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1 Introduction 

Amongst the general public and researchers, as well as in politics, there has been a 

rise of interest in the welfare of farm animals in the past few years. Several studies 

focused on improvement due to environmental enrichment. Most animals who 

received enrichment were laboratory animals such as rodents and monkeys, followed 

by farm animals including pigs and chicken (DE AZEVEDO et al. 2007). Some 

studies were focused on the enrichment of beef cattle (PELLEY et al. 1995; WILSON 

et al. 2002; ISHIWATA et al. 2006; STANFORD et al. 2009) and some included the 

effects of environmental enrichment in dairy cows (DE VRIES 2007; NEWBY et al. 

2013). Only PERREY (2000) examined the behavior of breeding bulls in their usual 

environment and compared this to when they were placed in a laboratory enriched 

box, for one hour, once. This box contained a trunk and a tire which were frequently 

used by the bulls to scratch themselves during their short stay. But the focus in this 

study was the behavior of the bulls in relation to humans and not the improvement of 

their welfare. No further studies on environmental enrichment in breeding bulls have 

been published.    

In farm animals it has been pointed out that the structural enrichment is of the 

greatest success as enrichment type, compared to sensory, social, food and 

cognitive enrichment types (DE AZEVEDO et al. 2007). Cows and bulls on pasture 

(HALL 1989 a; TOST 2000; KOHARI et al. 2007; POETTINGER 2011), calves 

(NINOMIYA and SATO 2009), beef heifers (WILSON et al. 2002), beef steers 

(PELLEY et al. 1995; ISHIWATA et al. 2006), dairy cows (DE VRIES et al. 2007; 

NEWBY et al. 2013) and breeding bulls (PERREY 2000) prefer scratching 

themselves on inanimate objects either natural or provided by humans. Due to the 

stimulation of the natural grooming behavior the animal’s welfare might be improved. 

Thus the first objective of the present study was to find practical and implementable 

enrichment devices that stimulate the natural behavior of breeding bulls and improve 

their welfare. The hypothesis of this study is that the enrichment of the environment 

and thus a change in the normal breeding center routine will not negatively influence 
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the handling of the AI sires. Moreover, the assumption that an improved welfare 

might result in an enhanced semen quality will be analyzed. 
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2  Review of literature 

2.1 Behavior of bulls 

2.1.1 Natural behavior of bulls 

The physiological behavior of cattle cannot be studied in the wild ancestor because 

the aurochs is extinct. Hence one option to study normal behavior of cattle is to 

examine a feral herd of cattle with no human interference like the Chillingham cattle 

(HALL 1989 a, b). Another possibility is to examine a herd with little human 

interference (REINHARDT et al. 1986; KILGOUR et al. 2012 b).  

2.1.1.1 General behavior 

The general behavior of cows, calves and bulls in a herd on pasture is similar. The 

main behaviors include grazing, rumination, resting and walking (HALL 1989 a; 

POETTINGER 2011; KILGOUR 2012 a, review). Equally, beef steers on pasture in 

Australia spend most of their time (over 95 %) with the main behaviors such as 

grazing (51 %), resting/ruminating (standing: 17.1 %, lying: 14.7 %) and walking 

(13.8 %) (KILGOUR et al. 2012 b). 

Cattle herds (cows, calves and bulls) throughout the year on pasture without 

additional feed, spend most of their time grazing (6.8 to 13.0 h) (KILGOUR 2012 a, 

review) whereas the time beef steers spend grazing on pasture is less (5.0 to 7.3 h) 

than in a mixed herd (KILGOUR et al. 2012 b). Grazing times follow a diurnal rhythm 

(SCHOTTLER et al. 1975; POETTINGER 2011; KILGOUR et al. 2012 b). According 

to SCHOTTLER et al. (1975) 1/3 of the grazing time is carried out at night and 2/3 of 

the grazing time is performed during the day in a herd of cows, calves and bulls that 

have been studied. The same results are reported by KILGOUR (2012 a) who 

describes that 4.5 to 9.3 h during the day are used for grazing, whereas the overall 

grazing time during a 24 h period is 6.8 to 13.0 h. Differences in the grazing behavior 

of bulls and cows exist. During the day, the grazing bouts of bulls in the Chillingham 

herd are shorter than those of the cows, while the grazing bouts of the bulls are 
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longer during the night compared to the females (HALL 1989 a). It has been shown 

that bulls are more easily distracted during grazing than cows (HALL 1989 a). TOST 

(2000) and TURNER et al. (2005) observed that the grazing time of bulls decreases 

when the reproductive behavior increases. This is contrary to the findings of 

COMPTON and BRUNDAGE (1971), demonstrating that bulls’ grazing time has not 

decreased while a cow is in estrus. 

Besides grazing, ruminating and resting, it is also walking that is shown to be one of 

the most frequent behaviors in cows, calves and bulls (HALL 1989 a; KILGOUR 

2012 a, review; KILGOUR et al. 2012 b). Rumination shows diurnal patterns as well 

as grazing (KILGOUR 2012 a, review). Rumination time during the day ranges from 

1.4 to 6.9 h, while the total rumination time during a 24 h period ranges from 4.7 to 

10.2 h in cattle herds (KILGOUR 2012 a, review). Most of the rumination time is 

performed lying (KILGOUR 2012 a, review) and also constitutes the majority of the 

resting behavior (POETTINGER 2011; KILGOUR 2012 a, review). When they have 

nothing else to do, bulls in a herd of cows and calves on pasture spend less time 

lying compared to cows and calves (HALL 1989 a), which is also seen in the study of 

TURNER et al. (2005).  

The walking behavior of cattle in mixed herds has been investigated in many studies 

and shows diurnal patterns as well. Cattle are walking about 4.2 km per day 

(COMPTON and BRUNDAGE 1971). Most of the walking is performed at daytime 

(KILGOUR 2012 a, review) which is also reflected by the high correlation of walking 

and grazing time in cows (RUCKEBUSCH and BUENO 1978). Bulls staying in the 

mixed herd spend more of their active time in scanning and courting than bulls in a 

unisex group (TURNER et al. 2005) which is in agreement with HALL (1989 a) who 

has observed that bulls are more easily distracted than cows. Overall bulls are 

reported to be walking less than cows (SCHOTTLER et al. 1975). 

The whereabout of the bulls in relation to the herd of cows, calves and bulls living on 

pasture is dependent on their age, rank and season of the year (TOST 2000). The 

animals are either staying in the herd, at the edge of the herd, or in small bull-groups 

(HALL 1989 a, b; TOST 2000; TURNER et al. 2005), and some are living solitary 

(TOST 2000). In a mixed herd of cows, subadults and calves usually one alpha bull 
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and a few subordinate bulls (3 to 5 years of age) stay in the herd (TOST 2000). 

When a herd of cattle is divided, one dominant bull will develop in each subsequent 

new herd (TOST 2000). In species with a certain reproductive seasonality, like the 

African Buffalo observed in the study of TURNER et al. (2005), the mature bulls 

leave the herd during the non-mating period and stay in bull-groups where they have 

more time to graze and rest. Whereas one bull per 4 females is present in the herd 

during the mating season, only five mature bulls per 100 females are present in the 

non-breeding season.  

2.1.1.2 Social behavior  

Social behavior can be either directed towards another individual including physical 

contact, such as licking, mock fighting (friendly and playful interaction) and fighting 

(REINHARDT et al. 1986; HALL 1989 a), or it is performed without physical contact 

such as vocalization and threatening (pawing, rubbing neck and head on the ground, 

horning) (REINHARDT et al. 1986; HALL 1989 a). Social behavior of the Chillingham 

herd peaks in summer and is performed most often at daytime (HALL 1989 a).  

Allo-grooming such as licking the shoulder, head or neck of another individual is 

usually performed by subordinates and is received by dominant individuals 

(REINHARDT et al. 1986; TOST 2000). In a habitat with very few stimuli such as 

trees, the licking frequency increases compared to an environment with lots of trees 

and other objects suitable for scratching (TOST 2000).  

The dominance order and the aggression behavior of bulls is age-dependent 

(BLOCKEY 1979; REINHARDT et al. 1986; TOST 2000; POETTINGER 2011). 

In bulls with an age of 2 to 3 years, social contacts are often expressed by mock 

fighting (TOST 2000). It is a friendly and playful interaction to practice sparring 

between bulls that is independent from dominance orders (REINHARDT et al. 1986). 

Subadults fight more often but less severe than adults over 5 years of age (TOST 

2000). In groups with a firm social hierarchy fewer fights are seen. In these groups 

threatening behavior of the dominant bull towards a subordinate is generally enough 

to displace him (BLOCKEY 1979; REINHARDT et al. 1986). Aggressive acts usually 

occur only towards bulls with nearly the same rank (REINHARDT et al. 1986; TOST 

2000) and from the same home range (HALL 1989 a, b). Encounters between bulls 
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of different home ranges are seldom (HALL 1989 b), possibly because bulls of the 

same home range have to maintain their status of dominance amongst each other 

(HALL 1989 a).   

Vocalization is one option of communication in cows and bulls. The sounds of 

vocalization differ between bulls and cows (HALL 1989 a). Bull sounds have different 

frequencies and amplitudes depending on age, dominance status, situation and 

excitement state, and are distinctive in bulls over 5 years of age (TOST 2000).  

2.1.1.3 Grooming behavior 

Grooming behavior includes rubbing/scratching themselves on objects or licking 

themselves (HALL 1989 a; TOST 2000) as well as wallowing (POETTINGER 2011). 

Auto-grooming such as self-licking is common in cows (HALL 1989 a). Scratching on 

objects is common (HALL 1989 a) and is often followed by threat displays in bulls 

(TOST 2000). But there is no report of wallowing in Heck-cattle (POETTINGER 

2011), and this behavior has been neither described in other time budget studies of 

cattle nor in the review of KILGOUR (2012 a). However, the European Bison 

frequently displays wallowing - especially in the summer - and high ranking cows and 

bulls have a higher frequency than other animals (POETTINGER 2011).  

The grooming behavior of bulls is related to age and rank (TOST 2000). High-ranking 

cows and bulls have priority access to the best scratching places (HALL 1989 a; 

POETTINGER 2011). Scratching themselves is particularly performed on objects 

such as trees (HALL 1989 a; POETTINGER 2011).    

2.1.1.4 Sexual behavior 

The feral or semi-natural herds of the studies are not uniform in their reproductive 

period. The Chillingham cattle were aseasonal (HALL 1989 a), the Scottish 

Highlands bred particularly in May and June (REINHARDT et al. 1986), and in the 

study of TOST (2000) the German Fleckvieh reached their breeding peak in spring 

and summer. The social rank of the bull influences his sexual activity (DE BLOCKEY 

1975, 1979), and bulls are starting to challenge the alpha bull at an age of 5 years 

(TOST 2000). To evaluate the reproductive state of a cow, the bull sniffs at the 

genital region, sometimes tastes the urine and shows the Flehmen response (HALL 
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1989 a). All bulls perform estrus controls (HALL 1989 a; TOST 2000). Subadult bulls 

guard the cows during preestrus, but only the mature bulls guard the cows during 

estrus and breed them (HALL 1989 a; TOST 2000). Apart from this DE BLOCKEY 

(1979) has shown that the dominant bull cannot prevent the subordinates from 

breeding if more than three cows in a herd are in estrus.  

2.1.1.5 Abnormal behavior 

In most studies on cattle abnormal behavior is not reported. Beef steers have been 

displayed tongue-rolling (KILGOUR et al. 2012 b): According to the authors, sixty-

nine of the 71 detected instances of tongue-rolling were exhibited in only two herds 

which were from the same farm. These steers grazed on native pastures, which were 

being rotated and each pasture was 200 ha in size. In view of the previous literature 

the detection of tongue-rolling was unexpected and no explanation or reason for the 

occurrence of tongue-rolling has been given.  

2.1.2 Behavior of individually kept breeding bulls  

2.1.2.1 General behavior 

The general behavior in breeding bulls includes lying, resting, standing, eating, 

ruminating and walking. The behavior of captive bulls is dependent on human 

interference as seen in studies with beef (NICKS et al. 1988 a, b) and dairy bulls 

(HOUPT and WOLLNEY 1989 a; PERREY 2000; DAHLGREN 2010; SCHWAN 

2011). Only three scientific groups set up a time budget for individually kept dairy 

sires. The bulls in these studies are kept differently. The bulls (Swedish Red and 

Swedish Holstein) in the study of DAHLGREN (2010) and SCHWAN (2011) were 

stalled in a 25 m2 box whereas the Holstein bulls in the study of HOUPT and 

WOLLNEY (1989 a) were stalled in boxes that measure between 12.96 m2 and 

21.96 m2.  

The resting behavior of breeding bulls is markedly related to the working hours of the 

caretakers (HOUPT and WOLLNEY 1989 a; DAHLGREN 2010), but anyhow the 

resting behavior is similar to that of bulls on pasture. The lying times of the 

individually kept bulls follow a diurnal rhythm; they are longer at night whereas 
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standing occurs mostly at daytime (HOUPT and WOLLNEY 1989 a). Lying is one of 

the most common behaviors of these bulls and as is the case with bulls on pasture, 

this is mostly associated with ruminating (HOUPT and WOLLNEY 1989 a; 

DAHLGREN 2010; SCHWAN 2011).  

The time budget of individually and indoors kept dairy sires shows that they spend 

about 30 % of their time standing, and that standing is obviously related to the 

feeding times (HOUPT and WOLLNEY 1989 a). Most of the standing time, the bulls 

are standing doing nothing else (HOUPT and WOLLNEY 1989 a).  

The restricted food access of dairy sires has to be taken into consideration when 

investigating time spent eating and ruminating. The animals are fed once 

(DAHLGREN 2010; SCHWAN 2011) or twice daily, in the morning and in the 

afternoon (HOUPT and WOLLNEY 1989 a). Food is a mixture of straw, mash, silage, 

minerals and salt (DAHLGREN 2010) or the individuals are fed with hay and grain 

(HOUPT and WOLLNEY 1989 a; PERREY 2000). The bulls in the study of HOUPT 

and WOLLNEY (1989 a) spend 11 % of their time eating. Eating is mostly performed 

in the morning while rumination mostly takes place in the afternoon (DAHLGREN 

2010). Two thirds of the rumination time occur lying and 1/3 of the rumination is 

performed standing (HOUPT and WOLLNEY 1989 a) which is similar to the findings 

of SCHWAN (2011).  

Bulls kept in boxes spend only 0.8 % of their time walking and this occurs mainly 

during feeding (HOUPT and WOLLNEY 1989 a). Furthermore, DAHLGREN (2010) 

has recorded less walking in the individually housed bulls compared to the bulls 

housed in a group. One reason for the decreased activity in the individually kept 

animals might be the smaller area they are able to use or that they do not have a 

reason to move compared to the group housed bulls (DAHLGREN 2010). 

2.1.2.2 Social and grooming behavior 

The social behaviors of individually kept breeding bulls are vocalization, allo-

grooming (licking another bull) as well as aggressive behavior (described in 2.1.2.3). 

In the study of DAHLGREN (2010) and SCHWAN (2011) another social behavior 

called ‘head through gate’ has been observed. This relates to the occurrence of bulls 
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passing their heads through wider gaps between the tubes and is referred to as 

‘social gate’.  

Otherwise, the social behavior of the bulls is limited to the opportunities of getting in 

contact with the neighbor. Usually the bulls are fenced with narrow metal tubes which 

keep them from close contact to the neighboring animal. Only the bulls in the study of 

DAHLGREN (2010) and SCHWAN (2011) have been allowed to have closer contact 

by the means of the ‘social gate’. This social gate has frequently been used by the 

bulls and has a significantly higher priority in the individually kept bulls compared to 

the group housed bulls (SCHWAN 2011). Most common social behaviors in these 

bulls are reported to be ‘head through gate’ and being groomed.  

Vocalization increases during activities which are performed outside the normal 

station routine such as taking blood samples and is often performed towards a 

person (DAHLGREN 2010).  

The grooming behavior such as allo- and auto-grooming (licking themselves, rubbing 

against barn equipment) represents only a small amount in the time budget of 

individually kept breeding bulls (HOUPT and WOLLNEY 1989 a; LICHTNER 2010; 

SCHWAN 2011). Anyhow bulls prefer to rub their head or neck against barn 

equipment (PERREY 2000) and perform licking another bull (HOUPT and WOLLNEY 

1989 a; SCHWAN 2011).  

2.1.2.3 Aggressive behavior 

Aggressive behavior in individually kept dairy sires is limited as is the social behavior 

by the possibilities of getting in contact. Thus most recorded aggressive behavior is 

threatening behavior such as horning and pawing (HOUPT and WOLLNEY 1989 a). 

Threatening can be either directed towards another bull (HOUPT and WOLLNEY 

1989 a) or towards the observers (DAHLGREN 2010). However, this behavior is 

shown only in a small percentage of the time budget (HOUPT and WOLLNEY 

1989 a; DAHLGREN 2010).  

Pushing and head to head pushing is limited by the enclosure and was only seen in 

the study of SCHWAN (2011) because in this study the bulls had the opportunity to 

pass the head through the social gate and thus got in direct contact with the 

neighboring bull. Pushing is defined as using the body or head to move another bull, 
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whereas butting is defined as a blow with the head towards another bull (SCHWAN 

2011). Head to head pushing occurs more often than pushing with the body. Butting 

occurs infrequently.  

2.1.2.4 Sexual behavior  

Sexual behavior in the box of breeding bulls includes Flehmen, masturbation and tail 

head movements. Masturbation is a normal behavior of bulls which can be seen in 

basically every bull (HOUPT and WOLLNEY 1989 a; LICHTNER et al. 2010). 

Overall, in the study of HOUPT and WOLLNEY (1989 a) masturbation occurred 

1.4 times per day and in the study of LICHTNER et al. (2010) 3.6 times per day. The 

bulls masturbated early in the morning before the caretakers arrived and late in the 

afternoon after the caretakers left (HOUPT and WOLLNEY 1989 a) which is similar to 

the findings of LICHTNER et al. (2010) where the mature bulls masturbated 

especially in the morning and the young bulls especially in the morning and in the 

afternoon.  

Flehmen, defined as ‘lip curl response’ (HOUPT and WOLLNEY 1989 a; HOUPT et 

al. 1989 b) occurs about 3.2 times per day (HOUPT and WOLLNEY 1989 a). 

Flehmen is often performed after sniffing or licking another bull’s urine (DAHLGREN 

2010).  

2.1.2.5 Abnormal behavior 

Abnormal behavior or stereotypies are defined as repeated behaviors with no 

obvious goal and are an expression of coping (BROOM 1988; MASON 1991, review; 

REDBO 1992). Most common forms of stereotypies in cattle are oral stereotypies 

such as tongue-playing/-rolling and intersucking (WINCKLER et al. 2003) as well as 

bar biting and excessive licking (REDBO 1990). Some authors explain the 

occurrence of stereotypies as a result of a monotony of environmental stimuli 

(MAREKOVÁ et al. 2008, review) or as a result of poor welfare (MASON 1991, 

review). REDBO and NORDBLAD (1997) investigated an increase of stereotypies in 

heifers while access to roughage was restricted. Occurrence of stereotypies 

decreased again after ad libitum feeding and thus ad libitum access to roughage was 

given. Stereotypies in heifers are not shown on pasture but are frequently shown 
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when tied up before and after the grazing period while the frequency is significantly 

higher after the grazing period (REDBO 1990). No study reports about stereotypic 

behavior in breeding bulls.  

2.2 Housing conditions of breeding bulls 

2.2.1 Legal foundations 

The general principles of the housing of breeding bulls in Germany are regulated in 

the Tierschutzgesetz (BUNDESMINISTERIUM DER JUSTIZ, 24.07.1972, last 

amended 9.12.2012), in Part 1 of the Tierschutz-Nutztierhaltungsverordnung 

(BUNDESMINISTERIUM DER JUSTIZ, 25.01.2001, last amended 01.10.2009), in 

the Samen-Verordnung (BUNDESMINISTERIUM DER JUSTIZ, 14.10.2008), in the 

Council Directive 88/407/EEC (COUNCIL OF THE EUROPEAN UNION,14.06.1988, 

last amended 01.11.2011) and in the Council Directive 98/58/EC (COUNCIL OF THE 

EUROPEAN UNION, 20.07.1998). The Tierschutz-Nutztierhaltungsverordnung 

regulates the housing of animals kept for farming purposes whereas the housing of 

cattle only regulates the feeding, lighting, inspection of healthiness and air supply. 

The Council Directive 88/407(EEC) and the Samen-Verordnung only legislate that 

the monitoring of infections of the breeding bulls are regulated. The Tierschutzgesetz 

provides general regulations for all animals. The tenet of the Tierschutzgesetz is the 

protection of the animal’s life and welfare. No one is allowed to inflict pain, damage or 

harm to an animal without a sensible reason. Furthermore there are terms of 

reference about the general housing conditions such as for the feeding and care of 

the animals. The Council Directive 98/58/EC regulates general principles of animal 

welfare such as staffing, inspection of the animals, freedom of movement and 

regulations concerning the buildings and accommodation. Concerning cattle, the 

draft recommendation of the EUROPEAN CONVENTION FOR THE PROTECTION 

OF ANIMALS KEPT FOR FARMING PURPOSES (T-AP, 2009) proposes 

recommendations for the housing conditions of cattle with more precise provisions 

about the general needs and the box size of cattle. The general needs of cattle such 

as appropriate nutrition, freedom to move, physical comfort, social contact and the 
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need to perform normal behavior are written down in the Preamble. Normal behavior 

such as getting up, lying, turning around, resting and sleeping postures, running, 

social interaction, exploratory behavior, scratching and rubbing, eating, drinking and 

defecation are listed within. Section 20 contains recommendations for embryo 

transfer, semen collection and artificial insemination. Special provisions for breeding 

bulls are recommended in Appendix B. It says that a breeding bull of up to 1000 kg 

body weight should be kept in a pen where the provided lying area is not less than 

16 m2. For bulls over 1000 kg body weight, the lying area should be not less than 

1 m2 per 60 kg live weight. A sufficient moving area should be provided for the 

opportunity of daily exercise, and might be used by several bulls. The rest and 

exercise area should not be less than 25 m2 for each bull.  

2.3 Environmental enrichment 

2.3.1 General issues 

Environmental enrichment is defined as a modification of the environment of captive 

animals which attempts to result in an improvement of the biological function of the 

animals (NEWBERRY 1995, review). 

Research on animal welfare aspects and how to improve animal welfare has 

received more attention in the public, politics and in science because of ethical 

concerns (FRASER et al. 1997). From 1985 to 2004 744 articles on environmental 

enrichment were published (DE AZEVEDO et al. 2007) whereof 64.78 % saw an 

improvement in animal well-being during the period of the enrichment, 8.06 % saw no 

effect and 27.15% were uncertain if an improvement had arisen or not 

(DE AZEVEDO et al. 2007).  

Different methods of assessing the efficacy of environmental enrichment with regard 

to welfare or animal well-being were used in these studies (DE AZEVEDO et al. 

2007). One method to assess positive emotions is the novel object test, where the 

contacts between the animal and a novel object in different environments are 

counted (BRACKE and SPOOLDER 2008; SCHULZE WESTERATH et al. 2009; 

TÖNEPÖHL et al. 2012). Another possibility to assess welfare is the investigation of 
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the exploration behavior (PERREY 2000; SCHULZE WESTERATH et al. 2009; 

ZEBUNKE 2009). Food related exploration behavior in pigs increased while providing 

an object which was filled with food (ZEBUNKE 2009). Beef bulls housed in barren 

conditions explored the novel object more often than beef bulls kept in littered pens, 

but differences were only slight. Therefore the novel object test in that form cannot be 

used for the assessment of the welfare (SCHULZE WESTERATH et al. 2009). 

Measurements of corticosterone (FAIRHURST et al. 2011), heart rate (HR) (HAGEN 

and BROOM 2004; FAIRHURST et al. 2011) and physical health (NEWBERRY 

1995, review) also have been used for assessing welfare conditions.  

But most enrichment studies focus on the change in animal’s behavior before and 

during environmental enrichment (GRANDIN 1989; PELLEY et al. 1995; ISHIWATA 

et al. 2006; KOHARI et al. 2007; SCHMIED et al. 2008; HACKBARTH et al. 2009; 

NINOMIYA and SATO 2009; ZEBUNKE 2009; VAN OOSTINDJER et al. 2011; 

BULENS et al. 2013) and on the frequency and preference of using the provided 

objects (GRANDIN 1989; PELLEY et al. 1995; PERREY 2000; WILSON et al. 2002; 

VAN DE WEERD et al. 2003; ISHIWATA et al. 2006; DE VRIES et al. 2007; KOHARI 

et al. 2007; KRUMM 2009; NINOMIYA and SATO 2009; STANFORD et al. 2009; 

BULENS et al. 2013). The provision of enrichment devices can reduce fighting in pigs 

(GRANDIN 1989) and aggression in beef bulls, but might also trigger aggressive 

behavior, which depends on the enrichment devices (PELLEY et al. 1995). In some 

studies a decrease of stereotypic behavior such as licking bars (ISHIWATA et al. 

2006) or stereotypic digging (HACKBARTH et al. 2009) has been seen during 

enrichment. But it is questionable if abnormal behavior is a good criterion to assess 

the welfare of animals (NEWBERRY 1995, review; BOISSY et al. 2007). Several 

enrichment studies have shown that animals express different preferences for 

enrichment devices. Overall it has been observed that most cows and bulls have a 

high attempt on scratching devices (PERREY 2000; WILSON et al. 2002; ISHIWATA 

et al. 2006; DE VRIES et al. 2007; KOHARI et al. 2007; NINOMIYA and SATO 2009; 

POETTINGER 2011).  
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2.3.2 Types of enrichment 

Different types of enrichment are studied in the existing literature. Most enrichment 

studies are about improving the environment of the animals which results in 

environmental enrichment. Other studies perform the behavioral enrichment by 

testing, for example the cognitive skills (REHKAEMPER and GÖRLACH 1997, 1998; 

HAGEN and BROOM 2004; LANGBEIN et al. 2009) or by promoting the social 

behavior due to social support (HOLM et al. 2002; RAULT 2012, review). The 

different types of environmental enrichment can be distinguished in sensory, social, 

cognitive, food related and structural (DE AZEVEDO et al. 2007). These are 

supposed to improve the environment of captive animals and thus also benefit the 

facilities (WEMELSFELDER 1994; TAROU and BASHAW 2007). Anyhow, the type of 

enrichment should be related to the targeted behavior and the effectiveness of 

enrichment is influenced by form and type of presentation (TAROU and BASHAW 

2007).  

2.3.2.1 Sensory enrichment 

The enrichment of the sensory environment of animals is most often applied in farm 

animals, but only 15 % of the enrichment types in farm animals have been classed as 

sensory (DE AZEVEDO et al. 2007). Three different types of sensory enrichment 

might be suitable to stimulate the animals’ environment: auditory stimulation, 

olfactory stimulation and visual stimulation (WELLS 2007). The audition of sounds 

specific to a species’ natural habitat has been examined especially in zoo animals, 

but the effects on welfare have not been considered (WELLS 2007). It is discussed 

that natural sounds might have little relevance in captive animals (NEWBERRY 1995, 

review; WELLS 2007). Indeed audition of other types of sounds, such as country 

music or classical, jazz and radio music has been studied also in farm animals 

(WELLS 2007). Country music for example encouraged dairy cows to enter the 

milking parlor (UETAKE et al. 1997), and tended to calm ponies (HOUPT et al. 

2000), whereas classic music reduced stereotypic behavior in zoo-housed Asian 

elephants (WELLS and IRWIN 2008). However, the environment of captive animals 

is often already noisy. Therefore it has been suggested that animals should have the 
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control over added auditory stimuli because they are not in position to be able to 

avoid such enrichment (NEWBERRY 1995, review; WELLS 2007).  

Olfactory stimulation can be performed by providing odors specific to a natural 

habitat of the species, by the provision of essential oils or aromatic components or by 

stimulation with pheromones. But overall stimulation with odors has little meaning in 

captive animals (WELLS 2007). The enrichment of feedlot heifers with milk-scent and 

lavender-scent releasing devices has been known to have significantly less 

stimulating effect than provision of scratching devices. Furthermore, animals quickly 

lost the interest in the scent-devices (WILSON et al. 2002).  

Sensory enrichment can also be conducted through visual stimulation with television 

and videos, computer games, mirrors and colors (WELLS 2007). According to 

MC AFEE et al. (2002) the provision of a mirror in stabled horses for example 

reduced stereotypic weaving and nodding, and isolated heifers calmed down when 

they saw their image in a mirror from the front (PILLER et al. 1999). Nonetheless, all 

above described visual stimulation might result in frustration since it does not allow 

for physical contact (WELLS 2007). 

2.3.2.2 Cognitive enrichment 

Most cognitive enrichment studies are conducted in the laboratory and in the zoo 

(DE AZEVEDO et al. 2007). But rewarded instrumental learning has also been 

studied in farm animals (BOISSY and LE NEINDRE 1990; HOLM et al. 2002; 

HAGEN and BROOM 2004; MANTEUFFEL et al. 2009; ZEBUNKE 2009) because a 

lack of sensory and cognitive stimulation is often seen in intensive livestock farming 

and might result in a restricted and abnormal behavioral repertoire (ZEBUNKE 2009). 

Important for the effectiveness of cognitive enrichment is the motivation of the 

animals to solve the task, the activation of the neural reward system and the control 

and predictability of the reward system (MANTEUFFEL et al. 2009). Most common 

reward is food in either farm animals (BOISSY and LE NEINDRE 1990; HAGEN and 

BROOM 2003; ZEBUNKE 2009) or primates (VAN DE WAAL et al. 2013).  

In the study of HAGEN and BROOM (2004) heifers were trained to press a panel in 

order to open a gate to an aisle. At the end of the aisle a food reward was presented. 

The control heifers got access to the aisle with the food reward without pressing the 
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panel. The heifers that had experienced the operant learning process got more 

excited than the control heifers, even if both of them had access to the food reward. 

The trained heifers had self-control over the task which is important for motivation 

and success in this type of enrichment (MANTEUFFEL et al. 2009). Pigs can be 

trained with repeated food rewards to move to a feeding station on its own individual 

signal and to ignore the other signals. This challenge causes positive behavioral 

changes in the pigs such as less anxiousness and more exploration behavior 

(ZEBUNKE 2009). Moreover social contact is a usable reward for operant 

conditioning in calves, which is shown in the study of HOLM et al. (2002). Here, the 

motivation of the calves to press the panel in order to get access to its companion 

calve was higher when they got full body contact compared to head-only contact. 

2.3.2.3 Social enrichment 

Herbivores are highly gregarious animals (RAULT 2012, review). Isolation can be a 

psychological stressor and the presence of a group member can reduce stress 

associated reactions (BOISSY and LE NEINDRE 1990). Social enrichment can be 

given in two ways, either via contact to conspecifics or via contact to humans 

(MENCH et al. 1998). Gentle human contact can result in an improved welfare 

(NINOMIYA 2011). The effect of stroking by humans in cows is dependent on the 

body region. Stroking the ventral neck and the withers repeatedly during several days 

decreases the flight distance of cows to humans and increases the acceptance of 

touching the head. These effects last for several weeks whereas stroking the lateral 

side of the chest shows only short term effects (SCHMIED et al. 2008). Even 

individually kept breeding bulls allow humans to brush them (PERREY 2000). The 

high attempt for social contact is also seen in calves that have a higher motivation to 

solve the task when full physical contact to a conspecific is the reward in operant 

conditioning compared to only head contact (HOLM et al. 2002).  

2.3.2.4 Food related enrichment 

Most wild animals spend a lot of their time foraging, but captive animals are usually 

fed with restricted diets. Thus the promotion of foraging behavior could improve the 

physical conditions and the welfare (NEWBERRY 1995, review). One possibility for 
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the promotion of foraging behavior in pigs is the usage of the ‘Edinburgh Foodball’ 

which delivers food by rolling (YOUNG et al. 1997). Foraging behavior in cattle can 

be promoted, for example, with a daily provision of a bale of straw in the pen. 

Additionally the provision of a salt/mineral block accomplishes the nutritional 

requirements and has also been used for playing (PELLEY et al. 1995). An enhanced 

feed intake has been observed in beef steers when hay has been provided in a drum 

can rather than eating hay out of a trough (ISHIWATA et al. 2006).  

Another food related enrichment used in most operant conditioning studies is that of 

offering food as reward for successfully solving a challenge (BOISSY and 

LE NEINDRE 1990; REHKAEMPER and GÖRLACH 1997, 1998; HAGEN and 

BROOM 2004; ZEBUNKE 2009).  

2.3.2.5 Structural enrichment 

The most studied and most successful enrichment type in farm animals is the 

structural enrichment of the environment (DE AZEVEDO et al. 2007). The type and 

the presentation of the enrichment have to be appropriate to the targeted behavioral 

change (TAROU and BASHAW 2007) and the animal has to have control over the 

exposure to the enrichment in order to have the most successful gain (NEWBERRY 

1995, review). The motivation of the animals to use the objects presented to them is 

manifold. It is related to the type of enrichment (NEWBERRY 1995, review) and 

ranges from play, to foraging, to grooming. A lot of different structural enrichment 

types are being examined in different animals. For example in pigs, the behavioral 

changes following the provision of chains, cloth strips, sawdust, peat, branches, 

pieces of wood, and a jerrycan canister (GRANDIN 1989; VAN DE WEERD et al. 

2003; BRACKE and SPOOLDER 2008; VAN OOSTINDJER et al. 2011; TÖNEPÖHL 

et al. 2012) have been studied. VAN DE WEERD et al. (2003) examined the 

preferences of pigs for special characteristics of several enrichment devices. Here, 

sustained attention is given to objects which were ingestible, destructible, presented 

in a box, out of one or two particles and displaceable. In horses the usage and 

preferences for commercial devices such as different licking holders containing 

different tastes (KRUMM 2009) and non-commercial devices such as a plastic bottle 

filled with sand and a rope (BULENS et al. 2013) have been examined and individual 
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preferences have been seen. In cattle most studies have been conducted in feedlots 

or with dairy cows. The enrichment devices have been targeted to the play behavior 

(PERREY 2000; WILSON et al. 2002) by providing tires or moveable devices, to the 

explorative behavior by providing novel objects (SCHULZE WESTERATH et al. 

2009; STANFORD et al. 2009), to the nutritional behavior by providing a salt/mineral 

blocks or by different presentations of the normal food (PELLEY et al. 1995; 

ISHIWATA et al. 2006).  

However, most of the studies have been targeted to the grooming behavior of the 

animals by provision of scratching and rubbing devices such as tires, trees and 

brushes (PELLEY et al. 1995; PERREY 2000; WILSON et al. 2002; ISHIWATA et al. 

2006; DE VRIES et al. 2007; KOHARI et al. 2007; NINOMIYA and SATO 2009; 

NEWBY et al. 2013) which has the greatest success. 

2.4  Environmental improvement in farm animals 

The aim of environmental enrichment is the improvement of welfare and physical 

health in animals which results in better carcass characteristics (ISHIWATA et al. 

2006) and better reproductive success and fitness (NEWBERRY 1995, review). In 

farm animals the most used and most successful enrichment type is the structural 

enrichment (DE AZEVEDO et al. 2007) but not every enrichment turns out to be an 

improvement of the animals’ welfare (NEWBERRY 1995, review; DE AZEVEDO et al. 

2007). Several enrichment studies have been conducted in feedlot cattle but only few 

dealt with the enrichment in dairy cattle and breeding bulls.   

2.4.1 Environmental improvement in cattle 

Most enrichment studies in cattle focus on the grooming behavior of the animals, 

because the promotion of grooming as a natural behavior might reduce stress 

(NEWBY et al. 2013) and boredom (DE VRIES et al. 2007) in intensive livestock 

farming and thus might improve the animal’s welfare.  

In several studies it has been shown, that the provision of a mechanical brush 

mounted in the pen stimulates the grooming behavior of calves (NINOMIYA and 

SATO 2009; NINOMIYA 2011), beef steers (PELLEY et al. 1995; ISHIWATA et al. 
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2006), beef heifers (WILSON et al. 2002) and dairy cows (DE VRIES et al. 2007; 

NEWBY et al. 2013). The same effect could be seen in cows on pasture with access 

to trees for grooming, but in these cows auto- and allo-grooming was not affected by 

scratching on trees (KOHARI et al. 2007). 

In the meantime, the provision of a brush in dairy cow barns is common. When a 

mechanical brush is provided, dairy cows increase brushing of inaccessible places 

such as neck, back and tail which helps them to satisfy their natural grooming 

behavior (DE VRIES et al. 2007). Two main types of commercial mechanical brushes 

are common. They are either rotating or fixed. The preference for the type of brush 

depends on the region being brushed, but overall the rotating brush has higher 

preferences than the fixed brush (GUTMANN 2010).  

Mid-lactating dairy cows in the study of DE VRIES et al. (2007) use the rotating brush 

on offer 7 min/24 h. Equally, their scratching time on barn equipment such as wall or 

water trough decreases when a mechanical brush is offered. But the overall 

scratching time, including brush and scratching on barn equipment, is higher in the 

pen with the brush (7 min/24 h) than without the brush (1 min/24 h). These findings 

are contrary to the findings of Newby (2013) with peri-parturient cows. These cows 

do not change the amount of auto-grooming but show an increased maternity 

behavior towards their newborn calves compared to the control cows without access 

to the rotating brush. Anyhow, the precalving cows (72 to 48 h ante partum) use the 

brush 32 min/24 h. 

Not only the grooming behavior of animals is promoted by the provision of scratching 

devices, it is also play behavior that is being stimulated by the provision of a 

moveable scratching device as seen in the study of WILSON et al. (2002) with beef 

heifers. Another indicator for a better welfare due to enrichment might be the longer 

eating time of beef steers due to the provision of hay in a drum can, as observed in 

the study of ISHIWATA et al. (2006). In the same study the beef steers whose 

environment is enriched with a drum can display less bar licking than the control 

steers without the drum can. After removal of the enrichment the incidence of bar 

licking increases again. Because enrichment in farm animals is often restricted by 

cost and time (NEWBERRY 1995, review), a simple and inexpensive way of 
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stimulating the foraging and play behavior is the supply of salt or mineral blocks or 

bales of straw (PELLEY et al. 1995). 

2.4.2  Environmental improvement in breeding bulls 

Investigations on the environmental improvement of breeding bulls are rare. Only in 

one study (PERREY 2000) the behavior of breeding bulls in an enriched laboratory 

box has been examined. The enrichment devices in the study were an oak trunk and 

a swinging tire. The bulls were placed in the box for one hour and displayed high 

interest in the two devices. The trunk was used for rubbing the head, neck and body 

whereas the tire is pushed with the head. The bulls use the tire more frequently than 

the trunk.  

The targeted behavior during usage of the trunk is the grooming behavior. It is 

reported that the head was rubbed more often than the neck and body. The targeted 

behavior of the tire is either playfulness or aggressiveness. Differences between tied 

up bulls and bulls housed in a box were obvious. Tied up bulls utilized the trunk more 

intensively for rubbing the head than the freely housed bulls. It has been shown that 

a provision of enrichment devices results in increased activity and thus in better 

physical health (PERREY 2000). Good physical health in captive animals might 

benefit the reproductive success (NEWBERRY 1995, review).   

2.5 Semen quality 

2.5.1 Factors which effect semen quality in breeding bulls 

Genotype, breed, age, interval between the semen collection attempts, season, 

temperature, humidity and stress as well as environmental factors such as the 

collection team and the housing conditions might affect the semen quality.  

The genotype of the bull might have an effect on semen quality traits (GRAFFER 

et al. 1988; STÅLHAMMER et al. 1989; MATHEVON et al. 1998; BRITO et al. 2002), 

but MATHEVON et al. (1998) have found a lot of variation in the heritability of semen 

traits in Holstein bulls. BRITO et al. (2002) reported significantly higher sperm 

concentrations, significantly greater total sperm counts (TSC) and a greater number 
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of viable spermatozoa in Bos indicus compared to Bos taurus, whereas Bos taurus 

bulls have significantly less total sperm defects. A long term study of semen traits of 

Holstein (HF) and Fries Holland (FH) bulls showed a 10 % higher TSC in HF and an 

additional increase in the crossbred (HF x FH) (VAN OS et al. 1997). SÖDERQUSIT 

et al. (1991, 1996) recognized slightly more sperm abnormalities in Swedish Red 

(SR) and Swedish White (SW) than in HF bulls, which is contradictory to a later study 

where the HF bulls show slightly more sperm abnormalities than the SR and SW 

bulls (SÖDERQUIST et al. 1997). 

The age of bulls, particularly the first 2 years of life (VAN OS et al. 1997), affects the 

semen traits (ALMQUIST et al. 1976; STÅLHAMMER et al. 1989; VAN OS et al. 

1997; MATHEVON et al. 1998; FUERST-WALTL et al. 2006). The TSC per ejaculate 

nearly doubled in bulls from 12 to 48 months of age in the studies of ALMQUIST et 

al. (1976) and VAN OS et al. (1997), and from 12 to 30 months of age in the study of 

STÅLHAMMER et al. (1989). In many studies, even with different age groups 

(ranging from 8 to 26 month, 16 to > 72 months and < 30 months and 4-6 years of 

age), the ejaculate volume and the TSC was reported to increase with increasing age 

of the bulls (ALMQUIST et al. 1976; STÅLHAMMER et al. 1989; MATHEVON et al. 

1998; FUERST-WALTL et al. 2006). RUTTLE et al. (1975) shows an increase of the 

TSC per ejaculate and the sperm concentration in bulls with an age of 8 to 9 years 

compared to 3 to 4 year old bulls. Only in the study of FUERST-WALTL et al. (2006) 

the concentration of spermatozoa decreased with increased age (age period: 22 to 

> 72 months). However, this was only seen in one of the two AI centers participating 

in the study. The optimum age in this study for the sperm concentration was within 18 

to 20 months.  

The interval of semen collections (taking place daily compared to once a week) has 

an effect on semen traits (HAFS et al. 1959). HAFS et al. (1959) and ALMQUIST 

et al. (1976) reported that a shorter interval between collections results in a smaller 

ejaculate volume, but the weekly TSC of the bulls with daily semen collection was 

higher compared to the TSC of the bulls who have semen collected once a week. 

Similar results related to the TSC are seen in the studies of VAN OS et al. (1997) and 

FUERST-WALTL et al. (2006). FUERST-WALTL et al. (2006) postulated that the 
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ejaculate volume increases with shorter duration between collections which is 

contradictory to the findings of HAFS et al. (1959) and ALMQUIST et al. (1976). But 

different breeds were used in these three studies. MATHEVON et al. (1998) 

mentioned that the best interval for the highest number of motile sperm is at least 4 

to 5 days between collections. Regarding ejaculate volume and sperm concentration 

the optimal time interval is 4 to 7 days for young bulls and 5 days for mature bulls 

(MATHEVON et al. 1998).  

Season and ambient temperature have an effect on semen traits (IGBOELI and 

RAKHA 1971; RUTTLE et al. 1975; SEKONI and GUSTAFSSON 1987; GRAFFER 

et al. 1988; STÅLHAMMER et al. 1989; SÖDERQUIST et al. 1996; SÖDERQUIST 

et al. 1997; VAN OS et al. 1997; MATHEVON et al. 1998; FUERST-WALTL et al. 

2006; IGNA et al. 2010), whereas BRITO et al. (2002) neither found any significant 

seasonal effects, nor effects of ambient temperature and humidity on semen traits. In 

their study only monthly effects are seen, which account for 2 % of the variation in 

semen traits. Indeed, FUERST-WALTL et al. (2006) and IGNA et al. (2010) realize 

the effects of ambient temperature on semen traits. A higher ambient temperature 

has a decreasing effect on the motility score and an increasing effect on the number 

of viable spermatozoa. Effects of ambient temperature during epididymal sperm 

maturation (1-11 days prior semen collection) and spermatogenesis (12-65 days prior 

semen collection) has been investigated, but the effects differed between two AI 

centers (FUERST-WALTL et al. 2006). MATHEVON et al. (1998) mentioned the best 

semen qualities in winter and spring while STÅLHAMMER et al. (1989) obtained the 

best results in summer. In contrast to these findings RUTTLE et al. (1975) obtained 

the poorest results in summer. The long term study of VAN OS et al. (1997) shows 

only a mild peak of the TSC in August, September and October. Sperm abnormalities 

are observed more frequently in summer (SEKONI and GUSTAFSSON 1987) which 

is similar to the findings of IGBOELI and RAKHA (1971) and SÖDERQUIST et al. 

(1996). Sperm abnormalities in older bulls show an increase during winter and spring 

(SÖDERQUIST et al. 1997).  



Review of Literature 

 

33 
 

Stress might affect semen quality which is seen in the study of SÖDERQUIST et al. 

(1996), but only the accumulation of several stressors (dehorning + Dehydrostrepto-

mycin treatment) influences the semen characteristics.  

Environmental factors, such as the semen collection team have an effect on semen 

traits, particularly related to the ejaculate volume and the TSC (MATHEVON et al. 

1998; FUERST-WALTL et al. 2006). Additionally differences between several AI 

centers have been recognized (GRAFFER et al. 1988; FUERST-WALTL et al. 2006).  

2.5.2 Effects of stress on semen quality in humans and other individuals 

Several studies indicate that stress in humans might be associated with infertility or 

reduced semen quality (MC GRADY 1984, review; SHEINER et al. 2003, review). 

CLARKE et al. (1999) investigated the relationship between semen quality and 

psychological stress among in vitro fertilization (IVF) patients. The poorest semen 

quality is noticed at the day of egg retrieval. Occupational stress exposure is 

considered to be associated with male fertility problems, too. In the study of 

SHEINER et al. (2002) a significant relationship between male infertility and industry 

or construction jobs has been seen. Also, burnout seems to be related to diminished 

semen quality. These observations are similar to the findings of GERHARD et al. 

(1992), who reports that the semen quality of stress-exposed men is diminished. In 

contrast to this, FENSTER et al. (1997) has not observed any relationship between 

job stress and reduced semen quality, and only the death of a family member 

affected the semen quality negatively.  

In other species the effects of stress, either stress due to social rank differences, or 

intense exercise on semen quality and fertility has been investigated. In the bank 

vole, the bodyweight, the size of testes, as well as the semen quality is affected by 

the social rank of the individuals (MARCHLEWSKA-KOJ 1997). Social stress, 

defined as a combination of physical stressors due to the interaction or presence of 

conspecific opponents, is considered to be the most important reason for decreased 

reproductive success in rodents (MARCHLEWSKA-KOJ 1997).  Social ranking stress 

in subordinate bank voles has a negative effect on sperm count and sperm quality 

(KRUCZEK and STYRNA 2009). Moreover it has been investigated in mice that 

stress exposed to sires effects the stress response of the offspring (RODGERS 
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2013). Additionally, mice offspring of fathers which are exposed to social ‘defeated’ 

stress show a pronounced social avoidance against conspecifics and depressive- 

and anxiety-like behaviors (DIETZ 2011).  

In stallions the investigations on the effect of stress due to intense exercise, such as 

acute treadmill exercise (JANETT et al. 2006) or racing (SAIRANEN et al. 2011) on 

fertility, shows differing outcomes. The repeated treadmill exercise negatively 

influences semen quality and freezability (JANETT et al. 2006), while racing might 

have negative effects on stallion fertility (SAIRANEN et al. 2011). But only the foaling 

outcome was investigated as a marker of fertility success in the latter study.  

2.5.3 Relevant literature for the present study 

Summarizing the existing literature it has been shown that considerable differences 

between bulls on pasture and individually kept bulls are seen in the feeding time. 

Beef steers on pasture spend 5.0 to 7.3 h with grazing (KILGOUR et al. 2012 b), 

whereof two-thirds of this is performed during the day and one-third is performed 

during the night (SCHOTTLER et al. 1975). This diurnal rhythm is similar in 

individually kept bulls (HOUPT and WOLLNEY 1989a). But individually kept bulls 

have restricted food access (HOUPT and WOLLNEY 1989 a; DAHLGREN 2010; 

SCHWAN 2011). 

Concerning the social structure of bulls in a herd of cows, calves and bulls, it has 

been shown that bulls are usually living in mixed herds or in groups of bulls (HALL 

1989 a, b; TOST 2000; TURNER et al. 2005) and only some are living solitary (TOST 

2000). The individually kept breeding bulls are affected by human interference 

(HOUPT and WOLLNEY 1989 a; PERREY 2000; DAHLGREN 2010; SCHWAN 

2011) and are generally restricted in their ability of contacting other bulls.  

Grooming behavior and high preference for rubbing/scratching on objects is shown in 

cows and bulls on pasture (HALL 1989 a; TOST 2000; POETTINGER 2011) as well 

as in individually and indoor kept breeding bulls (PERREY 2000) and in free stall 

dairy cows (DE VRIES et al. 2007). In dairy sires licking another bull (HOUPT and 

WOLLNEY 1989 a; SCHWAN 2011) is often performed in captivity, and bulls on 

pasture increase licking when the habitat is short of grooming objects (TOST 2000). 
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Stereotypies are abnormal behaviors and are usually not seen in cattle and bulls on 

pasture. Only in the study of KILGOUR et al. (2012 b) the beef steers show tongue-

rolling without any explicable reason.  

Masturbation is supposed to be a normal behavior because it is shown in every 

individually kept bull. It is dependent on the working hours of the caretakers (HOUPT 

and WOLLNEY 1989 a; LICHTNER et al. 2010). Observation of masturbation has not 

been reported in bulls on pasture. 

There has been an increase in the amount of studies on environmental enrichment 

for captive animals as a possible way to improve their welfare (DE AZEVEDO et al. 

2007). Most enrichment studies focus on changes in the animal’s behavior to assess 

their welfare (GRANDIN 1989; PELLEY et al. 1995; ISHIWATA et al. 2006; KOHARI 

et al. 2007; SCHMIED et al. 2008; HACKBARTH et al. 2009; ZEBUNKE 2009; 

NINOMIYA 2011; VAN OOSTINDJER et al. 2011; BULENS et al. 2013). 

Cows and bulls on pasture (HALL 1989 a; TOST 2000; POETTINGER 2011), dairy 

cows (DE VRIES et al. 2007), beef steers (ISHIWATA et al. 2006) and beef heifers 

(WILSON et al. 2002) have a high attempt to scratch themselves on devices. 

Because the promotion of the grooming behavior might reduce stress (NEWBY et al. 

2013) and boredom (DE VRIES et al. 2007) of captive animals, most enrichment 

studies in farm animals are targeted to explore the grooming behavior 

(DE AZEVEDO et al. 2007). In breeding bulls only one study has investigated the 

effects of enrichment on breeding bull behavior. In this study, the trunk provided for 

the animal was used for rubbing the head and neck (PERREY 2000). In calves 

(NINOMIYA 2011), beef steers (PELLEY et al. 1995), beef heifers (WILSON et al. 

2002) and dairy cows (DE VRIES et al. 2007; NEWBY et al. 2013) the provision of 

scratching devices has been observed to have the greatest success. In a lot of 

studies the effects of enrichment in beef and dairy cattle have been investigated, but 

it is only PERREY (2000) who has examined effects in breeding bulls. 

Semen quality as one of the main parameters for reproductive success is affected by 

the age of the bull (ALMQUIST et al. 1976; STÅLHAMMER et al. 1989; VAN OS 

et al. 1997; MATHEVON et al. 1998; FUERST-WALTL et al. 2006), season and 

temperature (IGBOELI and RAKHA 1971; RUTTLE et al. 1975; SEKONI and 
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GUSTAFSSON 1987; GRAFFER et al. 1988; STÅLHAMMER et al. 1989; 

SÖDERQUIST et al. 1996; SÖDERQUIST et al. 1997; VAN OS et al. 1997; 

MATHEVON et al. 1998; FUERST-WALTL et al. 2006; IGNA et al. 2010). 
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3  Material and Methods 

3.1 Artificial Insemination (AI) Center Georgsheil 

3.1.1 General information relating to the AI Center Georgsheil 

The study was conducted at the Artificial Insemination (AI) Center of the Verein 

Ostfriesischer Stammviehzüchter e.G. (VOST) in Georgsheil, Germany from August 

2011 to October 2012. The VOST is a breeding and marketing organization in the 

northwest of Germany (Latitude: 53.4°N, Longitude: 7.3°E). It was established in 

1878. The AI Center was founded as the Besamungsverein Brookmerland on 

27.01.1948, became the Rinderbesamungsgenossenschaft Georgsheil on 

31.12.1951 and has been part of the VOST since 01.12.1970. Dr. Jan Detterer is the 

responsible veterinarian at the AI station since 01.07.1997. 

3.1.2 Animals 

The animals in the present study were of the German Holstein breed. The group that 

underwent the experimental intervention consisted of four mature and four young 

bulls. These bulls will be referred to as: experimental bulls. The control group 

consisted of two mature and one young bull. These animals will be referred as: 

control bulls.  

At the beginning of the study the mature experimental bulls were 4.6 ± 0.8 

(min./max.: 3.8/5.5) years old and the young experimental bulls were 1.7 ± 0.6 

(min./max.: 1.2/2.3) years old. The mature control bulls were 4.7 ± 0.1 (min./max.: 

4.7/4.8) years of age, and the young control bull was 1.2 years old.  All mature bulls 

had been stalled in groups with other bulls during the waiting period (1.5 to 

3.5 years). The young bulls had been stalled in an individual box. The anonymized 

running bull-number, the age group, the date of birth and the grouping are shown in 

Table 3.1.  

All bulls were examined at the beginning of the experiment to record their general 

and reproductive health. A general medical examination (adapted from STÖBER 
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1990), locomotion scoring (adapted from STÖBER 1990 and SPRECHER et al. 

1997), body condition scoring (adapted from EDMONSON et al. 1989) and an 

andrological exam (KRAUSE 1990) including ultrasound of the accessory sex glands, 

testes and epididymides were conducted. For the ultrasound examination the Easy 

Scan® ultrasound device equipped with a 7.5 MHz linear probe (BCF Technology 

Ltd., Livingston, Scotland) was used.  

All bulls were in good condition and no abnormalities of the accessory glands, testes 

and epididymides were seen. No bull was lame, except bull 6 who was lame because 

of a Dermatitis digitalis on the right front. According to STÖBER (1990) and 

SPRECHER et al. (1997) a lameness score of II-III in Phase 1 and Phase 2 and I-II in 

Phase 3 was recorded for bull 6.  

Table 3.1: Data (running bull-number, age group, date of birth and grouping) of the experimental and 
control bulls 

Running bull-

number 

Start of 

experiment 

Age Date of birth 

(month, year) 

Grouping 

1 19.09.2011 mature 03.2006 experimental 

2 19.09.2011 mature 11.2007 experimental 

3 12.12.2011 Young 10.2009 experimental 

4 12.12.2011 Young 09.2009 experimental 

5 20.02.2012 mature 02.2007 experimental 

6 20.02.2012 mature 11.2007 experimental 

7 30.04.2012 Young 02.2011 experimental 

8 30.04.2012 Young 02.2011 experimental 

9 19.09.2011 mature 12.2006 control 

10 19.09.2011 mature 01.2007 control 

11 16.01.2011 Young 11.2010 control 

 

3.1.3 Housing conditions and feeding 

In a barn containing 21 boxes and separated from the semen collection area by a 

door, the bulls were kept individually in boxes seized either 18 m2 (Fig. 3.1) or 

29.6 m2 (Fig. 3.2). The boxes included a lying area which in the back part of the box 
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had sawdust provided for bedding, and in the front part had a concrete floor area 

close to the stable lane. The concrete wall was in the back. The front and site 

boundaries were made out of round metal tubes with a diameter of 7 cm and gaps of 

18.5 cm allowing direct contact to the neighboring bulls. The site boundaries were 

2.0 m high with a gap of 0.40 m between ground and site boundary. These site 

boundaries were split into two parts, one front part and the back part (referred to as: 

back boundary). The back boundary could be moved for a temporal confinement of 

the bulls in the front part of the box to clean the lying area. The front of the boxes 

was equipped with a headlock and a gate as well as a drinking trough and a 

grounded feeding bunk which were outside the box. The lying area of the smaller box 

was 2.9 m long and 3.0 m wide, while this area in the larger box was 4.0 m long and 

3.8 m wide. The front part of the small box was 3.1 m long and 3.0 m wide, and the 

front part of the larger box was 3.8 m long and 3.8 m wide.  

Working times of the caretakers were from 0700 h to 1700 h with a lunch break from 

1200 h to 1330 h. The bulls were fed in the morning at 0700 h or 0900 h, depending 

on whether it was a semen collection day or not. The afternoon feeding time was at 

1600 h. The animals were fed with 19 kg total mixed ratio (TMR) a day per bull, 

containing grass silage, straw and molasses chips. Additionally they got 1 kg 

concentrate in the morning and 0.75 kg minerals in the afternoon. The boxes were 

cleaned once a day. The back part was cleaned manually while the back boundary 

had been shifted to confine the bulls in the front of the box. The front part was 

cleaned automatically with a manure scraper. Bedding was changed every 4 weeks.  

The air supply and the temperature in the barn were regulated by a mechanical 

vacuum ventilation system (JWC-ESPO, Almelo, Netherlands) from March to 

September. The ventilation control unit (Bravo-E Version BBE2.6 SMD B®, Microfan 

B.V., Horst, Netherlands) measured the barn temperature and regulated the air 

supply so that the temperature remained stable at 16 °C. Fresh air was sucked in via 

suction tubes (diameter: 50 cm), which were installed 2 m above the barn roof, and 

was distributed by four fences into four pipes. The fresh air was then distributed in 

the barn via four aluminum folded spiral-seam pipes (diameter: 50 cm) which were 

installed 2 m above the feeding bunk. The left side of the barn (containing the larger 
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boxes) was ventilated with 15000 m3/h fresh air and the right side (smaller boxes) 

was ventilated with 11000 m3/h air. The stale air was extracted by negative pressure. 

Lighting conditions were influenced by dawn and dusk through the roof ridge (one on 

each site in the middle of the barn, size: 40 m long, 1.4 m wide each). Furthermore, 

the caretakers regulated the electrical lighting depending on the darkness in the barn. 

Additionally, a nightlight was provided by a luminescent tube in the middle of the 

barn. The luminescent tube was equipped with a twilight regulation. 

The young station control bulls which semen was analyzed were housed in another 

barn, where the temperature and air supply was not regulated. Whereas the mature 

station control bulls were housed in the standard boxes as the experimental bulls. 

3.2 Experimental design 

3.2.1 Period and phases of the study 

The study was conducted from August 2011 to October 2012 in the normal station 

routine. The bulls were investigated in three different phases. In the first phase 

(Phase 1, control phase) the animals were kept in the smaller box in a standard 

environment for 3 weeks. Following on from this they entered the experimental phase 

(Phase 2) and were kept in the larger and enriched box (described in Chapter 3.2.2) 

for 10 weeks. This period was followed by a second control phase (Phase 3) in which 

the bulls were stalled once again in the smaller box in a standard environment for 

9 weeks. The change-over of the boxes was always completed on a Monday. The 

three control bulls were kept individually in the smaller box in a standard environment 

during the whole period of investigation. The investigation period for each bull is 

shown in Table 3.2 and Table 3.3. Control bull 10 left the station because of 

commercial reasons and was replaced by bull 11.  
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Table 3.2: Investigation period for each experimental bull (Phase 1: standard box, control; Phase 2: 
enriched box, experiment; Phase 3: standard box, control) 

Running bull-

number 

Phase 1 Phase 2 Phase 3 

1 19.09.11 – 09.10.11 10.10.11 – 18.12.11 19.12.11 - 19.02.12 

2 19.09.11 – 09.10.11 10.10.11 – 18.12.11 19.12.11 - 19.02.12 

3 12.12.11 – 01.01.12 02.01.12 – 11.03.12 12.03.12 - 13.05.12 

4 12.12.11 – 01.01.12 02.01.12 – 11.03.12 12.03.12 - 13.05.12 

5 20.02.12 – 11.03.12 12.03.12 – 20.05.12 21.05.12 – 22.07.12 

6 20.02.12 – 11.03.12 12.03.12 – 20.05.12 21.05.12 – 22.07.12 

7 30.04.12 – 20.05.12 21.05.12 – 29.07.12 30.07.12 – 30.09.12 

8 30.04.12 – 20.05.12 21.05.12 – 29.07.12 30.07.12 – 30.09.12 
 

Table 3.3 Investigation period of the control bulls (standard box) 

Running bull-

number 

Control phase 

9 19.09.11 – 30.09.12 

10 19.09.11 – 15.01.12 

11 16.01.12 – 30.09.12 

3.2.2 Box design 

The standard environment of the small and large boxes is explained above (Chapter 

3.1.3). The experimental box (Fig. 3.2) was enriched with three different objects: the 

swinging cow brush SCB® (DeLaval GmbH, Glinde, Germany), an oak trunk and a 

swinging tire. The selection of the trunk and the tire as enrichment objects was done 

in reference to the study of PERREY (2000). The objects were modified as described 

below.  

The oak trunk was 1.80 m long and had a diameter of 0.35 m. It was fixed in an angle 

of 7° at the site partition of the back part of the box which could be moved to the 

front. A metal construction of two metal plates at the top and two at the bottom of the 

trunk held it in position (Fig. 3.2).  

The car tire, with a 0.6 m diameter, was weighted at the bottom with concrete. A 

vertical square tube (size: 80 x 80 x 3 mm) was fixed in the hollow space in the 

middle of the tire to prevent injuries that might arise by putting the head through. The 

vertical square tube was fixed in the concrete at the bottom and put through a hole in 
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the tire at the top. A chain was attached with a bolt at the top of the square tube and 

therewith it was fixed to the ceiling of the barn. The tire hung in the middle of the box, 

between the lying and feeding area 1.2 m above the ground.  

The swinging cow brush SCB® (230 volts; length x width x height: 100 x 50 x 132 cm) 

was placed at the site partition of the front part of the box. The height of the brush 

was adjusted individually depending on the withers height of the bull as 

recommended by DeLaval. The average height of the bottom fixation part of the 

brush was 2.05 m (min./max.: 1.9/2.2 m). To be able to adjust the height, an 

individual construction for the brush fixation was constructed. The brush was fixed 

with four bolts at a vertical square tube (size: 100 x 60 x 5 mm) which was fixed at 

the site partition of the box (Fig. 3.2). The brush turned automatically when the bull 

got in contact with it. For safety of the animals their hair (including tail switch) had to 

be trimmed to a length of < 3 cm.  

The standard box is shown in Fig. 3.1 and the enriched box is shown in Fig. 3.2. 

 

 

Fig. 3.1: Standard environment (18 m
2
) 
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Fig. 3.2: Enriched environment (29.6 m
2
): swinging cow brush, oak trunk, tire (the front part, the drinking 

trough, the feeding bunk and the headlocks were not shown on the picture because it was taken from the 
inside of the box)  

 

3.2.3 Behavioral observation 

3.2.3.1 Rumination and physical activity 

Rumination time and physical activity were recorded continuously by an electronic 

monitoring system (RuminAct®, SCR Engineers Ltd., Netanya, Israel). A HR-tag® 

(Heatime-RuminAct-tag®, size: 10 cm x 8 cm x 3.5 cm; weight: 120 g) was fitted to a 

nylon collar (length: 155 cm) around the animal’s neck. The HR-tag® includes a 

microphone, and a microprocessor which were surrounded by a plastic case. A 

counterweight was fixed ventrally on the collar to ensure that the tag stayed at the left 

dorsal site of the animal’s neck. The HR-tag®, the nylon collar and the counterweight 

were included in the Ruminact-System (SCR Engineers Ltd., Netanya, Israel). The 

collar (155 cm) had to be lengthened with a second nylon collar (155 cm) (SCR 

Engineers Ltd., Netanya, Israel) to fit around the bull’s neck. The HR-tag® provides 
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the identification, the activity and rumination monitoring. The microphone included in 

the HR-tag® measured rumination and regurgitation sounds and thus the rumination 

time in minutes was recorded. The number, intensity and direction of the bull’s 

movements were measured by a microprocessor included in the tag and thereby a 

general activity index was created using a complex algorithm (personal 

communication, Doron Bar, October 2012, SCR Engineers Ltd., Netanya, Israel). The 

data were stored in 12 two-hour blocks and were scanned (via infrared 

communication) with an identification unit (ID). The caretakers scanned the HR-tag® 

of every bull in the morning and in the afternoon during feeding times. They did so by 

approaching the bulls with the ID unit. The data were sent to the control box via a 

power cord (length: 50 m). The control box and the ID unit were hung up in the 

middle of the barn (Fig. 3.3). All data, including tag-number and assigned animal-

number, rumination minutes and physical activity index, were stored in the control 

box and transferred to a computer (Fujitsu-Siemens Esprimo, P 50925 EPA®, Fujitsu 

Technology Solutions GmbH, Hamburg, Germany) by using a USB flash drive. The 

data were loaded to the HT2 Batch Tool program (SCR Engineers Ltd., Netanya, 

Israel) which was provided for the study by SCR Engineers Ltd. and was not included 

in the RuminAct-system. The physical activity index ranged from 0 – 255/2 h and is 

defined as a unitless number proportional to the frequency, intensity, and direction of 

the neck movements within two hour periods (personal communication, Doron Bar, 

October 2012, SCR Engineers Ltd., Netanya, Israel). Missing or error values of the 

physical activity index and the rumination minutes were shown in the data as 255 and 

occurred due to technical problems, such as a twisted HR-tag®. An example for the 

graph of the activity and the rumination, pictured by the system, is shown in Fig. 3.4 

and Fig. 3.5 respectively. Because the system is usually used in cows for heat 

detection a sex dependent activity index over 35/2 h indicates behavioral estrus 

(RuminAct® Users Manual, 2011, Milkline, Italy). In order to verify the reliability of the 

system, data from a 2 h period were compared with the data investigated due to 

visual observation of the same time period.  
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Fig. 3.3: RuminAct control box and ID unit in the middle of the barn and bull with the HR-tag
®
 at the collar 

     

Fig. 3.4: Graph of the physical activity of one animal outlined for 12 hours each during a period of 19 days  

      

Fig. 3.5 Graph of the rumination minutes of one individual outlined for 12hours during a period of 19 days  
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3.2.3.2 Behavioral observation in the box 

The bull’s behavior in the box was recorded with a digital video recording system 

which was positioned at a distance of 2.0 - 2.5 m in front of every investigated box at 

a height of 3.5 m. For the observation two digital 4.0 mm (Lupusnight LE171N®, 

Lupus electronics GmbH, Landau, Germany), two 4.3 mm (Lupusnight LE171N®, 

Lupus electronics GmbH, Landau, Germany) and two digital 4.0 mm night cameras 

(AVC647® Color IR, AVTech, Shenzhen, China) were used. For a better illumination 

after electric lights were turned off, six outdoor infrared illuminators (15-Il06®, IR-LED 

Scheinwerfer Highlight (50m), MH-Überwachungstechnik, Tattenhausen, Germany) 

were installed next to the camera. For each observed bull one video camera and one 

infrared illuminator were screwed next to each other in the middle of the barn and in 

front of the investigated box. Ten 24 h observations were done for each experimental 

bull. The observations of the experimental bulls were conducted on day 1 (start of the 

experiment), 8 and 15 in Phase 1. In Phase 2, a 48 h observation was recorded on 

day 22 and 23. These were the bull’s first days in the enriched box. Two further 24 h 

observations were recorded in Phase 2. These were conducted on day 57 and day 

89, except for bull 3 and 4 who were observed on day 61 and 85 because of 

technical problems. The observations in Phase 3 were recorded on day 92, 113 and 

148 (see Fig. 3.6). 

  

 

Fig. 3.6: Timetable of video observation-days in Phase 1(1, 8, 18) in Phase 2 (22, 23, 57, 89) and in Phase 3 
(92, 113, 148)  

1

Phase 1 Phase 2 Phase 3
(3 weeks) (10 weeks) (9 weeks)

Videodays

8 18 23 57 89 113 14822 92
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Ten 24 h recordings were conducted for control bull number 9 whereas control bull 

number 10 was observed 3 times and bull number 11 was observed 7 times each 

with an interval of six weeks. Bull number 10 left the station after the third video 

recording because of commercial reasons and was replaced by bull number 11. The 

beginning of the experiment and thus the first day of observation (day 1) was always 

on a Monday and was also a semen collection day. Observations were done from 

0600 h to 0600 h. The recordings were all evaluated by one person (Birte Hoyer, 

B.H.) and the data related to the behavior parameters were transferred directly into 

an excel spreadsheet (Microsoft Office Excel 2007, Microsoft Cooperation, 

Redmond, Washington, USA). The data were summarized in 2 h blocks. Eating, lying 

and using the devices was recorded in seconds. Drinking, scratching themselves, 

social contact, allo-grooming, auto-grooming, Flehmen, masturbation, stereotypies, 

broadside, horning and pawing was recorded by the frequency of times these 

behavioral activities occurred. In order to verify the video observation method, B.H. 

and a second observer watched the same video time period (4 hours) twice with an 

interval of 7 days. The inter- and intraobserver reliability of these data was analyzed. 

The measured behaviors and the definitions are shown in Table 3.4.  
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Table 3.4: Definition of the observed bull behaviors in the box 

Behavior Description 

Eating Eating total mixed ratio 

Lying Lying sternal or lateral 

Using devices Physical contact to brush, trunk or tire 

Drinking Muzzle in the drinking trough 

Scratching Rubbing/scratching body or head on 

conventional barn equipment 

Social contact Get in physical contact with the neighbor 

Allo-grooming Licking the neighbor or getting licked 

Auto-grooming Self-licking, self-scratching with the hind legs 

Flehmen  Head bound forward while curling the upper lip 

Masturbation Auto-sexual behavior 

Stereotypies Abnormal behavior (tongue-rolling*)  

Broadside Positioning of the broadest part of the body in 

direction of the potential aggressor/ antagonist 

Horning  Rubbing the head on the ground while going 

down on the carpal joints 

Pawing Forelimbs pawing on the ground or through the 

bedding 

*tongue-rolling: repeated rolling of the tongue outside or inside the mouth or swinging the tongue from 

side-to-side (ISHIWATA et al. 2008). Tongue-rolling was the only observed stereotypie. 

3.2.3.3 Behavioral observations during semen collection 

The behavior during semen collection was judged by B.H. at every semen collection 

day. The observations of the behavior during semen collection started at the time 

point at which the caretakers were catching the bull, walking the bull into the 

collection area and approaching the teaser bull. The observations extended to the 

collection of the ejaculate, including libido, acceptance of the AV and ejaculatory 

thrust. The time from being caught and being back in the box was not longer than 

20 min. There was no fixed order of the bulls moving into the collection area and thus 

the bulls had no fixed neighbors while standing in the semen collection area. The 

behaviors were judged using a 5-point scale according to LICHTNER (2010). Some 

modifications of the behavioral protocol of LICHTNER (2010) were done: the 

evaluation of the behavior while catching the bull in the box were added, the 
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acceptance of the AV and the ejaculatory thrust were judged using a 3-point scale 

instead of a 5-point scale. A precise definition of the parameters and scores is listed 

in the Appendix. The parameters for the evaluation while catching the bull in the box 

were easiness to catch, calmness, anxiousness, aggressiveness, interest in the 

environment and handling. Score 1 reflected: easy to catch, very calm, not anxious, 

not aggressive, no interest in the environment and easy to handle for the given 

parameters, respectively. Score 5 was the opposite and reflected: very hard to catch, 

very nervous, very anxious, very aggressive, very high interest in the environment 

and very hard to handle. The parameters while entering the collection area were: 

eagerness, calmness, anxiousness, aggressiveness, interest in the environment, 

sexual agitation and handling. For these parameters, score 1 reflected that the bull 

hesitated, was very calm, was not anxious, was not aggressive, had no interest in the 

environment, had no/poor sexual agitation and was easy to handle, respectively, 

whereas score 5 reflected that the bull was very forceful, very unsettled, very 

anxious, very aggressive, had a very high interest in the environment, had a very 

intense sexual agitation and was very hard to handle. While approaching the teaser 

bull the purposefulness, the calmness, the interest in the environment, the 

willingness to cooperate and the fending movements were judged. Score 1 for the 

parameters reflected that the bull hesitated, was very calm, had no interest in the 

teaser bull, had no/poor sexual agitation, was cooperative and showed no resistance, 

respectively. Score 5 reflected that the bull was very forceful, very unsettled, had a 

very high interest in the teaser bull, had a very intense sexual agitation, showed no 

willingness to cooperate and showed a high resistance. The scores 2, 3 and 4 were 

the grades within. For each parameter a score had been evaluated depending on the 

bull’s behavior. Furthermore the libido was judged with a five-point scale (adapted 

from KRAUSE 1990). Score 1 reflects an enhanced libido, score 2 reflects a good 

libido, score 3 an adequate libido, score 4 a decreased libido and score 5 reflects no 

libido. The acceptance of the AV and the ejaculatory thrust were judged with a score 

from 1 to 3, whereby score 1 reflects no acceptance or thrust, score 2 adequate 

acceptance or thrust and score 3 meant good or very good acceptance or thrust.  
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3.2.3.4 Behavioral observation by the caretakers 

The behavior of the bulls during the normal station routine was judged by two of the 

four caretakers by answering a questionnaire for each bull every 4 weeks. The 

questionnaire and the precise definitions for the behaviors under investigation are 

shown in the Appendix. The caretakers answered 114/118 questions in the control 

phases and 119/123 in the experimental phase. The variation in the number of 

questions depended on whether the bulls were kept in the headlocks or not. The 

behavior of the bulls that was evaluated was as follows: behavior while the 

caretakers entered the barn in the morning, during the day, while moving the back 

boundary to the front of the box to clean the lying area and while catching the bull 

either kept in the headlock or not. The questions were about the activity behaviors 

such as lying, standing, walking, jumping or standing up as well as the maintenance 

behaviors such as drinking, eating, ruminating, urinating and defecating. 

Furthermore, the grooming behavior (allo-, auto-grooming and scratching), the social 

behavior (social contact), sexual behavior (Flehmen, sniffing the ground and 

masturbation), self-expression (aggressiveness and vocalization), menace behavior 

(showing the broadside, pawing, horning, being aggressive or anxiousness) and 

miscellaneous such as stereotypies, being alert, interested, suffering from pain and 

being apathetic were judged. The behavior was judged using a 5-point scale whereby 

score 1 meant that the bull always showed the behavior in question, score 2 

indicated that the bull usually showed the behavior, score 3 meant that he showed 

the behavior half of the times, score 4 indicated that he rarely showed it and score 5 

reflected that he never showed the particular behavior under investigation. A five-

point scale was also utilized to evaluate the character of the bulls, whereby score 1 

meant that the bull was not aggressive, anxious, apathetic, nervous, calm, wild, 

frisky, sociable, noisy, easy to handle or sexually active, respectively. Score 2 

indicated ‘slightly’, score 3 ‘moderate’, score 4 ‘intense’ and score 5 indicated 

‘extreme’ incidence of the behaviors. 
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3.2.4 Semen collection 

Semen from the experimental bulls was collected in each of the three study phases, 

once a week, always on a Monday. Only on two occasions it was collected on a 

Tuesday because Monday was a holiday. Bull 6 paused for 4 weeks in June and 

July. Thereafter two ejaculates on three of the collection days were obtained and 

analyzed. 

Spermatological data of the bulls that were in routine semen collection were analyzed 

as a control group. Semen was not collected during two weeks in August, because of 

a semen collection break when no semen was collected at all. This break is routinely 

performed at the AI station once a year. In order to compare the same age groups, 

data from bull 1 and 2, 3 and 4, 5 and 6, 7 and 8 were compared with other bulls not 

particularly in the experiment of same age group at the same time and interval of 

collection. The experimental bulls were paired because they were investigated during 

the same time period and were of nearly the same age. 

Considering a spermatogenesis of 8 weeks (52 days referring to LIEBICH 2004, 54 

days referring to WABERSKI 2007, 60 days referring to AMANN 1962, 61 days 

referring to SENGER 2003), semen was collected additionally 4 weeks before the 

first phase and 4 weeks after the third phase. Data were analyzed in all three phases 

(Phase 1, 2, 3). Furthermore the possible environmental effects on the period of 

spermatogenesis (Phase S1, S2, S3) were considered. The environment of the bulls 

changed within the period of spermatogenesis (Fig. 3.5). In order to investigate 

possible effects on spermatogenesis, the housing conditions (non-enriched and 

enriched environment) 2-10 weeks before collection were taken into consideration 

while analyzing the semen quality. Only those ejaculates were analyzed in which the 

bulls were stalled over ½ of the time period of spermatogenesis in the particular 

Phase (Phase S1: week 1-10, Phase S2: week 12-20, Phase S3: week 22-28) 

(Fig 3.7). Additionally the effects of the environment on epididymal maturation 

(referring to SENGER: 2 weeks before collection) were investigated. In the following 

referred to as: Phase E1 (week 1-8), Phase E2 (week 10-18), Phase E3 (week 20-

30) (Fig.3.7).   
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To detect first influences of the different environment, we analyzed the ejaculates 

collected 2 to 4 weeks (referring to WABERSKI 2007) after changing environments 

(Phase 1 to Phase 2: week 10-12 and Phase 2 to 3: week 20-22 Fig. 3.7).   

Correlations between weather data and day of collection, during epididymal 

maturation (E; 2 weeks before collection) and during spermatogenesis (S; 2-10 

weeks prior collection) were analyzed.  

On the semen collection day the bulls were caught and walked into the semen 

collection area by one of the four caretakers. The bulls were tied up at the site of the 

collection area. After a few minutes of waiting, the caretakers walked them to the 

teaser bull and ejaculation was allowed after two false mounts. Semen was collected 

with an artificial vagina (Hannover Model®, AV for cattle, Ludwig Bertram GmbH 

MEDVET, Laatzen, Germany) by one of the two semen collectors. The semen 

collection-tubes were equipped with a bar code sticker which ensured the affiliation of 

the semen to the right bull and were then placed in the heated (30 °C) hatch which 

connected the semen collection area to the laboratory.  

 

Fig. 3.7: Timetable of semen collections once a week over the three phases and 4 weeks before Phase 1 
and 4 weeks after Phase 3. Braces are an example for spermatogenesis (8 weeks) and epididymal 
maturation (2 weeks). 
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3.2.5 Analysis of the semen quality 

Following its collection semen was taken into the laboratory through the hatch. The 

collection tube was placed in a heated (37 °C) bead bath (Minitube, Tiefenbach, 

Germany) and G. FUERST conducted the analysis of the semen quality. The 

ejaculate volume [ml], the sperm concentration [x 109/ml], morphology, motility after 

dilution and before freezing [%] and the motility after freezing [%] was analyzed and 

the number of stored doses was recorded. First of all, the ejaculate volume was 

weighed on a scale (PT 120®, Sartorius, Göttingen, Germany). The minimum 

requirement for the volume was 1 ml. Afterwards the sperm concentration per 

milliliter was measured with the NucleoCounter® SP-100TM (Chemometec, Lillerød, 

Denmark) and thus the necessary dilution before freezing was calculated. The 

standard dilution was 20 million spermatozoa per dose. If the sperm concentration 

was above 0.6 x 109/ml the semen extender (Steridyl®, Minitube, Tiefenbach, 

Germany) was dispensed with a pump-scale-system (Minitube, Tiefenbach, 

Germany) and the ejaculate was added. The motility was assessed under a phase 

contrast microscope (CX40LF200®, Olympus, Hamburg, Germany) with a heated 

(37 °C) stage at 200 x magnification. If the motility was at least 70 % the semen was 

filled into 0.25 ml straws (Eco-Pailetten®, Minitube, Tiefenbach, Germany) with the 

MPP Quattro automated filling and sealing machine® (Minitube, Tiefenbach, 

Germany). The straws were then placed on a rack (175 straws/rack) and checked for 

damage and correct printing. The racks were cooled down to 4 °C in a refrigerator in 

four hours and were then placed into the Digitcool 5300® (IMV Technologies, L’Aigle 

cedex, France) to freeze them from 4 °C to minus 140 °C. Following on from this, the 

straws were transferred into liquid nitrogen (-196 °C) for storage. The following day, 

at least two semen doses were thawed in 39/40 °C warm water for 13 seconds using 

a thawing unit for straws (Kruse, Langeskov, Denmark). The motility after freezing 

was assessed under the phase contrast microscope as described above. The 

minimum requirement for the motility after freezing was 50 %. The ejaculates were 

considered as suitable when the following requirements are given: ejaculate volume 

> 1 ml, sperm concentration between 0.6 – 2.2 x 109 sperm/ml, motility before 
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freezing > 70 % and motility after freezing > 50 %. If one of the parameters was not 

within the requirement the ejaculate was considered as not suitable. 

3.3 Weather data 

The weather data from 19.09.2011 to 22.10.2012 were provided by the German 

Meteorological Service, Offenbach which is the accepted source of reference for 

meteorology in Germany. The data were measured from the weather station number 

10200 in Emden, Lower Saxony, Germany. The linear distance from Emden to 

Georgsheil is 11.34 km. The daily average duration of sunshine measured in hours, 

the average daily temperature measured in °C, the average daily humidity measured 

in % and the average daily rainfall measured in mm were used for the analysis. The 

average temperature during the experiment was 9.99 °C with a maximum of 25.8 °C 

and a minimum of – 11.5 °C.  

3.4 Statistical analyses 

Statistical analyses were performed with the support of the Institute of Biometry and 

Information Processing, University of Veterinary Medicine Hannover, Foundation and 

with the support of the Institute of Genetics and Biometry, Leibniz Institute for Farm 

Animal Biology, Dummerstorf. 

For data collection and generation of diagrams and tables Excel 2007 (Microsoft 

Office Excel 2007, Microsoft Cooperation, Redmond, Washington, USA) has been 

used. The calculations of means ( ) and standard deviations (SD) as well as the 

Spearman correlation coefficient (rs) between the weather data (temperature, 

barometric pressure, sunshine, humidity and rain) and the semen traits were 

conducted with SPSS® (SPSS® 15.0 for windows, IBM Corporation, Armonk, USA).  

Data were analyzed for normal distribution with Kolmogorov-Smirnoff-Test and visual 

assessment of qq-plots. In case of neither normal, nor lognormal distributed data, 

nonparametric methods were used. For statistical analysis of possible differences in 

the activity, rumination and behavior between the three phases the Wilcoxon signed 

rank test (SAS® 9.2, SAS Institute Inc., Cary, NC, USA) was used. Possible 

difference of the activity, rumination time and the behavior between mature and 
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young bulls and between experimental and control bulls were analyzed with the 

Wilcoxon two-sample test (SAS® 9.2, SAS Institute Inc., Cary, NC, USA). 

The inter- and intraobserver reliability were estimated and tested by Tukey-tests 

using the MIXED procedure (SAS® 9.2, SAS Institute Inc., Cary, NC, USA).  

Variables of the semen quality of the experimental bulls and the station control bulls 

were analyzed by a two-way repeated measurement analysis of variance (ANOVAs) 

with the MIXED procedure of SAS/STAT software. The ANOVA model contained the 

fixed effects Group (levels: experimental bulls and station control bulls) and either 

Phase (levels: 1, 2, 3), Phase E (levels: 1, 2, 3) Phase S (levels:1, 2, 3) and their 

interaction. Repeated measurements on the same animal were taken into account by 

the repeated statement of the MIXED procedure using a compound symmetry type of 

the block diagonal residual covariance matrix. Least square means (LSM) and their 

standard errors (SE) were calculated and pairwise tested for each effect in the model 

applying the Bonferroni procedure for pairwise multiple comparisons (SAS® 9.2, SAS 

Institute Inc., Cary, NC, USA).For all analyzes, differences were considered as 

significant when P values were ≤ 0.05. 
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4  Chapter 1: ‘Environmental enrichment’: Strategies to improve 

the housing conditions of breeding bulls. Impact of enrichment 

on activity, rumination and time budget of mature and young 

individuals 

4.1 Abstract 

The objective of the study was to improve the welfare of dairy sires due to 

environmental enrichment. To determine a possible improvement a time budget for 

mature and young individually kept breeding bulls in two different environments was 

conducted. Four mature (4.6 ± 0.7 years) and four young (1.7 ± 0.6 years) German 

Holstein artificial insemination (AI) bulls were housed individually in two different 

environments. In the first control phase (Phase 1) they were stalled in a standard 

environment (18 m2) for 3 weeks. Following from this they were placed in an enriched 

and larger (29.6 m2) box (Phase 2) for 10 weeks. Finally they were stalled once again 

in the standard environment (18 m2) for 9 weeks (Phase 3). A swinging cow brush 

SCB®, an oak trunk and a swinging tire were provided simultaneously as enrichment 

devices. The physical activity and the rumination were recorded continuously by an 

electronic monitoring system (RuminAct®). The behavior in the box and thus the 

usage time of the enrichment devices was recorded by ten 24h video observations. 

The caretakers evaluated the behavior of the bulls as well as their individual 

character by answering a questionary for each bull every 4 weeks. The brush as the 

preferred object was used 51.81 ± 33.26 min/24, the trunk 11.1 ± 9.99 min/24 h and 

the tire was used 5.28 ± 5.49 min/24 h by the mature bulls. The young bulls used the 

brush 30.36 ± 18.13 min/24 h, the trunk 19.24 ± 10.28 min/24 h and the tire 25.06 ± 

16.86 min/24 h. 

The physical activity was significantly higher in the larger and enriched box (25.83 ± 

12.6/2 h, P < 0.05) compared to the smaller, non-enriched box (Phase 3) (23.28 ± 

9.78/2 h). Moreover, the young bulls were significantly more active in Phase 2 
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(28.88 ± 13.52/2 h, P < 0.05) than the mature bulls (22.65 ± 11.03/2 h). Differences 

of the normal behavior were shown in the scratching frequency. The bulls were 

scratching themselves significantly less on conventional barn equipment in the 

experimental phase (P < 0.01) compared to the control phases. The study showed 

different preferences for enrichment objects of mature and young bulls as well as 

differences in the time budget between the ages. The enrichment devices improve 

the housing conditions of breeding bulls by encouraging their normal behavior. 

4.2 Introduction 

In animal production human welfare sometimes demands considerably more 

attention than animal welfare, even though the health and welfare of animals is 

important for the future of animal agriculture industry and thus for the future of 

humans  (STAMP DAWKINS 2012). One possibility to improve the welfare of animals 

is the enrichment of their environment (DE AZEVEDO et al. 2007). In order to assess 

welfare, most studies focus on changes in the normal behavior of animals (RUSHEN 

et al. 2012). Normal behavior as a main indicator for good welfare is also described 

in one of the ‘Five freedoms’ defined as ‘freedom to express normal behavior (FARM 

ANIMAL WELFARE COUNCIL 1979). To study normal behavior of domesticated 

animals one possibility, in absence of a wild ancestor, is to study the behavior of 

domesticated cows, calves and bulls (HALL 1989 a; KILGOUR 2012 a, review) or 

beef steers (KILGOUR et al. 2012 b) at pasture with little human contact. However, 

the time budget data from cows and steers on pasture cannot be adopted for AI sires 

which are kept indoors in individual boxes. The behavior of group housed and 

individually kept breeding bulls (SCHWAN 2011) regarding sexual behavior (HOUPT 

and WOLLNEY 1989 a) and individual behavior of the bull (PERREY 2000) has been 

analyzed. But none of the authors considered time budgets in different environments 

to determine if the behavior is changing with regard to a possible enhancement of 

welfare. Only PERREY (2000) recognized that the behavior of breeding bulls differed 

in an enriched experimental box compared to the behavior in a standard 

environment. But the bulls in that study stayed in the experimental box for only one 
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hour. Therefore, one objective of the present study was to record the behavior of 

individually kept breeding bulls in their standard and in an enriched environment.  

Since rumination is an important health indicator (SCHWAN 2011) and thus is 

important for welfare, additionally the rumination time of the bulls during the 

investigation period was measured. The reference method for monitoring rumination 

is the direct observation (SCHIRMANN et al. 2009). Anyhow, the electronic 

monitoring system for rumination (RuminAct®, SCR Engineers Ltd., Netanya, Israel) 

is highly correlated with the direct observation in dairy cows (SCHIRMANN et al. 

2009) and heifers (BURFEIND et al. 2011). Therefore in the present study this 

electronic monitoring system was introduced for bulls. Thus the second objective of 

the study was to measure rumination and activity with the RuminAct® in different 

housing conditions.  

Most environmental enrichment studies in farm animals were about pigs and poultry 

(DE AZEVEDO et al. 2007). Positive effects of environmental enrichment in farm 

animals had been shown in several studies and it has been pointed out that structural 

enrichment had the biggest success compared to cognitive, food, sensory or social 

enrichment (DE AZEVEDO et al. 2007). In dairy cows the usage of mechanical 

brushes (DE VRIES et al. 2007; NEWBY et al. 2013) and the provision of trees as 

rubbing objects (KOHARI et al. 2007) have been studied, as well as the effect of 

providing a manila rope (STANFORD et al. 2009) or of five different devices such as 

rubbing objects and scent devices on behavior in beef cattle (WILSON et al. 2002). 

But there is a limited amount of studies on the welfare of bulls, especially breeding 

bulls. The latter have to be in good health to have reproductive success which, in turn 

might be an indicator for good welfare (NEWBERRY 1995, review). The effect of a 

drum can, used for food presentation and grooming, on behavior, physiology and 

productivity (ISHIWATA et al. 2006) and the effect of a bale of straw, a salt/mineral 

block and a brush have been investigated (PELLEY et al. 1995) in beef steers. A 

preference for scratching on different devices, such as brushes and trees was shown 

for calves (NINOMIYA and SATO 2009), beef cows (WILSON et al. 2002), beef 

steers (PELLEY et al. 1995; ISHIWATA et al. 2006), dairy cows (DE VRIES et al. 

2007; NEWBY et al. 2013) and dairy bulls (PERREY 2000). Because enrichment in 
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farm animals is mostly restricted by costs and time (NEWBERRY 1995, review) the 

main objective of the study was to find a practical and implementable way to improve 

the environment and thus the welfare of AI sires.  

4.3 Material and Methods 

4.3.1 Experimental design 

Eleven German Holstein bulls were investigated at the AI and Embryo Transfer (ET)-

Center Georgsheil, Germany from August 2011 to October 2012. These bulls were 

grouped into mature (4.6 ± 0.7, min./max.: 3.8/5.5 years) and young (1.7 ± 

0.6, min./max.: 1.2/2.3 years) experimental bulls: four bulls per age group and two 

mature (4.7 ± 0.1, min./max.: 4.7/4.8) and one young control (1.2 years) bull. One of 

the mature control bulls was studied from August 2011 to October 2012. The second 

mature control bull was in the study from August 2011 to January 2012 but had to be 

replaced by a young control bull because of commercial reasons. The young bull was 

observed from January 2012 to October 2012. The bulls were stalled individually in 

boxes backing to the wall of the stable. These boxes contained a lying area with 

sawdust in the back as well as a concrete floor feeding area in the front adjacent to 

the stable lane. The boxes were equipped with a drinking trough and a grounded 

feeding bunk, outside of the box, a headlock and a gate at the front side of the pen. 

The lateral boundary consisted of vertical round metal tubes with a gap of 18.5 cm 

and a diameter of 7 cm (see Fig. 3.1). The box sizes came to either 18 m2 (small box) 

or 29.6 m2 (large box). The lying area of the smaller box was 8.7 m2 and the feeding 

area was 9.3 m2, whereas the lying area of the large box was 15.2 m2 and the 

feeding area was 14.4 m2. The experimental bulls were stalled in different housing 

conditions, divided into three phases. In the first control phase (Phase 1) the bulls 

were stalled individually in a standard environment (18 m2) for three weeks (see 

Fig. 3.1). Subsequently, they were placed into an enriched and larger box (29.6 m2) 

(see Fig. 3.2) in the experimental phase (Phase 2) for 10 weeks. Finally, the animals 

went back into the smaller (18 m2) non-enriched box (see Fig 3.1) for nine weeks 

(control Phase, Phase 3). This results in two switches of boxes during the total 
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observation period. The selection of the neighbors resulting due to the switch of 

boxes was arbitrary. 

Referring to PERREY (2000) the enrichment devices chosen for the study were: an 

oak trunk and a swinging tire. Additionally a swinging cow brush SCB® (DeLaval 

GmbH, Glinde, Germany) was installed. The swinging cow brush SCB® (230 volts; 

length x width x height: 100 x 50 x 132 cm) was placed at the site partition of the front 

part of the box. The height of the brush was adjusted individually depending on the 

height at withers of the bull as recommended by DeLaval. The hair of the bulls, 

especially the tail switch was trimmed to a length of < 3 cm. 

The oak trunk had a diameter of 0.35 m and was 1.80 m long. It was fixed at the site 

partition of the back part of the box. The trunk was fixed at an angle of 7° with a 

construction of two metal plates at the top and two at the bottom of the trunk which 

were screwed to the site partition (see Fig. 3.2).  

The car tire was weighted at the bottom with concrete and had a diameter of 0.6 m. A 

vertical square tube (diameter: 0.12 m) was fixed in the hollow space in the middle of 

the tire to prevent injuries that could be caused by bulls putting their heads through it. 

The tire was fixed in the concrete at the bottom and put through a hole in the top of 

the tire. A chain was attached with a bolt at the top of the square tube and therewith it 

was fixed at the ceiling of the barn. The tire hung 1.2 m above the ground in the 

middle of the box, between the lying and feeding area.  

The working hours of the caretakers were between 0700 h and 1700 h, with a lunch 

break from 1200 h to 1330 h. Each bull was fed with 9.5 kg total mixed ratio (TMR) in 

the morning between 0700 h and 0900 h (depending whether it was a semen 

collection day or not) and in the afternoon (1600 h) respectively. Additionally each 

bull received 1 kg concentrate in the morning and 0.75 kg minerals in the afternoon. 

The animals had free access to water. Semen was collected once a week. The first 

day of the experiment (Day 1) and thus the first day of video observation was a 

Monday and a semen collection day. The video observations were always recorded 

on a Monday which was usually a semen collection day. 
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4.3.2 Behavioral observations 

4.3.2.1 Rumination and physical activity 

Rumination time and physical activity were recorded continuously by an electronic 

monitoring system (RuminAct®, SCR Engineers Ltd., Netanya, Israel). The data were 

measured by a HR-tag® (Heatime-RuminAct-tag®, size: 10 cm x 8 cm 3.5 cm; weight: 

120 g). The HR-tag® was attached to the individual bull with a nylon collar (155 cm) 

that had to be modified for bulls by connecting two 155 cm collars. A counterweight, 

ventrally at the collar ensured that the HR-tag® stayed in position at the left dorsal 

site of the animal’s neck. The HR-tag® includes a microphone, and a microprocessor 

surrounded by a plastic case. It provides the identification of the bull, the activity 

index in 2 hour blocks measured by a microprocessor as well as the rumination 

minutes in 2 hour blocks detected by the microphone. The data of the rumination and 

activity were stored in 12 two hour blocks and were scanned (via infrared 

communication) by an identification unit (ID unit®) (Antenna HT IR-A HL Plug & 

Play®). The data scanning were performed two times a day during feeding times 

(0700 h to 0900 h and 1600 h) by the caretakers. The physical activity index is a 

unitless number proportional to the number, intensity and direction of neck 

movements within two hours (personal communication, Doron Bar, October 2012, 

SCR Engineers Ltd., Netanya, Israel). It ranged from 0 – 100 per 2 h. Rumination 

was measured by minutes per 2 h. Missing or error values due to technical problems 

were shown as 255 and occurred due to technical problems. When the activity level 

in dairy cows is over 35/2 h the system detects estrus in cows (RuminAct® Users 

Manual, Milkine, Italy). Recorded data of a 2 h time period were compared with the 

data from visual detection in order to verify the reliability of RuminAct®. 

4.3.2.2 Behavioral observation in the box 

The behavior of the bulls in the box was recorded with a digital video recording 

system (Lupustec-LE 5000E, Lupus electronics GmbH, Landau, Germany). For the 

observation four Lupusnight LE 171N® (2 with a 4.0 mm lens and 2 with a 4.3 mm 

lens, Lupus electronics GmbH, Landau, Germany) and two digital 4.0 mm night 
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cameras (AVC 647® Color IR, AVTech, Shenzhen, China) were used. For a better 

illumination after lights were turned off, six outdoor infrared illuminators (15-IL06®, IR-

LED Scheinwerfer Highlight (50m), MH-Überwachungstechnik, Tattenhausen, 

Germany) were installed next to the cameras. The video recording equipment was 

positioned at a distance of 2.0-2.5 m in front of the box at a height of 3.5 m. Ten 24 h 

observations of the experimental and control bulls were done. The video recordings 

of the experimental bulls were performed on day 1 (start of the experiment), 8 and 15 

in the first phase which lasted for three weeks. Four observations were accomplished 

in the 10 week long Phase 2. In the beginning of Phase 2, a 48 h period (day 22 and 

23) was recorded. Two other 24 h observations were made on day 57 and 89 (with 

the exception of bull 3 and 4 who were observed on day 61 and 85 due to technical 

problems). In Phase 3 the observations were done on day 92, 113 and 148. The 

behavior in the box of the control bulls was recorded every 6 weeks. Ten 24 h 

observations were conducted for bull number 9, bull number 10 was observed three 

times and bull number 11 was observed 7 times. Bull number 10 was replaced by 

bull number 11 because of commercial reasons. The beginning of the experiment 

and thus the first video recording day (Day 1) was always on a Monday. The video 

recording started at 0600 h. A single person (Birte Hoyer, B.H.) evaluated all the 

videos and documented the observed behaviors in 2 hour intervals into an excel 

spreadsheet. An individual time budget for each bull was created. Eating and lying, 

using the devices was recorded in seconds. Drinking, scratching, social contact, allo-

grooming, auto-grooming, Flehmen, masturbation, stereotypies, showing the 

broadside, horning the ground and pawing was recorded by the frequency of their 

occurrence. The descriptions of the evaluated behaviors are listed in Table 4.1. In 

order to verify the video recording method, B.H. and a second observer evaluated the 

same time period (4 hours) twice in an interval of a week. The inter- and 

intraobserver reliability was analyzed.  

4.3.2.3 Behavioral observation by the caretakers 

The behavior of each bull during the normal station routine was judged by two 

caretakers of the AI station by answering a questionary every 4 weeks. This 

questionary contained 114/118 questions in the control phase (Phase 1 and 3) and 
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119/123 questions in the experimental phase (Phase 2). Variations in the number of 

questions depended on whether the bulls were captured in the headlocks or not.  

The bulls’ behavior while the caretakers entered the barn in the morning, their 

behavior during the daytime, the reaction while being caught, while shifting the back 

boundary to clean the lying area, as well as the character of each bull was evaluated 

on the basis of a 5-point scale. The questions were about the activity behavior such 

as lying, standing, walking, jumping or standing up as well as the maintenance 

behavior such as drinking, eating, ruminating, urinating and defecating. Furthermore 

the grooming behavior (allo-, auto-grooming and scratching), the social behavior 

(social contact), sexual behavior (Flehmen, sniffing the ground and masturbation), 

self-expression (vocalization), threatening behavior (showing the broadside, pawing, 

horning, aggressiveness) and miscellaneous such as anxiousness, stereotypies, 

having pain, being alert, interested or apathetic was evaluated. Score 1 indicated that 

the bull always showed the observed behavior (e.g. lying, standing, eating, drinking, 

social contact, sexual behavior and threat postures) and 5 that he never showed it 

(Table 4.2).  

A five-point scale was also utilized to evaluate the character of the bull whereby 

score 1 meant that the bull was not aggressive, anxious, apathetic, nervous, calm, 

wild, frisky, sociable, noisy, easy to handle or sexually active. Score 2 indicated 

‘slightly’, score 3 ‘moderate’, score 4 ‘intense’ and score 5 indicated ‘extreme’. The 

frequency of using the three enrichment devices was also estimated by the 

caretakers. 

4.3.2.4 Statistical analysis 

Statistical analyses were performed with the support of the Institute of Biometry and 

Information Processing, University of Veterinary Medicine Hannover, Foundation and 

with the support of the Institute of Genetics and Biometry, Leibniz Institute for farm 

animal biology, Dummerstorf. 

For data collection, storing and generation of tables and diagrams Microsoft Excel 

2007 (Microsoft Office Excel 2007, Microsoft Cooperation, Redmond, Washington, 

USA) has been used. Calculation of means ( ) and standard deviation (SD) have 
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been assessed with SPSS® (SPPS® 15.0 for windows, IBM Cooperation, Armonk, 

USA).  

Data were analyzed for normal distribution with Kolmogorov-Smirnoff-Test and visual 

assessment of qq-plots. In case of neither normal, nor lognormal distributed data, 

nonparametric methods were used. Possible differences in the activity and the 

rumination time, the behavior in the box and the behavior evaluated by the 

caretakers between the three phases have been analyzed with the Wilcoxon signed 

rank test. Possible difference of the activity, rumination time, behavior in the box, the 

behavior evaluated by the caretakers between mature and young bulls and between 

experimental and control bulls were analyzed with the Wilcoxon two-sample test. The 

intra- and interobserver reliability were estimated and tested by Tukey-tests using the 

MIXED procedure of SAS/STAT software. The Wilcoxon signed rank test and the 

Wilcoxon two-sample test as well as the Tukey-test were performed with SAS® 

(SAS® 9.2, SAS Institute Inc., Cary, NC, USA). 

4.4 Results 

4.4.1 Physical activity and rumination 

As described above the physical activity and the rumination time was measured by 

an electronic monitoring system which recorded and stored the data in 12 two hour 

blocks. There were 14784 data for all of the eight experimental bulls. The data 

measured was that of physical activity and rumination, whereof 5.54 % 

(n = 819/14784) of the activity and 7.18 % (n = 1062/14784) of the rumination time 

were error values. During the 22 weeks of the experiment, for each experimental bull 

1848 data-sets were detected each for physical activity and for rumination. To 

provide a better understanding of the activity index, a table (Table 4.3) has been 

drawn up. This table is an example for a time period of 24 h of one young bull. It 

illustrates the time budget for one bull during a video observation day and also 

includes the analogous activity index per 2 hours. The reliability of the system is 

given. No difference between the data of the RuminAct® and the data of visual 

observation were seen.   
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The bulls showed a significantly higher physical activity (P < 0.05) in Phase 2 (25.83 

± 12.6/2 h) compared to Phase 3 (23.28 ± 9.78/2 h). In contrast, the bulls showed no 

significant differences in their activity between Phase 1 (23.74 ± 10.36/2 h) and 

Phase 2 (25.83 ± 12.6/2 h, P > 0.05). Similarly, there were no differences detected in 

the bulls’ activity between Phase 1 (23.74 ± 10.36/2 h) and Phase 3 (23.28 ± 

9.78/2 h, P > 0.05). The physical activity of the experimental bulls showed no 

significant differences (P > 0.05) compared to the control bulls between the phases. 

Comparing the rumination data for each of the three phases, significant differences 

were not seen (P > 0.05). The mean rumination time was 34.22 ± 17.65 min/2 h in 

Phase 1, 35.18 ± 19.03 min/2 h in Phase 2 and 31.97 ± 19.61 min/2 h in Phase 3. 

The rumination time of the experimental bulls was not significantly different (P > 0.05) 

from the rumination time of the control bulls.  

Differences between mature and young bulls were detected, especially in the 

rumination time. The activity in Phase 1 showed no significant differences (P > 0.05) 

between mature (22.86 ± 10.56/2 h) and young bulls (24.67 ± 10.06/2 h). In Phase 2 

the younger bulls were significantly more active (28.88 ± 13.25/2 h, P < 0.05) 

compared to the mature bulls (22.65 ± 11.03/2 h). In Phase 3 no significant 

differences (P > 0.05) in the activity between mature (21.54 ± 8.46/2 h) and young 

(25.01 ± 10.65/2 h) bulls were recorded. The physical activity of the bulls showed two 

peaks of increased activity during feeding times and semen collection in the morning 

(0700 h to 0900 h) as well as during feeding times in the afternoon (1630 h) 

(Fig. 4.1). It started to decrease after semen collection and feeding times, and 

showed low levels during the lunch break (1200 h to 1330 h) of the caretakers and 

after the caretakers left (1700 h) the barn area as shown in Fig. 4.1. 

 

The overall rumination time for the mature bulls was 331.50 ± 9.17 min/24 h and the 

young bulls were ruminating 481.72 ± 9.17 min/24 h. The rumination time of the 

young bulls was significantly longer (P < 0.05) in all three phases compared to the 

mature bulls. The mature bulls were ruminating 29.23 ± 15.99 min/2 h and the young 

bulls were ruminating 39.51 ± 17.79 min/2 h in Phase 1. In Phase 2 the rumination 

time for the mature bulls was 29.39 ± 16.46 min/2 h and 40.69 ± 19.67 min/2 h for the 
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young bulls. As well as in Phase 1 and 2, the young bulls spent more time ruminating 

in Phase 3 (39.27 ± 19.17 min/2 h) compared to the mature bulls (24.58 ± 

17.13 min/2 h). The rumination was inversely proportional to the physical activity. 

Rumination increased after feeding times and had the highest level at night. It 

decreased in the morning when the caretakers entered the barn (0700 h) and 

whenever semen was collected. Afterwards it increased again during the lunch break 

of the caretakers as shown in Fig. 4.2.  

Bull 2 showed a decreased activity (19.61 ± 9.07/2 h) and a decreased rumination 

time (11.25 ± 11.19/2 h) in Phase 3 but his general condition was undisturbed. In 

Phase 1 and 2 the activity (27.72 ± 12.37/2 h, 23.1 ± 13.07/2 h, respectively) and the 

rumination (31.01 ± 15.6 min/2 h, 27.59 ± 16.2 min/2 h, respectively) showed no 

differences compared to the other mature bulls. 

The activity and the rumination time of the experimental bulls was not significantly 

different (P < 0.05) compared to control bulls.  

4.4.2 Behavior in the box 

With the exception of stereotypic behavior and showing the broadside every bull 

displayed every evaluated behavior in at least one of the three phases. In Phase 2 

each bull used all three enrichment devices in the experimental box.  

The overall feeding time for the mature bulls was 84.97 ± 20.81 min/24 h and 137.64 

± 31.99 min/24 h for the young bulls. With regard to the different phases, the mean 

feeding time per day in Phase 1 (112.63 ± 36.69 min) and Phase 2 (117.26 ± 

45.15 min) was not significantly different (P > 0.05). A tendential reduction (P = 0.06) 

in the feeding time from Phase 2 to Phase 3 (102.04 ± 25.47 min/24h) was recorded. 

A significant age difference (P < 0.05) in the feeding time was noted in Phase 1 

(mature: 88.78 ± 27.35 min/24 h, young: 136.48 ± 28.72 min/24 h), Phase 2 (mature: 

79.77 ± 19.52 min/24 h, young: 154.75 ± 28.86 min/24 h) and Phase 3 (mature: 

88.09 ± 14.21 min/24 h, young: 116 ± 26.99 min/24 h) (Fig.4.4 and Fig. 4.5). The 

lying time of the bulls showed no significant differences (P > 0.05) between the three 

phases (Phase 1: 812.58 ± 36.69 min/24 h, Phase 2: 793.16 ± 197.86 min/24 h, 

Phase 3: 783.29 ± 131.59 min/24 h). There were no significant differences (P > 0.05) 



Chapter 1 

 

67 
 

in the lying times between mature and young bulls in Phase 1, 2 or 3 (Fig. 4.4 and 

Fig. 4.5).  

Allo-grooming, auto-grooming and social contact as well as tongue-rolling and 

showing the broadside showed a slight but not significant (P > 0.05) increase as the 

three phases progressed (see Fig. 4.3). Scratching mostly took place at an edge 

located on the headlocks and at the partition of the lying and moving area at the 

sides of the box. It occurred significantly less in Phase 2 (18.78 ± 9.13 times/24 h, 

P < 0.01) compared to Phase 1 (44.04 ± 17.03 times/24 h) and Phase 3 (40.96 ± 

16.03 times/24 h) (Fig. 4.3). No significant age differences (P > 0.05) in the 

scratching frequency has been seen.  

The only stereotypie which was shown was tongue-rolling by 2 of the 4 mature 

experimental and by one mature control bull. No significant differences (P > 0.05) of 

stereotypies or the threat postures were seen between the three phases. The young 

bulls showed no stereotypies and less threat postures. They never showed their 

broadside (0.0 ± 0.0 times/24 h) which was significant (P < 0.05) compared to the 

mature bulls (3.67 ± 5.98 times/24 h) in Phase 3. Pawing was shown markedly less 

by the young bulls (0.75 ± 1.77 times/24 h, P < 0.05) compared to the mature bulls 

(23.0 ± 26.88 times/24 h) in Phase 3. Pawing, in the young bulls always occurred 

between 1000 h and 1200 h as a consequence of new bedding. The mature bulls 

performed threat postures mostly against a person and/or when new bedding was 

provided. 

The drinking frequency of the bulls tended to be lower in Phase 2 (mature: 36.19 ± 

20.26 times/24 h, young: 28.5 ± 13.88 times/24 h) compared to Phase 3 (mature: 

59.33 ± 39.23 times/24 h, young: 37.08 ± 15.66 times/24 h, P = 0.078). The high 

drinking frequency of the mature bulls in Phase 1 and Phase 3 was particularly 

observed in bull 5 (Phase 1: 149.0 ± 23.52, Phase 3: 97.33 ± 29.57 times/24 h) and 

bull 6 (Phase 1: 76.67 ± 40.65, Phase 3: 83.33 ± 27.79 times/24 h). It was recognized 

that for bulls 5 and 6 there was a decrease of drinking in Phase 2. For bull 5 the 

drinking frequency was: 51.5 ± 23.10 times/24 h and for bull 6 it was: 29.0 ± 

20.19 times/24 h. The young individuals were drinking less often in Phase 1 (29.0 ± 

10.8 times/24 h, P = 0.061) compared to the mature bulls (74.67 ± 53.01 times/24 h).  
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The behavior of the control bulls was not significantly different (P > 0.05), except of 

the scratching behavior in Phase 2. The experimental bulls were scratching 

themselves significantly less often (18.78 ± 9.13 times/24 h, P < 0.05) compared to 

the control bulls (30.95 ± 7.32 times/24 h) in Phase 2.  

The time budgets for all experimental bulls are shown in Fig. 4.3 and the separated 

time budgets for the mature and young experimental bulls are shown in Fig. 4.4 and 

Fig. 4.5.  

The three enrichment devices were used by every bull, but there were different 

preferences. The mature bulls preferred the brush (75.99 %) followed by the trunk 

(16.27 %) and the tire (7.74 %). Even if the preference of the young bulls for an 

object was not as obvious as in the mature bulls, the brush was also the favorite and 

foremost used object (40.66 %) followed by the tire (33.56 %) and the trunk 

(25.78 %). The mean usage time for 24 h of the brush was 41.08 ± 28.51 min/24 h, 

15.17 ± 10.79 min/24 h for the trunk and 15.17 ± 15.91 min/24 h for the tire. 

Significant differences of using the brush (P < 0.05) were detected between mature 

(51.81 ± 33.26 min/24 h) and young bulls (30.36 ± 18.13 min/24 h). The differences 

between mature and young bulls of using the trunk (mature: 11.10 ± 9.99 min/24 h, 

young: 19.24 ± 10.28 min/24 h) and the tire (mature: 5.28 ± 5.49 min/24 h, young: 

25.06 ± 16.86 min/24 h) were not significant but showed a tendency (P = 0.061). 

Over time the interest of the bulls in using the environmental objects decreased but 

stabilized by the end of the experiment (Fig. 4.6 and Fig. 4.7). Usage time in minutes 

per hour at daytime (0600 h – 1800 h) and at night (1800 h – 0600 h) and the 

different preferences are shown in Fig. 4.6 for the mature and in Fig. 4.7 for the 

young bulls. 

The inter- and intraobserver reliability of the video recording method is given. No 

significant differences (P > 0.05) were detected between the two observations of one 

person. The evaluations between the two observers (interobserver reliability) showed 

minor significant differences. Only the following parameters were evaluated 

significantly different (P < 0.05) between the two observers: allo-grooming, scrubbing 

themselves and drinking. The other parameters were evaluated in agreement 

(P < 0.05). 
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4.4.3 Behavioral observations by the caretakers 

In order to note possible changes in the bulls’ behavior during handling and during 

the normal station routine, the caretakers additionally filled out a questionairy for 

each bull every four weeks and evaluated the individual behavior of the bulls. When 

the caretakers were entering the barn in the morning the bulls usually stood up 

(score 2) or they were standing already (score 2). During the daytime they were 

mainly scored as slightly active (score 4). Maintenance behavior was infrequently 

noted (score 4 to 5) during the morning and the daytime. Most of the time, no 

grooming behavior was observed and social contacts were seldom recognized (score 

4). Social contact during the day was seen markedly less in Phase 3 (P < 0.05) 

compared to Phase 2. The threatening behavior, the self-expression as well as the 

sexual behavior was mainly evaluated between score 4 and score 5 in the morning 

and during the day. The caretakers did not observe the bulls displaying stereotypies, 

or suffering pain. Equally, there was no masturbation observed. 

Differences between mature and young bulls were especially seen in their 

threatening behaviors. The young bulls were evaluated as less aggressive which is 

indicated by distinctly less pawing in the morning and during the day in Phase 1 

(P = 0.058, P = 0.061 respectively) and in Phase 2 (P < 0.05). In young individuals 

also less aggressive grumbling during the day was recognized (Phase 2, P < 0.05). 

None of the bulls was ever evaluated to be very aggressive (score 5), or really hard 

to handle (score 5) by the caretakers. The bulls usually seemed to be alert (score 1 

to 2) and interested in the environment (score 2). The caretakers perceived the bulls 

as notably friskier in Phase 2 than in Phase 1 (P = 0.016). On average, the bulls were 

moderate (score 3) to handle in all three phases. Notable differences of the 

characters between mature and young bulls were seen. In Phase 1 the young bulls 

tended to be more frisky (P = 0.058) than the mature bulls. Furthermore, the young 

bulls seemed to be easier to handle in Phase 2 (P = 0.069) and Phase 3 (P = 0.086) 

compared to the mature bulls. Only minor differences were seen between the 

experimental and the control bulls by the evaluation of the caretakers. The control 

bulls were evaluated to be markedly more sexual active (P < 0.05) in Phase 1, 

Phase 2 and Phase 3 than the experimental bulls. Moreover the experimental bulls 
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were significantly easier to handle in Phase 2 (P < 0.05) compared to the control 

bulls.     

4.5 Discussion 

The objective of the present study was to find enrichment devices which not only 

enrich, but improve the environment of breeding bulls. Nevertheless the cost of such 

devices should stay low and it had to be feasible for the daily progress of an AI 

station. In order to perceive changes in the bulls’ behavior and to assess their welfare 

in different environments, the second objective was to compile a time budget for 

individually kept, loose housed mature and young dairy sires. Therefore the effects of 

three different enrichment devices on bull behavior were investigated.  

The objective to improve the welfare of AI sires by enriching their environment was 

successfully accomplished. One indicator of good welfare in cows (DE VRIES et al. 

2007) and steers (ISHIWATA et al. 2006) is the promotion of their natural grooming 

behavior. Cows and bulls have a high preference to scratch themselves on inanimate 

objects; either scratching on naturally available objects (HINCH et al. 1982/1983; 

HALL 1989 a; TOST 2000; KOHARI 2007; POETTINGER 2011) or scratching on 

objects provided by humans (PELLEY et al. 1995; MENCH et al. 1998; PERREY 

2000; WILSON et al. 2002; ISHIWATA et al. 2006; DE VRIES et al. 2007; NEWBY 

et al. 2013) is seen because of the need to be stroked on regions like neck and head 

which are difficult to reach for themselves (DE VRIES et al. 2007; SCHMIED et al. 

2008). In the present study the behavior of the mature and young bulls demonstrated 

a high need to perform grooming. Scratching themselves on conventional barn 

equipment was expressed significantly more often in Phase 1 and Phase 3 compared 

to Phase 2. KOHARI et al. (2007) assumed that cows on pasture without trees for 

grooming might not substitute the grooming behavior. In this study the bulls 

substituted the absence of devices with scratching on box inventory which is 

expressed by a significantly higher frequency of scratching on conventional barn 

equipment in Phase 3. However the total scratching activity, including rubbing on 

conventional barn equipment and on enrichment objects, was higher in Phase 2. The 

same results occurred for dairy cows in the study of DE VRIES et al. (2007). There 
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the total scratching time which included getting brushed and scratching themselves 

on the wall or water trough was higher in the group with a mechanical brush in the 

barn. But as was the case in Phase 1 and 3 in the present study, the cows without 

the brush in the study of DE VRIES et al. (2007) showed significantly more 

scratching on the wall or on the water trough. This leads to the conclusion that the 

bulls preferred to scratch themselves on the devices provided for them rather than on 

conventional barn equipment. 

The frequent use of the tire, especially seen in the young bulls and the evaluation of 

the caretakers about the young bulls to be more frisky in Phase 2 than the mature 

bulls, might be another indicator for good welfare because play behavior is supposed 

to be an expression of good welfare (WINCKLER et al. 2003; BOISSY et al. 2007). In 

young horses playing is common whereas it is interpreted as a coping of stress in 

adult horses (HAUSBERGER et al. 2012). But no indicators for stress were recorded 

in the present study which leads to the opinion that the enhanced play behavior of 

the young bulls is a positive welfare indicator.  

The bulls in the present study used the objects provided for them very frequently, 

even towards the end of the experimental phase. The mean usage time for the brush 

in 24 h was 51.81 ± 33.26 min/24 h for the mature and 30.36 ± 18.13 min/24 h for the 

young bulls. Cows in the study of DE VRIES et al. (2007) used the brush only for 

6.76 min/24 h and precalving cows used the brush for 31.5 min/24 h (NEWBY et al. 

2013). The enhanced frequency with which the bulls used the brush might have been 

due to the permanent availability of the brush. The bulls had use of a brush each 

compared to the cows, where several cows had to share one brush. Another reason 

for the enhanced usage of the brush by the bulls compared to cows might be 

boredom. The bulls have shorter feeding periods, a reduced possibility of social 

contact and semen is collected only once a week. The swinging cow brush SCB® 

(DeLaval, Glinde, Germany) showed a high flexibility due to its various angles and 

was excellent in satisfying the grooming behavior of the bulls. An important factor, as 

mentioned by the manufacturer, is to trim the tail switch < 3 cm.  

A high usage of the enrichment devices on the first day of the experimental phase as 

well as a decreased usage over time was shown in both young and mature bulls. 
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This correlated with results published for beef heifers (WILSON et al. 2002), calves 

(NINOMIYA and SATO 2009) and horses (KRUMM 2009). To encourage bulls to use 

the enrichment devices by themselves, the devices should be changed at regular 

intervals and/or their appearance or properties should be changed (TAROU and 

BASHAW 2007) for captive animals. Having a new object to play with might stimulate 

usage. Another option is to give bulls access to a separated box enriched with sand 

and/or rubbing and horning devices for a few hours at a time. This is successfully 

provided at the AI station of Cogent Breeding Ltd. (Chester, United Kingdom) 

(personal communication, Stuart Boothman, 30.10.2012). Concerns about hygiene 

problems might be eliminated if only the bulls of the same barn unit were to have 

access to the area. Due to the difference in preferences, especially as seen between 

the young and mature bulls, the selection of enrichment devices should be 

considered according different ages. 

 

The use of monitoring health indicators such as activity and rumination with sensor 

systems should reduce costs and help farmers to detect health problems early 

(RUTTEN et al. 2013, review). Many studies investigated the usage of sensors in 

dairy herds (RUTTEN et al. 2013, review), but, to date, none did so for activity and 

rumination in breeding bulls. The recording of the rumination and the activity of 

breeding bulls in previous studies was investigated by visual observation using video 

recordings (HOUPT and WOLLNEY 1989 a; SCHWAN 2011). DAHLGREN (2010) 

used pedometers for the activity monitoring and detected the rumination time by 

visual observation. Because the visual detection of the rumination might be difficult, 

the electronic monitoring of rumination and activity in breeding bulls was investigated. 

As well as in cattle the system also appeared to be effective for breeding bulls and 

activity and rumination was as expected. It was noted that the bulls’ activity levels 

peaked during semen collection and feeding times. Whereas the lowest activity levels 

were observed to occur at night and during the lunch break of the caretakers 

(Fig. 4.1). This is similar to the findings of NICKS et al. (1988 b), HOUPT and 

WOLLNEY (1989 a) and DAHLGREN (2010). Their results indicate that beside of the 

normal day-and-night rhythm (NICKS et al. 1988 b; HOUPT and WOLLNEY 1989 a), 



Chapter 1 

 

73 
 

the activity of the bulls is related to the working times of the caretakers and to the 

presence of people. Similar findings have also been reported in the studies of NICKS 

et al. (1988 a), HOUPT and WOLLNEY (1989 a) and DAHLGREN (2010).  

The significantly higher activity levels, detected in Phase 2, might be due to a larger 

box size, as indicated by TUOMISTO et al. (2008) who reported differences in the 

walking behavior of growing Hereford bulls when comparing bulls in pen and 

paddock conditions and inferred that this way probably caused by walking during 

grazing. A finding that correlates to the reported walking behavior in cattle 

(RUCKEBUSCH and BUENO 1978). The significantly higher activity in Phase 2 was 

especially detected in the young individuals. No significant age differences were seen 

in Phase 1 and 3. Moreover the young sires used the objects more often, than the 

mature bulls. PERREY (2000) showed that bulls in an enriched laboratory box 

demonstrated higher activity levels, especially in the beginning of their one hour 

period in the box. Therefore we assume that the higher activity might be a direct 

consequence of the frequent use of the enrichment devices because the RuminAct® 

detects especially head and neck movements. According to (NEWBERRY 1995, 

review) a higher physical activity results in better physical health and thus in better 

welfare.  

Rumination time might not be a good indicator for improved welfare in this study 

because the quality and quantity of food did not change during the experimental 

period. The mature bulls were ruminating 331.50 ± 9.17 min/24 h and the young bulls 

were ruminating 481.72 ± 9.17 min/24 h. The bulls had restricted feed access. In 

contrast cows with ad libitum feed are ruminating 516 min/24 h (SCHIRMANN et al. 

2009). The young bulls had significantly longer rumination and feeding times in 

Phase 2 and 3 compared to the mature bulls. The increased rumination time due to 

increased feeding time as seen in the young individuals is similar to the findings of 

LINDGREN (2009) in cows. Thus we assume that the higher rumination time of the 

young individuals occurred due to the overall longer feeding times.  

The position of the collar and thus of the HR-tag® might be improved by using a 

heavier weight although the error and missing values in the present study were low 

(error readings for activity and rumination were: 5.32 % and 6.93 %, respectively). 
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KAMPHUIS et al. (2012) reported 9.2 % missing values for the activity in their study 

with dairy cows.  

 

Concerning the creation of a time budget some behaviors of the individually kept 

breeding bulls were similar and some were different compared to cows and bulls on 

pasture. The most common behaviors of cattle on pasture were grazing, resting/ 

ruminating and walking (DALTON et al. 1967, Hall 1989 a; KILGOUR 2012 a, review; 

KILGOUR et al. 2012 b). The same results were shown for the European Bison and 

for Heck-cattle (POETTINGER 2011). The maintenance (except of grazing) and 

activity behaviors of breeding bulls in the studies of HOUPT and WOLLNEY (1989 a), 

DAHLGREN (2010) and SCHWAN (2011) and in the present study were similar to 

the cows and bulls on pasture. Considerable differences were seen in the time beef 

steers on pasture spent grazing (5 h to 7.3 h) per day (KILGOUR et al. 2012 b) 

compared to the feeding time of the bulls in the present study (mature: 1.42 h and 

young: 2.29 h) because of limited food and no pasture access. The short feeding 

times might be a reason for the development of stereotypies as seen in pigs with 

restricted food (TERLOUW et al. 1991). In heifers REDBO (1990) showed an 

increased frequency of stereotypies when the heifers were tied up in the barn 

compared to before and after the pasture period. These heifers showed no 

stereotypies during the period on pasture. The caretakers in the present study saw 

very few stereotypies which indicated that the bulls performed stereotypies when no 

one was present. The drinking behavior of bull 5 and 6 (mature bulls) was different 

from the other mature and young bulls. They were drinking nearly twice the average 

of what the other bulls were drinking and they only drank for short periods of time. 

This leads the assumption that it occurred due to playing as shown in growing 

Hereford bulls (TUOMISTO et al. 2008) or was stereotyped behavior as shown in 

pigs with restricted food (TERLOUW et al. 1991). The drinking frequency of bull 5 

and 6 decreased in Phase 2 which might be a result of the enrichment. Anyhow it has 

to be considered to provide the bulls unlimited access to food to prevent the 

development of stereotypies and to promote the natural feeding behavior. 
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Ruminants are highly gregarious animals (RAULT 2012). Social interactions and 

grooming behavior were frequently shown in the present study as well as in other 

studies with breeding bulls (HOUPT and WOLLNEY 1989 a; PERREY 2000; 

DAHLGREN 2010; SCHWAN 2011) and cows and bulls on pasture (POETTINGER 

2011; KILGOUR et al. 2012 b). SCHWAN (2011) showed that one of the most 

common behaviors of breeding bulls is being sociable. The isolation from 

conspecifics might result in increased psychological stress (BOISSY 1990). One 

possibility to allow individually kept bulls more social contacts is shown in the study of 

DAHLGREN (2010) and SCHWAN (2011) where a part of the gate bars was wider 

than the others, so the bulls were able to put their head through.  

Another option might be the frequent switch of the bulls between the boxes. 

Concerns that changes in the normal station routine might result in worse handling 

could be eliminated with this study. No negative effects on the behavior in the 

present study were seen when the bulls switched boxes and got a new neighbor. 

Therefore it is highly recommended to have a frequent switch of the bulls between 

the boxes to prevent boredom of the bulls. 

Different frequencies of agonistic behaviors such as horning, showing the broadside 

and pawing were recorded for mature and young bulls. Threatening behavior in bulls 

on pastures starts to increase at an age of 3.5 years (KILGOUR and CAMPIN 1973). 

In the present study nearly all horning and pawing behavior of the young bulls was 

recorded from 1000 h to 1200 h, when new shaving was provided. Thus it is a more 

playful behavior rather than an aggressive behavior in the young bulls.  

 

In conclusion the study shows that the bulls were more active in the enriched and 

larger box and could satisfy their natural grooming behaviors. Thus we found 

practical and implementable enrichment devices which were frequently used by the 

bulls and that improved the welfare of individually kept AI sires. To assess physical 

activity and rumination time the RuminAct® system can be used with a few 

modifications for breeding bulls. The normal behavior of individually kept breeding 

bulls differs from the normal behavior of cows and bulls on pasture. Furthermore, the 
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time budgets of mature bulls compared to those of young bulls were different. This 

has to be considered when assessing the welfare of breeding bulls.   
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4.6 Figures and Tables 

Table  4.1: Description of the observed bull behaviors in the box 

Name Description 

Eating Eating total mixed ratio 

Lying Lying sternal or lateral 

Using devices Physical contact with brush, trunk or tire 

Drinking Muzzle in the drinking trough 

Scratching Rubbing/Scratching body or head on 

conventional barn equipment  

Social contact Get in physical contact with the neighbor 

Allo-grooming Licking the neighbor or getting licked 

Auto-grooming Self-licking, self-scratching with the hind legs 

Flehmen  Head bound forward while lip curling 

Masturbation Auto-sexual behavior 

Stereotypies Abnormal behavior (i.e. tongue-rolling*) 

Broadside Positioning of the broadest part of the body in 

direction of the potential aggressor/ antagonist 

Horning  Rubbing the head on the ground while going 

down on the carpal joints 

Pawing Forelimbs pawing on the ground/trough bedding 

*tongue-rolling: repeated rolling of the tongue outside or inside the mouth or swinging the tongue from 

side-to-side (ISHIWATA et al. 2008) 

Table  4.2: Description of the score used in the questionnaire for AI sire caretakers 

Parameters Score 

 1 2 3 4 5 

Activity behavior always usually half of the time rarely never 

Maintenance behavior always usually half of the time rarely never 

Grooming behavior always usually half of the time rarely never 

Social behavior always usually half of the time rarely never 

Menance behavior always usually half of the time rarely never 

Self expression 

behavior 
always usually half of the time rarely never 

Sexual behavior always usually half of the time rarely never 

Miscellaneous always usually half of the time rarely never 



Chapter 1 

 

78 
 

Table 4.3: Example of the activity index and the time budget of one young bull in 2 h-blocks for 24 h at a 
semen collection day. Semen collection was performed between 0800 and 1000 h which is ‘8’ in the table.  

Parameters  
Time 

0 2 4 6 8 10 12 14 16 18 20 22 

Activity Index  13 10 18 36 58 51 27 44 51 28 31 20 

Lying 

Min 

110 109 112 18 0 48 103 21 25 92 88 104 

Feeding 0 0 0 8 32 15 0 0 43 0 0 0 

Drinking 

Times 

0 0 0 3 0 4 0 6 23 15 0 0 

Scratching 0 0 1 2 4 1 0 0 0 1 0 0 

Social contact 0 0 0 0 11 15 2 7 10 2 7 0 

Allo-grooming 0 0 0 0 12 8 1 6 6 2 6 0 

Auto-grooming 1 0 5 9 24 24 23 32 22 16 18 2 

Flehmen 0 0 1 0 0 1 0 0 2 1 0 0 

Masturbation 0 0 1 0 0 0 0 1 0 0 0 0 

Stereotypies 0 0 0 0 0 0 0 0 0 0 0 0 

Broadside 0 0 0 0 0 0 0 0 0 0 0 0 

Horning 0 0 0 0 0 0 0 0 0 0 0 0 

Pawing 0 0 0 0 0 1 0 0 0 0 0 0 

Brush 

Min 

0 0 0.2 0 1.2 2 0.5 0.4 2.9 0.8 0 0.4 

Trunk 0 0 0 0 0 1 1.5 0.1 6.4 3.1 7.2 0 

Tire 0 0 0 3.5 0.1 1.7 3.1 4.4 0.2 0 5.9 0 
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Fig. 4.1: Physical activity (mean: index/2 h) at different daytimes (h) and in the different phases 
(a = feeding times, b = lunch break) (n = 8 bulls) measured with RuminAct

®
 

*Phase 2 vs. 3: P < 0.05    

 

 

Fig. 4.2: Rumination time (mean: min/2 h) at different daytimes (h) and in the different phases (a = feeding 
times, b = lunch break) (n = 8 bulls) measured with RuminAct

® 
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Fig. 4.3: Mean time budget in number/24 h (scratching, social contact, allo-grooming, auto-grooming, 
Flehmen, masturbation, stereotypies, broadside, horning, pawing) and hours/24 h (feeding, lying) of the 
experimental bulls (n = 8) over the three phases recorded with the video observation; a vs. b: P < 0.05 
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Fig. 4.4: Mean time budget in number/24 h (scratching, social contact, allo-grooming, auto-grooming, 
Flehmen, masturbation, stereotypies, broadside, horning, pawing) and hours/24 h (feeding, lying) of the 
mature experimental bulls (n = 4) over the three phases recorded with the video observation 

     

Fig. 4.5 Mean time budget in number/24 h (scratching, social contact, allo-grooming, auto-grooming, 
Flehmen, masturbation, stereotypies, broadside, horning, pawing) and hours/24 h (feeding, lying) of the 
young experimental bulls (n = 4) over the three phases recorded with the video observation 
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Fig. 4.6: Average time of using the objects at day (0600 to 1800 h) and night (1800 to 0600 h) by the 
mature bulls (n = 4) 

 

 

 

 

Fig. 4.7: Average time of using the objects at day (0600 to 1800 h) and night (1800 to 0600) by the young 
bulls (n = 4) 
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5 Chapter 2: Effects of ‘Environmental enrichment’ on semen 

quality and reproductive behavior of breeding bulls 

5.1 Abstract 

Based on the assumption that stress might have negative effects on semen quality 

and that larger boxes equipped with enrichment devices might improve the animals’ 

welfare, but might have negative effects on the facileness of handling of individually 

kept breeding bulls, effects of an enriched environment on reproductive behavior and 

semen quality were investigated. Four young (1.7 ± 0.6 years) and four mature (4.6 ± 

0.7 years) dairy sires were observed in different housing conditions. In the first 

control phase (Phase 1) the animals were stalled in a standard environment (18 m2) 

for 3 weeks, followed by an enriched environment in a box of larger size (29.6 m2, 

Phase 2) for 10 weeks: A swinging cow brush SCB ®, an oak trunk and a swinging 

tire were provided simultaneously as enrichment devices. Afterwards (Phase 3) the 

animals were stalled again in the standard environment (18 m2) for 9 weeks. Their 

behavior during semen collection, the facileness of handling, as well as the semen 

quality was analyzed. Sexual behavior showed no significant differences between the 

three phases. The bulls were significantly easier to catch in Phase 3 compared to 

Phase 1 (P = 0.016). Catching the bulls in Phase 2 tended to be easier compared to 

Phase 1 (P = 0.078), but no differences were seen between Phase 2 and Phase 3. 

The individuals were calmer while being caught in Phase 3 compared to Phase 1 

(P = 0.016) but no significant differences (P > 0.05) were seen between Phase 1 and 

2 and Phase 2 and 3. Moreover they were calmer while approaching the teaser bull 

in Phase 2 and 3 (P = 0.016) compared to Phase 1. The facileness of handling and 

the cooperation with the caretakers was significantly better in Phase 2 and 3 than in 

Phase 1 (P = 0.016). Concerning the semen quality, no negative effects of changing 

the environment have been recognized. The total sperm count (TSC) of the mature 

bulls was significantly higher in Phase 3 (10.37 ± 4.37 x 109 sperm/ejaculate, 

P < 0.05) compared to Phase 1 (7.96 ± 3.04 x 109 sperm/ejaculate), while the TSC in 
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Phase 2 (9.25 ± 3.99 x 109 sperm/ejaculate) showed no significant differences 

compared to Phase 1 and 3. The TSC of the young bulls was significantly higher in 

Phase 3 (9.57 ± 3.42 x 109 sperm/ejaculate, P < 0.05) compared to Phase 1 (7.47 ± 

3.24 x 109 sperm/ejaculate) and to Phase 2 (7.45 ± 2.69 x 109 sperm/ejaculate).  

Considering a duration of spermatogenesis of 8 weeks (AMANN 1962; SENGER 

2003), an increased TSC of the mature bulls has been seen in Phase S3 (10.89 ± 

4.94 x 109 sperm/ejaculate) compared to Phase S1 (7.78 ± 

3.08 x 109 sperm/ejaculate, P < 0.05).  The TSC of the mature bulls in Phase S2 was 

9.56 ± 4.20 x 109 sperm/ejaculate. The TSC of the young bulls was significantly 

higher in Phase S3 (10.04 ± 3.32 x 109 sperm/ejaculate, P < 0.05) compared to 

Phase S1 (7.26 ± 3.16 x 109 sperm/ejaculate), while it tended to be higher in Phase 

S3 compared to Phase S2 (7.83 ± 2.66 x 109 sperm/ejaculate, P = 0.073). This study 

shows changing a bulls’ environment has no negative effects on facileness of 

handling, nor sexual behavior or semen quality. Moreover a positive effect on semen 

quality cannot be excluded. 

5.2 Introduction 

The welfare of pigs, poultry, beef cows, beef bulls and dairy cows has attracted 

increasing political and social interest over recent years. Consequently the number of 

studies on environmental enrichment of farm animals increased in the last few 

decades (DE AZEVEDO et al. 2007, review). But studies on the improvement of the 

housing conditions of breeding bulls are rare, although an improved welfare of 

captive animals might result in increased reproductive success (BROOM 1991; 

NEWBERRY 1995, review) and thus might have financial benefits for the AI stations. 

Usually any changes in the environment of the bulls due to new neighbors or 

differences in the normal station routine and during semen collection are avoided in 

AI stations. The reasons for that are concerns about a reduced semen quality and 

deterioration in the ease of handling the bulls. In humans occupational stress might 

be associated with infertility or reduced semen quality (MC GRADY 1984, review; 

SCHEINER et al. 2003, review). MATHEVON et al. (1998) and FUERST-

WALTL et al. (2006) demonstrated that environmental factors, such as the semen 
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collection team, have effects on the semen quality of bulls, especially on the 

ejaculate volume and the total sperm count (TSC), whereas SÖDERQUIST et al. 

(1996) indicated that only the accumulation of stress factors such as repeated 

stressful treatments (dehorning, injections) results in reduced semen quality.  

Because the high semen quality of breeding bulls is the main concern of AI stations, 

the first objective of the present study was to investigate the hypothesis that an 

improved environment due to enrichment devices does not impair semen traits. The 

second objective of the study was to examine whether the changes in the 

environment have a positive or negative effect on handling and sexual behavior.       

5.3 Material and Methods 

5.3.1 Experimental design 

The present study was carried out at the Artificial Insemination (AI) Center in 

Georgsheil, Germany. Four young (1.7 ± 0.6 years, min./max.: 1.2/2.3 years) and 

four mature (4.6 ± 0.8 years, min./max.: 3.8/5.5 years) German Holstein experimental 

bulls were investigated during a time period from August 2011 to October 2012. The 

facileness of handling, the sexual behavior and the semen quality of two mature (4.7 

± 0.1 years, min./max.: 4.7/4.8 years) and one young control bull (1.2 years) were 

also examined. One mature control bull was in the study from August 2011 to 

October 2012. The second mature control bull was examined from August 2011 to 

January 2012 and had to be replaced by the young control bull (Investigation period: 

January 2011 to October 2012) for commercial reasons. Additionally, the semen 

quality of 37 mature (6.17 ± 2.13 years, min./max.: 3.47/12.74 years) and 71 young 

(1.38 ± 0.35 years, min./max.: 1.0/2.99 years) control bulls of the AI center routine 

production was analyzed.  

The bulls were in good condition, except of bull 6 who was lame in all three phases. 

According to SPRECHER et al. (1997) the bull showed a lameness score of II-III in 

Phase 1 and Phase 2 and I-II in Phase 3. The cause of the lameness was a 

Dermatitis digitalis on the right front.  
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The experimental bulls were kept in different housing conditions and the three control 

bulls were always stalled in the same environment (18m2, non-enriched). The boxes 

were either 18 m2 or 29.6 m2 in size. All boxes, which backed onto the wall of the 

stable, included a lying area in the back part, with sawdust provided for bedding. The 

front of each box was a concrete floored feeding area. The front and side boundaries 

were built out of round metal tubes (diameter: 7 cm) with gaps of 18.5 cm. A gate, a 

headlock and a self drinking trough (outside of the box) were in the front area. The 

ground level feeding bunk was in the front, and outside the box. The young station 

control bulls were housed in smaller boxes (9 m2) in another barn where the 

temperature and air supply was not regulated. The mature station control bulls were 

housed in the same barn and in the same box (standard environment, 18 m2) as the 

experimental bulls. 

The caretakers started working at 0700 h and left the barn at 1700 h. The lunch 

break was from 1200 h to 1330 h. The bulls were fed with 9.5 kg total mixed ratio 

(TMR) in the morning between 0700 h and 0900 h (depending on weather and if it 

was a semen collection day or not) and in the afternoon at 1600 h. 1.0 kg 

concentrate was fed in the morning and 0.75 kg of minerals were fed in the afternoon 

additionally to the TMR. The bulls had free access to water.  

The climate conditions in the main barn were regulated from March to September by 

a vacuum ventilation system (JWC-ESPO, Almelo, Netherlands). The barn 

temperature was measured by a ventilation control unit (Bravo-E Version BBE2.6 

SMD B®, Microfan B.V., Horst, Netherlands) which then regulated the fresh air supply 

into the barn so that the barn temperature remained 16°C. The right side of the barn 

(smaller boxes) was ventilated with 11000 m3/h fresh air and the right side (larger 

boxes) was ventilated with 15000 m3/h fresh air. The lighting was mainly regulated 

between dusk and dawn through the roof ridge (two on each side in the middle of the 

barn, size: 40 m long, 1.4 m wide each) except during the winter times, when artificial 

lightning was used additionally. A luminescent tube was used during the night and 

was controlled by light-sensitive switches. 

The study was separated into two control phases and one experimental phase. In the 

first control phase (Phase 1) the bulls were kept individually in a standard, non-
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enriched environment (box size: 18 m2) for three weeks (see Fig. 3.1). For the 

following 10 weeks (Phase 2) they were kept individually in an improved environment 

(box size: 29.6 m2, enriched) (see Fig. 3.2). Finally they were placed again in the 

standard non-enriched environment (box size: 18 m2) for 9 weeks (Phase 3). This 

results in two switches of boxes and thus in a change of neighbors during the 

investigation. 

In Phase 2 a swinging cow brush SCB® (DeLaval GmbH, Glinde, Germany), an oak 

trunk (diameter: 0.35 m, length: 1.80 m, fixed at an angle of 7° with a metal plate 

construction at the right rear of the site boundary) and a tire (diameter: 0.6 m, hooked 

up on a chain at a height of 1.20 m from the ground) were offered as enrichment 

objects. The oak trunk and the tire were chosen with reference to the study of 

PERREY (2000). The fixation of the trunk in an angle of 7° was a modification of the 

trunk used in the study of PERREY (2000). Furthermore the tire was modificated as 

the following: It was weighted with concrete at the bottom and a vertical square tube 

(diameter: 0.12 m) was fixed into the concrete at the bottom and at the top into a hole 

in the tire. The square tube was positioned in the middle of the central opening of the 

tire to prevent injuries possibly being caused by bulls putting their heads through it. 

The swinging cow brush SCB® (DeLaval GmbH, Glinde, Germany; 230 volts, length x 

width x height: 100 x 50 x 132 cm) was individually adjusted in height for each bull 

with reference to the recommendations of DeLaval. It was placed at the right front 

part of the site boundary. For safety reasons the hair of the animals, especially the 

tail switch had to be trimmed (Length: < 3 cm).  

5.3.2 Behavioral observations 

5.3.2.1 Behavioral observation during semen collection 

Semen was collected once a week and the bull’s behavior during semen collection 

was judged directly by a single person (B.H.). The behavior of the bulls while the 

caretaker were catching and walking them, entering the collection area and 

approaching the teaser bull was monitored. A precise definition of the evaluated 

behaviors and the scores is listed in the Appendix. No fixed order for the bulls being 

caught and brought into the collection area existed. The time from a bull being caught 
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to being back in the box after semen collection lasted not longer than 30 minutes. 

The bulls were brought back in the box directly after semen was collected. After the 

bull entered the collection area he was tied up at the side of the collection area for a 

few minutes, before he got in contact with the teaser bull for semen collection. 

According to LICHTNER (2010) the behavior during semen collection was evaluated 

using a 5-point scale. The evaluation criteria (adapted and modified from LICHTNER 

(2010) were easiness to be caught and walked, calmness, handling, anxiousness, 

aggressiveness, interest in the environment or in the teaser bull, willingness to 

cooperate, resistance to handling by the caretaker, sexual agitation, libido, 

acceptance of the artificial vagina (AV) and ejaculatory thrust. The validation score 

ranged from 1 to 5, with score 1 being easy to be caught, walked or handled, no 

anxiousness, aggressiveness, interest or sexual agitation and good cooperation. 

Score 5 indicates the opposite of 1. Score 2, 3 and 4 were the intermediate grades. 

Libido score (adapted from KRAUSE 1990), ranged from 1 (reaction time < 0.5 min) 

to 5 (no libido). Score 2 indicates a good libido (reaction time 0.5 – 5 min). 

Acceptance of the artificial vagina (AV) and ejaculatory thrust were measured with a 

score from 1 (no acceptance, no ejaculatory thrust) to 3 (good acceptance, good 

ejaculatory thrust). 

5.3.2.2 Behavioral observation by the caretakers 

For every experimental and control bull two caretakers answered a questionairy 

every 4 weeks. The questions were about the sexual behavior of the bulls during the 

normal station routine and the behavior during semen collection. The caretakers 

answered 19/23 questions in the control phases and in the experimental phase. The 

differences in the number of questions depended on whether the bull was captured in 

the headlock or not. The focus for the present study was the sexual behavior 

(Masturbation and Flehmen) in the morning and during the day as well as the 

character of the bulls (facileness of handling when the bulls were caught by the 

caretakers and during semen collection and sexual activity). The behavior was 

judged using a 5-point scale. Score 1 indicated that the bull ‘always’ showed the 

asked behavior, score 2 meant ‘usually’, score 3 indicated ‘half of the time’, score 4 

meant ‘rarely’ and score 5 indicated that he never showed the asked behavior. The 
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character of the bulls was estimated as well using a 5-point scale. Score 1 indicated 

that the bull was not sexual active and was not easy to handle. Score 2 meant 

‘slightly’ sexual active and easy to handle, scale 3 indicated ‘moderate’ to handle the 

sexual activity is ‘moderate’. Score 4 indicated ‘intense’ sexual activity and easy to 

handle. Score 5 meant ‘extreme’ sexual active and extremely easy to handle. 

5.3.3 Semen collection and quality 

The semen of the experimental bulls was collected once a week. Collection from 

bull 6 was suspended for 4 weeks in June and July. After this break, two ejaculates 

on three collection days were obtained and analyzed. In two weeks in August no 

semen was collected at all because of a routine collection break. 

As a control, the once a week collected semen of all other mature (n = 37) and young 

(n = 71) bulls which were in AI center routine production was analyzed. Semen data 

from bulls 1 and 2, bulls 3 and 4, bulls 5 and 6 and bulls 7 and 8 were compared with 

the data from the semen collection made at the same times from the control bulls in 

the same age group. The experimental bulls were summarized in pairs of two 

because they were investigated at the same period of time and were from the same 

age group.   

Semen was also collected 4 weeks before the first investigation phase and 4 weeks 

after the third phase taking into account a spermatogenesis of 8 weeks (52 weeks 

referring to LIEBICH 2004, 54 days referring to WABERSKI 2007, 60 days referring 

to AMANN 1962 and 61 days referring to SENGER 2003). In addition, the 

environmental effects on the period of spermatogenesis (2-10 weeks before 

collection) and epididymal maturation (2 weeks before collection, referring to 

SENGER 2003) were analyzed. To calculate the effects on spermatogenesis and 

epididymal maturation, we looked at the predominant environment in which the bulls 

were housed 2-10 weeks (Phase S1: week 1-11, Phase S2: week 12-20, Phase S3: 

week 22-28), respectively 2 weeks before collection (Phase E1: week 1-8, Phase E2: 

week 10-18, Phase E3: week 20-30) (Fig. 5.1). Moreover semen, collected 2 to 4 

weeks after changing environments (Phase 1 to Phase 2: week 10-12 and Phase 2 

to 3: week 20-22) was analyzed because WABERSKI 2007 states that first effects on 

semen quality might be seen 2 to 4 weeks after the influence. 
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Correlations between temperature, sunshine-length and humidity on day of 

collection, during epididymal maturation (2 weeks before collection) and during 

spermatogenesis (2-10 weeks prior collection) were analyzed.  

On a semen collection day, the bulls were captured in the headlocks, caught and 

walked by the caretaker into the semen collection area. Here they were tied up at the 

site in a line of different bulls. After a few minutes the bulls were walked to the teaser 

bull and placed in contact with it. Ejaculation was allowed after two false mounts. 

Semen was collected by one of two technicians with an artificial vagina (Hannover 

Model®, AV for cattle, Ludwig Bertram GmbH MEDVET, Laatzen, Germany). The 

marked collection tube was placed in a heated (30 °C) hatch for the analysis in the 

laboratory. The ejaculate was analyzed for the different quality parameters such as 

ejaculate volume [ml], sperm concentration [x 109 sperm/ml], motility after dilution 

and before freezing [%] as well as the motility after freezing [%]. The total sperm 

count (TSC) [x 109 sperm/ejaculate] was calculated by multiplication of the ejaculate 

volume with the sperm concentration. The ejaculate volume was measured by using 

a scale (PT 120®, Sartorius, Göttingen, Germany). The semen concentration was 

calculated with the NucleoCounter® SP-100™ (Chemometec, Lillerød, Denmark) 

resulting in the calculation of the necessary extender quantity. The semen extender 

(Steridyl®, Minitube, Tiefenbach, Germany) was added to the ejaculate with a pump-

scale-system (Minitube, Tiefenbach, Germany). Standard dilution was 20 million 

spermatozoa per dose. The motility was estimated at a 200 x magnification under a 

phase contrast microscope (CX40LF200®, Olympus, Hamburg, Germany), equipped 

with a heated stage (37 °C). Extended semen was filled into 0.25 ml straws (Eco-

Pailetten®, Minitube, Tiefenbach, Germany) by the MPP Quattro automated filling and 

sealing machine® (Minitube, Tiefenbach, Germany). After four hours, the straws were 

cooled down on racks to 4 °C in a refrigerator. Afterwards they were placed in the 

Digitcool 5300® (IMV Technologies, L’Aigle cedex, France) to freeze them from 4 °C 

to minus 140 °C. Finally, the straws were placed into liquid nitrogen. At least two 

doses were thawed the next day in a thawing unit (Kruse, Langeskov, Denmark) in 

39/40 °C for 13 seconds. The motility after freezing was assessed again, the next 

day. The ejaculates were considered as suitable when the ejaculate volume was 
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> 1 ml, the sperm concentration was between 0.6 – 2.2 x 109 sperm/ml, the motility 

before freezing was > 70 % and the motility after freezing was > 50 %. If one of the 

parameters was not within the requirement it was considered as not suitable. 

5.3.4 Weather data 

The weather data were provided by the German Meteorological Service (Offenbach, 

Germany) which is the accepted source of reference for meteorology in Germany 

and the data used were measured at the weather station number 10200 in Emden, 

Lower Saxony, Germany. The linear distance from Emden to Georgsheil is 11.34 km. 

Data of the outside climate conditions were provided from 19.09.2011 to 22.10.2012. 

As described above the indoor climate conditions were regulated from March to 

September by a mechanical vacuum ventilation system. Data from the ambient 

temperature in the barn were not collected.  

5.3.5 Statistical analysis 

For data collection and generation of diagrams and tables Excel 2007 (Microsoft 

Office Excel 2007, Microsoft Cooperation, Redmond, Washington, USA) has been 

used. The calculations of means ( ) and standard deviations (SD) and the Spearman 

correlation coefficient (rs) for the semen and weather data have been conducted with 

SPSS® (SPSS® 15.0 for windows, IBM Corporation, Armonk, USA). Statistical 

analyses were performed with the support of the Institute of Biometry and Information 

Processing, University of Veterinary Medicine Hannover, Foundation and with the 

support of the Institute of Genetics and Biometry, Leibniz Institute for Farm Animal 

Biology, Dummerstorf.  

Data were analyzed for normal distribution with the Kolmogorov-Smirnoff-Test and 

visual assessment of qq-plots. In case of neither normal, nor lognormal distributed 

data, nonparametric methods were used. The Wilcoxon signed rank test has been 

used for the analysis of possible differences of the sexual behavior, evaluated by the 

caretakers, and the behavior during semen collection between the three phases. For 

the analysis of possible differences between the ages and between the control and 

the experimental bulls, the Wilcoxon two-sample test was used. Variables of the 

semen quality of the experimental bulls and the station control bulls were analyzed 
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by a two-way analysis if variance (ANOVAs) with independent samples of bull-groups 

and repeated measurement within the bulls, using the MIXED procedure of 

SAS/STAT software. The ANOVA model contained the fixed effects Group 

(levels: experimental bulls and station control bulls) and either Phase (levels: 1, 2, 3), 

Phase E (levels: 1, 2, 3), or Phase S (levels: 1, 2, 3) and their interaction. Least 

square means (LSM) and their standard errors (SE) were calculated and pairwise 

tested for each effect in the model applying the Bonferroni procedure for pairwise 

multiple comparisons. The Wilcoxon signed rank test, the Wilcoxon two-sample test 

and the repeated measurement ANOVA was performed with SAS® (SAS® 9.2, SAS 

Institute Inc., Cary, NC, USA, SAS Institute Inc.). Results were considered as 

significant when the P values were  ≤ 0.05. 

To analyze possible impacts of the weather in the semen quality a Spearman 

correlation coefficient between the season (spring, summer, autumn and winter) and 

the volume, sperm concentration and the TSC was analyzed. With reference to 

SENGER 2003, the Spearman correlation coefficient between weather data and the 

TSC on the day of collection, during epididymal maturation (2 weeks prior to 

collection) and during spermatogenesis (2-10 weeks prior to collection), was 

analyzed. Correlations between the daily duration of sunshine (h), the daily humidity 

(%), the daily ambient temperature (°C) and the daily precipitation (mm) and the TSC 

was analyzed. The data correlate when P ≤ 0.05. 

5.4 Results 

5.4.1 Behavior during semen collection 

In the course of semen collection none of the bulls was very difficult to handle 

(score 5) or acted very anxiously or aggressively (score 5). The behavior while the 

bulls were waiting in the box to be caught by the caretakers, the behavior while the 

bulls were walked into the semen collection area and the behavior while approaching 

the teaser bull and during semen collection were evaluated. Results are shown in 

Table 5.1 to 5.4.  
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It was significantly easier (P = 0.016) to catch the bulls in the box and they were 

markedly calmer (P = 0.016) while being caught in Phase 3 compared to Phase 1. 

Moreover the bulls were remarkably calmer while approaching the teaser bull in 

Phase 2 and 3 compared to Phase 1 (P = 0.016). Age differences were shown in the 

anxiousness, aggressiveness, cooperation with the caretakers, resistance to 

handling and in ease of handling. The young bulls were significantly more anxious 

while being caught in Phase 1 (P < 0.05) than the mature bulls, although the 

difference was not severe (mature bulls: score 1 vs. young bulls: score 2). The 

handling of the young bulls during walking into the collection area was remarkably 

easier in Phase 2 and Phase 3 (P < 0.05) than the handling of the mature individuals. 

The ease of handling of the young bulls is also expressed by the higher cooperation 

of the young bulls with the caretakers in Phase 2 and Phase 3 (P < 0.05). As well, the 

young bulls showed less resistance to handling in Phase 2 than the mature bulls 

(P < 0.05). 

The libido of bulls was not significantly different (P > 0.05) between the three phases 

or between the age groups. Two mature bulls showed an enhanced libido (reaction 

time < 0.5 min) once in Phase 2. One mature bull showed a reduced libido once in 

Phase 3. Apart from this, the libido was always good (reaction time 0.5 to 5 min). 

Acceptance of the AV as well as the ejaculatory thrust showed no significant 

differences between the phases (P > 0.05) or between the mature and young bulls 

(P > 0.05). 

Significant differences between the experimental and the control bulls were only seen 

in the interest in the teaser bull. The experimental bulls showed a significantly higher 

interest in Phase 2 (P < 0.01) and 3 (P < 0.05) compared to the control bulls. Other 

significant differences in the behavior during semen collection were not recognized 

between the experimental and the control bulls. 

5.4.2 Behavioral observations by the caretakers 

Two caretakers evaluated the bull’s behavior during the normal station routine and 

the behavior while the bulls were caught. The individual characters of the bulls were 

evaluated as well. No bull was ever evaluated as very aggressive (score 5), or really 

hard to handle (score 5). On average the bulls were moderate to handle in all three 
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phases. The young animals tended to be easier to handle in Phase 2 (P = 0.069) and 

Phase 3 (P = 0.086) than the mature individuals.  

Concerning the sexual behavior (masturbation and Flehmen), the caretakers did not 

recognize distinct differences (P > 0.05) between the phases or the ages. In all three 

phases Flehmen of the mature and young bulls in the morning (Table 5.5) and during 

the day (Table 5.6) was seen rarely and masturbation was not recognized.   

5.4.3 Semen quality 

Semen of every bull was collected once a week during every experimental phase, 

except of bull 6 whose semen was not collected for 4 weeks in Phase 3. As well no 

semen (n = 2) was collected from bull 7 and 8 in two weeks of August. From the eight 

experimental bulls 212 ejaculates were collected.  

Values for ejaculate volume, sperm concentration, TSC, motility after dilution, before 

freezing and after freezing in the different phases for mature and young bulls are 

shown in Table 5.7.  

Significant differences relative to the experimental phase were seen in the TSC per 

ejaculate of the mature and young bulls. The TSC per ejaculate of the mature bulls 

was significantly higher in Phase 3 (10.37 ± 4.37 x 109 sperm/ejaculate, P < 0.05) 

compared to Phase 1 (7.96 ± 3.04 x 109 sperm/ejaculate). The TSC per ejaculate of 

the mature bulls in Phase 2 was 9.25 ± 3.99 x 109 sperm/ejaculate. The ejaculate 

volume showed no significant differences between the phases (Phase 1: 7.79 ± 

3.03 ml, Phase 2: 7.88 ± 3.04 ml, Phase 3: 8.16 ± 2.36 ml, P > 0.05). 

Significant differences in the semen traits of the young bulls between the phases 

were seen in the sperm concentration and in the TSC per ejaculate. The sperm 

concentration tended to increase from Phase 2 (1.29 ± 0.36 x 109 sperm/ml) to 

Phase 3 (1.54 ± 0.42 x 109 sperm/ml, P = 0.06). The TSC of the young bulls was 

significantly higher in Phase 3 (9.57 ± 3.42 x 109 sperm/ejaculate) compared to 

Phase 1 (7.46 ± 3.24 x 109 sperm/ejaculate, P < 0.05) and Phase 2 (7.45 ± 

2.69 x 109 sperm/ejaculate, P < 0.05). The ejaculate volume of the young bulls 

(Phase 1: 5.37 ± 1.65 ml, Phase 2: 5.78 ± 1.41 ml, Phase 3: 6.29 ± 1.74 ml) was not 

significantly (P > 0.05) different between the phases.  
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Semen traits were analyzed additionally, considering the time period of 

spermatogenesis (S): values for ejaculate volume, sperm concentration, TSC, motility 

after dilution, before freezing and after freezing related to the three phases are 

shown in Table 5.8. The ejaculate volume of the mature bulls showed no significant 

differences between the Phases (P > 0.05). It was 7.61 ± 2.91 ml in Phase S1, 7.82 ± 

3.30 ml in Phase S2 and 8.75.89 ± 2.13 ml in Phase S3. The TSC of the mature bulls 

was significantly higher in Phase S3 (10.89 ± 4.94 x 109 sperm/ejaculate) compared 

to Phase S1 (7.78 ± 3.08 x 109 sperm/ejaculate, P < 0.05). The TSC in Phase S2 

(9.56 ± 4.20 x 109 sperm/ejaculate) was not significantly different (P > 0.05) 

compared to Phase S1 and S3.  

The ejaculate volume of the young bulls increased significantly from Phase S1 to S3 

(5.40 ± 1.60 ml, 6.89 ± 1.76 ml, respectively, P < 0.05). The TSC of the young bulls 

was significantly higher in Phase S3 (10.04 ± 3.32 x 109 sperm/ejaculate, P < 0.05) 

compared to Phase S1 (7.26 ± 3.16 x 109 sperm/ejaculate) and tended to be higher 

in Phase S3 compared to Phase S2 (7.83 ± 2.66 x 109 sperm/ejaculate, P = 0.073). 

Concerning the effects on epididymal maturation (E; 2 weeks), the TSC of the mature 

bulls tended to be higher in Phase E3 (10.33 ± 4.42 x 109 sperm/ejaculate, P = 0.09) 

compared to E1 (7.96 ± 3.04 x 109 sperm/ejaculate). The TSC in Phase E2 (9.45 ± 

3.91 x 109 sperm/ejaculate) was not significantly different (P > 0.05) compared to 

Phase E1 and E2. In the young bulls, the TSC tended to be higher in Phase E3 

(9.68 ± 3.46 x 109 sperm/ejaculate, P = 0.062) compared to Phase E 2 (7.55 ± 

2.52 x 109 sperm/ejaculate). In Phase E1 the TSC of the young bulls was 7.46 ± 

3.24 x 109 sperm/ejaculate. 

With reference to WABERSKI (2007) the first effect of a noxious might be seen 2-4 

weeks after the exposure. In this study, the TSC per ejaculate in week 10, 11 and 12 

(2-4 weeks after being placed from the standard environment to the enriched 

environment) in the mature bulls was 6.93 ± 1.24 x 109 sperm/ejaculate, 11.15 ± 

1.79 x 109 sperm/ejaculate and 10.10 ± 5.57 x 109 sperm/ejaculate, respectively. 

In the young bulls the TSC in week 10, 11 and 12 was 6.7 ± 

1.30 x 109 sperm/ejaculate, 8.22 ± 3.24 x 109 sperm/ejaculate and 7.77 ± 

3.07 x 109 sperm/ejaculate, respectively. No significant differences (P > 0.05) were 
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seen in comparison with the mean TSC of mature and young bulls in the time before 

the environmental change (week 1-9, mature:  7.89 ± 3.25 x 109 sperm/ejaculate, 

young: 7.33 ± 3.34 x 109 sperm/ejaculate). In week 20, 21 and 22 (2-4 weeks after 

being placed back from the enriched environment to the standard environment) the 

TSC of the mature bulls was 8.87 ± 4.98 x 109 sperm/ejaculate, 9.70 ± 

3.54 x 109 sperm/ejaculate and 9.54 ± 4.57 x 109 sperm/ejaculate, respectively. In 

comparison with the TSC before changing environments (week 13-19, 9.58 ± 

4.05 x 109 sperm/ejaculate) no significant differences were seen (P > 0.05). The TSC 

of the young bulls in week 20, 21 and 22 was 10.20 ± 3.0 x 109 sperm/ejaculate, 7.34 

± 1.31 x 109 sperm/ejaculate and 9.45 ± 4.57 x 109 sperm/ejaculate, while it was not 

significantly different (P >0.05) compared to the mean TSC in the weeks before 

(week: 13-19, 7.70 ± 2.68 x 109 sperm/ejaculate).  

The lame bull number 6 showed a reduced volume and a reduced TSC especially in 

Phase 1 (5.81 ± 0.79 ml, 5.95 ± 1.48 x 109 sperm/ejaculate, respectively) compared 

to the average of the mature bulls (7.79 ± 3.03 ml, 7.96 ± 3.04 x 109 sperm/ejaculate, 

respectively). Concerning the spermatogenesis, the TSC in Phase S1 was 5.59 ± 

1.55 x 109 sperm/ejaculate while it was 8.58 ± 4.55 x 109 sperm/ejaculate in 

Phase S2 and 3.59 ± 0.0 x 109 sperm/ejaculate in Phase S3.   

Correlation between the season and the ejaculate volume were not obvious, neither 

in mature (rs = - 0.01) nor in young bulls (rs = 0.04). No correlations between the 

season and the sperm concentration (mature: rs = 0.12, young: rs = - 0.22) or 

between the season and TSC (mature: rs = 0.11, young: rs = - 0.14) were seen. The 

correlation between the weather (sunshine-length, temperature, humidity and rain) 

and the TSC at the day of semen collection, during epididymal maturation (2 weeks 

before collection) and during spermatogenesis (2-10 weeks before collection) are 

shown in Table 5.9 for the experimental bulls and in Table 5.10 for the control 

subjects. The correlations between the weather and the semen data of the 

experimental bulls were minor. Only in the young bulls the humidity did correlate with 

the TSC (rs = 0.31, P < 0.05). In contrast the weather and semen traits were 

correlated in the control bulls. With an increasing sunshine-length (min./max.: 

0.0/15.0 h) and an increasing temperature (min./max.: -11.5/25.8 °C) the TSC of the 
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control bulls increased. The sunshine-length and temperature during epididymal 

maturation (2 weeks before collection) had no significant effect (rs = 0.07, rs = 0.21, 

respectively, P > 0.05) on the TSC of the young bulls. The TSC of the mature and 

young bulls decreased with increasing humidity on the day of sperm collection 

(mature: rs = -0.4, young: rs = -0.35), as well as 2 weeks (rs = -0.49) before collection 

in the mature control bulls and 2-10 weeks before collection in the mature (rs = -0.43) 

and young (rs = -0.48) control bulls. As well, the TSC of the mature and young control 

bulls decreased with increasing precipitation 2-10 weeks before the sperm collection 

(mature: rs = -0.49, young: rs = -0.23).  

The comparison of the semen data of bull 1 and 2, bull 3 and 4, bull 5 and 6 and bull 

7 and 8 with the data made at the same collection times from the control bulls in the 

same age group were analyzed. The mean ejaculate volume of the mature 

experimental bulls 1 and 2 and 5 and 6 showed no significant differences (P > 0.05) 

compared with the data of the control bulls in the three phases (Fig. 5.2 and Fig. 5.3, 

respectively). No significant differences (P > 0.05) in the comparison of the ejaculate 

volume of the young experimental bulls 3 and 4 and 7 and 8 with the control bulls in 

the three phases were detected (Fig. 5.4 and Fig. 5.5, respectively). Surplus no 

significant differences of the TSC (P > 0.05) in Phase 1, 2 and 3 and in Phase S1, S2 

and S3 were seen between the mature experimental (bull 1 and 2, bull 5 and 6) and 

control bulls (Fig. 5.6 and Fig. 5.7, respectively). Similar results were recognized for 

the comparison of the TSC of the young bulls (bull 3 and 4, bull 5 and 6) with the 

TSC of the control bulls. No significant differences in the data of the experimental 

and control bulls in the three phases and in the three phases during spermatogenesis 

(Fig. 5.8 and Fig. 5.9, respectively) were detected. 

5.5  Discussion 

The first objective of the study was to investigate the hypothesis that an improved 

welfare due to an environmental enrichment does not impair semen quality. The 

second objective of the study was to examine the possible effects of the enrichment 

on the ease of handling and sexual behavior.  
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Concerns of diminished semen quality due to stress caused by changes in the bull’s 

normal environment and due to new neighbors were present at the beginning of the 

study. In several species such as humans (CLARKE et al. 1999; SHEINER et al. 

2002) and rodents (KRUCZEK and STYRNA 2009) psychological stress or 

physiological stress in horses due to repeated treadmill exercise (JANETT et al. 

2006) negatively affects semen quality. In dairy bulls SÖDERQUIST et al. (1996) 

postulated that only repeated stressful treatments (Dehorning + Dehydrostreptomycin 

treatment) negatively affect semen quality. In mice, the paternal exposure to stress 

alters sperm and results in a dysregulation in the stress response of the offspring 

(DIETZ et al. 2011; RODGERS et al. 2013). Dairy sires produce high numbers of 

offspring. Therefore a possible transmission of stress in sires on stress response 

dysregulation should be considered, and stress should be reduced.  

We assumed that an enriched environment might improve the housing conditions of 

AI sires and improve well-being, and thus should have no negative effects on semen 

quality. In the mature bulls the TSC was significantly higher in Phase 3 compared to 

Phase 1, while the TSC in the young bulls was significantly higher in Phase 3 

compared to Phase 1 and 2. This might indicate an improvement in semen quality 

due to the enrichment. A possible explanation for the delayed effects might be that 

the improvement influenced spermatogenesis or epididymal maturation. Considering 

the period of spermatogenesis, the TSC of the mature bulls in Phase S3 was 

significantly higher compared to Phase S1, whereas the TSC of the young bulls 

increased significantly from Phase S1 to S3 and tended to increase from Phase S2 to 

S3. The environment during epididymal maturation seemed to not influence the TSC 

in the experimental phase. But the TSC tended to be higher in Phase E3 compared 

to E1 in the mature bulls and in E3 compared to E2 in the young bulls. These results 

imply that a change in the bulls’ environment does not negatively affect the semen 

quality during period of spermatogenesis or during epididymal maturation.  

Because semen traits are affected by several other components such as by the age 

of the bulls (ALMQUIST et al. 1976; VAN OS et al. 1997; MATHEVON et al. 1998; 

FUERST-WALTL et al. 2006), by the season (RUTTLE et al. 1975; VAN OS et al. 

1997; MATHEVON et al. 1998) and by the ambient temperature (IGBOELI and 
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RAKHA 1971; FUERST-WALTL et al. 2006; IGNA et al. 2010) the data of the mature 

experimental bulls 1 and 2 and 5 and 6 were compared with all other semen data 

gathered at the same collection date of all the other mature bulls of the same age 

group. The same comparison was done for the young experimental bulls 3 and 4 and 

5 and 6 with the control bulls of the same age groups. Neither the weather, nor the 

season had an effect on the semen quality of the experimental bulls. This might be 

due to the fact that the temperature in the barn where the experimental bulls were 

housed was regulated by a mechanical vacuum ventilation system. But the ambient 

temperature, the sunshine-length and the humidity did correlate with TSC of the AI 

center routine bulls. An explanation for this might be the small number of 

experimental bulls and thus the smaller number of ejaculates compared to the control 

group. Another explanation might be that the young station control bulls were housed 

in a different barn than the experimental bulls, where the temperature and the air 

supply was not regulated. But in contrast to that, the weather had an effect on the 

semen traits of the mature station control bulls as well and these bulls were housed 

in the ventilated barn. 

The comparison of the semen quality of the experimental and AI center control bulls 

showed no significant differences (P > 0.05). From these results it can be concluded 

that no negative effects of the experimental conditions were investigated. 

The effects of the experimental conditions on the sexual behavior of the bulls during 

semen collection were minor. The bulls were easier to catch and calmer while being 

caught in Phase 3 compared to Phase 1. Also the bulls were remarkably calmer in 

Phase 3 compared to Phase 1 while approaching the teaser bull. The young bulls 

were easier to handle overall compared to the mature bulls. The handling of the 

young bulls during walking into the collection area was noticeably easier in Phase 2 

and Phase 3 compared to the mature bulls. This is also shown in the willingness to 

cooperate which was higher in the young bulls than in the mature bulls in Phase 2 

and 3. The same result is indicated by the noticeably reduced resistance against 

handling of the young bulls in Phase 2 compared to the mature bulls. The same 

results concerning the ease of handling were shown in the analysis of the 

questionnaire. Overall the young and the mature bulls were easy to handle and the 
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caretakers evaluated them as not very aggressive. These improvements in handling 

are presumably caused by the habituation to handling especially in the young bulls, 

which is seen in the study of LICHTNER (2010), too.  

The concern of many people that semen quality decreases and ease of handling gets 

worse due to the enrichment and due the changes in the normal station routines can 

be invalidated. The ease of handling improved and it is also shown that the regular 

changes of the bull’s neighbors did not negatively affect the ease of handling or 

semen quality. The inclination to social contact is demonstrated in the studies of 

DAHLGREN (2010) and SCHWAN (2011) with the frequently shown behavior of the 

bulls passing their heads trough wider gaps between the gate tubes, referred to as 

‘the social gate’. It has also been shown that group-housed bulls have more social 

contacts than individually housed bulls (DAHLGREN 2010). This leads to the 

conclusion that a frequent change of the bulls between boxes might benefit the 

normal behavior patterns and does not diminish semen quality. Thus it is highly 

recommended to change boxes and thus neighbors as part of the normal station 

routine.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 2 

 

101 
 

5.6 Figures and tables 

Table 5.1: Evaluation of the bull behavior while being caught in the box. Distribution (%) of the scores in 
Phase 1, 2 and 3 for the mature (n = 4) and young (n = 4) experimental bulls. 

Behavior while being caught 
Phase 1 Phase 2 Phase 3 

Mature Young Mature Young Mature Young 
n = 14 n = 14 n = 36 n = 40 n = 28 n = 26 

Parameter Score % % % % % % 

Being caught 

1 28.6 14.3 36.1 65.0 60.8 69.3 
2 50.0 71.4 38.9 32.5 32.1 26.9 
3 14.3 14.3 8.3 0 7.1 3.8 
4 7.1 0 16.7 2.5 0 0 
5 0 0 0 0 0 0 

Calmness 

1 50.1 7.1 38.9 40.0 57.2 46.2 
2 35.7 92.9 36.1 60.0 32.1 53.8 
3 7.1 0 22.2 0 10.7 0 
4 7.1 0 2.8 0 0 0 
5 0 0 0 0 0 0 

Anxiousness 

1 71.6 21.4 61.1 55.0 82.1 73.1 
2 21.3 71.5 30.6 42.5 14.3 26.9 
3 7.1 7.1 8.3 2.5 3.6 0 
4 0 0 0 0 0 0 
5 0 0 0 0 0 0 

Aggressiveness 

1 50.6 64.3 47.2 85.0 39.3 80.8 
2 42.3 35.7 33.3 15.0 53.6 19.2 
3 7.1 0 16.7 0 7.1 0 
4 0 0 2.8 0 0 0 
5 0 0 0 0 0 0 

Interest in the 

environment 

1 7.1 0 0 0 3.6 0 
2 28.6 7.1 5.6 0 3.6 0 
3 57.2 85.8 86.1 100.0 92.8 100.0 
4 7.1 7.1 8.3 0 0 0 
5 0 0 0 0 0 0 

Handling 

1 35.7 42.9 33.3 75.0 35.7 88.5 
2 35.7 35.7 22.2 25.0 39.3 11.5 
3 21.5 21.4 38.9 0 14.3 0 
4 7.1 0 5.6 0 10.7 0 
5 0 0 0 0 0 0 
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Table 5.2: Evaluation of the bull behavior while walking into the collection area. Distribution (%) of the 

scores in Phase 1, 2 and 3 for the mature (n = 4) and young (n = 4) experimental bulls. 

Behavior while walking into 

the collection area 

Phase 1 Phase 2 Phase 3 
Mature Young Mature Young Mature Young 
n = 14 n = 14 n = 36 n = 40 n = 28 n = 26 

Parameter Score % % % % % % 

Purposefulness 

1 0 0 5.6 0 10.7 0 
2 28.6 0 16.7 2.5 0 0 
3 42.8 85.8 36.1 87.5 50.0 65.4 
4 14.3 7.1 22.2 10.0 28.6 34.6 
5 14.3 7.1 19.4 0 10.7 0 

Calmness 

1 28.6 42.9 36.1 55.0 35.7 38.5 
2 42.9 50.0 22.2 42.5 46.5 61.5 
3 21.4 7.1 22.2 2.5 7.1 0 
4 7.1 0 16.7 0 10.7 0 
5 0 0 2.8 0 0 0 

Anxiousness 

1 78.6 85.7 77.7 90.0 82.1 100.0 
2 21.4 14.3 16.7 10.0 14.3 0 
3 0 0 5.6 0 3.6 0 
4 0 0 0 0 0 0 
5 0 0 0 0 0 0 

Aggressiveness 

1 57.2 78.6 41.7 90.0 46.4 80.8 
2 21.4 21.4 36.1 10.0 42.9 19.2 
3 7.1 0 16.6 0 7.1 0 
4 14.3 0 5.6 0 3.6 0 
5 0 0 0 0 0 0 

Interest in the 

environment 

1 0 0 0 0 0 0 
2 21.4 7.1 8.3 0 14.3 0 
3 64.3 92.9 86.1 100.0 85.7 100.0 
4 14.3 0 5.6 0 0 0 
5 0 0 0 0 0 0 

Sexual agitation 

1 0 0 0 0 7.1 0 
2 7.1 7.1 16.7 0 7.1 0 
3 71.5 85.8 63.9 100.0 67.9 100.0 
4 21.4 7.1 19.4 0 17.9 0 
5 0 0 0 0 0 0 

Handling 

1 42.9 50.0 22.2 82.5 7.1 53.8 
2 35.7 35.7 25.0 17.5 64.3 46.2 
3 14.3 14.3 44.5 0 14.3 0 
4 7.1 0 8.3 0 10.7 0 
5 0 0 0 0 3.6 0 
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Table 5.3: Evaluation of the bull behavior while approaching the teaser bull. Distribution (%) of the scores 
in Phase 1, 2 and 3 for the mature (n = 4) and young (n = 4) experimental bulls. 

Behavior while approaching 

the teaser bull 

Phase 1 Phase 2 Phase 3 
Mature Young Mature Young Mature Young 
n = 14 n = 14 n = 36 n = 40 n = 28 n = 26 

Parameter Score % % % % % % 

Purposefulness 

1 0 0 0 0 10.7 0 
2 21.4 0 13.9 0 10.7 0 
3 50.0 92.9 36.1 82.5 39.3 53.8 
4 14.3 7.1 41.7 17.5 35.7 46.2 
5 14.3 0 8.3 0 3.6 0 

Calmness 

1 14.3 35.7 22.2 70.0 28.6 42.3 
2 50.0 42.9 44.4 25.0 53.5 57.7 
3 28.6 21.4 27.8 5.0 17.9 0 
4 7.1 0 5.6 0 0 0 
5 0 0 0 0 0 0 

Interest in the 

teaser bull 

1 0 0 0 0 0 0 
2 0 14.3 11.1 0 25.0 0 
3 85.8 64.3 75.0 100.0 57.1 92.3 
4 7.1 21.4 13.9 0 17.9 7.7 
5 7.1 0 0 0 0 0 

Sexual agitation 

1 0 0 0 0 0 0 
2 0 7.1 8.3 0 17.9 0 
3 71.4 78.6 61.1 97.5 60.7 96.2 
4 28.6 14.3 30.6 2.5 21.4 3.8 
5 0 0 0 0 0 0 

Willingness to 

cooperate 

1 14.3 50.0 11.1 82.5 0 53.9 
2 42.9 28.7 27.8 12.5 42.9 34.6 
3 21.4 7.1 50.0 2.5 32.1 7.7 
4 21.4 7.1 11.1 0 17.9 3.8 
5 0 7.1 0 2.5 7.1 0 

Resistance 

1 42.9 78.6 47.3 97.5 50.0 92.3 
2 42.9 14.3 44.4 2.5 28.6 7.7 
3 14.2 7.1 8.3 0 14.3 0 
4 0 0 0 0 7.1 0 
5 0 0 0 0 0 0 

Libido 

1 7.1 0 5.6 0 3.6 0 
2 92.9 100 94.4 100 92.8 100.0 
3 0 0 0 0 3.6 0 
4 0 0 0 0 0 0 
5 0 0 0 0 0 0 

 
Table 5.4: Evaluation of the acceptance of the AV and the ejaculatory thrust. Distribution (%) of the scores 
in Phase 1, 2 and 3 for the mature (n = 4) and young (n = 4) experimental bulls. 

Behavior during semen 

collection 

Phase 1 Phase 2 Phase 3 
Mature Young Mature Young Mature Young 
n = 14 n = 14 n = 36 n = 40 n = 28 n = 26 

Parameter Score % % % % % % 
Acceptance of 

the AV 

1 0 0 0 0 3.7 0 
2 14.3 0 5.6 10.0 3.7 3.8 
3 85.7 100 94.4 90.0 92.6 96.2 

Ejaculatory thrust 
1 0 0 0 0 3.7 0 
2 0 0 0 2.5 3.7 0 
3 100 100 100 97.5 92.6 100.0 
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Table 5.5: Sexual behavior of the bulls in the morning evaluated by the caretakers. Distribution (%) of the 
scores in  Phase 1, 2 and 3 for the mature (n = 4) and young (n = 4) experimental bulls. 

 Phase 1 Phase 2 Phase 3 
Mature Young Mature Young Mature Young 

Evaluations n = 8 n = 8 n = 18 n = 24 n = 14 n = 14 
Parameter Score % % % % % % 

Masturbation 

1 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
5 100 100 100 100 100 100 

Flehmen 

1 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 25 0 11.1 4.2 0 0 
5 75 100 88.9 98.8 100.0 100 

 

Table 5.6: Sexual behavior of the bulls during the day evaluated by the caretakers. Distribution (%) of the 
scores in Phase 1, 2 and 3 for the mature (n = 4) and young (n = 4) experimental bulls. 

 Phase 1 Phase 2 Phase 3 
Mature Young Mature Young Mature Young 

Evaluations n = 8 n = 8 n = 18 n = 24 n = 14 n = 14 
Parameter Score % % % % % % 

Masturbation 

1 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
5 100 100 100 100 100 100 

Flehmen 

1 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 25 12.5 38.9 16.7 0 21.4 
5 75 87.5 61.1 83.3 100.0 78.6 
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Table 5.7: Semen quality parameters (mean) for mature (n = 4) and young (n = 4) bulls in the three 
different phases              

  
        1         2         3 

Volume 
[ml] 

mature 7.79 ± 3.03 7.88 ± 3.04 8.16 ± 2.36 

young 5.37 ± 1.65 5.78 ± 1.41 6.29 ± 1.74 

Sperm concentration 
[10

9
 sperm/ml] 

mature 1.09 ± 0.38
 

1.22 ± 0.42 1.32 ± 0.45
 

young 1.38 ± 0.44 1.29 ± 0.36 
a 

1.54 ± 0.42 
b 

Total sperm count 
[10

9
 sperm/ejaculate] 

mature 7.96 ± 3.04 
c
 9.25 ± 3.99 10.37 ± 4.37 

d 

young 7.46 ± 3.24
 c 

7.45 ± 2.69 
c 

9.57 ± 3.42
d
 

Motility before 
freezing 

[%] 

mature 78.54 ± 3.12 77.43 ± 3.03 77.70 ± 3.65 

young 77.80 ± 2.92 78.97 ± 2.35 78.26 ± 2.86 

Motility after freezing 
[%] 

mature 51.88 ± 2.47 49.19 ± 5.07 51.49 ± 7.35 

young 50.80 ± 4.25 52.44 ± 3.01 52.33 ± 3.34 

Values in the row and with different superscripts differ significantly: a vs. b: P = 0.06, c vs. d: P < 0.05 

 

Table 5.8: Semen quality parameters (mean) for mature (n = 4) and young (n = 4) bulls 2-10 weeks before 
semen collection (phase S1, S2, S3)                          

  
       S1        S2        S3 

Volume 
[ml] 

mature 7.61 ± 2.91 7.82 ± 3.30 8.75 ± 2.13 

young 5.40 ± 1.60 
a
 5.75 ± 1.29 6.89 ± 1.76 

b
 

Sperm concentration 
[10

9 
sperm/ml] 

mature 1.09 ± 0.38 1.28 ± 0.44 1.27 ± 0.50 

young 1.35 ± 0.43
 

1.36 ± 0.35 1.48 ± 0.37
 

Total sperm count 
[10

9
 sperm/ejaculate] 

mature 7.78 ± 3.08 
a 

9.56 ± 4.20 10.89 ± 4.94 
b 

young 7.26 ± 3.16 
a 

7.83 ± 2.66 
c
 10.04 ± 3.32 

b,d
 

Motility before 
freezing 

[%] 

mature 78.59 ± 2.91
 

77.17 ± 3.40 78.57 ± 3.59 

young 78.13 ± 2.77 78.68 ± 2.56 78.04 ± 3.15 

Motility after freezing 
[%] 

mature 51.56 ± 2.68 
a
 48.67 ± 5.71 

b
 50.95 ± 8.75 

young 51.25 ± 4.02 52.94 ± 3.28 51.25 ± 3.23 

Values in the row and with different superscripts tended to be different: a vs. b: P < 0.05, c vs. d: P = 0.073 
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Table 5.9: Spearman correlation coefficient between the TSC of mature (n = 4) and young (n = 4) 
experimental bulls and sunshine-length, temperature and humidity on the day of semen collection, during 
epididymal maturation (2 weeks before collection) and during spermatogenesis (2-10 weeks before 
collection) 

 Sunshine Temperature Humidity Rain 

TSC Mature Young Mature Young Mature Young Mature Young 

Day of 
collection 

0.17 0.02 0.26 -0.08 -0.15 -0.08 0.14 -0.03 

2 weeks 
before 

collection 

 
0.01 -0.20 0.24 -0.12 -0.03 0.11 0.16 0.10 

2-10 weeks 
before 

collection 
0.25 -0.24 0.31 -0.23 -0.16 0.31* 0.08 -0.04 

*P < 0.05 

Table 5.10: Spearman correlation coefficient between the TSC of mature (n = 37) and young (n = 71) 
control (station control) bulls and sunshine-length, temperature and humidity on the day of semen 
collection, during epididymal maturation (2 weeks before collection) and during spermatogenesis (2-10 
weeks before collection) 

 Sunshine Temperature Humidity Rain 

TSC Mature Young Mature Young Mature Young Mature Young 

Day of 
collection 

0.30** 0.33** 0.27** 0.47** -0.40 ** -0.35** -0.07 0.04 

2 weeks 
before 

collection 
0.33** 0.07 0.28** 0.21 -0.49** -0.03 0.01 -0.02 

2-10 weeks 
before 

collection 
0.41** 0.50** 0.27** 0.37** -0.43** -0.48** -0.49** -0.23* 

*P < 0.05, **P < 0.01 

 

Fig. 5.1: Timetable of semen collections once a week over the three phases and 4 weeks before Phase 1 
and 4 weeks after Phase 3. Braces are an example for spermatogenesis (8 weeks) and epididymal 
maturation (2 weeks). 
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Fig. 5.2: Ejaculate volume (mean + SD) of mature bull number 1 and 2 (experiment) and control bulls (Age 
range: 1381-2178 days. Collection period: 29.08.2011-12.03.2012) (Experiment: Phase 1: n = 12, Phase 2: n 
= 20, Phase 3: n = 22 ejaculates) (Control: Phase 1: n = 38, Phase 2: n = 94, Phase 3: n = 83 ejaculates). No 
significant differences between experiment and control bulls (P > 0.05) 

 

Fig. 5.3: Ejaculate volume (mean + SD) of mature bull 5 and 6 (experiment) and control bulls (Age range: 
1561-2011 days. Collection period: 02.02.12-13.08.2012)(Experiment: Phase 1: n = 13, Phase 2: n = 20, 
Phase 3: n = 16 ejaculates) (Control: Phase 1: n = 35, Phase 2: n = 84 ejaculates). No significant 
differences between experiment and control bulls (P > 0.05)   

 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 2 3 

Experiment 

Control 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

1 2 3 

Experiment 

Control 

m
l 

Phase 

Phase 

m
l 



Chapter 2 

 

108 
 

 

Fig. 5.4: Ejaculate volume (mean + SD) of young bull 3 and 4 and control bulls (Age range: 714-983 days. 
Collection period: 21.11.11-04.06.2012) (Experiment: Phase 1: n = 11, Phase 2: n = 20, Phase 3: n = 24 
ejaculates) (Control: Phase 1: n = 0, Phase 2: n = 3, Phase 3: n = 22 ejaculates). No significant differences 
between experiment and control bulls (P > 0.05)   

 

 

Fig. 5.5: Ejaculate volume (mean + SD) of young bull 7 and 8 (experiment) and control bulls (Age range: 
407-613 days. Collection period: 10.04.12-22.10.2012) (Experiment, Phase 1: n = 14, Phase 2: n = 20, Phase 
3: n = 20 ejaculates) (Control: Phase 1: n = 55, Phase 2: n = 112, Phase 3: n = 125 ejaculates). No 
significant differences between experiment and control bulls (P > 0.05)   
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Fig. 5.6: Total sperm count (TSC) (mean + SD) of mature bull 1 and 2 (experiment) and control bulls (Age 
range: 1381-2178 days. Collection period: 29.08.2011-12.03.2012) (Experiment: Phase 1: n = 12, Phase 2: n 
= 20, Phase 3: n = 22; Phase S1: n = 16, Phase S2: n = 16, Phase S3: n = 14 ejaculates) (Control: Phase 1:   
n = 38, Phase 2: n = 94, Phase 3: n = 83; Phase S1: n = 67, Phase S2: n = 69, Phase S3: n = 49 ejaculates). 
No significant differences between experiment and control bulls (P > 0.05)   

 

 

 

Fig. 5.7: TSC (mean + SD) of mature bull 5 and 6 (experiment) and control bulls (Age range: 1561-2011 
days. Collection period: 02.02.12-13.08.2012) (Experiment: Phase 1: n = 13, Phase 2: n = 20, Phase 3:  
n = 16; Phase S1: n = 17, Phase S2:  n = 17, Phase S3: n = 8 ejaculates) (Control: Phase 1: n = 35, Phase 2: 
n = 84, Phase 3: n = 72; Phase S1: n = 63, Phase S2: n = 58, Phase S3: n = 44 ejaculates). No significant 
differences between experiment and control bulls (P > 0.05). 
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Fig. 5.8: TSC (mean + SD) of young bull 3 and 4 (experiment) and control bulls (Age range: 714-983 days. 
Collection period: 21.11.11-04.06.2012) (Experiment: Phase 1: n = 11, Phase 2: n = 20, Phase 3: n = 24; 
Phase S1: n = 15, Phase S2: n = 18, Phase S3: n = 14 ejaculates) (Control: Phase 1: n = 0, Phase 2: n = 3, 
Phase 3: n = 22; Phase S1: n = 0, Phase S2: n = 8, Phase S3: n = 13 ejaculates). No significant differences 
between experiment and control bulls (P > 0.05)   

 

 

 

Fig. 5.9: TSC (mean + SD) of young bull 7 and 8 (experiment) and control bulls (Age range: 407-613 days. 
Collection period: 10.04.12-22.10.2012) (Experiment, Phase 1: n = 14, Phase 2: n = 20, Phase 3: n = 20; 
Phase S1: n = 18, Phase S2: n = 16, Phase S3: n = 14 ejaculates) (Control: Phase 1: n = 55, Phase 2: n = 
112, Phase 3: n = 125; Phase S1: n = 80, Phase S2: n = 96, Phase S3: n = 87 ejaculates). No significant 
differences between experiment and control bulls (P > 0.05)   
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6  General discussion 

The objective of the present study was to test the hypothesis that enrichment devices 

might improve the housing conditions and welfare of individually kept AI sires. 

Subsequently this has informed the format of the study by pursuing the following two 

objectives. The first objective of the present study was to compile a time budget of 

mature and young breeding bulls that were kept individually and indoors, and to 

investigate the effect of proposed enrichment interventions on these bulls’ behavior, 

rumination and physical activity. In the international literature only three studies 

(HOUPT and WOLLNEY 1989 a; DAHLGREN 2010; SCHWAN 2011) investigated a 

time budget for dairy sires, but none of them did so in different environments. The 

second objective of the study was to investigate the impact of an enhanced 

environment on facileness of handling, sexual behavior and semen quality. 

 

Improved welfare might be indicated by the promotion of the bulls’ natural grooming 

behavior (ISHIWATA et al. 2006; DE VRIES et al. 2007). Cows and bulls have a high 

need to scratch against inanimate objects, either natural (HINCH et al. 1982/1983; 

TOST 2000; KOHARI 2007; POETTINGER 2011) or provided by humans (PELLEY 

et al. 1995; MENCH et al. 1998; PERREY 2000; WILSON et al. 2002; ISHIWATA et 

al. 2006; DE VRIES et al. 2007; NEWBY et al. 2013). Especially the head and neck 

are rubbed against objects because these regions are difficult to reach by the 

animals themselves (DE VRIES et al. 2007; SCHMIED et al. 2008). An outcome of 

this study was that the mature and young bulls showed a high frequency of rubbing 

head and neck on brush and trunk. The bulls’ preference to scratch on inanimate 

objects was also seen in the decrease of scratching themselves on conventional barn 

equipment in Phase 2 while it was significantly higher in Phase 1 and 3. Furthermore, 

the scratching behavior of the control bulls in Phase 2 was significantly higher than 

that of the experimental bulls (P < 0.05), while the overall scratching time (including 

scratching on conventional barn equipment, brush and trunk) was higher in the 

experimental phase. This behavior is comparable to the results of a study carried out 

in dairy cows by DE VRIES (2007). These cows had a higher total frequency of 



General discussion 

 

112 
 

scratching when a brush was provided, but the scratching times on barn equipment 

without the brush were lower. The swinging cow brush SCB® used in the present 

study was excellent for satisfying the grooming behavior of bulls for their difficult to 

reach regions because of its flexibility. This was confirmed by the high frequency with 

which the bulls used the brush: The mature bulls used the brush 51.81 ± 

33.26 min/24 h and the young bulls used it 30.36 ± 18.13 min/24 h. The higher 

frequency of self-brushing of the bulls in comparison to mid-lactating dairy cows 

(7 min/24 h) in the study of DE VRIES (2007) might be due to the 24 h per day 

availability of the brush in the present study. Every bull in the experimental group had 

one brush to itself while in the study of DE VRIES (2007) several cows had to share 

the use of one brush between them.  

The trunk as a naturally and inexpensive device was mainly used for scratching the 

head which is similar to the short observations made by PERREY (2000). The trunk 

was used more frequently by the mature bulls, while the tire was used more often by 

the young bulls than by the mature bulls. The difference in the usage of the tire might 

be explained as a manifestation of a distinct play behavior in the age group of young 

bulls (LICHTNER 2010). This result was in agreement with the evaluation of the 

caretakers whereby the young bulls were noticeably friskier in the experimental 

phase. Playing is a common behavior in young horses (HAUSBERGER et al. 2012) 

and indicates good welfare (WINCKLER et al. 2003; BOISSY et al. 2007). Similarly, if 

young bulls display increased play behavior due to enrichment devices then this 

could lead to the assumption that the welfare of the young bulls might be improved 

as a result of the enrichment devices.  

The enhanced frequency of using the enrichment objects on the first day, as seen in 

both, mature and young bulls, were also reported in beef heifers (WILSON et al. 

2002), calves (NINOMIYA and SATO 2009) and in horses (KRUMM 2009). Following 

the high usage on the first day, it then was observed that in the first half of the 

experimental phase of the present study there was a prominent decrease in the use 

of the objects but this stabilized in the second half. The same behavioral pattern was 

shown for beef heifers (WILSON et al. 2002), calves (NINOMIYA and SATO 2009) 

and horses (KRUMM 2009). Nevertheless, in comparison to mid-lactating cows (DE 
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VRIES 2007), the bulls used the objects more frequently, and the brush was used 

distinctly longer by the bulls. The different preferences for objects have to be 

considered for the different age groups. To encourage the use of the devices they 

should be changed at regular intervals (TAROU and BASHAW 2007) to stimulate the 

usage by having a new object.  

Another option to improve the housing conditions of breeding bulls might be to 

provide the bulls with a separate area with sand and/or scratching and horning 

devices which is successfully implemented at the AI station of Cogent Breeding Ltd. 

(Chester, United Kingdom) (personal communication, Stuart Boothman, 30.10.2012). 

Their bulls have access to such an area for a few hours a week. However, due to the 

shared nature of this area the hygiene aspect has to be considered in such a 

regimen. One possibility might be that only bulls of the same barn unit get access to 

the area. 

 

In previous studies of breeding bull behavior the physical activity and the rumination 

time has been detected by visual observation using video recordings (HOUPT and 

WOLLNEY 1989 a; SCHWAN 2011), or the activity has been recorded with an 

activity monitoring system which was attached to the leg of the bull, whereas the 

rumination was detected by direct visual observation (DAHLGREN 2010). Because 

the observation of rumination on video recordings is difficult and is likely to not be 

precise enough for monitoring the bulls physical activity and rumination it was 

decided that for the present study an electronic monitoring system (RuminAct®) 

should be used to detect rumination and physical activity. This has never been used 

in bulls before. In cows (LINDGREN 2009; SCHIRMANN et al. 2009) and heifers 

over 9 month of age (BURFEIND et al. 2011) the visual detection performed by 

human observation correlated highly with the detection of rumination using the 

RuminAct®-System. In the present study the physical activity in either group of bulls   

- regardless whether they were in the enriched or standard housing condition - 

peaked in the morning and in the afternoon during semen collection and feeding 

times. The lowest activity levels were shown at night and during the lunch break of 

the caretakers indicating a relation between bull behavior and the working hours of 
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the caretakers. This is in agreement with the studies of NICKS et al. (1988 a), 

HOUPT and WOLLNEY (1989 a) and DAHLGREN (2010). Most rumination was 

detected at night whereas the physical activity was higher during the day, as reported 

by KILGOUR (2012 a, review) for cattle on pasture. The rumination time was 

recorded as expected. The rumination was low during feeding times and was high 

during the night and during the lunch break of the caretakers. This distribution of the 

rumination is also seen in the direct observation that was undertaken using the video 

recordings for a two hour time period. This leads to the assumption that RuminAct® is 

working for breeding bulls.  

The bulls showed a significantly higher activity in the larger and enriched box 

(Phase 2) compared to the smaller and non-enriched box in Phase 3. The higher 

activity in Phase 2 was especially seen in the young bulls who were significantly 

more active than the mature bulls. However, the lying times of the young bulls were 

not significantly longer than the lying times of the mature bulls. The higher activity 

might be a result of the larger box size, but no change in the activity of the mature 

bulls was seen and the activity of the control bulls (stalled in a standard box, 18 m2) 

was not significantly different from the experimental bulls in the standard box. The 

higher activity levels might result from the frequent use of the enrichment devices as 

has been especially obvious in the young bulls. Similarly, PERREY (2000) showed 

that bulls with single access to an enriched laboratory box for an hour had high 

activity levels. 

It was found that the bulls in the present study were ruminating for shorter length of 

time than the dairy cows in the study of SCHIRMANN et al. (2009). The dairy cows’ 

rumination time was 516.2 min/24 h, whereas the mature bulls were ruminating 

331.50 ± 9.17 min/24 h and the young bulls were ruminating 481.72 ± 9.17 min/24 h. 

However, the bulls had limited access to food, while the dairy cows had unlimited 

food access and were fed another died. Therefore the difference in the rumination 

times of bulls and cows is likely to be due to the different amount and composition of 

food available. Age differences were seen in Phase 2 and 3 where the rumination 

time of the young bulls was significantly longer compared to the mature bulls. The 

age difference in Phase 2 and 3 was also expressed in the feeding time. The 
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younger bulls were feeding significantly longer than the mature bulls in Phase 2 and 

3. An increased rumination time due to increased feeding time is also seen in dairy 

cows in the study of LINDGREN (2009). This leads to the assumption that the longer 

rumination times of the young bulls might occur due to the overall longer feeding 

times.  

 

Distinct differences between cattle on pasture and individually kept breeding bulls 

with restricted food and no access to pasture were seen in the grazing/eating 

behavior respectively. Beef steers on pasture spend 5 to 7.3 h per day grazing 

(KILGOUR et al. 2012 b) whereas the mature bulls in the present study were feeding 

only 1.42 h per day and the young bulls were feeding 2.29 h per day. The short 

feeding times might be a reason for the development of stereotypies as seen in pigs 

(TERLOUW et al. 1991) with restricted food access. Similar results were obtained by 

REDBO (1990) who recognized that cows increased the frequency of stereotypies 

when tied up after the grazing period while no stereotypies were seen during the 

grazing period. In the present study two of the four mature experimental and one of 

the control bulls showed tongue-rolling while the young bulls showed no stereotypies. 

No significant differences were seen between the different phases, which is similar to 

the study of ISHIWATA et al. (2006, 2008) who obtained no differences of tongue-

rolling between different housing conditions in steers. Two of the mature bulls were 

drinking nearly twice as often as the average of the other bulls and only short periods 

of drinking were performed. This could be due to playing as shown in growing 

Hereford bulls (TUOMISTO et al. 2008), but it could also be a stereotypic behavior as 

shown in pigs with restricted food (TERLOUW et al. 1991). However, the provision of 

unlimited food access has to be considered for AI sires.  

Grooming behaviors as well as social interactions were frequently observed in the 

present study and in other studies on breeding bulls (HOUPT and WOLLNEY 1989 a; 

DAHLGREN 2010; SCHWAN 2011) as well as in cows and beef bulls on pasture 

(POETTINGER 2011; KILGOUR et al. 2012 b). However, social and grooming 

behavior of individually kept AI sires is limited in their opportunity to get in contact 

with the neighbor bulls. The bulls in the present study were fenced with closely 
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spaced metal tubes allowing the bulls to put only a part of the muzzle through the 

gaps. In the studies of DAHLGREN (2010) and SCHWAN (2011) the bulls were 

housed in boxes with so called ‘social gates’. The ‘social gates’ were wider gaps 

between the metal tubes allowing the bulls more physical contact. These gaps were 

frequently used for social contact, allo-grooming and horning. Calves in the study of 

HOLM et al. (2002) were highly motivated to gain access to the conspecific. Because 

the isolation of the bulls - which are highly gregarious animals (RAULT 2012) - can 

result in increased physical stress (BOISSY and LE NEINDRE 1990), it is highly 

recommended to promote opportunities for more intensive social contacts. One 

option could be the installation of a ‘social gate’ as has been successfully shown in 

the studies of DAHLGREN (2010) and SCHWAN (2011).  

No negative effect has been seen resulting from the change of boxes and 

subsequent change of neighboring animals during the different phases of the 

experiment in the present study. Therefore a frequent switch of the bull to promote 

their natural social behavior should be considered. 

It has been investigated in the present study, that agonistic behaviors such as 

showing the broadside, horning and pawing differs between mature and young bulls. 

Agonistic behavior in bulls on pasture starts to increase at an age of 3.5 years 

(KILGOUR and CAMPIN 1973) which has been confirmed in the present study. The 

young bulls did show pawing but it was mostly seen between 1000 h and 1200 h, 

when new shavings were provided. Given this context the behavior is considered to 

be more playful than aggressive behavior.  

Masturbation occurred in both, mature and young bulls and no effect of the 

enrichment phase was seen on this behavior. Masturbation was seen in every bull 

which is in agreement to the findings of HOUPT and WOLLNEY (1989 a) and 

LICHTNER et al. (2010). These results are an affirmation that masturbation is a 

normal behavior. The caretakers did not observe masturbation which leads to the 

assumption that the bulls masturbated during the absence of the caretakers. This is 

confirmed by the video recordings, where it is seen that the bulls masturbated 

especially in the morning and in the afternoon. Similar results were obtained in the 

studies of HOUPT and WOLLNEY (1989 a) and LICHTNER et al. (2010). 
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Only minor differences in the bulls’ behavior during semen collection were seen 

between the three phases. The bulls were easier to catch and calmer while being 

caught in Phase 3 compared to Phase 1. While approaching the teaser bull, they 

were remarkably calmer in Phase 3 compared to Phase 1. Overall the young bulls 

were easier to handle which is expressed in the ease of handling while walking into 

the collection area in Phase 2 and 3 and in the higher cooperation of the young bulls 

with the caretakers in Phase 2 and 3. The improvement in the ease of handling, 

especially seen in the young bulls in Phase 2 and 3, might be a result of the bulls’ 

becoming used to handling as seen in the study of LICHTNER (2010). Similar results 

as seen in the weekly direct evaluation during semen collection were seen in the 

evaluation of the caretakers. The bulls were evaluated as good to handle and as not 

very aggressive. The young bulls were evaluated as less aggressive, more anxious 

and friskier than the mature bulls which is in agreement with the study of KILGOUR 

and CAMPIN (1973), TOST (2000) and LICHTNER (2010). Furthermore the bulls 

were friskier in the experimental phase compared to the control phase which has also 

been expressed by the high preference for the tire. That young individuals are friskier 

than mature individuals is supposed to be natural. Play behavior is common in young 

horses, but is regarded as a coping method for stress in adult horses 

(HAUSBERGER et al. 2012). In contrast to this, calves which were handled either 

negatively or positively showed no differences in their play behavior (HAWKE 2010).  

 

Psychological stress in humans (CLARKE et al. 1999; SHEINER et al. 2002) and 

rodents (KRUCZEK and STYRNA 2009) as well as physiological stress due to 

repeated treadmill exercise in stallions (JANETT et al. 2006) is supposed to affect 

semen quality negatively. SÖDERQUIST et al. (1996) reported that in breeding bulls 

only repeated stressful treatments (dehorning + Dihydrostreptomycin treatment) 

diminish semen quality. The total sperm count (TSC) of the mature bulls in the 

present study was higher in the third phase compared to the first phase, both in the 

standard environment. In the young bulls the TSC increased significantly from Phase 

1 and 2 to Phase 3. This improvement might be a result of the bulls experiencing less 

stress due to an improved well-being related to the enrichment. Both mature and 
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young bulls showed the highest TSC after the experimental phase in the enriched 

environment. This might be a delayed effect because of the period of 

spermatogenesis of about 8 weeks (SENGER 2003). In order to analyze possible 

effects in the period of spermatogenesis we matched the ejaculates to the phase 

(Phase S1, S2, S3) in which the bulls were housed predominantly in the 2-10 weeks 

before the semen collection and analyzed these. The mature bulls had a significantly 

higher TSC in Phase S3 compared to Phase S1 and the TSC of the young bulls was 

significantly higher in Phase S3 compared to S1 and tended to be higher in S3 

compared to S2. Effects of the environment during epididymal maturation might be 

seen in Phase E3. In the mature bulls the TSC tended to be higher in Phase E3 

compared to E1, while the TSC of the young bulls tended to be higher in Phase E3 

compared to E2. In order to verify the improvement of the semen quality in the 

mature and young bulls in the present study, the data of the experimental bulls were 

compared with the data of bulls of the same age and same collection dates during 

the normal AI center station routine. The groups were analyzed on the basis of the 

age in days because it is shown that the age of the bulls affects the semen traits 

(ALMQUIST et al. 1976; VAN OS et al. 1997; MATHEVON et al. 1998; FUERST-

WALTL et al. 2006).   

The comparison of the semen quality data of mature bulls 1 and 2 and 5 and 6 with 

the station control of the same age and same collection time showed no significant 

differences (P > 0.05) between experimental and control bulls in the three phases. 

The same results were shown for the young experimental bulls 3 and 4 and 7 and 8 

in comparison with the control bulls (P > 0.05). This leads to the assumption that the 

environmental enrichment did not negatively affect the semen quality. Because of the 

small number of experimental bulls, a beneficial effect of the enrichment on the 

semen quality is not displayed. Further research with a higher number of tested 

individuals is needed. However, these results imply that a change in the bulls’ 

environment did not negatively affect the semen quality. 

 

In several other studies it was reported that the weather or the season affected 

semen quality (IGBOELI and RAKHA 1971; RUTTLE et al. 1975; SEKONI and 
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GUSTAFSSON 1987; STÅLHAMMER et al. 1989; SÖDERQUIST et al. 1996; 

SÖDERQUIST et al. 1997; MATHEVON et al. 1998; FUERST-WALTL et al. 2006). 

But in the present study no correlations between season and the semen quality of the 

experimental bulls were seen. No obvious correlations between the semen quality of 

the experimental bulls, neither with the ambient temperature, nor with the humidity, 

nor with the sunshine length were established. This might be due to the regulation of 

the ambient temperature in the barn (16 °C) by a mechanical vacuum ventilation 

system from March to September. A correlation between the weather and the TSC of 

the mature and young station control bulls was recognized. The young station control 

bulls were housed in another barn than the mature experimental and station control 

bulls. They were stalled in a barn where the temperature and the air supply was not 

regulated. Because the weather also correlates with TSC of the mature control bulls, 

housed in the ventilated barn, it is not clear, whether the outside ambient 

temperature can affect semen quality of bulls that are housed indoors.   

 

At the beginning of the study there were concerns voiced by many that the change in 

the normal station routine might diminish the semen quality and might result in 

deterioration in the facileness of handling of the animals. Similar concerns about an 

increased workload or a worse handling due to environmental enrichment were 

expressed from rabbit caretakers in the study of WEMESLFELDER (1994). The 

rabbits in the latter study were transferred from individual housing to group housing 

and nesting and gnawing material (hay and straw) was provided. It turned out that 

the opposite of the caretakers’ concern was true. The animals were easier to handle 

and the workload was less than before the enrichment. Because no negative effects 

on facileness of handling and semen quality in the bulls could be seen during the 

enrichment period in the present study and because enrichment has improved the 

well-being of several animals such as caged rabbits (WEMELSFELDER 1994), dairy 

bulls (DAHLGREN 2010, SCHWAN 2011) and dairy cows (DE VRIES 2007, NEWBY 

2013), it is highly recommended to make some change in the bull’s normal routine 

and to allow them more social contact. 
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7  Conclusion 

The present study shows that the normal behavior of individually kept breeding bulls 

is different from the normal behavior of cattle on pasture and the time budgets of 

mature and young bulls are different. This has to be considered while assessing their 

welfare. The physical activity of the bulls is higher in the enriched and larger box. 

Preferences of the enrichment devices are different between the ages but all 

enrichment devices are frequently used. Enrichment devices and changes of the 

neighbors improve the housing conditions of AI sires and did not negatively affect 

sexual behavior or semen quality.     
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8  Summary 

Birte Hanna Hoyer (2013) 

 

‘Environmental enrichment’ – Strategies to improve the housing conditions of 

breeding bulls. Impact on time budget, physical activity, rumination, sexual 

behavior and semen quality 

 

The objective of the present study was to improve the housing conditions of 

individually kept artificial insemination (AI) sires and thus to improve their welfare. For 

this purpose the behavior of the bulls was observed in an enriched environment in a 

commercial setting. In order to evaluate a possible improvement of the welfare, time 

budgets for mature and young individuals were established. Moreover the impact of 

the enrichment on bull behavior during the normal station routine, during semen 

collection and the semen quality was assessed.  

In the first part of the study (Chapter 1) four mature (4.6 ± 0.8 years) and four young 

(1.7 ± 0.6 years) experimental German Holstein AI sires were examined in two 

different environments divided in three phases. In the first (control) phase the bulls 

were stalled in a standard environment (Phase 1, box size: 18 m2, vertical, round 

metal tubes as front and site boundaries, concrete back wall, headlock, drinking 

trough and feeding bunk in the front, lying area with sawdust, concrete floor area in 

the front) for 3 weeks followed by the experimental phase (Phase 2) in an enlarged 

(box size: 29.6 m2) and enriched environment for 10 weeks. Finally they were placed 

again in a standard box (box size: 18 m2) for 9 weeks (Phase 3). Enrichment devices 

were a swinging cow brush SCB® (DeLaval, Glinde, Germany), an oak trunk and a 

swinging tire. The bull’s behavior in the box was investigated by ten 24h video 

observations. The physical activity and the rumination were monitored continuously 

by an electronic monitoring system (RuminAct®). Additionally, the behavior of each 

bull was judged by the caretakers by answering a questionairy every four weeks.  

The enrichment devices were frequently used by the bulls with different preferences, 

especially between mature and young bulls. The mature bulls used the brush 51.81 ± 
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33.26 min/24 h, the trunk 11.10 ± 9.99 min/24 h, and the tire 5.28 ± 5.49 min/24 h. In 

contrast the young bulls used the brush 30.36 ± 18.13 min/24 h, the trunk 19.24 ± 

10.28 min/24 h and the tire 25.06 ± 16.86 min/24 h. The physical activity was 

significantly higher (25.83 ± 12.60/2h, P < 0.05) in the enriched and larger box 

(Phase 2) compared to the smaller, non-enriched box (Phase 3) (23.28 ± 9.78/2 h). 

Besides, the young bulls were significantly more active in Phase 2 (28.88 

± 13.50/2 h, P < 0.05) compared to the mature bulls (22.65 ± 11.03/2 h). Feeding 

time of the young bulls tended to be longer in Phase 1 (136.48 ± 28.72 min/24 h, 

P < 0.07) compared to the mature bulls (88.78 ± 27.35 min/24 h). The feeding times 

of the young bulls in Phase 2 and 3 (154.75 ± 28.86 min/24 h, 116.0 ± 

26.99 min/24 h, respectively) were significantly longer (P < 0.05) compared to the 

mature bulls as well (79.77 ± 19.52 min/24 h, 88.09 ± 14.21 min/24 h respectively). 

The mature bulls were ruminating 331.5 ± 9.17 min/24 h and the young bulls were 

ruminating 481.72 ± 9.17 min/24 h. The rumination time of the young bulls was 

significantly longer (P < 0.05) compared to the mature bulls in all three phases. Allo-

grooming, auto-grooming, social contact, stereotypies and showing the broadsides 

showed a slight but not significant (P > 0.05) increase over the three phases. A 

significant decrease of the scratching frequency on commercial barn equipment was 

seen in Phase 2 (18.78 ± 9.13 times/24 h, P < 0.01) compared to Phase 1 (44.04 ± 

17.03 times/24 h) and Phase 3 (40.96 ± 16.03 times/24 h). It was mostly conducted 

at an edge located at the headlock or at the partition of the lying and moving area at 

both sides of the boxes. 

In the second part of the study (Chapter 2) the impact of different housing conditions 

on the sexual behavior, the facileness of handling, as well as on the semen quality of 

the above-mentioned bulls was investigated. The design of the study was the same 

as in the first study. The sexual behavior and the facileness of handling were judged 

during semen collection once a week. Furthermore the caretakers assessed the 

bull’s behavior during handling by answering the above-mentioned questionairy. 

Semen was collected once a week and the ejaculate volume, sperm concentration, 

total sperm count (TSC), motility after dilution and before freezing and after freezing 

was analyzed. It was significantly easier to catch the bull (P = 0.016) in Phase 3 
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compared to Phase 1 and the bulls were markedly more calm in Phase 3 compared 

to Phase 1 (P = 0.016). The young bulls were noticeably easier to handle in Phase 2 

and 3 (P < 0.05) while walking into the collection area compared to the mature 

individuals. This was approved by the evaluation of the caretakers who perceived the 

young bulls as easier to handle in Phase 2 (P = 0.07) and 3 (P = 0.09) compared to 

the mature bulls.   

A further aspect was the effect of the environmental enrichment on the semen 

quality. The total sperm count (TSC) of the mature bulls was significantly higher in 

Phase 3 (10.37 ± 4.37 x 109 sperm/ejaculate, P < 0.05) compared to Phase 1 (7.96 ± 

3.04 x 109 sperm/ejaculate). The TSC of the young bulls was significantly higher in 

Phase 3 (9.57 ± 3.42 x 109 sperm/ejaculate, P < 0.05) compared to Phase 1 (7.46 ± 

3.24 x 109 sperm/ejaculate) and Phase 2 (7.45 ± 2.69 x 109 sperm/ejaculate). 

Considering the spermatogenesis the TSC of the mature bulls increased significantly 

(P < 0.05) from Phase S1 (7.78 ± 3.08 x 109 sperm/ejaculate) to Phase S3 (10.89 ± 

4.94 x 109 sperm/ejaculate). Furthermore the TSC of the young bulls was significantly 

higher in Phase S3 (10.04 ± 3.32 x 109 sperm/ejaculate, P < 0.05) compared to 

Phase S1 (7.26 ± 3.16 x 109 sperm/ejaculate) and tended to be higher in Phase S3 

compared to S2 (7.83 ± 2.66 x 109 sperm/ejaculate, P = 0.073) compared to Phase 

S1.  

The results of the present study show that enrichment devices are frequently used, 

but preferences of the mature and young bulls are variable. Time budgets of 

individually kept mature and young dairy sires are different from the time budget of 

cows and bulls on pasture which have to be considered while assessing their 

welfare. The enrichment devices as well as the switch of the boxes improved the 

housing conditions of the animals and had no negative effect on the semen quality.   
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9  Zusammenfassung 

Birte Hanna Hoyer (2013) 

 

‘Environmental enrichment‘ – Strategien zur Verbesserung der 

Haltungsbedingungen bei Zuchtbullen. Auswirkungen auf Zeitbudget, 

Bewegungsaktivität, Wiederkauverhalten, Sexualverhalten und Spermaqualität 

 

Im Zuge der vorliegenden Arbeit sollten die Haltungsbedingungen von 

Besamungsbullen untersucht und verbessert werden. Hierzu wurde das Verhalten 

der Bullen in einer konventionellen und einer angereicherten Umgebung untersucht. 

Um einen Einblick in die natürlichen Verhaltensmuster von Besamungsbullen zu 

erlangen, wurde zuvor ein Zeitbudget für Jung- und Altbullen in konventioneller 

Haltung erstellt. Desweiteren wurden die Effekte der Anreicherung auf das 

Sexualverhalten und die Spermaqualität untersucht.  

Im ersten Teil der Studie (Kapitel 1) wurden vier Alt- (4,6 ± 0,8 Jahre) und vier 

Jungbullen (1,7 ± 0,6 Jahre) der Rasse Holstein-Schwarzbunt in drei aufeinander 

folgenden Phasen untersucht.  

In Phase 1 (3 Wochen) und Phase 3 (9 Wochen) wurden die Bullen in einer 

konventionellen Box (18 m2 Fläche, vertikale, abgerundete Metallstangen als Front-  

und Seitenabgrenzungen, betonierte Rückwand, Holzmehl als Einstreu im 

Liegebereich, betonierter Lauf- und Fressbereich, Fressgitter und Selbsttränke im 

Frontbereich) gehalten. In Phase 2 wurden die Bullen für 10 Wochen in einer 

angereicherten und größeren Box (Aufbau wie oben beschrieben, aber: 29.6 m2 

Fläche, schwingende Kuhbürste SCB® (DeLaval, Glinde, Germany), Eichenstamm, 

frei schwingender Autoreifen) gehalten. Der Wechsel der Phasen führte zu zwei 

Boxenwechseln und somit zum Wechsel der Boxennachbarn. 

Die schwingende Kuhbürste SCB® wurde an der vorderen Seitenabgrenzung 

befestigt und individuell, je nach Widerristhöhe der Bullen, eingestellt. Der 

Eichenstamm (Durchmesser: 0,35 m, Länge: 1,8 m) wurde in einem Winkel von 7 ° 

an der hinteren Seitenabgrenzung befestigt. Der frei schwingende Reifen 
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(Durchmesser von 0,6 m) wurde mit Hilfe einer Kette an der Decke in der Mitte der 

Box befestigt. Der Reifen war am Boden mit Beton beschwert um ein höheres 

Gegengewicht zu schaffen. Außerdem wurde ein Vierkantrohr in die Mitte 

eingelassen, um möglichen Verletzungen vorzubeugen. 

Die Bewegungs- und Wiederkauaktivität der Bullen wurde in allen drei Phasen 

kontinuierlich mit dem RuminAct®-System (SCR Engineers Ltd., Netanya, Israel) 

aufgezeichnet. Mittels zehn 24-stündiger Videoaufnahmen wurden individuelle 

Ethogramme erstellt. Desweiteren wurde das Verhalten jedes Bullen von zwei 

Pflegern durch die Beantwortung eines Fragebogens alle vier Wochen beurteilt.  

Die Anreicherungsobjekte wurden von allen Bullen sehr häufig benutzt. Jedoch gab 

es unterschiedliche Präferenzen bei Alt- und Jungbullen. Die Altbullen benutzten die 

Bürste 51,81 ± 33,26 min/24 h, den Stamm 11,10 ± 9,99 min/24 h und den Reifen 

5,28 ± 5,49 min/24 h. Die Jungbullen nutzten die Bürste 30,36 ± 18,13 min/24 h, den 

Stamm 19,24 ± 10,28 min/24 h und den Reifen 25,06 ± 16,86 min/24 h.  

In Phase 2 war eine signifikant erhöhte Bewegungsaktivität (25,38 ± 12,60/2 h,         

P < 0,05) im Vergleich zu Phase 3 (23,28 ± 9,79/2 h) erkennbar. Die Jungbullen 

zeigten in Phase 2 eine deutlich höhere Aktivität (28,88 ± 13,50/2 h, P < 0,05) im 

Vergleich zu den Altbullen (22,65 ± 11,03/2 h).  

In Phase 1 war eine Tendenz zu längeren Fresszeiten der Jungbullen (136,48 ± 

28,72 min/24 h, P = 0,07) im Gegensatz zu den Altbullen (88,78 ± 27,35 min/24 h) zu 

erkennen, wohingegen in Phase 2 und 3 die Jungbullen signifikant länger fraßen 

(Phase 1: 154,75 ± 28,86 min/24 h, Phase 2: 116,0 ± 26,99 min/24 h, P < 0,05) als 

die Altbullen (Phase 1: 79,77 ± 19,52 min/24 h, Phase 3: 88,09 ± 14,21 min/24 h). 

Die Wiederkauzeit der Altbullen pro Tag betrug 331,50 ± 9,17 min, während die 

Jungbullen 481,72 ± 9,17 min pro Tag wiederkauten. In allen drei Phasen konnte 

eine deutlich längere Wiederkauzeit bei den Jungbullen (P < 0,05) im Vergleich zu 

den Altbullen festgestellt werden.  

Im Zuge der Beobachtungen konnte ebenfalls gezeigt werden, dass sich die Bullen in 

Phase 2 deutlich weniger scheuerten (18,78 ± 9,13 Anzahl/24 h, P < 0,01) als in 

Phase 1 (44,04 ± 17,03 Anzahl/24 h) und 3 (40,96 ± 16,03 Anzahl/24 h). Die Bullen 

nutzten in der Regel einen Vorsprung am Fressgitter oder an dem Trenngitter 
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zwischen Lauf- und Liegebereich, um sich zu scheuern. Allo-grooming, auto-

grooming, Kontaktaufnahme, stereotypisches Verhalten und Breitstellen stiegen im 

Phasenverlauf leicht, jedoch nicht signifikant (P > 0,05) an. Die Jungbullen wiesen 

keine Stereotypien auf und zeigten kein Breitstellen, was einen signifikanten 

Unterschied zu den Altbullen (3,67 ± 5,98 Anzahl/24 h, P < 0,05) in Phase 3 

darstellte. Desweiteren scharrten die Jungbullen in Phase 3 signifikant weniger (0,75 

± 1,77 Anzahl/24 h, P < 0,05) im Vergleich zu den Altbullen (23,0 ± 26,88 Anzahl/24 

h). Scharren trat bei den Jungbullen immer in Zusammenhang mit neuer Einstreu 

auf.  

Im zweiten Teil der Studie wurden die Effekte der Umgebungsanreicherung auf das 

Sexualverhalten der Bullen, das Verhalten im Umgang mit dem Personal und auf die 

Spermaqualität untersucht. Der Versuchsaufbau und die Tiere waren dieselben wie 

in der ersten Studie. Das Sexualverhalten und das Verhalten im Umgang mit dem 

Personal wurden während der Samenentnahme beurteilt. Zusätzlich bewertete das 

Pflegepersonal alle vier Wochen das Verhalten der Bullen im Umgang durch die 

Beantwortung eines Fragebogens zu jedem Bullen. Die einmal wöchentlich 

gewonnen Ejakulate wurden hinsichtlich Ejakulatvolumens, Dichte, Spermien-

gesamtzahl, Motilität nach Verdünnung und vor Tiefgefrierung, sowie nach 

Tiefgefrierung untersucht. 

Es war deutlich einfacher, die Bullen in Phase 3 einzufangen (P = 0,016) im 

Vergleich zu Phase 1. Desweiteren waren die Bullen beim Einfangen in Phase 3 

erheblich ruhiger (P = 0,016) als in Phase 1. Unterschiede zwischen Alt- und 

Jungbullen konnten in Phase 2 und 3 festgestellt werden. Hier waren die Jungbullen, 

während sie in die Deckhalle geführt wurden, wesentlich einfacher im Umgang 

(P < 0,05) als die Altbullen. Dieses spiegelte sich auch in der Bewertung der Pfleger 

wider, die den Umgang mit den Jungbullen in Phase 2 (P = 0,07) und 3 (P = 0,09) als 

leichter beurteilten. 

Die Untersuchungen der Spermaqualität ergaben signifikante Unterschiede im 

Phasenverlauf. Bei den Altbullen konnte eine signifikant erhöhte 

Gesamtspermienzahl in Phase 3 (10,37 ± 4,37 Mrd./Ejakulat, P < 0,05) im Vergleich 

zu Phase 1 (7,96 ± 3,04 Mrd./Ejakulat) nachgewiesen werden. Die 
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Gesamtspermienzahl der Jungbullen war in Phase 3 signifikant höher (9,57 ± 

3,42 Mrd./Ejakulat, P < 0,05) als in Phase 1 (7,46 ± 3,24 Mrd./Ejakulat) und Phase 2 

(7,45 ± 2,69 Mrd./Ejakulat).  

Um mögliche Effekte einer verbesserten Haltung auf die Spermatogenese (S) zu 

beurteilen, wurden die Ejakulate im Hinblick auf die vorherrschenden 

Haltungsbedingungen 2-10 Wochen vor der Samenentnahme untersucht. Bei den 

Altbullen konnte eine signifikant höhere Gesamtspermienzahl (P < 0,05) in Phase S3 

(10,89 ± 4,94 Mrd./Ejakulat) im Vergleich zu Phase S1 (7,78 ± 3,08 Mrd./Ejakulat) 

festgestellt werden. Ebenso wurde eine signifikant höhere Gesamtspermienzahl bei 

den Jungbullen in Phase S3 (10,04 ± 3,32 Mrd./Ejakulat, P < 0,05) im Vergleich zu 

S1 (7,26 ± 3,16 Mrd./Ejakulat) festgestellt. Eine tendenzielle Steigerung der 

Gesamtspermienzahl von Phase S2 (7,83 ± 2,66 Mrd./Ejakulat) zu Phase S3 konnte 

bei den Jungbullen festgestellt werden. 

Der Vergleich des Ejakulatvolumens der Versuchsbullen einer Altersklasse mit den 

jeweiligen Kontrollen aus der Routineproduktion zeigte keinen signifikanten 

Unterschied (P > 0,05). Ebenso waren keine signifikanten Unterschiede (P > 0,05) 

zwischen Versuchs- und Kontrollbullen in der Gesamtspermienzahl in den 

verschiedenen Phasen zu erkennen. 

Mithilfe der vorliegenden Arbeit konnte gezeigt werden, dass Unterschiede im 

Zeitbudget zwischen Alt- und Jungbullen bestehen. Die Anreicherungsobjekte 

wurden sehr häufig benutzt. Es gibt besonders zwischen Alt- und Jungbullen 

unterschiedliche Präferenzen in der Benutzung der Anreicherungsobjekte. Es konnte 

nachgewiesen werden, dass die Umgebungsanreicherung und der Wechsel der 

Boxen und somit der Nachbarn einen positiven Effekt auf das Wohlergehen der Tiere 

hat. Weiterhin konnten keine negativen Effekte auf das Sexualverhalten und die 

Spermaqualität fest gestellt werden. 
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13  Appendix 

Behavioral protocol during semen collection (C.Lichtner, 2010; modified) 

Location: AI Center Georgsheil, VOST   Date:   Time:   

Bull:   Bull handler:   Semen collector: 

1. Behavior while catching the bull 

Parameter/ Score 1 2 3 4 5 

Being caught      

Calmness      

Anxiousness      

Aggressiveness      

Interest in the environment      

Handling      

 
2. Behavior while walking to the collection area 
 

Parameter/ Score 1 2 3 4 5 

Purposefulness      

Calmness      

Anxiousness      

Aggressiveness      

Interest in the environment      

Sexual agitation      

Handling      

 

3. Behavior while approaching the teaser bull 

Teaser bull  

False mounts  

Parameter/ Score 1 2 3 4 5 

Purposefulness      

Calmness      

Interest in the teaser bull      

Sexual agitation      

Willingness to cooperate      

Resistance      

Libido      

Acceptance of the AV      

Ejaculatory thrust      
Description of score 1, 2, 3, 4, 5: see next pages. 
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Description of the behavioral protocol during semen collection 

1. Behavior while catching the bull 

Catching: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very easy easy mean difficult very difficult 

head above the 
shoulder, 

nosering easy to 
catch 

head above the 
shoulder, 

nosering to catch 
at second time 

head above the 
shoulder, slight 

fending 
movements 

muzzle towards 
chest, fending 
movements, 

difficult to catch 
the nosering 

muzzle towards 
chest, 

vocalization, 
“white” in the eyes 

to see, fending 
movements 

Calmness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very calm calm slightly nervous nervous very nervous 

standing, 
monitoring the 
environment 

usually standing 
calm, monitoring 
the environment  

muzzle towards 
head, belling, 
monitoring the 

persons 

muzzle towards 
head, flinching, 

fending 
movements 

bellowing, 
grumbling, 

flinching, heavy 
fending 

movements 

Anxiousness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no slightly moderate anxious very  

calm, relaxed, 
easy to catch 

usually calm, 
relaxed, easy to 

catch 

flinching flinching, 
sometimes 

fending 
movements 

flinching, fending 
movements, 

‘white’ in the eyes 
to see 

Aggressiveness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no slightly moderate aggressive very  

no resistance slight resistance moving the head, 
muzzle towards 

head 

muzzle towards 
chest, belling, 
lowing, fending 

movements 

muzzle towards 
chest, grumbling, 
bellowing, heavy 

fending 
movements, 

pushing 

Interest in the environment: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no slightly moderate high very high 

apathetic calm and alert usually calm and 
alert 

sometimes 
remain standing, 

looking back 

often remain 
standing, looking 

back 

Handling: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very easy easy slight difficulties difficult very difficult 

no problems little problems problems distinct problems heavy problems 
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2. Behavior while walking into the collection area 

Eagerness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very hesitant hesitant ordinary forceful very forceful 

remain standing, 
flinching, slowly 

walking 

slowly walking, 
sometimes 

remain standing 

consistent walking fast, consistent 
walking 

fast walking, 
running 

Calmness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very calm calm slightly nervous nervous very nervous 

calm, relaxed, 
consistent walking 

usually calm, 
relaxed, 

consistent walking 

sometimes fast 
walking, 

sometimes slow 
walking, 

sometimes 
vocalization 

sometimes 
walking back and 
forth, vocalization 

always running 
back and forth, 

frequent 
vocalization 

Anxiousness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no slightly moderate anxious very  

calm, relaxed usually calm, 
relaxed 

hesitating, 
flinching 

flinching, 
sometimes 

fending 
movements 

flinching, 
resistance, ‘white’ 
in the eyes to see 

Aggressiveness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no slightly moderate aggressive very  

no resistance slight resistance moving the head, 
muzzle towards 

head 

muzzle towards 
chest, belling, 

lowing, resistance 

muzzle towards 
chest, grumbling, 
bellowing, heavy 

resistance, 
pushing 

Interest in the environment: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no slightly moderate high very high 

apathetic calm and alert usually calm and 
alert 

sometimes 
standing still, 
looking back 

running back and 
forth, looking 
back, easy to 

distract 

Sexual agitation: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no/  poor poor normal intense very intense 

no protrusion of 
the penis, no pre-
ejaculatory fluid, 

no Flehmen 

Minor interest in 
other bulls 

interested in other 
bulls, sometimes 
protrusion of the 

penis, pre-
ejaculatory fluid  

frequent 
protrusion of the 

penis, pre-
ejaculatory fluid, 

Flehmen 

constant 
protrusion of the 

penis, pre-
ejaculatory fluid, 
Flehmen, high 
inters in other 

bulls 
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Handling: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very easy easy slight difficulties difficult very difficult 

no problems little problems problems distinct problems heavy problems 

 

3. Behavior while approaching the teaser bull: 

Eagerness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very hesitant hesitant ordinary forceful very forceful 

remain standing, 
flinching, slowly 

walking 

slowly walking, 
sometimes 

remain standing 

consistent walking fast, consistent 
walking 

fast walking, 
running 

Calmness: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very calm calm slightly nervous nervous very nervous 

calm, relaxed, 
consistent walking 

usually calm, 
relaxed, 

consistent walking 

sometimes fast 
walking, 

sometimes slow 
walking, 

sometimes 
vocalization 

sometimes 
walking back and 
forth, vocalization 

always running 
back and forth, 

frequent 
vocalization 

Interest in the teaser bull: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no slightly moderate high very high 

no contacting slight contacting, 
maybe sniffing 

contacting, 
sniffing, licking, 
protrusion of the 
penis, maybe try 

to mount 

fast contacting, 
sniffing, licking, 
protrusion of the 

penis, head 
displayed, try to 

mount 

running to teaser 
bull, very fast 
contacting, 
immediate 
mounting 

Sexual agitation: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no/ poor poor normal intense very intense 

no protrusion of 
the penis, no pre-
ejaculatory fluid, 

no Flehmen 

minor interest in 
other bulls 

interested in other 
bulls, sometimes  
protrusion of the 

penis, pre-
ejaculatory fluid,  

frequent 
protrusion of the 

penis, pre-
ejaculatory fluid,, 

Flehmen 

Constant, 
protrusion of the 

penis, pre-
ejaculatory fluid, 
Flehmen, high 
interest in other 

bulls 

Willingness to cooperate: 

Score 1 Score 2 Score 3 Score 4 Score 5 

very cooperative cooperative moderate 
cooperation 

sparse 
cooperation 

no cooperation 

no problems with 
the bull 

slight hesitating after little 
pressure to the 

nosering, good to 
handle 

hesitating, 
flinching, 

sometimes 
fending 

movements 

going back and 
forth, fending 
movements 
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Fending movements: 

Score 1 Score 2 Score 3 Score 4 Score 5 

no slight moderate high very high 

no resistance, 
easy to handle 

slight resistance moderate 
resistance 

high resistance, 
fending 

movements 

severe fending 
movements, very 

hard to handle 

Libido: 

Score 1 Score 2 Score 3 Score 4 Score 5 

enhanced good adequate reduced No 

reaction time (RT) 
< 0.5 min, no 

excitation, 
immediate 
mounting 

RT 0.5 to 5 min, 
normal interest in 

the teaser bull 

RT 5 to 10 min, 
decreased 

interest in the 
teaser bull 

RT 10 to 30 min, 
reduced interest 
in the teaser bull 

RT usually > 30 
min, no interest in 

the teaser bull 

Acceptance of the AV: 

Score 1 Score 2 Score 3 

no adequate good/ very good 

no acceptance second or third mount first mount 

Ejaculatory thrust: 

Score 1 Score 2 Score 3 

no adequate good/ very good 

no ejaculatory thrust slightly good thrust 
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Questionnaire 

Date: 

Bull: 

Caretaker: 

In this questionnaire you find a list of behaviors, the bulls could show in the box. Please mark with a 

cross how often these behaviors occurred in the last 4 weeks. 

1 = The behavior is shown always. 

2 = The behavior is shown usually. 

3 = The behavior is shown half of the time.  

4 = The behavior is shown rarely. 

5. The behavior is shown never. 

1. How does the bull behave when you are entering the barn in the morning? 

Behavior/Score 1 2 3 4 5 

1. He is lying      

2. He is standing      

3. He is stretching      

4. He is standing up      

5. He is pawing      

6. He is showing the broadside      

7. He is horning      

8. He is sniffing the ground      

9. He is walking around      

10. He is jumping around      

11. He is eating      

12. He is drinking      

13. He is alert      

14. He is interested      

15. He is standing ruminating      

16. He is lying ruminating      

17. He is defecating      

18. He is urinating      
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19. He ejaculates      

20. He flehms      

21. He is yawning      

22. He is grumbles asking      

23. He grumbles aggressively      

24. He bellows asking      

25. He bellows aggressively      

26. He is apathetic      

27. He is suffering pain      

28. He is anxious      

29. He is aggressive      

30. He is contacting the neighbor      

31. He shows auto-grooming      

32. He shows allo-grooming      

33. He is scratching themselves on   

      box equipment *
1 

     

34. He is licking, sniffing box  

      equipment *
1 

     

35. He shows stall waking
 

     

36. He shows stereotypies *
2 

     

37. He is using the devices *
3 

     

*
1
 not enrichment objects 

*
2
 Which stereotypies are shown? 

………………………………………………………………………………………………………………………. 

*
3
 Which enrichment objects is he using? (Only in Phase 2) 

……………………………………………………………………………………………………………………… 
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2. How does the bull behave when you are entering the barn during the day? 

Behavior/Score 1 2 3 4 5 

1. He is lying      

2. He is standing      

3. He is stretching      

4. He is standing up      

5. He is pawing      

6. He is showing the broadside      

7. He is horning      

8. He is sniffing the ground      

9. He is walking around      

10. He is jumping around      

11. He is eating      

12. He is drinking      

13. He is alert      

14. He is interested      

15. He is standing ruminating      

16. He is lying ruminating      

17. He is defecating      

18. He is urinating      

19. He ejaculates      

20. He flehms      

21. He is yawning      

22. He is grumbles asking      

23. He grumbles aggressively      

24. He bellows asking      

25. He bellows aggressively      

26. He is apathetic      

27. He is suffering pain      

28. He is anxious      

29. He is aggressive      

30. He is contacting the neighbor      

31. He shows auto-grooming      

32. He shows allo-grooming      

33. He is scratching themselves on  

      box equipment *
1 
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34. He is licking, sniffing box  

      equipment *
1 

     

35. He shows stall waking
 

     

36. He shows stereotypies *
2 

     

37. He is using the devices *
3 

     

*
1
 not enrichment objects 

*
2
 Which stereotypies are shown? 

………………………………………………………………………………………………………………………. 

*
3
 Which enrichment objects is he using? (Only in Phase 2) 

……………………………………………………………………………………………………………………… 

3. How does the bull behaves when you catch him either he is caught in the headlock or not? 

3.1 He is caught in the headlock: 

Behavior/Score 1 2 3 4 5 

1. He is standing still      

2. He is offering the nosering      

3. He shows head movements      

4. He is flinching      

5. He is pawing      

6. He is anxious      

7. He is aggressive      

8. He grumbles asking      

9. He grumbles aggressively      

10. He bellows asking      

11. He bellows aggressively      

12. He is snorting      

13. He is apathetic      

3.2 He is not caught in the headlock: 

Behavior/Score 1 2 3 4 5 

1. He is standing still      

2. He is offering the nosering      

3. He is pulling his muzzle towards 

    the chest 
     

4. He is flinching      

5. He is pawing      
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6. He is showing the broadside      

7. He is horning      

8. He is sniffing the ground      

9. He is anxious      

10. He is aggressive      

11. He grumbles asking      

12. He grumbles aggressively      

13. He bellows asking      

14. He bellows aggressively      

15. He is snorting      

16. He attacks      

17. He is apathetic      

 

4. How does the bull behave when you are shifting the back boundary? 

Behavior/Score 1 2 3 4 5 

1. He is eating      

2. He is drinking      

3. He is caught in the headlock      

4. He is standing still      

5. He is pawing      

6. He is showing the broadside      

7. He is horning      

8. He is walking around      

9. He is jumping around      

10. He is anxious      

11. He is aggressive      

12. He is apathetic      

13. He grumbles asking      

14. He grumbles aggressively      

15. He bellows asking      

16. He bellows aggressively      

17. He is snorting      

18. He is pushing with the head  

      against the boundary. 
     

19. He is pushing with the head  

      against the trunk *
1 
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20. He is using the brush *
1 

     

21. He is using the tire *
1 

     

*
1
 only in Phase 2 

5. How do you evaluate the character of the bull? 

Parameter/ Score 1 2 3 4 5 

 Not Slightly Moderate Intense Extreme 

1. He is aggressive      

2. He is anxious      

3. He is apathetic      

4. He is nervous      

5. He is calm      

6. He is wild      

7. He is frisky      

8. He is sociable      

9. He is noisy      

10. He is easy to handle      

11. He is stubborn      

12. He is sexual active      
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