACMILLAN et al. (2017), with cows at higher risk of SARA feeding at irregular 

intervals throughout the day. Consistently, in the present study with a high feeding 

frequency of six daily feed deliveries, no considerable number of digestive disorders 

occurred. One bull was removed from its group due to reduced growth, but none of the 

other animals displayed possible signs of digestive disorders like acidosis, which are 

common problems in fattening cattle (NAGARAJA & LECHTENBERG 2007; COZZI et al. 

2009b; GONZÁLEZ et al. 2012; EFSA PANEL ON ANIMAL HEALTH AND ANIMAL WELFARE 

2012).  

The most common health problem in the housing of fattening cattle are respiratory 

diseases (JENSEN et al. 1976; ANIMAL AND PLANT HEALTH INSPECTION SERVICE 2001; 

EFSA PANEL ON ANIMAL HEALTH AND ANIMAL WELFARE 2012; MARCHESINI et al. 2018). 

Further issues are lameness and tail tip lesions  (ANIMAL AND PLANT HEALTH INSPECTION 

SERVICE 2001; MADSEN & NIELSEN 1985; DROLIA et al. 1990; MARCHESINI et al. 2018). 

However, lameness and tail tip lesions more commonly occur in slatted floor systems 

with a reduced risk of occurrence in straw-bedded pens (MADSEN & NIELSEN 1985; 

MURPHY et al. 1987; COZZI et al. 2005). In the present study, no diseases occurred and 

the only observed injuries were temporary lameness and hairless patches on the neck 

and forehead affecting three and five bulls, respectively during the entire fattening 

period. Therefore, the number of injuries was rather low and none of them were severe. 

The hairless patches were not permanent and not combined with either lesions or 
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swellings and the incidents of lameness were only temporary and disappeared without 

medical treatment. The overall health status of the bulls was satisfactory. Consistently, 

with BCS values ranging from 2.0 to 3.5, there were no bulls in an emaciated or obese 

condition at any time. Mean values increased from 2.8 ± 0.3 in OP1 to 3.0 ± 0.1 in OP3, 

so over the course of the fattening period the BCS came close to a value of 3.0, which 

is consistent with a well-balanced frame and covering (EDMONSON et al. 1989). Mean 

carcass weights were consistent with the average carcass weight of Simmental bulls 

in Lower Saxony (LWK NIEDERSACHEN 2019). Bulls with a lower BCS at the beginning 

of the fattening period could improve their body condition within the following months, 

indicating that they did not suffer from restricted access to feed due to their weaker 

body condition. This was confirmed by the varying order of bulls feeding after feed 

delivery. Obviously, there were no bulls always feeding first or always feeding last. 

Consequently, all animals had similar access to fresh and non-preselected feed. The 

bulls differed significantly from each other concerning their feeding and lying behavior, 

but none of the analyzed variables were correlated with carcass weight or BCS. Thus, 

there were no restrictions in feeding or lying behavior leading to restricted growth 

performance. 

As gregarious animals, cattle generally display a highly synchronized feeding behavior 

(PHILIPPS 2002; WINCKLER 2009). However, housed cattle exhibit less social facilitation 

when feeding than grazing cattle on pasture (PHILIPPS 2002). This could be partly 

caused by an alternation of synchronizing factors as, for example, the importance of 

social leadership or the effect of daylight period or climatic factors (METZ & WIERENGA 

1986). COOPER et al. (2008) hypothesized cow behavior to be more synchronized at 

pasture due to an increased risk of predatory attack. Another self-evident explanation, 

especially regarding fattening bulls, could be the housing environment: They are 

generally fed using an ad libitum feeding regimen with an animal/feeding-place ratio of 

up to 2:1 (MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION OF LOWER 

SAXONY 2018). Therefore, the manger space generally does not permit simultaneous 

feeding of all animals per pen. In the present study, the manger space of 4.85 m per 

pen should provide at least six feeding places based on the recommendations of 75 cm 

feeding space for fattening cattle with a weight of more than 650 kg (MINISTRY FOR 

FOOD, AGRICULTURE AND CONSUMER PROTECTION OF LOWER SAXONY 2018). However, 

the most frequently observed feeding condition showed only one to three bulls feeding 

simultaneously. The averaged percentage of animals feeding per pen never exceeded 
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20% of the bulls. This feeding behavior with animals feeding mostly alone or in groups 

of two to three is consistent with the results of other authors concerning fattening bulls 

fed ad libitum (GOTTARDO et al. 2004; COZZI & GOTTARDO 2005). GOTTARDO et al. (2004) 

compared two different manger spaces of 60 cm and 80 cm and observed that the 

bulls mostly visited the manger alone or in pairs, independent from manger space. 

Similar observations of a widely spread out feeding behavior with a low number of 

feeding animals at any time of the day exist for non-lactating dairy cows fed ad libitum 

(O'CONNELL et al. 1989; O'DRISCOLL et al. 2008). In contrast, LONGENBACH et al. (1999) 

found a strong motivation to visit the manger at the same time in heifers being 

subjected to restricted feeding. Based on these studies, it seemed likely that the 

motivation of cattle to synchronize their feeding behavior is reduced by the permanent 

availability of feed allowed by the ad libitum feeding regimen. In the present study, a 

limitation of manger space seems unlikely to be the reason for bulls mostly feeding 

alone or in small groups. In addition to the available manger space, this is confirmed 

by the fact that no animals seemed to be suffering from restricted access to feed. This 

is indicated by the satisfactory growth performance and BCS results as well as the 

varying order of bulls feeding after feed delivery. 

As the present study did not imply a control group of bulls with a lower feeding 

frequency, the effects of feeding frequency on feeding behavior and growth 

performance could not be affirmed or definitely ruled out. However, growth 

performance was satisfactory and the observed percentage of time spent feeding 

comparable to other studies. The bulls spent an average of 9.9%, i.e., 107 min feeding 

per 18.5 h-period. COZZI & GOTTARDO (2005) observed feeding behavior in bulls during 

an average of 89 min per day and in a study of the Bavarian State Research Center 

for Agriculture, bulls spent an average of 95 minutes per day at the manger (REITER 

2010). Only HASKELL et al. (2019) observed higher daily feeding durations of an 

average of 133.4 min in fattening bulls. To our knowledge, further studies on fattening 

cattle do not exist and the higher feeding durations described for dairy cattle are 

presumably not transferable to fattening cattle due to highly divergent nutrient 

requirements. Further studies with experimental designs including control groups are 

required to investigate the effect of feeding frequency on feeding time in fattening 

cattle. However, an increasing effect of a higher feeding frequency in fattening cattle 

may be possible. In dairy cattle, such an effect has already been described by several 

authors (DEVRIES et al. 2005; OBERSCHÄTZL-KOPP et al. 2016a; MATTACHINI et al. 2017).  
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Negative effects of an increased feeding frequency were reported by PHILLIPS & RIND 

(2001): They compared productivity and behavior of dairy cows fed once or four times 

per day and concluded that frequent feeding disturbed the cows and reduced milk. 

Similarly, MÄNTYSAARI et al. (2006) found an increased restlessness and decreased 

lying in dairy cows fed five times per day in comparison to cows fed only once per day. 

In the present study, there was a clear period of increased lying and decreased feeding 

activity during the night and early morning hours. This is consistent with cattle being 

diurnal feeders with a nocturnal resting period (SAMBRAUS 1978; PHILIPPS 2002). 

Furthermore, simultaneous lying of all bulls per pen occurred in all groups although the 

feeding behavior showed no clear synchronization patterns. More than 80% of the bulls 

per group were observed lying simultaneously during more than 20% of the total 

observation time, while during more than 30% of the total observation time 61% to 80% 

of the bulls were lying simultaneously. Consequently, despite the low degree of 

synchronization in feeding behavior, the lying behavior was highly synchronized in 

conformance with the natural behavior of gregarious animals such as cattle (WINCKLER 

2009; STOYE et al. 2012). The high degree of synchronization is in accordance with 

studies on synchronized lying in dairy cattle with percentages of more than 80% of 

cows lying simultaneously occurring never or only during short periods of time 

(O'CONNELL et al. 1989; OVERTON et al. 2003; O'DRISCOLL et al. 2008). Individual 

measurements of lying behavior can also be interpreted as consistent with literature 

values. The mean lying bout duration of 63 min lies within the range of observed mean 

lying bout lengths in fattening bulls described by REITER et al. (2007) and ABSMANNER 

et al. (2009). Literature values for the lying duration of bulls fluctuate around 800 min 

per day divided into 9 to 18 lying bouts (GYGAX et al. 2007b; REITER et al. 2007; 

ABSMANNER et al. 2009). In the present study, bulls spent an average of 62.7% or 11:17 

h (677 min) of the 18.5 h-period lying divided into 11 bouts. However, the highest 

percentages of lying animals were observed during the night and early morning hours 

that were excluded from the individual analysis. Therefore, the total lying duration of 

the bulls in the present study as well as their mean number of lying bouts can be 

expected to be considerably higher per 24 h-period than in the studied 18.5 h-period. 

Thus, the high feeding frequency in the present study did not seem to disturb the 

animals’ lying behavior.  

In the housing of fattening cattle, the delivery of fresh feed is usually performed only 

once to twice per day. Feed push-ups between feed deliveries ensure continuous 
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access to feed, but lack the stimulating effect on feeding activity provoked by the 

delivery of fresh feed (DEVRIES et al. 2003; OBERSCHÄTZL-KOPP et al. 2017). 

Furthermore, cattle are selective feeders (PHILIPPS 2002). COZZI et al. (2005) observed 

diet selection towards more structured particles in bulls occurring eight to 16 hours 

after feed delivery. Such feed selection could have detrimental effects on nutrition, as 

feed quality possibly gradually declines with increasing time after feed delivery. 

Especially low-ranking animals without access to feed directly after feed delivery would 

possibly suffer as a result of always receiving pre-selected feed of reduced quality. To 

compensate this process and ensure not only constant feed availability, but also 

constant feed quality at any time of the day, a higher number of feed deliveries widely 

spread out across the daylight hours seems to be an efficient method. An observation 

of the present study possibly confirming this hypothesis is the absence of clear peaks 

in feeding activity after feed delivery. Apparently, there was no need for the animals to 

feed directly after feeding, this possibly indicating a constant feed availability and 

quality at any time. Studies on cattle fed only once or twice per day in general report 

such peaks in feeding activity directly after feed delivery (DEVRIES et al. 2003; COZZI & 

GOTTARDO 2005; KING et al. 2016; OBERSCHÄTZL-KOPP et al. 2016a). Similarly, 

MÄNTYSAARI et al. (2006) observed peaks in feeding activity after feed delivery in dairy 

cows fed once per day, whereas the control group of cows fed five times per day tended 

to feed quite evenly after each delivery. Another interesting observation of the current 

study is the increased feeding behavior of the bulls during the afternoon and evening, 

reflecting the natural feeding pattern of cattle to take their most intensive meal of the 

day in the evening (PHILIPPS 2002). The aim of accumulating a sufficient amount of 

feed to digest during the night seemed to be achieved as the feeding activity during 

and after the first feed delivery of the day was quite low. Therefore, the bulls were not 

starving after the night hours without delivery of fresh feed. These observations confirm 

that feed availability and quality in the evening were satisfactory. Furthermore, several 

feed deliveries performed in the evening as in the present study obviously promote the 

natural behavior of cattle to feed more in the evening. In contrast, the practice of 

feeding bulls only once per day in the morning may not be adequate to satisfy the 

nutritional and behavioral needs of cattle, given this natural feeding pattern. As feed 

quality is possibly reduced in the evening, bulls may not be able to accumulate a 

sufficient amount of nutrients for the night. This could lead to a reduction in growth 

performance as well as limitations of animal welfare.
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The acquisition of an AFS is associated with a high initial capital investment. According 

to HAIDN & LEICHER (2017), the investment calculations for an AFS in dairy cattle farms 

with 80 to 120 cows range from EUR 172,000 to EUR 250,000. To our knowledge, no 

studies on the economic efficiency of using AFS in fattening cattle exist. However, in 

dairy cattle, adding an AFS was shown to be justified economically despite the high 

initial investment due to a significant reduction in working time (BISAGLIA et al. 2008; 

GROTHMANN et al. 2010). BISAGLIA et al. (2008) calculated a reduction in 100 minutes 

working time per day in comparison to conventional feed-mixer wagons for a herd of 

120 dairy cows. Further research is required to assess the economic efficiency of using 

AFS in fattening cattle. However, as fattening farms generally house high numbers of 

animals, time-saving effects are possibly comparable to those observed in dairy cow 

systems. 

The aim of the present study was to generally describe the behavior of fattening bulls 

fed six times per day with an AFS. The wide distribution of the feeding activity over the 

course of the day, the bulls mostly feeding alone or in groups of two or three as well 

as the increased feeding activity in the afternoon and evening emphasize the 

importance of constant feed availability and quality at any time of the day. All measures 

analyzed within the present study confirmed the ability of a high number of six feed 

deliveries per day to offer such a consistency. Indicators for negative effects of the high 

feeding frequency such as increased restlessness or restricted lying behavior were not 

observed. Therefore, the observations indicate that a high number of feed deliveries 

per day may not impair animal welfare. Clear conclusions regarding positive or 

negative effects of high feeding frequencies in comparison to conventional frequencies 

of one or two daily feed deliveries cannot be drawn from this study, as there was no 

control group. To draw such conclusions, further studies focusing on influences of 

feeding frequency on behavior and performance of fattening bulls are required. 

3.5 Conclusion 

A higher number of feed deliveries distributed over the daylight hours, as it is possible 

using AFS, seems to be an effective method for ensuring constant feed availability and 

quality at any time of the day. The importance of this consistency is stressed by the 

tendency of cattle to spread out their feeding activity over the whole course of the day 

as well as the observation that they fed mostly alone or in groups of two to three.  
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CHAPTER 4: STEREOTYPIC BEHAVIOR IN FATTENING BULLS 
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Simple Summary 

Cattle housed under intensive housing conditions may display stereotypic behavior like 

manipulating objects or body parts of conspecifics with their tongue or rolling and 

unrolling their tongue repeatedly (so-called tongue playing). These stereotypies may 

indicate restricted welfare. To our knowledge, there are no studies on the occurrence 

of stereotypies in fattening cattle. Therefore, this study aimed to analyze the 

prevalence of stereotypies in 243 fattening bulls housed under different conditions in 

straw-bedded pens in groups of 14, 16, 22, and 33 animals. The animals in one 

housing system were fed six times per day, the other animals twice per day. The 

animals’ behavior was observed at three different stages during the fattening period. 

Two hundred and thirty-four of 243 bulls were observed performing stereotypies at 

least once. In the different housing systems, an average of 0.2 to 0.9 stereotypies 

occurred per animal and hour. The most common stereotypy was manipulating objects, 

followed by tongue playing and manipulating conspecifics. These results show that 

stereotypies are a common problem in fattening cattle, occurring frequently under 

different housing conditions. As this may indicate restrictions in welfare, further studies 

on stereotypies in fattening cattle are needed in order to detect the reasons for their 

occurrence.

Abstract 

The occurrence of stereotypies in captive animals may indicate restrictions in animal 

welfare. In cattle, common stereotypies are tongue playing, manipulation of objects, or 

conspecifics. However, to our knowledge, the occurrence of stereotypies in fattening 

cattle was only analyzed in studies several decades old. Therefore, this study aimed 

to analyze the prevalence of stereotypies in fattening bulls housed in different systems. 

On three German fattening farms, a total of 243 fattening bulls housed in groups of 14, 

16, 22, and 33 animals in straw-bedded pens were observed. Behavioral observations 
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were performed via video recordings during three observation periods distributed over 

the whole fattening period, using a scan sampling technique. In 234 of 243 bulls, 

stereotypies were observed at least once. During 15.9 ± 2.4% of the scan intervals, 

stereotypies were observed in at least one animal per pen. Average numbers of 

stereotypies per animal and hour ranged from 0.2 to 0.9. The most common stereotypy 

was manipulating objects, followed by tongue playing and manipulating conspecifics. 

These results indicate that stereotypies are highly prevalent in fattening bulls under 

current housing conditions. They underline the need for further studies to analyze the 

causation of stereotypies in order to reduce their frequency. 

Keywords: oral stereotypies; fattening cattle; abnormal behavior; tongue playing; oral 

manipulation 

4. 1 Introduction 

The development of stereotypies in captive animals has already been described as an 

indicator of restrictions in animal welfare several decades ago (BROOM 1983; WIEPKEMA 

et al. 1983; MASON 1991). According to more recent studies, it is caused by deficits in 

housing or husbandry, leading to frustration of natural behavior patterns, repeated 

attempts to deal with problems, and/or central nervous system dysfunction (MASON 

2006). Consequently, the occurrence of stereotypies possibly indicates that one of the 

Farm Animal Welfare Council’s Five Freedoms, namely freedom to express normal 

behavior, is restricted (COUNCIL OF FARM ANIMAL WELFARE 1979). 

According to BROOM (1983), the welfare of an individual is compromised if it performs 

stereotypies for more than 10% of its waking life. WIEPKEMA et al. (1983) suggested 

that stereotypies occurring in more than 1% to 5% of a group of animals could be 

interpreted as an indicator of compromised animal welfare in a particular housing 

system.

In cattle, common stereotypies are tongue playing, object licking, and bar biting as well 

as manipulating different body parts of conspecifics (PHILIPPS 2002; BERGERON et al. 

2006; MORAN & DOYLE 2015). WIEPKEMA et al. (1983) defined tongue playing as 

stereotyped behavior as it is fixed in form and orientation, and it is performed 

repetitively without any obvious function. In contrast, object licking, bar biting, and 

manipulating body parts of conspecifics are classified as redirected behaviors, being 

performed due to the absence of adequate substrate and/or occurring very often or 
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intense (WIEPKEMA et al. 1983). In this study, according to MASON (2006), redirected 

behaviors were also interpreted as stereotypies, following the definition of stereotypic 

behavior as “repetitive behavior induced by frustration, repeated attempts to cope, 

and/or central nervous system dysfunction”. There are several studies on the 

occurrence of these stereotypies in calves (KOOIJMAN et al. 1989; VEISSIER et al. 1998; 

BOKKERS & KOENE 2001; WINCKLER 2009; WEBB et al. 2012; WEBB et al. 2013; GAUDE 

2014; LERUSTE et al. 2014), but studies on the occurrence of stereotypies in adult cattle 

are rare. Nonetheless, available studies agree concerning the high prevalence of 

stereotypies: In dairy cows, REDBO et al. (1992) observed stereotypies in 40 of 95 

animals, while REDBO et al. (1996) described them in 27 of 37 animals. In a study on 

heifers, depending on feed, 16 to 44 of 48 animals were observed performing 

stereotypies (REDBO & NORDBLAD 1997). In beef cattle, there are no studies available 

on the incidence and prevalence of stereotypic behavior according to the EFSA 

(EUROPEAN FOOD SAFETY AUTHORITY) PANEL ON ANIMAL HEALTH AND WELFARE (2012). 

Indeed, our literature review only revealed studies published more than 25 years ago 

(SAMBRAUS et al. 1983; WIERENGA 1987; GRAF 1991). However, these studies also 

report a high prevalence of stereotypies with different types of oral stereotypies 

occurring in all observed bulls. 

According to the evaluations of BROOM (1983) and WIEPKEMA et al. (1983), the literature 

figures for the prevalence of stereotypies in adult cattle are alarming. As there are no 

studies on fattening bulls in current housing environments to our knowledge, there is 

no information available on the current prevalence of stereotypies in fattening cattle. 

Therefore, this study surveyed the occurrence of stereotypies in fattening bulls housed 

under different housing conditions. 

4.2 Materials and methods 

The study was carried out in accordance with German legislation, the German Animal 

Welfare Act (German designation: TierSchG; ANONYMOUS 2006b), national 

requirements for animal husbandry (German designation: TierSchNutztV; ANONYMOUS 

2006a), the Animal Protection Guideline for Fattening Cattle of Lower Saxony, 

Germany (MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION OF LOWER 

SAXONY 2018), as well as the Council of Europe Convention on the Protection of 

Animals Kept for Farming Purposes and its recommendations concerning cattle 

(COUNCIL OF EUROPE 1988). The study was reviewed and it received approval from the 



STEREOTYPIC BEHAVIOR IN FATTENING BULLS | MATERIALS AND METHODS 54 

 

Animal Welfare Officer of the University of Veterinary Medicine Hannover, Foundation 

(TVO-2017-B5). 

The animals observed in the study were 243 Simmental bulls housed on three 

commercial fattening farms in Germany (Lower Saxony and North Rhine-Westphalia). 

The bulls were housed in straw-bedded pens in four different housing systems, 

including groups of 14 (G14), 16 (G16), 22 (G22), and 33 animals (G33). Detailed 

information on housing, management, and feed composition are listed in Table 15. In 

G14, the bulls were fed a total mixed ration (TMR) six times a day using an automatic 

feeding system (AFS; feeding robot Triomatic HP 2 300, Trioliet, Oldenzaal, the 

Netherlands). In the other housing systems, feed was delivered twice a day using 

conventional feed-mixer wagons. In addition, feed was pushed up towards the feed 

barrier several times a day in all systems. The animal/feeding-place ratio was 

approximately 2:1 in all groups (MINISTRY FOR FOOD, AGRICULTURE AND CONSUMER 

PROTECTION OF LOWER SAXONY 2018). Water was available ad libitum via two (in G33 

four) drinking troughs per pen. Fresh straw was distributed daily with a straw blower. 

The animals in G33 on farm 3 received additional straw via hayracks. 

The animals had arrived at the farms at about six months of age, originating from 

different farms. They were assigned to groups, these remaining constant until the end 

of fattening. For the study, four groups of G14 and G22 and two groups of G16 and 

G33 each were selected. Data acquisition began when the final groups had existed for 

at least four weeks. It was performed during three observation periods (OP) at an 

average age of nine months (OP1), 13 to 14 months (OP2), and 17 months (OP3). 

One of the G33-groups was only observed in OP2 and OP3. 

Behavioral observations were performed analyzing video recordings. The animals 

were videotaped with one video camera per pen (EQ900F, EverFocus Electronics 

Corporation, Taipei, Taiwan) and an eight-channel hybrid recorder (AXR-108, Monacor 

International GmbH and Co. KG, Bremen, Germany). The cameras were located 

above the pens, capturing one full pen each. Individual animals were identified by the 

color and pattern of their fur. Video analyses were performed using the program 

Interact (Version 17.0.1.2, Mangold International GmbH, Arnstorf, Germany) for 

observational research. The activity of the animals was observed for 48 h per OP using 

a scan sampling technique (MARTIN & BATESON 2007). At two-minute intervals from 

05:30 h to 21:00 h and 10-minute intervals during the night (21:00 h to 05:30 h), the 
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number of animals performing stereotypies was recorded. Thereby, it was differed 

between tongue playing, manipulating objects, and manipulating conspecifics. Tongue 

playing was defined as a curling and uncurling of the tongue inside or outside the 

mouth (MORAN & DOYLE 2015). Manipulating objects referred to object licking (licking, 

nibbling, sucking, or biting any object, except for feed and straw; LERUSTE et al. 2014) 

as well as bar biting (clamping jaws around a bar and moving head back and forth 

while chewing on bar; MORAN & DOYLE 2015). Manipulating conspecifics was defined 

as an animal taking a part of the body of a conspecific into its mouth and sucking or 

biting it (LERUSTE et al. 2014). In a second step of video analysis, the behavior of all 

animals was scanned at individual level at 10-minute intervals from 05:30 h to 21:00 h 

on three consecutive days per OP, using a combination of scan sampling and focal 

 

Table 15: Housing information for the observed animals. TMR = total mixed 
ration, DM = dry matter.

Farm information Farm 1 Farm 2 Farm 3 

Number of bulls per group 14 22 1 16, 33 
Space allowance per bull [m²] 4  3.5/4.4 2  4.5 

Feeding system (number of feed 
deliveries per day) 

Automatic 
feeding 
system (6) 

Conventional 
feed-mixer 
wagon (2) 

Conventional 
feed-mixer 
wagon (2) 

Groups considered in this study 4 4 2, 2 

Ingredients of the TMR [%] 

Maize silage 72.5 85.5 84.1 
Grass silage - 0.9 7.7 
Barley straw 1.0 - - 
Potatoes 12.7 4.5 - 
Concentrated feed/grain 13.2 8.4 7.7 
Mineral and vitamin mix 0.6 0.7 0.6 

Chemical composition of the TMR 

DM [%] 40.5 44.5 35.9 

Crude protein [% DM] 12.9 11.6 10.5 
Crude ash [% DM] 6.1 6.0 3.8 
Crude fat [% DM] 2.3 2.1 3.2 
Crude fiber [% DM] 16.1 14.2 16.3 
Nitrogen free extractives [% DM] 62.6 66.1 66.2 
pH 4.6 4.8 3.9 

Particle size distribution of the TMR [%] 

Particles remained by 19 mm 
sieve (long) 10.9 7.9 3.8 

Particles retained by 8 mm sieve 
(medium) 

50.5 58.4 57.6 

Particles on bottom pen (short) 38.6 33.7 38.6 
            1 One of the G22 consisted of 23 animals in observation period (OP) 1. After OP1,  

          one animal was removed from that group.  
            2 The space allowance on farm 2 increased during fattening as the bulls were 

   transferred to larger pens between OP2 and OP3. 
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animal sampling (MARTIN & BATESON 2007). The recorded behavioral patterns were 

consistent with those of the evaluation at herd level. 

The data were analyzed descriptively, using Microsoft Excel (2010). At herd level, the 

percentage of animals performing stereotypies was averaged per interval. In addition, 

the percentage of scan intervals between 06:00 h and 23:00 h with stereotypies being 

observed in at least one animal was calculated per group and OP. Furthermore, the 

average number of stereotypies per animal and hour was calculated per OP. At the 

individual level, the percentage of animals observed performing each stereotypic 

pattern at least once was calculated per group. 

4.3 Results 

Stereotypies were observed in 234 of 243 bulls (96.3%; Figure 8). In G14 and G16, all 

animals were found to perform stereotypies, while in G22, all but two, and in G33, all 

but seven animals were affected. Tongue playing was observed in the greatest 

percentage of animals, ranging from 81.8% (G33) to 95.5% (G22). Manipulating 

objects and conspecifics followed with percentages of 42.4% to 92.9% and 34.9% to 

71.9%, respectively. 

In total, stereotypies were observed in at least one animal during an average 

percentage of 15.9 ± 2.4% of the scan intervals from 06:00 h to 23:00 h. Differentiating 

between the four housing systems, these percentages were slightly lower in G14 (14.7 

± 2.6%) and G33 (14.9 ± 2.1%) than in G16 (17.0 ± 1.8%) and G22 (16.9 ± 2.4). 

The average number of stereotypies observed per animal and hour was calculated per 

housing system and OP (Figure 9). Values ranged from below 0.2 (G16, OP2) to 0.9 

(G16, OP1). The most common stereotypy was manipulation of objects in all housing 

systems and OP, occurring on average 0.1 to 0.5 times per animal and hour. Tongue 

playing and manipulation of conspecifics followed, occurring 0.01 to 0.2 times and 0.02 

to 0.2 times per animal and hour. Developments over the course of the fattening period 

varied between the different housing systems. In G22, there was a linear decrease in 

the average number of stereotypies per animal and hour from OP1 to OP3. In 

consistence, the average number of stereotypies in G16 was clearly higher in OP1 

than in the following OP, but values slightly increased again from OP2 to OP3. In G14, 

there was no clear development over the course of the fattening period and in G33, 

the number of stereotypies slightly increased with OP. 
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Figure 8: Percentage of animals observed displaying different stereotypic 
behavioral patterns in different housing systems. G14 = groups of 14 animals, 
G16 = groups of 16 animals, G22 = groups of 22 animals, G33 = groups of 33 animals. 
Dark blue = tongue playing, light blue = manipulating objects, gray = manipulating 
conspecifics. 

 

 

Figure 9: Averaged number of stereotypies observed per animal and hour in 
different housing systems and observation periods (OP). OP1 = First OP (age of 
the animals: Eight to nine months), OP2 = second OP (13 to 14 months of age), OP3 
= third OP (17 months of age), G14 = groups of 14 animals, G16 = groups of 16 
animals, G22 = groups of 22 animals, G33 = groups of 33 animals. Dark blue = tongue 
playing, light blue = manipulating objects, gray = manipulating conspecifics.

 

The averaged percentage of animals performing stereotypies over the course of the 

day are displayed in Figure 10. Highest values were observed in all housing systems 

during the daytime, between 07:00 h and 21:00 h. During the night, the averaged 

percentage of animals performing stereotypies never exceeded 2% and even periods 

without any animals performing stereotypies were observed. Maximum values ranged 

from 4.2% in G33 to 7.8% in G16. In all housing systems with conventional feeding 

systems delivering feed twice a day (G16, G22, and G33), maximum values occurred 

during the periods of feed delivery. 
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Figure 10 Averaged percentages of animals per pen performing stereotypies 
over a 24 h period. G14 = groups of 14 animals, G16 = groups of 16 animals, G22 = 
groups of 22 animals, G33 = groups of 33 animals. Blue areas = periods of feed 
delivery. Data were averaged for each interval for three observation periods of two 
days each and two groups of G16 and G33 as well as four groups of G14 and G22 
each. 

4.4 Discussion 

This study aimed to survey the prevalence of stereotypies in fattening cattle. It can be 

concluded that the prevalence is high in fattening bulls housed in various housing 

systems. Only nine of 243 bulls were not observed performing stereotypies. All other 

animals were observed at least once displaying tongue playing or manipulating objects 

or conspecifics. Consequently, the results of the current study do not indicate a 

reduced prevalence of stereotypies in fattening cattle in comparison to the studies that 

were published several decades ago: SAMBRAUS et al. (1983) observed 55 fattening 

bulls aged between eight and 13.5 months that all displayed tongue playing at least 

once. Manipulating objects even was observed at least once per day in all bulls, and 

manipulation of different body parts of conspecifics in up to 49% of the bulls. GRAF 

(1991) analyzed the occurrence of manipulating objects and conspecifics in 465 

fattening bulls aged between six and nine months and fed with rations with or without 

hay. He observed the manipulation of objects in 99.1% to 100% of the bulls and the 

manipulation of conspecifics in 25.2% to 39.4% of the bulls. In the present study, there 
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was no stereotypic behavior that was observed in all animals. However, the highest 

percentage for any one stereotypic behavior was observed for tongue playing with 

81.8% to 95.5% of the animals in the different housing systems, and manipulation of 

objects also occurred in a considerable percentage of the animals with up to 92.9% of 

the bulls in G14 exhibiting this behavior. Manipulation of objects in the remaining 

housing systems as well as manipulation of conspecifics occurred in at least 34.9% 

and up to 71.9% of the animals. Consequently, the percentage of animals performing 

stereotypies clearly exceeded 1% to 5%, suggested by WIEPKEMA et al. (1983) as a 

critical value. Thus, the observed prevalence of stereotypies possibly indicates 

compromised animal welfare. 

According to BROOM (1983), the occurrence of stereotypies indicates compromised 

welfare, when individual animals spend more than 10% of their waking life performing 

stereotypies. Whether this was the case in individual animals in the present study 

cannot be determined for sure, as the frequency of stereotypies was only analyzed in 

detail at the herd level. However, stereotypies occurred during an average percentage 

of up to 17.0 ± 1.8% of the scan intervals from 06:00 h to 23:00 h. This observation, as 

well as average figures of up to 0.9 stereotypies occurring per animal and hour, indicate 

that individual animals might have performed stereotypies during more than 10% of 

their waking life. Furthermore, it has to be taken into account that the data of the 

present study were acquired using scan sampling. Consequently, the real number of 

stereotypies is possibly even higher than observed. As stereotypies might be 

performed only for short periods of time, they are likely to be underestimated by the 

method of scan sampling due to the low possibility of short behavioral patterns 

occurring exactly at the sampling point (MARTIN & BATESON 2007). 

Consistent with SAMBRAUS et al. (1983), WIERENGA (1987) and GRAF (1991), 

manipulation of objects was the most common stereotypy, being observed on average 

0.1 to 0.5 times per animal and hour. In the literature as well as in the present study, 

tongue playing (SAMBRAUS et al. 1983; WIERENGA 1987) as well as manipulation of 

conspecifics (SAMBRAUS et al. 1983; WIERENGA 1987; GRAF 1991) occurred less often. 

Over the course of a day, stereotypies mainly occurred during daylight hours. The low 

percentage of animals performing stereotypies during the night can be possibly 

explained by cattle being diurnal feeders with a nocturnal resting period (SAMBRAUS 

1978; PHILIPPS 2002). There was a clear connection between periods with a high 
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percentage of animals performing stereotypies and the periods of feed delivery, this 

being consistent with other studies (calves: WIERENGA 1987; VEISSIER et al. 1998; 

BOKKERS & KOENE 2001, dairy cows: REDBO 1990; SATO et al. 1994). This temporal 

connection may support the observation of various authors in calves, heifers, and dairy 

cows that feed influences the occurrence of stereotypies (GRAF 1991; REDBO et al. 

1996; REDBO & NORDBLAD 1997; VEISSIER et al. 1998; WEBB et al. 2012; WEBB et al. 

2013; LERUSTE et al. 2014). BERGERON et al. (2006) lists three hypotheses explaining 

the connection between feeding behavior and stereotypies in ungulates: Firstly, diets 

may not fully satisfy them, providing an insufficient gut fill or being deficient in some 

specific ways. Secondly, diets may take too little time to find, chew, or ruminate in 

comparison to natural diets, leading to unfulfilled feeding motivations of the animals, 

independent of gut fill. Thirdly, oral stereotypies may be an attempt to cope with low-

fiber, carbohydrate-rich diets that negatively affect gut function. However, the 

occurrence of oral stereotypies in cattle is likely to be caused by a variety of factors 

(BERGERON et al. 2006; LERUSTE et al. 2014). Group size may be one of these. LERUSTE 

et al. (2014) observed less manipulation of substrates and less tongue playing in calves 

housed in groups of more than 10 animals. In contrast, GAUDE (2014) observed more 

nutritive cross-sucking in calves housed in groups of more than 10 animals. In the 

present study, no clear influence of group size on the occurrence of oral stereotypies 

could be observed. There were differences between the different housing systems, but 

no obvious dependency on group size. Thus, the observed differences are more likely 

to be caused by other management factors that differed between groups, e.g., farm, 

space allowance, feeding management, or composition or particle size distribution of 

the TMR. As the groups observed in this study varied in various aspects, no clear 

conclusions can be drawn regarding the factors responsible for the development of 

stereotypies. To determine these, further experimental studies with comparable control 

groups are required. 

The developments over the course of the fattening period also differed between the 

housing systems. In G14, there were no clear differences between the three OP, and 

the number of stereotypies per animal and hour stayed at an approximately constant 

level. In G33, the number of stereotypies slightly increased from OP1 to OP3, being 

consistent with the observations of GRAF (1991). However, the developments in G16 

and G22 were inverse: In G22, the values linearly decreased from OP1 to OP3 and in 

G16, they were clearly higher in OP1 than in OP2 and OP3. As G16 and G33 were 
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housed on the same farm and received the same feed, neither group size nor feed 

composition nor management can be the only factor responsible for the development 

of stereotypies. The only noticeable difference between G16 and G33 was that G33 

received additional straw in hayracks. This may explain the lower number of 

stereotypies occurring in G33 in comparison to G16 in OP1, as more structured feed 

is likely to reduce the occurrence of stereotypies (KOOIJMAN et al. 1989; GRAF 1991; 

REDBO & NORDBLAD 1997; WEBB et al. 2013; LERUSTE et al. 2014). Nonetheless, it 

cannot serve as a sound explanation for the values being considerably lower in OP2 

and OP3 than in OP1 in G16, nor for the increasing values from OP1 to OP3 in G33. 

These differences are possibly caused by differing rearing conditions, as the animals 

originated from different farms. Consistently, MASON (1991) stated that stereotypies 

once developed may be performed later in life in circumstances where the animal’s 

wellbeing is not at stake. Therefore, the high level of stereotypies observed in this study 

cannot be interpreted as clear evidence of certain housing systems not being suitable 

for meeting the animal’s needs. However, they clearly indicate that oral stereotypies 

are highly prevalent in fattening bulls housed under different conditions. As the 

occurrence of stereotypies may indicate restrictions in animal welfare occurring at 

some point in the animal’s life, there is an urgent need to further analyze the causation 

of stereotypies in order to find ways of reducing their frequency. 
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CHAPTER 5: GENERAL DISCUSSION 

The aim of this thesis was to provide some first scientific insights into unknown 

research areas concerning fattening cattle under intensive housing conditions. 

Therefore, three studies were performed on fattening cattle kept in different housing 

environments. In the first study, behavior and performance of fattening cattle housed 

in different group sizes were analyzed and compared. The second study focused on 

automatic feeding with high feeding frequencies and the third study on the occurrence 

of oral stereotypies in fattening cattle. 

Altogether, this thesis provides important and novel information on the behavior of 

fattening cattle in intensive housing environments. Besides novel results on the effect 

of large group systems and increased feeding frequency, it offers general information 

on the behavior of fattening cattle in current housing systems. In particular, regarding 

feeding and lying behavior, the thesis gives several new insights into the behavior of 

fattening cattle, thus permitting conclusions to be drawn towards recognizing and 

achieving corresponding requirements and demands of fattening cattle regarding their 

housing conditions. 

In this chapter, the results of the three studies forming the basis of this thesis are briefly 

summarized and discussed. Subsequently, the limitations of the thesis are considered, 

leading to a section on further research needed regarding the behavior of fattening 

cattle under intensive housing conditions. The last section of this chapter summarizes 

the implications of the results of this thesis regarding housing recommendations for 

fattening cattle. 

5.1 Housing fattening bulls in large groups 

Large group housing systems were the main focus of this thesis. Behavior and 

performance of 187 fattening bulls housed in different group sizes of 16, 22 and 33 

animals were analyzed and compared within the first study of this thesis. The results 

indicate large group systems to be suitable for the housing of fattening cattle: With 

increments of group size, the bulls synchronized their lying behavior more, indicating 

an increasing degree of animal welfare (FREGONESI & LEAVER 2001; NAPOLITANO et al. 

2009). Furthermore, the bulls spent more time lying, and there seemed to be fewer 

disturbances during feeding and lying, shown by a decreasing number of bouts and 

increasing bout lengths. There were no indicators for increased levels of aggression 
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with increasing group size, as mean and maximum percentages of bulls participating 

simultaneously in interactions did not increase with group size. Furthermore, 

interindividual variations in lying and feeding did not increase with increments of group 

size. Consequently, all hypotheses of the study were confirmed: Firstly, large group 

systems seem to facilitate the spatial separation of functional areas, making the 

housing environment behaviorally more appropriate with fewer disturbances occurring 

between animals performing different activities (SCHRADER 2007). Secondly, the 

results of this study provide further scientific evidence for the social tolerance 

hypothesis introduced by ESTEVEZ et al. (1997) in broiler chicken. The suitability of 

large group systems for the housing of fattening bulls fed ad libitum may be due to 

defending resources in large groups being uneconomical, as the number of 

competitors is high and the costs of resource depletion by other animals are low. 

Thirdly, the theory of increased levels of aggression occurring with increasing group 

size was not confirmed for fattening cattle housed in groups of 16 to 33 animals, 

agreeing with existent studies in pigs (NIELSEN et al. 1995; TURNER et al. 2001; 

ANDERSEN et al. 2004) and poultry (ESTEVEZ et al. 1997; HUGHES et al. 1997; NICOL et 

al. 1999; ESTEVEZ et al. 2003). To summarize, the results of the first study of the thesis 

indicate that fattening bulls can be housed in large groups without any restrictions in 

animal welfare. In contrast, large group housing systems seem to be a possibility of 

improving animal welfare. 

5.2 Feeding behavior of fattening cattle 

Cattle are diurnal feeders, performing grazing activity under natural conditions during 

several meals spread over the whole day from dawn to dusk with concentrations at 

crepuscular times (PHILIPPS 2002; KILGOUR et al. 2012). The feeding behavior of the 

fattening bulls observed in the second study underlying this thesis reflected this natural 

behavior, being spread out over the course of the day and reduced during the night 

and early morning hours. Previous studies by COZZI & GOTTARDO (2005) and DEVRIES 

et al. (2003) describe similar observations for fattening cattle and lactating dairy cows. 

The bulls observed in the present studies displayed a clear preference to feed alone 

or in very small groups. At first glance, this seems to be unexpected, as grazing 

behavior of gregarious animals like cattle is highly synchronized under natural 

conditions (PHILIPPS 2002; WINCKLER 2009). However, other authors also described 

that kind of feeding behavior in studies on fattening cattle (GOTTARDO et al. 2004; COZZI 
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& GOTTARDO 2005) and non-lactating dairy cows (O'CONNELL et al. 1989; O'DRISCOLL 

et al. 2008) fed ad libitum. It may be explained by the permanent feed availability in ad 

libitum housing regimens, reducing the motivation of cattle to synchronize their feeding 

behavior. Feeding simultaneously may lead to an increased level of feed competition. 

Therefore, the costs of feeding simultaneously may exceed the possible benefits, when 

access to feed is unlimited, leading to feeding synchrony being uneconomical for the 

animals (KREBS & DAVIES 1996).

However, despite this generally low degree of feeding synchrony, the stimulating effect 

of feed delivery on feeding activity (Chapter 1.4) was clearly visible in the first study 

with two daily feed deliveries. Clear peaks in feeding activity occurred during periods 

of feed delivery, consistent with previous studies on fattening bulls and dairy cattle 

(DEVRIES et al. 2003; COZZI & GOTTARDO 2005; DEVRIES & VON KEYSERLINGK 2005; 

KING et al. 2016; OBERSCHÄTZL-KOPP et al. 2016a). Interactions also occurred mainly 

during and after feed delivery, indicating that they were primarily caused by feed 

competition. Within the second study of this thesis, the occurrence of interactions was 

not considered. However, the bulls observed in this study showed no peaks in feeding 

activity after feed delivery, probably due to the high feeding frequency of six feed 

deliveries per day. Comparing both studies underlines the possible advantages of high 

frequencies of feed deliveries. The first study indicated a clear temporal connection 

between peaks in feeding activity and the occurrence of interactions in fattening bulls 

fed twice per day. Consequently, the absence of clear peaks in feeding activity in the 

second study on bulls fed six times per day may indicate a reduced occurrence of 

interactions. Thus, an increased number of feed deliveries distributed over the day may 

not only ensure a constant feed availability and quality at any time of the day, but also 

reduced feed competition.  

Under natural conditions, cattle spend between seven and 13 hours grazing (PHILIPPS 

2002; SCHRADER 2007; KILGOUR 2012). Under intensive housing conditions, the 

feeding duration is dramatically reduced to four to seven hours (PHILIPPS 2002; 

SCHRADER 2007). Literature figures for the duration of time bulls spend feeding are 

even lower, varying from 80 min to 147 min per day (HARTMANN & SCHLICHTING 1989; 

COZZI & GOTTARDO 2005; REITER 2010; HASKELL et al. 2019). The values observed in 

this thesis also lay within this range, with an average feeding duration of 127 min to 

153 min per 15.5 h-period in the first study and 107 min per 18.5 h-period in the second 
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study. Those feeding durations were divided into on average 8.3 and 9.4 bouts per 

15.5 h-period in the first study and 7.9 bouts in the second study, consistent with 

WINCKLER (2009) and his statement that fattening bulls perform six to 10 daily feeding 

bouts. The feeding bouts had a mean duration of 15.2 min to 17.5 min in the first study 

and 13.5 min in the second study. Literature research revealed no data on mean 

feeding bout durations.  

The development of feeding behavior over the course of the fattening period was 

analyzed in the first study of this thesis. Feeding duration as well as the number of 

feeding bouts decreased in all group sizes, these being consistent with other studies 

on fattening cattle (GOTTARDO et al. 2004; REITER 2010). Initially, this seems to be 

unexpected due to increasing feed requirements with age. However, the eating rate in 

cattle increases with age, leading to constant feeding durations due to greater amounts 

of feed being consumed in less time (SAMBRAUS 1978; TAYLOR & MURRAY 2010).

Due to the stimulating effect of feed delivery on cattle, an increasing number of feed 

deliveries may lead to an increasing feeding duration of the animals. Such 

developments were already described in dairy cattle (DEVRIES et al. 2005; 

OBERSCHÄTZL-KOPP et al. 2016a; MATTACHINI et al. 2017). However, in the studies 

underlying this thesis, feeding duration as well as mean number and duration of bouts 

was lower in the animals fed with a higher frequency. This could be explained by the 

increased feeding frequency reducing the occurrence of feed sorting and, therefore, 

leading to faster feed ingestion in comparison to the animals fed only twice a day. 

Similarly, COZZI et al. (2005) observed the occurrence of feed selection in bulls only 

eight to 16 hours after feed delivery, indicating that feed sorting is unlikely to occur with 

six daily feed deliveries, as eight hours and more without feed delivery rarely occur. 

However, these connections should be analyzed in further studies, as studies on dairy 

cattle came to different conclusions. Furthermore, the results of this thesis may be 

influenced by methodological shortcomings: In the second study, the last feed delivery 

was performed at 22:15 h. Due to the light regime (see Chapter 5.5), the observation 

at individual level ended at 22:30 h, only 15 min after this last feed delivery. According 

to the herd level data, the percentage of animals feeding decreased quite fast after this 

last feed delivery, leading to a low level of activity at 22:30 h when the individual level 

observation ended. However, it may be possible that single animals still fed for short 

durations in the following hour, resulting in an underestimation of the total feeding 
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duration. In contrast, for the animals observed in the first study, the last feed delivery 

had already occurred two to three hours before the individual observation ended at 

21:00 h.  

5.3 Lying behavior of fattening cattle 

Cattle as diurnal feeders naturally perform a nocturnal resting period (SAMBRAUS 1978; 

PHILIPPS 2002). Consistently, the lying behavior of the animals in both studies was 

characterized by a main lying period during the night and the early hours of the morning 

with maximum percentages of nearly up to 100% of the animals lying occurring in the 

early morning around 06:00 h. Two further lying periods with lower maximum values 

were observed in the afternoon and early evening. These occurred around 13:00 h and 

16:00 h in the first study and around 14:00 h and 20:00 h in the second study. This 

difference may be caused by the differing feeding regimes.

Simultaneous lying of all animals per pen was observed in all pens and more than 80% 

of the animals lying simultaneously were observed during at least 20% and up to 35% 

of the total observation time. Consequently, the lying behavior of all observed animals 

was highly synchronized, in consistence with the natural behavior of cattle as 

gregarious animals (WINCKLER 2009; STOYE et al. 2012). Synchronous lying has a high 

priority in cattle and indicates high levels of animal welfare (MOGENSEN et al. 1997; 

FREGONESI & LEAVER 2001; NAPOLITANO et al. 2009). Space allowances that inhibit 

synchronous lying may have negative effects on health and performance of individual 

animals (MOGENSEN et al. 1997; GALINDO & BROOM 2000). However, it is questionable 

whether fattening cattle in standard intensive housing systems can perform 

synchronous lying (see Chapter 1.3). Up to now, there are no studies analyzing the 

level of lying synchronization in fattening cattle or the amount of space required for 

lying. The results of the studies underlying this thesis showed that simultaneous lying 

of all animals per pen is possible at space allowances of 3.5 m² to 4.5 m² per animal 

in straw-bedded pens. The considerable percentages of time during which the animals 

made use of this opportunity emphasizes its importance for animal welfare. 

Consequently, the request of the guideline published by the MINISTRY FOR FOOD, 

AGRICULTURE AND CONSUMER PROTECTION OF LOWER SAXONY (2018) for a lying area 

large enough to enable all animals to lie down simultaneously was confirmed. 

However, the space allowances recommended in the EU are considerably lower than 

those provided in this thesis. Therefore, whether the recommended space allowances 
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are also sufficient concerning this matter is questionable and has to be evaluated in 

further studies. 

The observed animals spent an average of 416 min to 481 min per 15.5 h-period and 

677 min per 18.5 h-period lying, divided into eight to nine (first study) or 11 (second 

study) lying bouts of an average duration of 51 min to 63 min. As the highest 

percentages of lying animals were observed during the night and early hours of the 

morning that were excluded from the individual analysis, the total lying duration of the 

bulls as well as their mean number of lying bouts can be expected to be considerably 

higher per 24 h-period. Therefore, the observed values possibly lay within the range of 

literature figures fluctuating around 800 min per day divided into 11 lying bouts (GYGAX 

et al. 2007b; REITER et al. 2007; ABSMANNER et al. 2009).The same applies to the mean 

lying bout length, with literature figures for fattening bulls ranging from 48 min to 96 min 

(REITER et al. 2007; ABSMANNER et al. 2009). 

Lying duration as well as mean lying bout length increased over the course of the 

fattening period, while the mean number of lying bouts decreased. GYGAX et al. (2007b) 

also observed an increase in lying duration and decreasing numbers of lying bouts with 

increasing age in fattening bulls. Contrary findings with lying durations in fattening bulls 

decreasing with age were described by GOTTARDO et al. (2004) and MÜLLEDER et al. 

(2008). Increasing bout lengths with increasing age, as they occurred in the present 

study, were already described by GRAF (1979) and KIRCHNER (1987). This can be 

possibly explained by problems in standing up and lying down as well as the increasing 

frequency of abnormal standing up and lying down movements with increasing age, 

together with an increasing rising time (GRAF 1979; WIERENGA 1987; PLATZ et al. 2007). 

5.4 Stereotypic oral behavior in fattening cattle 

The third study of this thesis was based on data acquired within the data acquisition of 

the studies previously described. Analyzing the occurrence of stereotypies in fattening 

cattle did not directly contribute to answering the main question of this thesis regarding 

the effect of large group systems. Therefore, the observation techniques were chosen 

primarily with the aim of evaluating the general activity (feeding and lying behavior) of 

the animals and may not be the most suitable for observing stereotypic behavior (see 

Chapter 5.5). More detailed analyses of stereotypies were not possible within the 

framework of this doctoral project. However, as there are no existent studies on 
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stereotypic behavior in fattening cattle up to now, these data are still a valuable 

contribution to current scientific knowledge. The prevalence of oral stereotypies was 

analyzed in all fattening bulls observed within the first and second study of this thesis 

(243 bulls in total). The aims of this study were to gather scientific results on the 

occurrence of oral stereotypies in fattening cattle under current housing conditions and 

to detect possible differences between housing systems as well as developments over 

the course of the fattening period. Stereotypies were observed in 234 of the 243 bulls 

and averaged numbers of stereotypies per animal and hour ranged from 0.2 to 0.9. 

Clear developments over the course of the fattening period or obvious differences 

between housing systems were not detectable in the study underlying this thesis. 

However, the results indicate a very high prevalence of oral stereotypies, even though 

the used scan sampling method possibly led to an underestimation of behavioral 

patterns with a short duration, which may be applicable to stereotypies (see Chapter 

5.5). Therefore, the real frequency of stereotypies may be even higher than observed 

in this study. As stereotypies may indicate restrictions in animal welfare (see Chapter 

1.5), this underlines the need for further studies analyzing the cause of these 

stereotypies. 

The importance of further studies on the occurrence of oral stereotypies in fattening 

cattle is underlined by the fact that the results of this study were obtained from bulls 

housed in straw-bedded pens. Therefore, the animals had access to straw they could 

manipulate and also ingest in case of an inadequate amount of long fiber in their diet. 

However, the majority of fattening cattle in Europe are housed on slatted floors without 

any modifiable bedding material (see Chapter 1.1; SCAHAW 2001), and, 

consequently, lacks this possibility.  As several studies described the reducing effect 

of roughage on the occurrence of oral stereotypies (KOOIJMAN et al. 1989; GRAF 1991; 

REDBO & NORDBLAD 1997; VEISSIER et al. 1998; WEBB et al. 2013; LERUSTE et al. 2014) 

the prevalence of stereotypies in fattening bulls housed on slatted floors may be even 

higher than observed in the present study in bulls housed in pens enriched with straw-

bedding. 

5.5 Limitations of this thesis 

One of the limitations of this thesis was the analysis of interactions without any further 

differentiation into socio-positive and agonistic interactions. As only few scientific 

studies have analyzed the occurrence of interactions in fattening cattle up to now, this 
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would have led to valuable and novel results. In addition, in particular in the first study, 

detailed information on the occurrence of aggression in the different group sizes could 

have reinforced the conclusions to a considerable degree. The main reason to still not 

distinguish between different types of interactions was the difficulty in differentiating 

between socio-positive and socio-negative interactions via video observation. An 

example of a behavioral pattern commonly performed in young bulls is “horn playing”, 

a playful trial of strength with the animals’ heads touching at the forehead and moving 

forward and backward (SAMBRAUS 1978). When bulls perform this behavior, dominance 

seems to change permanently and at the end of these encounters, one animal may be 

displaced with a head butt. Differentiating between such playfully performed behavioral 

patterns like horn playing, including head butts, and severe threats and agonistic 

interactions is difficult. Therefore, we decided not to classify interactions in order to 

avoid misinterpretation. Consequently, we are unable to take the results of this study 

as clear scientific evidence of refusing the theory of a linear increase in aggression 

with increments of group size. The findings indicate that there is no such increase in 

aggression, as this would probably cause an increase in the total number of 

interactions and that was not the case. However, to draw reliable conclusions, further 

analyses of the effect of group size on aggression in cattle are needed.  

Another limitation, occurring in both the first and the second study, was the lack of 

detailed data regarding the growth performance of the individual animals. This was 

approximately analyzed by determining BCS values for all animals at each OP. In 

addition, carcass weights were provided by the slaughterhouse. Nonetheless, the 

validity of these data was restricted due to the differing age of the animals at 

slaughtering. Weighing all individual animals at the beginning of the fattening period 

and each OP would have provided more precise data on the growth development and 

differences between individuals. However, acquiring these data was not possible, as 

the animals were housed on commercial farms without any given possibilities of 

separating and weighing individual animals.  

Observing animals on commercial farms involved further limitations. The lack of the 

possibility of separating and fixing individual animals also inhibited hormone level 

analyses. Invasive procedures like taking blood or saliva samples could not be 

performed, although these kind of data would have contributed to the reliability of the 

studies. In addition, comparing the groups housed on different farms was complicated 
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by the differences in management (e.g., slaughter age) and diet composition. As these 

differences may have concealed the influence of group size, there was no clear 

conclusion regarding the influence of group size on growth performance. Similarly, the 

second study would have benefitted from a control group fed on the conventional two 

feed deliveries per day. However, it was not possible to house such a control group on 

the same farm or on another farm with exactly the same management and feed 

composition. Furthermore, there were some restrictions in data acquisition (e.g., one 

of the G33 could not be observed in OP1) caused by management decisions of the 

farmers that could not be influenced. In addition, the light regime could only be adapted 

to a limited degree. The night light was sufficient for performing the herd level analysis, 

but not for reliably identifying individual animals. Consequently, the observation at 

individual level was restricted to the light periods. This may have caused some 

restrictions in the second study, as the observation ended only 15 min after the last 

feed delivery (see Chapter 5.2). Finally, the bulls originated from different farms and 

no information on their housing conditions during raising could be provided. This may, 

in particular, have affected the third study, as stereotypies once developed may also 

be displayed later in life (see Chapter 1.5). Therefore, information on raising conditions 

would have been valuable. Despite these limitations, the experiments were only able 

to be performed on commercial farms, as there were no experimental farms providing 

large group housing or AFS. Furthermore, conducting the studies on commercial farms 

led to results that display the behavior of fattening bulls under common housing 

conditions. Therefore, these are comparable to those from other commercial farms and 

provide valuable information on the behavior of animals in current housing 

environments.

Another limitation of this thesis derives from the scan sampling method used for video 

analysis. Scan sampling allows obtaining a very broad spread of data which are evenly 

representative of individuals, time of day and season (MARTIN & BATESON 2007). This 

advantage is also seen in this thesis, with a total number of 243 animals being 

observed at three OP each. MITLOHNER et al. (2001) compared results on the behavior 

of feedlot cattle obtained by means of continuous recording and scan sampling 

methods with varying interval lengths. They concluded that scan sampling with 

intervals of one to 15 min is an accurate method for measuring feeding, lying and 

standing behavior, as the results on estimated percentages of behavior duration did 

not differ from continuous recording results. Only intervals of 30 min to 60 min led to 
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less accurate results. ENDRES et al. (2005) also described high correlations between 

continuous and scan sampling results on feeding behavior with interval lengths of 

10 min and less. Consistently, scan intervals of 10 min were used in several studies 

on feeding and lying behavior in dairy cattle (e.g. DEVRIES & VON KEYSERLINGK 2005; 

DEVRIES et al. 2005; PORTO et al. 2015). Other studies even use longer intervals of 

15 min for observing feeding behavior (MATTACHINI et al. 2015) or 60 min for observing 

feeding and lying behavior (OVERTON et al. 2002; RIVA et al. 2013; MATTACHINI et al. 

2017). Consequently, the results of this thesis regarding lying and feeding behavior 

should be reliable with sample intervals of 2 min and 10 min. However, instantaneous 

scan sampling is generally unsuitable for recording discrete events of short duration or 

rare behavioral patterns, as these are unlikely to occur at the instant of any one sample 

point (MARTIN & BATESON 2007). Therefore, they are usually missed and their 

occurrence is underestimated. Similarly, MITLOHNER et al. (2001) observed that the 

longer the scan sampling interval, the lower the correlation with results from continuous 

recording, in particular for behaviors with a short duration. The occurrence of 

stereotypies may in fact be such a behavior with a short duration. Consequently, 

continuous recording would possibly be a more reliable method of observing oral 

stereotypies in cattle and sample intervals of 10 min and even 2 min may result in 

underestimating the frequency of their occurrence. However, CANALI et al. (2001) also 

chose two-minute intervals for observing oral stereotypies in calves. In addition, the 

results on stereotypies obtained within this thesis indicate a very high prevalence of 

oral stereotypies (Chapter 5.4). Therefore, the significance of the results of the study 

is not questionable, although it should be considered that the real frequency of 

stereotypies may be even higher as the used methods possibly led to these being 

underestimated.

5.6 Further research needed 

Many results of this thesis raise new questions, thus indicating great potential for 

further investigations. Especially the study on the occurrence of oral stereotypies in 

fattening cattle cannot answer the variety of unanswered questions regarding this 

topic. Nonetheless, it certainly revealed that stereotypies are highly prevalent in 

fattening cattle, all the more underlining the lack of knowledge regarding this topic. 

Further studies should use more suitable methods, including continuous observation 

or shorter sample intervals. Moreover, they should analyze the occurrence of 
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stereotypies during the whole life of the animals, beginning in calves and continuing 

until the end of fattening. As stereotypies may also develop in calves, to be displayed 

later on in life, this is the only possibility of considering all factors that could possibly 

influence their occurrence. In addition, further studies should be extended to different 

housing systems, including slatted floor systems. Urgent questions that need to be 

answered regarding the occurrence of stereotypies in fattening cattle concern the 

factors responsible for their development, possible options to prevent this development 

as well as possible health effects of stereotypies and their impact on animal welfare. 

Hormone level analysis as well as post-mortem examinations are required in order to 

evaluate stress levels in affected animals and possible positive effects of stereotypies 

on gut health (see Chapter 1.5). 

Determining maximum and optimum group size in fattening cattle also requires further 

research, as already indicated by SCAHAW (2001). The results of this thesis show 

large group systems of up to 33 animals to be suitable for the housing of fattening 

cattle, possibly even improving animal welfare. However, further studies should also 

include groups of more than 33 animals in order to determine maximum and optimum 

group sizes. Furthermore, the compared groups should only differ in group size, having 

exactly the same management, including feeding management, diet composition and 

structure, amount of bedding material as well as origin and age of the animals. 

The analysis of the effects of feeding frequency in fattening cattle also requires further 

research. The study underlying this thesis indicated that AFS with high feeding 

frequencies may ensure constant feed availability and quality at any time of the day. 

The comparison with the first study of this thesis suggests that this may also reduce 

feed competition (see Chapter 5.2). Whether this is the case, should be further 

analyzed in studies including a control group with a conventional feeding frequency of 

one or two feed deliveries per day. As above, the different groups should be housed 

under exactly the same housing conditions apart from feeding frequency. Such a study 

design would also lead to further results regarding the effects of feeding frequency on 

feeding duration in fattening cattle.

Further studies on group size as well as on feeding frequency should also perform 

detailed analyses of the occurrence of aggression among fattening cattle. As 

mentioned above, differentiating between various types of interactions among fattening 

bulls is difficult. However, information on the level of aggression would be important for 
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evaluating the effects of group size and feeding frequency. Finally, to assess the 

economic dimensions of AFS or large group systems in fattening cattle, further studies 

should consider the effects on growth performance by surveying the DM intake and 

weight development of the individual animals.

Further research is needed on the amount of space fattening bulls require for lying 

down in different positions. The well-known importance of synchronous lying for cattle 

welfare was confirmed by the results of this thesis. However, studies analyzing the 

space requirements of fattening cattle for lying down are a precondition for legal 

standards ensuring the possibility of lying down simultaneously (Chapter 1.3 and 

Chapter 5.3). Consequently, further studies should analyze the amount of space 

fattening bulls of different breeds and weight classes require for lying in all positions 

as well as for lying-down and standing-up movements on different floor types. 

5.7 Implications for housing recommendations concerning fattening cattle 

The Guideline for the Housing of Fattening Cattle published in 2018 by the MINISTRY 

FOR FOOD, AGRICULTURE AND CONSUMER PROTECTION OF LOWER SAXONY requests a 

lying area large enough to enable all animals to lie down simultaneously. The results 

of this thesis underline the importance of this request, as the observed animals made 

use of this possibility during considerable percentages of time. As mentioned above, 

the space requirements of fattening bulls for lying still need to be determined. Until 

these data are available, it can be visually assessed whether certain space allowances 

permit simultaneous lying of all animals or not: The results of this thesis show that 

fattening bulls synchronize their lying behavior when given the opportunity to do so. 

Consequently, if simultaneous lying of all bulls in a pen is never observed in particular 

housing systems, it can be concluded that the space allowance is too low. In any case, 

the opportunity to perform synchronous lying behavior should be granted to fattening 

bulls. Therefore, this request should be included in future housing recommendations 

and legislation not only in the whole of Germany but also in other European countries. 

Further implications for housing recommendations concerning fattening cattle result 

from the first study of this thesis. Here it was shown that housing fattening cattle in 

large groups of up to 33 animals is possible without any restrictions to animal welfare, 

although existing housing recommendations stipulate a maximum group size in 

fattening cattle of 12 to 20 animals (Chapter 1.2). The literature review also revealed 
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no scientific evidence for these recommendations. Consequently, the housing 

recommendations concerning group size in fattening cattle should be revised. As 

mentioned above, further scientific studies are required in order to determine the 

optimum group size in fattening cattle. However, the study underlying this thesis 

indicated that large group systems may even positively affect the animals’ behavior, 

therefore contributing to increasing animal welfare. Thus, it should not be dissuaded 

from housing fattening cattle in large groups without any scientific evidence.  

The second study underlying this thesis underlined the importance of constant feed 

availability and quality at any time of the day in fattening cattle, thus indicating that an 

AFS with six feedings per day is able to ensure such consistency. Again, further studies 

are needed before drawing reliable conclusions. However, the common practice of 

feeding fattening bulls only once per day should be critically reconsidered. Fattening 

cattle are ruminants and this thesis emphasized that they tend to spread their feeding 

behavior over the whole day, preferring feeding alone or in small groups. Furthermore, 

it is known from other studies that cattle are selective feeders (Chapter 1.4; PHILIPPS 

2002; COZZI et al. 2005). Consequently, housing recommendations and legislation 

should emphasize constant feed availability and quality at any time of the day as a 

precondition for using an ad libitum feeding regimen. The guideline of the MINISTRY FOR 

FOOD, AGRICULTURE AND CONSUMER PROTECTION OF LOWER SAXONY (2018) does so by 

defining ad libitum feeding as unrestricted availability of all feed components at any 

time, ensured by regular feed push-ups or feed deliveries. However, the Council of 

Europe Convention (COUNCIL OF EUROPE 1988) omits such definitions. The results of 

this thesis indicate that it should be revised to include this aspect. Furthermore, 

increasing feeding frequency may be considered as a means to increase the welfare 

of fattening cattle. 
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CHAPTER 6: GENERAL CONCLUSION 

This thesis provides new insights into the behavior of fattening cattle in intensive 

housing environments. It focused on several aspects regarding the housing of fattening 

bulls that were hardly or not at all analyzed in previous scientific studies. Thereby, the 

thesis aimed to fill at least some of the gaps in scientific knowledge regarding fattening 

cattle. 

The first study of the thesis provides first scientific results on behavior and performance 

of fattening bulls housed in large groups of 22 and 33 animals. Increments of group 

size from 16 to 33 animals led to higher levels of synchronization in lying behavior, 

higher lying durations and fewer disturbances in feeding and lying behavior. 

Furthermore, mean and maximum percentages of animals participating simultaneously 

in interactions did not increase with group size, indicating that there was no increased 

level of aggression with increments of group size. Consequently, the results of this 

study indicate large group systems to be suitable for the housing of fattening cattle, 

possibly even improving animal welfare. Thus, the existing housing recommendations 

for fattening bulls, limiting maximum group size to 12 to 20 animals, were not 

confirmed. 

In the second study, the behavior of fattening bulls fed with an AFS at a high feeding 

frequency of six feed deliveries per day was analyzed. The feeding activity of the bulls 

was widely spread out over the course of the day and it was characterized by a 

preference to feed alone or in very small groups. There were no obvious peaks in 

feeding activity after feed delivery and the order of bulls feeding after feed delivery 

varied. These results underline the importance of constant feed availability and quality 

at any time of the day in fattening cattle. Apparently, this can be ensured by the high 

feeding frequency of six feed deliveries per day.  

Large group systems as well as high feeding frequencies may contribute to improving 

animal welfare. Consequently, these should be considered when implementing 

housing recommendations in future. Further scientific studies should be conducted to 

determine optimum and maximum group sizes and to further analyze the effects of 

feeding frequency on the behavior and performance of fattening cattle. 

The lying behavior of the animals in both studies was highly synchronized, 

emphasizing the importance of a lying area large enough to permit simultaneous lying 
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of all animals per pen. The results of this thesis validate that this is possible at space 

allowances of 3.5 m² to 4.5 m² per animal in straw-bedded pens. Whether the space 

allowances recommended in the EU are also sufficient concerning this matter remains 

unclear and has to be evaluated in further studies. 

Finally, the third study of this thesis provides first scientific results regarding the 

occurrence of oral stereotypies in adult fattening bulls under present-day intensive 

housing conditions. The study revealed a very high prevalence of oral stereotypies in 

fattening bulls, this being observed at least once in 234 of 243 animals, with average 

numbers of stereotypies per animal and hour ranging from 0.2 to 0.9. As the 

occurrence of stereotypies may indicate restrictions in animal welfare, this high 

prevalence indicates an urgent need to analyze the cause and effects of oral 

stereotypies in further studies. 

In conclusion, this thesis provides important and novel information on the behavior of 

fattening cattle in intensive housing environments. The outcome thereof raises new 

questions, thereby indicating a need for further studies on aspects relating to housing 

fattening bulls. Furthermore, the findings emphasize that current housing systems 

should be critically revised and that a general European legislation concerning the 

housing of fattening cattle is required. 
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