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Abstract 

The aim of this study was to describe the exploratory and active behaviour of Norwegian 

Red calves in a social novel environment test when housed in different physical and social 

housing conditions. Seventy-two Norwegian Red calves were divided into four batches and 

randomly allocated into one of three treatments, with six calves in each treatment: Minimal 

calves (MC): were housed individually until 26 ± 3 d of age and then grouped with five other 

calves, receiving 7L milk/d; Enriched calves (EC): were housed in a group of six calves and 

had ad libitum access to milk (consuming on average 15 L milk/d); Cow-calf contact (CCC): 

calves were housed in a maternity pen with their dam for the first 3 d of life and then moved 

to a group pen with five other cow-calf pairs, having ad libitum access to milk. At 52 ± 4 d 

of age, pairs of calves from the same treatment were tested in a 10 min social novel 

environment test. All calves engaged in exploratory behaviour, though CCC appeared to 

explore more. Activity was measured by the number of quadrants crossed by the calves 

during the 10 min novel environment test, MC may have been more active than CCC. 

Similarly, MC may have performed the most locomotor play. In conclusion, more complex 

social environments may provide the calves with a better ability to cope with novelty and 

stressful events. Moreover, MC may have been more reactive to the novel environment seen 

by more active and inactive behaviour. Further investigation into different coping styles and 

differentiating playful locomotion from fear-related activity should be done. 
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Absztrakt 

Ennek a tanulmánynak a célja az volt, hogy leírja a norvég vörösborjak feltáró és aktív 

viselkedését egy társadalmi újszerű környezeti tesztben, amikor különböző fizikai és 

szociális elhelyezési körülmények között tartják őket. Hetvenkét norvég vörösborjút négy 

tételre osztottak, és véletlenszerűen három kezelés egyikébe osztottak be, mindegyik 

kezelésben hat borjúval: Minimális borjak (MC): 26 ± 3 napos korukig külön-külön tartották, 

majd öt másik borjúval csoportosították. 7 liter tejet kap naponta; Dúsított borjak (EC): hat 

borjúból álló csoportban tartották őket, és ad libitum jutottak a tejhez (átlagosan 15 liter tejet 

fogyasztottak naponta); Tehén-borjú kontaktus (CCC): a borjakat az anyaállattal együtt 

szülési karámban tartották életük első 3 napjában, majd öt másik tehén-borjú párral egy 

csoportos karámba helyezték, ahol ad libitum jutott hozzá a tejhez. 52 ± 4 napos korban az 

azonos kezelésből származó borjúpárokat egy 10 perces szociális új környezeti tesztben 

teszteltük. Minden borjú felfedező magatartást tanúsított, bár úgy tűnt, hogy a CCC többet 

kutatott. Az aktivitást a borjak által keresztezett kvadránsok számával mértük a 10 perces 

újszerű környezeti teszt során, az MC aktívabb lehetett, mint a CCC. Hasonlóképpen az MC 

végezhette a legtöbb mozgásszervi játékot. Összegezve, az összetettebb társadalmi 

környezet jobb képességet biztosíthat a borjaknak az újdonságokkal és a stresszes 

eseményekkel való megbirkózásra. Sőt, az MC jobban reagálhatott az új környezetre, 

amelyet aktívabb és inaktívabb viselkedés mutatott. További vizsgálatokat kell végezni a 

különböző megküzdési stílusok és a játékos mozgás és a félelemhez kapcsolódó 

tevékenységek megkülönböztetésére. 

  



4 

 

Contents 

1 Introduction ........................................................................................................................ 5 

2 Literature review ................................................................................................................ 6 

2.1 Animal Welfare ........................................................................................................... 6 

2.2 Dairy calf management ............................................................................................... 9 

2.2.1 Dairy calf housing ................................................................................................ 9 

2.2.2 Physical housing ................................................................................................... 9 

2.2.3 Social housing .................................................................................................... 12 

2.3 Behaviour Test .......................................................................................................... 16 

3 Objectives ......................................................................................................................... 18 

4 Materials and Methods ..................................................................................................... 18 

4.1 Research approach ..................................................................................................... 18 

4.1.1 Reflexivity statement ................................................................................... 18 

4.2 Research design ......................................................................................................... 19 

4.2.1 Animals, housing and feeding ............................................................................ 19 

4.2.2 Minimal calves ................................................................................................... 20 

4.2.3 Enriched calves .................................................................................................. 21 

4.2.4 Cow-calf-contact ................................................................................................ 21 

4.3 Experimental design .................................................................................................. 21 

4.4 Data collection and analysis ...................................................................................... 24 

5 Results .............................................................................................................................. 25 

6 Discussion ........................................................................................................................ 29 

6.1 Study limitations ....................................................................................................... 32 

6.2 Conclusion ................................................................................................................. 33 

7 Summary .......................................................................................................................... 34 

8 Bibliography ..................................................................................................................... 35 

9 Acknowledgements .......................................................................................................... 47 



5 

 

 

1 Introduction 

In recent decades, there has been increasing societal concern for the well-being of animals 

[1–4]. Authors like Ruth Harrison stimulated public debate and interest in animal welfare 

[5]. Subsequently, creating a need for animal welfare research. Several authors have 

attempted to conceptualize animal welfare, among these are the Brambell Report of 1965, 

that was later developed into the Five Freedoms by the Farm Animal Welfare Council 

(FAWC) [5, 6], Mellors five domains [7], Frasers three primary domains [8], the Welfare 

Quality approach [9] and Dawkins`s two factors [10] as reviewed by [3]. [3] states that 

improving management practices such as housing and handling is one of the first steps to 

improve the well-being of animals. Calves are reared under different physical and social 

housing conditions and are most commonly housed in outdoor hutches (individual and 

paired) and indoor (individual or group pens) [11]. [12] performed a study across Europe 

and North America and found that individual housing (pens or hutches) was the most 

frequently used in most participating countries. Calves spend between 16-18 h/day (d) 

resting [13], highlighting the importance of dry, comfortable bedding for calf comfort, stress 

levels and disease occurrence [14, 15]. Environmental enrichment such as brushes [16–19], 

rubber teats [17, 18, 20, 21], and hay nets [16–21] have been shown to have positive effect 

on several factors including cognition, behaviour [22] and body weight (BW) gain [18]. 

Calves are commonly fed restricted milk allowance of 10% of their BW, as reviewed by 

[23]. This will leave them hungry which can lead to behavioural issues like cross-suckling 

and sucking on inanimate objects as reviewed by [24], increased visits to the milk feeder and 

vocalisations as reviewed by [23]. There has been a growing interest in cow-calf contact 

systems (CCC) across stakeholders and the public [25, 26]. CCC systems have been found 

to improve health and welfare for both cow and calf [27]. Contact between cow and calf can 

be limited to restricted suckling, partial contact without suckling or full contact [25, 27–30]. 

Most dairy calves in Europe [31–33] and North America [34] are separated from their dams 

at birth and moved to an individual pen where they remain for 1-4 weeks (wks) [33, 35]. 

Farms often house calves individually due to the perception of lower incident of disease [31, 

35, 36] higher BW gain and less unwanted behaviour such as cross-suckling, competition 

and aggression [37–39]. However, these perceptions have been challenged by newer studies, 

[38] reported that during the wk of weaning pair housed calves gained weight at pre-weaning 

levels while individually housed calves only gained by half the pre-weaning rate. Several 
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studies did not see increased occurrence of disease in paired calves compared to individually 

housed calves [37, 38, 40–42], however, large calf groups were seen to increase the 

occurrence of disease [31, 43] Social housing can be beneficial for social development and 

have beneficial effect on cognitive development. Several behavioural tests have been 

developed to assess cognition [44], fear, reactivity [45, 46], and exploratory behaviour [47]. 

Many of these tests expose calves to elements of novelty. These are for example tests such 

as novel object, novel environment also referred to as open field test, response to human test 

and social novelty test. Researchers have tested calves housed under different circumstances 

like isolated, paired, group housed or CCC, to see how this effects the calf’s behaviour [44, 

47, 48]. 

2 Literature review 

2.1 Animal Welfare 

Ruth Harrison’s book, Animal Machines (1964) stimulated public debate and interest in the 

care of animals. Subsequently, there was a need for evidence-based solutions for improving 

animal care, now known as animal welfare research. People have different values when 

viewing animal welfare, specifically about what an animal need to have a good life [49]. For 

example, some place more importance on health, growth and reproductivity (biological 

functions), while others value emotions and feelings (affective state) or natural behaviour 

and environments (natural living) [49, 50]. A few papers have attempted to conceptualize 

animal welfare, and one of the first scientific responses to this rising concern was the 

Brambell Report of 1965, which suggested that animals should have sufficient space to 

move, rest, and stretch [51]. This was later developed into the five freedoms (see Table 1) 

by FAWC [5, 6]. The five freedoms influenced how scientists and stakeholders viewed and 

conceptualized animal welfare [5, 6]. [52] and [53] defined welfare similarly as the relation 

between an animal and its environment, and how it copes with this environment. Thus, 

difficulty or failure of an individual to cope with its environment, is seen as poor welfare 

[52]. [10] emphasises two factors when defining good welfare, good health and what the 

animal wants. Other prominent authors adapted frameworks in order to assess animal 

welfare, among these are Mellors five domains [7], Frasers three primary domains [8], and 

the Welfare Quality approach [9] as reviewed by [3]. See definitions in Table 1. These 

different descriptions indicate that people place different values on what is important for 

animal welfare [5, 54]. 
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Table 1: Definitions from five internationally recognized animal welfare frameworks, [3]. 

The five freedoms 

1.  Freedom from hunger, thirst and malnutrition – by providing 

appropriate access to feed and water.   

2.  Freedom from discomfort (physical and thermal) – by providing 

adequate environment.  

3.  Freedom from pain, injury and disease – by prevention or when needed 

rapid diagnosis and treatment. 

4.  Freedom to express normal behaviour – by providing sufficient space, 

proper facilities and appropriate company of the animal’s own kind.  

5.  Freedom from fear and distress – by ensuring conditions and treatment, 

which avoid mental suffering. 

[55] 

Mellors five domains 

1.  Nutrition – food and water availability and quality. 

2.  Physical environment – physical and atmospheric environment that the 

animal is directly exposed to. 

3.  Health – injury, disease and physical fitness. 

4.  Behavioural interactions – behavioural output as indication to how the 

animal perceives external stimuli. 

5.  Mental state – Domain 1-4 weather positive or negative will have effect 

on the animal’s affective state (an animal’s subjective experience). [7] 

are suggesting that affective state is what determines welfare for the 

animal. 

[7] 

Frasers three primary domains 

1.  Natural life – by use of natural capabilities and adaptations 
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2.  Affective states – feeling well by absence of disease, pain, fear and 

presence of pleasure. 

3.  Biological functioning – by good health, growth and normal 

behavioural and physiological function. 

[8] 

Welfare Quality approach 

1.  Good feeding – by absence of prolonged hunger and thirst (criteria 1 

and 2). 

2.  Good health – by absence of injury, disease and pain (criteria 6, 7 and 

8). 

3.  Good housing – by being provided comfortable resting area, thermal 

comfort and enough space (criteria 3, 4 and 5). 

4.  Appropriate behaviour – by being allowed to express normal social 

behaviours, other normal behaviours, good human-animal relationship, 

positive emotions and avoid fear, stress and negative emotions (criteria 

9, 10, 11 and 12). 

[9] 

 

There is still increasing societal concern for the well-being of animals [1–4]. For example, 

in their review, [19] describe public concern for prolonged confinement due to ethical 

concerns about natural living. Recently, this concern was brought to light when 1.4 million 

EU citizens signed the European Citizen Initiative (ECI) to ‘End the Cage Age’ [56]. 

Another prominent public concern is the early separation of the dairy cow and calf, as many 

people outside of the industry find this practice to neglect the positive affective state of the 

animals [57]. 
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2.2 Dairy calf management 

Just as the concept of animal welfare can differ among individuals, so can the understanding 

of farm management. But in few words, this encompasses the day-to-day operations on a 

farm, including animal husbandry and animal nutrition [58]. 

2.2.1 Dairy calf housing 

2.2.2 Physical housing 

There are several housing regulations in place to ensure a certain level of calf welfare. 

Council Directive 2008/119/EC of 18 December 2008 outlines the minimum standards for 

calf care in EU, and the Norwegian legislation “Forskrift om hold av storfe” of 22 April 

2004, Chapter IV, section 23 describes additional standards for calf care in Norway. The two 

regulations harmonize in the statement that calves should be accommodated in a way that 

allows them enough space to lie down, rest, stand up and groom themselves without 

difficulty [59, 60]. 

According to [31] there can be many different housing systems in compliance with the EU 

regulations. The most common housing systems for calves are outdoor hutches (individual 

and paired) and indoor (individual or group pens) [11]. In hutches the calves will each have 

their own microclimate, with the option to reside inside the hutch or in a small, fenced area 

with access to water, milk and feed [61]. Hutches are more commonly used in the USA [62] 

compared to for example Ireland [33, 63], UK [32] Sweden [31, 35] or Canada [34].  Indoor 

pens (individual or group) are another frequently used housing option, this can either be in 

the cow barn or in a separate calf barn [34, 36]. Here calves are reared in individual crates 

elevated from the ground or small indoor pens [61]. [12] performed a study across Europe 

and North America and found that individual housing (pens or hutches) was the most 

frequently used in 27 of 28 countries but reported that group housing is becoming 

increasingly more common in some European countries. Similar tendencies were seen by 

[32] that saw a reduction in farms using individual housing from 60 % in 2010 to 38.4% in 

2022. See Table 2 for more data on housing systems across several studies. 

Table 2: Frequency of different calf housing systems taken from a selection of studies. 

Housing frequencies across studies 

[34] 79.6% of farms housed calves in the cow barn, 12.4% in a 

separate calf barn, and 8.0% outdoors. 
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[33] 9.1% of the farms used only indoor individual pens, 21.2% 

used only indoor group pens, 1,5 % used only outdoor 

hutches and 68.2 % used a variety of housing. 

[36] 98 farms in the study kept calves in a shared room with the 

cows for the first wk of life, 25 farms kept calves in separate 

rooms. From 2 wks of life 60 farms kept calves in 

individual pens and 64 farms kept calves in group pens. 

[32] UK farms house calves individually (38.4%), pairs (23.1%) 

and groups (35.6%). 

[64] In German farms 95.2% housed calves individually the first 

few days of life moving them to groups after this. 2 farms 

in this study housed calves in pairs up to 3 wks of life then 

in larger groups. 

[65] About 70% of calves were kept with dam during the 

colostrum feeding period at organic dairy farms in Norway 

and Sweden. Around 20% use individual housing during 

this period, And the majority housed calves in groups from 

2 wks of age. 

 

There has been a growing interest in CCC from dairy farmers, researchers and the public 

[25, 26]. 15% of Norwegian farmers either plan to start or want to have CCC systems [66]. 

CCC systems have been found to improve health and welfare for both cow and calf [27]. 

Contact between cow and calf can be limited to restricted suckling, partial contact without 

suckling or full contact [25, 27–30]. In full contact systems the calf and cow have full time 

access to each other (24h/d for 6-12 wks [25]) allowing more opportunities to perform 

natural behaviours including allogrooming (licking, sniffing, rubbing), suckling and social 

resting, partial contact allow only limited physical contact (only during day or night) either 

with or without the opportunity to nurse [26]. In the study performed by [27] calves were 

housed in a calf creep with access to a cow-calf meeting area, cows had access to this meeting 

area through a smart gate allowing either full time contact or restricting cow-calf access 

during assigned milking times. In another study cow-calf pairs were housed together during 

the night and in pens next to each other during the day [67]. Cow-calf pairs form strong 
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social bonds [68]. These social bonds can be defined by engaging in affiliative behaviours 

that include providing social support as reviewed by [29]. [25] reports that 18 % of 

Norwegian and 22% of Swedish organic dairy farmers allow cow-calf contact for a longer 

period than what is mandatory (3 days in Norway and 1 day in Sweden), some letting calves 

stay with the dam for up to 13 wks. 

It has been shown that space allowance plays an important role in the calves’ ability to 

perform locomotor play behaviour, which is a behaviour associated with positive affective 

states [61]. Allowing the calves a bigger pen size have been seen to increase play behaviour 

as reviewed by [69, 70]. EFSA recommends 30 m2  in individual pens, and 20 m2/calf in 

group pens to accommodate play behaviour [61]. Space allowance may also play a role in 

time spent lying and relaxing as well as risk of disease transmission [61]. 

Calves spend most of their early life resting as reviewed by [24] spending between 16-18 

h/d in a lying position with this time decreasing as the calves age [13]. For the first 10 d of 

life, semi-wild Maremma calves spend 71% of their time lying, with this time decreasing to 

45% of their time at 50 d of age [71]. [72] and [73] similarly reported approximately 17 h/d 

lying in pre-weaned Holstein calves housed in hutches. Given that calves spend most of their 

time lying down, providing dry, comfortable bedding is important for calf comfort, stress 

levels and disease occurrence [14, 15]. The most used bedding materials are wood shavings, 

sand, sawdust, wheat straw and rubber mats [15]. Different bedding materials may be used 

in different climatic conditions [74]. For example, sand can be used to cool a calf [14] and 

straw can be used to insulate a calf [15]. In addition to comfort, bedding have been found to 

have health ramifications, deeper bedding can be related to reduced respiratory disease [75] 

and bedding with straw instead of sand have been found to reduce diarrhoea incidences [76]. 

The Norwegian regulation states that “Calves should have a dry and draft-free resting place, 

with a soft lying area with solid and heat-insulated floors. For calves kept on solid floors, 

ample bedding, or possibly straw, should be used. Floors should be designed so that the 

animals do not get injured, tailored to the size and weight of the animals, and have firm, 

even, and stable surface.”[60]. EFSA further support the notion that calves should be housed 

with appropriate space, resting areas, proper ventilation when kept indoors and protection 

from unfavourable ambient temperatures when kept outdoors [61]. 

Environmental enrichment that are created to enhance physical, social, sensory and cognitive 

stimulation, such as tunnels, toys, running wheels and littermates in rodents [22], or brushes 

[16–19], rubber teats [17, 18, 20, 21], plastic chains [17, 18] and hay nets [16–21] in cattle. 
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Have been shown to have enhancing effect on cognition and behaviour by positively 

impacting hippocampal cognition and neural plasticity (structural and functional alteration 

in the nervous system [77]) as reviewed by [22]. [18] suggested that physical enrichment 

may enhance calf growth by increasing average daily gains, reduced concentrate intake, 

increased hay intake and improved concentrate feeding efficiency. The authors also reported 

a decrease in non-nutritive oral behaviours in the enriched calves. The same authors in a 

later study suggested that providing enrichment in pre-weaned calves may enhance memory 

and stimulate exploratory behaviour in these calves post-weaning and combining this with 

social housing improved growth rates post-weaning [78]. [19] suggested that brushes allow 

calves to groom, improving both cleanliness and satisfying a natural behaviour. Complex 

environments have been shown to have enhancing effect on the performance of natural 

behaviours and reduce unwanted behaviours [79]. [16] provided calves with stationary 

brushes and saw a reduction in time spent engaging in non-nutritive oral behaviours and 

increased time spent grooming. [17] enriched calf hutches with stationary brushes, artificial 

teats, calf “lollie” (PVC pipe filled with dry molasses) and rubber chain, and reported that 

calves used all environmental enrichment, and the use increased with the age of the calf, 

enrichment was also reported to increase the time calves spent engaging in locomotor play. 

[20] enriched standard pens with teats and saw a reduction in occurrence of non-nutritive 

oral behaviours. [21] gave calves nutritional enrichment (teats and hay) and found that 

enriched calves spent more time exploring (sniffing/licking) the maze in a cognitive test and 

had better result in reversal learning, which can indicate enhanced cognition compared to 

non-enriched calves, as well as being less reactive to novel objects. The authors suggest that 

un-enriched environments can lead to reduced flexibility in learning and increased reactivity 

to novelty. 

2.2.3 Social housing 

Most dairy calves in Europe [31–33] and North America [34] are separated from their dams 

at birth and moved to an individual pen where they remain for 1-4 wks [33, 35]. In Norway, 

calves spend a median of 2 wks in individual pens before being moved to group housing [23, 

67]. [31] found farms housing calves individually for 2, 4 or 8 wks as well as group housing 

during the entire milk feeding period as the four main housing systems. These results are in 

line with both the European and the Norwegian legislations that states that calves shall not 

be kept confined to individual pens after the age of eight wks, except if a veterinary 

certificate states otherwise due to health or behaviour [59, 60]. Farms often house calves 
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individually due to the perception of lower incident of disease [31, 35, 36] higher BW gain 

and less unwanted behaviour such as cross-suckling, competition and aggression [37–39]. 

Earlier studies showed less weight gain in socially housed calves compared to individually 

housed calves [80]. However, [38] reported that there was no difference in weight gain 

between individually housed and paired calves neither before nor after weaning, but there 

was a significant difference during the wk when the calves were weaned. Here the paired 

calves continued to gain weight at previous levels while the individually housed calves only 

gained by half the pre-weaning rate. Social housing can improve BW gain compared to 

individual housing due to higher dry matter intake (DMI), as social housing can encourage 

calves to sample solid feed at an earlier age thus leading to increased solid feed intake in the 

pre-weaning period, subsequently increasing the daily BW gain in the post-weaning period 

as well as reviewed by [39]. As fear of trying new feed (food neophobia) is decreased in 

socially housed calves [81]. This is further supported by the findings of [47] that concluded 

that calves raised in isolation until weaning had on average a lower weight gain compared 

to calves raised in groups. In the study performed by [31] it was seen that individual housing 

decreased the risk of enteric and respiratory diseases compared to social housing, due to less 

contact between calves and more frequent cleaning of the pens. The authors furthermore 

states that the incidence was higher in larger groups compared to smaller groups [31]. [43] 

similarly found decreased incidence of respiratory disease in smaller calf groups compared 

to larger groups as well as calves in individual pens. [37] did not see any significant 

difference between individually and pair housed calves on the occurrence of diarrhoea or 

respiratory disease, but did however see diarrhoea on a larger number of days in calves who 

had entered the study at a younger age. Calves in individual housing systems can still have 

tactile contact through the slatted portion of the pens enabling both oral, nasal and faecal-

oral contact, and transmission of microorganisms [38]. The authors did not see a difference 

in disease occurrence between pair-housed and individually housed calves, similar findings 

were also seen in several other studies [40–42]. If choosing individual housing, calves should 

when possible be kept in outdoor hutches over indoor pens, as more severe clinical signs are 

seen indoor during respiratory infections as reviewed by [61]. 

Social housing can be beneficial for social development and improve cognitive stress-coping 

abilities of calves as isolation can lead to developmental challenges in social species [39]. It 

has been shown in previous research on laboratory animals that social housing has a 

beneficial effect on cognitive development and that isolation causes cognitive deficits [82, 
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83]. Learning deficit was also shown by [44] when comparing calves housed in pairs with 

calves housed individually. They observed the calves in a Y-maze where one arm of the 

maze contained a full milk bottle and the other contained an empty bottle, black and white 

panels showed where the empty and full bottle was placed, and the colours were later 

switched. Calves housed individually made more errors in reversal tasks compared to calves 

housed in pairs. They further stated that these deficits were not found in all forms of learning, 

only in the reversal phase which indicates a lack of behavioural flexibility, meaning the 

inability to adapt the behaviour in changing environments. [46] also found that, compared to 

calves housed with access to their dams, individually housed calves struggled in a reversal 

learning task. The authors also suggested that the time in which calves are placed into social 

housing also plays a role in the success of reversal learning [46]. [84] looked at the effect of 

early (6 ± 3 d) and late (43 ± 3 d) calf-pairing and found that calves paired early had higher 

weight gains, due to increased feed intake as well as earlier solid feed intake compared to 

late-paired calves, the authors suggest that this might be due to early pairing leading 

enhanced social facilitation and learning. The authors also reviewed that higher gains in 

calves will have positive long-term effect on the onset of puberty, first lactation and milk 

production as reviewed by [84]. [84] indicate that the critical period for group housing calves 

is between 3-6 wks of age and group or pair housing during this period will have beneficial 

effect on social development [85]. [85] saw increased engagement in social behaviours 

(sniffing and licking) when calves were grouped at 3 wks of age compared to individually 

housed calves. However, only minor differences were observed between calves’ pair-housed 

at birth and at 3 wks of life. 

Another part of cognition, memory, was also tested by use of a novel object and again, 

isolated calves showed deficits [44]. Emotions especially fear and curiosity are of great 

importance and affects the way an animal copes with its environment as reviewed by [86]. 

It is seen that lack of the above mentioned (learning, memory, exploratory behaviour) are 

indicators of poor welfare as well as fear being considered an undesirable emotional state as 

reviewed by [86]. It is understood that these responses aid the animal in avoiding harm and 

seeking what is beneficial, in turn assisting its own survival and welfare [86]. It is thus of 

great importance to be able to recognize how the behaviours considered essential for survival 

are affected by different experiences and age, to understand how the environment in which 

the cattle live and grow affects them [86]. 
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Collected evidence suggests that social housing is beneficial to young calves [37]. EFSA`s 

scientific advice from 2023 state that calves should be housed together in small groups in 

order to improve their welfare, and individual housing should be avoided [61]. Benefits of 

prolonged maternal contact in CCC systems include increased weight gain by allowing 

calves to control the frequency and size of milk meals [25, 30], positive effect on social 

behaviour [30], social learning [67], reduction in abnormal behaviours (e.g., cross suckling, 

non-nutritive oral behaviours and tongue rolling), reduced response to stressors (reduced 

fear or stress response) [30] and improve cognitive development [25]. [25] reported long 

term benefits of CCC as improved health and milk production. Affiliative behaviours such 

as allogrooming and close contact are seen as important natural behaviours [87]. [67] studied 

cow-calf pairs sorted into three treatments, either having no opportunity to suckle the dam, 

supplementary feeding in addition to milk from the dam or only milk form dam. All 

treatments engaged in allogrooming own cow/calf, occupying about 10% of their time, 30% 

of their time was spent near each other without suckling. Supplementary feeding effect the 

time calves spent nursing their own dam, with calves having access to alternative milk source 

during the day spending less time suckling compared to calves without supplementary 

feeding, this might suggest high flexibility in the nutritional component of cow-calf bonds 

[67]. The authors concluded that strong social bonds were formed between cow and calf 

even when not allowed to nurse. 

2.2.3.1 Feeding 

As reviewed by [88] it is widely recognized that achieving early and adequate intake of high-

quality colostrum is one of the most important management factors determining the health 

and survival of neonatal calves. Calves are born without immunity as the syndesmochorial 

structure of the ruminant placenta does not allow transmission of maternal immunoglobulins 

in utero [89]. Thus, calves receive maternal immunoglobulins, immune cells, and various 

cytokines through the colostrum [89]. 

Calves are commonly fed a restricted milk allowance of 10% of their BW as reviewed by 

[23]. In the study done by [23] on the feeding practice of calves in Norwegian dairy farms it 

was seen that for calves at 3 wks of age the median milk allotted per day was 7 L milk/d, 

with the smallest amount fed being 2 L milk/d and the largest amount being 15 L milk/d. 

They also reported that 61% of the dairy farms fed less than the recommended amount in 

Norway, which is 8 L milk/d. If calves are given milk ad libitum, they will drink up to 15 L 
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milk/d [90, 91]. Feeding calves a restricted amount of milk will leave them hungry which 

can lead to behavioural issues like cross-suckling and sucking on inanimate objects as 

reviewed by [24], increased visits to the milk feeder and vocalisations as reviewed by [23]. 

The administrative route of the milk feeding, and the time spent suckling has also been 

shown to play a role in the above-mentioned behaviours as reviewed by [24]. Calves spend 

less time feeding when fed through bucket, increasing the incidents of these behaviours 

compared to artificial teats, automatic feeders which can control the speed of milk flow and 

natural suckling from the dam as reviewed by [24]. Allowing calves to feed closer to their 

ad libitum potential is recommended in order to improve welfare, health, growth and future 

productivity as reviewed by [23]. 

2.3 Behaviour Test 

Several behavioural tests have been developed to assess cognition [44], fear, reactivity [45, 

46], exploratory behaviour [47] and locomotor motivation [92]. Many of these tests expose 

calves to elements of novelty. These are for example tests such as novel object, novel 

environment also referred to as open field test, response to human test and social novelty 

test. Researchers have tested calves housed under different circumstances like isolated, 

paired, group housed or CCC, to see how this effects the calf’s behaviour [44, 47, 48]. 

In the novel environment test (i.e., open field test) animals are often moved to a new, indoor 

pen where they remain in isolation for approximately 10 min [93, 94]. This test was first 

used to assess fear or reactivity and willingness to explore in rodents but has been adapted 

for assessing fear and exploration in poultry, sheep and cattle as reviewed by [45, 93]. 

Behaviours of interest during the test include locomotion, exploration, and standing 

unmoving [45, 47, 48, 93, 94], sniffing/contact with test arena [45, 93, 94], number of 

vocalizations and defecations [45, 47, 48, 93] and backing-off events (withdrawals) [48]. 

For example, calves who perform high levels of locomotion, withdrawals, defecation, and 

vocalisations have been interpreted to be more fearful [47, 48]. 

The novel human, novel object, and unfamiliar calf tests often take place in an arena where 

a single calf can choose to interact with a new human or object or calf for approximately 10 

min [45]. These tests assess calves’ locomotion, vocalisations and the latency to approach 

and length of contact with the human or object or calf [45, 48]. One critique of these tests is 

that calves (herd animals) are isolated which can induce stress [46, 95]. For example, 

research done by [94] found that heifers tested with their pen mate were less active (perhaps 
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indicating less fear) than heifers tested in isolation. In the studies done by [47] and [48] it 

was found that isolated housing made the calves more active, interpret as fearful. Though 

the authors suggest that the less active animals may have been less fearful, they can also 

have been playful as hypothesised by [48]. They suggest that future studies include 

physiological measures (e.g., cortisol) to discern the behavioural finding. 
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3 Objectives 

The aim of this study is to describe the exploratory and active behaviour of Norwegian Red 

calves in a social novel environment test when housed in different physical and social 

housing conditions. I predict that calves raised with dam or peer contact since birth will 

spend more time exploring and less time being active than calves raised in social isolation 

for their first 3 wks of life. 

4 Materials and Methods 

4.1 Research approach 

The data utilized in this thesis is from a larger research initiative known as CalfComfort. The 

Norwegian Veterinary Institute designed and executed the project. This was supported by 

funding from NFR, project nr. 325663, for CalfComfort (Veterinærinstituttet, n.d). Data 

collection for this thesis took place from September 2022 to May 2024 at the Animal 

Production Experimental Centre (SHF) of the Norwegian University of Life Sciences 

(NMBU) in Ås, Norway. The study received ethics approval (ID 29664) from the Norwegian 

Animal Research Authority, a division of the Norwegian Food Safety Authority. 

4.1.1 Reflexivity statement 

The observer performing the data analysis approached the initiative with a combined 

practical on-farm experience and veterinary education. The observer has an interest and have 

worked with various farm animals, with a primary interest in cattle, and will focus on this 

area of veterinary medicine upon completing their studies. The observer has a deeper 

understanding of the vital role animal welfare plays on the well-being of livestock but also 

on its crucial importance in preventing disease and maintaining a strong, healthy herd. And 

approach working with livestock with a deep commitment to their well-being. In this study 

the observer was blinded, meaning they had no previous familiarity or contact with the calves 

or cows in the study. Although the observer is blind in this study the observer’s values and 

interest in animal care might influence the analysis and interpretation of the data. The 

observer recognizes that their commitment to caring for animals may shape their perspective 

throughout this research. [8]. 

The author contributed to this work by co-developing the ethogram for the novel 

environment test, and scoring calf behaviour from videos recorded during the novel 

environment test. 
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4.2 Research design 

4.2.1 Animals, housing and feeding 

Seventy-two Norwegian Red calves (birth weight 39.8 ± 5.4 kg; 43 females, 29 males) were 

enrolled in the study from birth to 12 wks of age. The data in this thesis is only when the 

calves were 52.4 ± 3.5 d of age (i.e., the day of the novel environment test). The study 

included four batches, and each batch was composed of three treatments (each with 6 calves): 

minimal, enriched, and cow-calf contact housing, as described below. The order of 

treatments was in a random sequence and each treatment group was filled consecutively 

before moving on to the next treatment, to minimize the age difference within a treatment. 

All calves received 4L of colostrum originating from their own mother (unless she had 

insufficient colostrum) through bottle or tube within 6 hours after birth. At 24-48 h after 

birth, one of two trained observers conducted a clinical examination (using the Wisconsin 

Calf Health Scoring App, REF) to ensure healthy animals were enrolled (i.e., no diarrhoea, 

poor appetite, or depressed attitude). At this same time, each calf’s serum total proteins were 

assessed to ensure adequate passive transfer from colostrum. Calves born as twins or from a 

dystocia case were not included in the experiment. Calves were excluded due to birth on the 

slats (n = 5),  aggressive cows (n = 1), poor health (n = 1), and failure of passive transfer (< 

5 g/dL; n = 5),  Calves were observed twice a wk by a trained observer using the Wisconsin 

Calf Health Scoring App. Oral electrolytes were administered once-twice per day for calves 

experiencing diarrhoea following the standard farm protocol. Horned calves were disbudded 

at 4 wks of age by a veterinarian. Illustration of pen design is shown in Figure 1. 
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4.2.2 Minimal calves 

Minimal calves (MC) (n=24) were separated and moved into individual pens (2.4 m2) bedded 

with straw within 30 min after birth. The individual pens were constructed with solid walls 

between each individual pen and steel gates in the front, allowing calves in adjoining pens 

to have visual and tactile contact. While the calves were in the individual pens, they received 

fresh straw twice a wk (Mondays and Thursdays). In the individual pens, calves had ad 

libitum access to hay and silage from hay racks and concentrates and water from bowls. The 

MC were housed in the individual pens until 24.8 ± 2.7 d of age, at which time they were 

moved into group pens (11.55 m2) housing 6 calves each. The flooring consisted of rubber 

slatted floors and rubber mats with a light sawdust bedding. The walls of the group pens 

were constructed of steel gates permitting the adjoining calf groups visual and tactile contact. 

In areas where rubber mats were present, solid walls were used. MC were fed 7 L of milk/d 

divided into three feedings at approximately 06:00, 12:00 and 19:00. The milk was fed 

through teat buckets in the individual pens and from two milk bars, each equipped with 5 

teats, in the group pens. Consequently, slower drinkers may have received less than 7 L of 

milk/d after transitioning to the group pens. In the group pens, hay and silage were supplied 

on a feeding table located in the front of the pen (replaced daily). Water was available from 

a water bowl and concentrate was provided by an automatic concentrate feeder (CF500S, 

DeLaval International AB, Tumba, Sweden). 

Figure 1: Illustration of the pen design in CalfComfort. Number 1: cow-calf contact area (outlined in red). Number 2: 

enriched calves home pen (outlined in pink). Number 3: minimal calves home pens, showing both individual pens and 

group pens (outlined in blue). Number 4: Test arena. Straw bedding is shown with yellow colour. Black lines in the home 

pens indicate feeders. Adapted from [113]. 
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4.2.3 Enriched calves 

Enriched calves (EC) (n=24) were separated from the dam and placed in group pens of 6 

calves within 30 min after birth. The pens (23.1 m2) included a straw-bedded creep, rubber 

mats with a light layer of sawdust, and two stationary brushes mounted to the side walls. 

Solid walls separated the resting areas, comprising the back wall, one side wall, and half of 

the opposite side wall. The remaining portion of the group pen consist of rubber-slatted 

floors and steel bar walls, facilitating visual and tactile interaction with the neighbouring 

group. To ensure the calves was provided a dry and clean environment fresh straw was added 

twice a wk (Monday and Thursday). Calves had ad libitum access to water from a water 

bowl, hay and silage from a feeding table, and concentrate from automatic feeders (CF500S, 

DeLaval International AB, Tumba, Sweden). Milk was accessible ad libitum from two milk 

bars equipped with 5 teats for 4 hours per day approximately 06:00 – 07:00, 10:00 – 11:00, 

14:00 – 15:00 and 19:00 – 20:00. The milk level in the milk bar was checked throughout the 

feeding to ensure the milk would not run out. Each calf consumed approximately 15 L of 

milk/d. 

4.2.4 Cow-calf-contact 

Cow-calf-contact (CCC) calves stayed with the dam in a deep bedded maternity pen (9.3 m2) 

for the first three days of life. Water was accessible from a water bowl and silage from a 

feeding table in the maternity pen for both the dam and the calf. After 3 d of age, the calves 

and dams were moved to a group pen of 6 cow-calf pairs (n=24). In the group pen, CCC had 

access to a straw-bedded creep (21.3 m2), which were separated from the cow-contact area 

by a concrete wall with two calf-sized entrances. In the creep, CCC had access to two water 

bowls, two stationary brushes, hay and silage on a feeding table, and concentrates from an 

automatic calf feeder (CF500S, DeLaval International AB, Tumba, Sweden). Fresh straw 

was added to the creep area twice a week (Mondays and Thursdays). Only cows and calves 

included in the project were housed in the cow-contact area (133.5 m2). The cow area 

comprised eleven free stalls with rubber mattresses lightly bedded with sawdust, four water 

bowls, a single water trough, feeding alley equipped with ten headlocks, and 32 mm opening 

rubber slatted floors. CCC always had unrestricted access to their dam, except during periods 

when the cows were either awaiting milking or in the milking robot. 

4.3 Experimental design 

At 52.4 ± 3.5 d of age, pairs of calves (n = 36 pairs) were guided from a weight scale to a 

novel arena (4.90 x 3.39 m). The arena was constructed with rubber mats lightly bedded with 
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sawdust, with walls that did not allow the calves visualization of the environment outside 

the test arena (see Figure 2). The order of testing, and the pair-mates were randomized within 

the treatment. The pairs remained in the arena for 30 min before they were gently guided 

back to the weight scale. For the first 10 min, behaviours were recorded from a GoPro camera 

(GoPro Hero8, GoPro Inc.) mounted 3.62 m above the arena. 

 

Table 3: Ethogram describing behaviours recorded during the social novel environment test. Locomotor play and 

environmental play was divided into sub-behaviours and scored as separate behaviours. (i.e., running, jumping, bucking, 

kicking, object play and ground play) Duration of behaviours were terminated when the break was >1sec. Behaviours in 

the ethogram adapted from [45, 47, 48, 93, 94, 96]. 

Behaviour Description 

Resting Time spent lying down with underside or 

side of body in full contact with flooring 

substrate. 

Inactive Time spent standing still without sniffing 

or licking walls or floors. 

Active Total number of quadrants crossed with 

over half the body (at least 2 feet) (test 

arena divided into 4 equal squares). 

Figure 2: Illustration of test arena used in the social novel environment test. Black lines indicate fences covered with tarp 

and the blue line show the concrete wall. MC and EC entered the test arena through entrance X. CCC entered the arena 

through entrance Y. Q1 = quadrant 1, Q2 = quadrant 2, Q3 = quadrant 3 and Q4 = quadrant 4. Adapted from [113] 
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Explore Time spent with muzzle or tongue in 

contact with either walls or flooring 

substrate while moving or stationary. 

Environmental play Object play: butting (head in contact with) 

the walls. 

Ground play: butting (head in contact 

with) the ground. 

Locomotor play Jumping: both forelegs off the ground and 

extended forwards. 

Running: calf trotting (2 beats) or 

galloping (3 beats) across or around the 

arena. 

Kicking: one leg off the ground and 

extended backwards. 

Bucking: both hindlegs are off the ground 

and extended backwards. 

Social play Time spent engaging in play behaviour 

with the other calf. 

Stomping Total number of times lifting one hindleg 

straight up and down. No extension of the 

hindleg. 

Withdrawal Sudden movement backwards or 

sideways. 

Vocalization All types of vocalizations, sound emitted 

from the mouth. 

Elimination Number of defecation and urination. 
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4.4 Data collection and analysis 

A single observer, who was blind to the treatments, was trained to analyse behavioural 

videos under the guidance of an experienced supervisor. The observer was trained until they 

reached alignment with the supervisor. The observer scored all behaviours in the social novel 

environment test using an ethogram (see Table 3) after establishing and maintaining a high 

intra-observer reliability (Cohen’s kappa ≥0.8). To ensure consistency during the video 

analysis, intra-observer reliability test – defined as agreement between successive 

observations of the same individual [97] – were performed for every 10th calf. 

All videos were analysed in BORIS (v.7.13.9) using the established ethogram (see Table 3). 

BORIS is a software tool designed to facilitate the quantification of behavioural data through 

the use of ethograms [98]. In this study, behaviours of 72 calves were analysed during a 10 

min social novel environment test. 

Behavioural data were exported from BORIS and was then analysed in R-studio (version 

2022.07.1+554 (R Core Team, 2022)) using Tidyverse [99]. The frequency and duration of 

each behaviour were calculated for every calf in R-studio. Excel (version 2410 Build 

16.0.18129.20158) were used to calculate descriptive statistics (median IQR (IQ1, IQ3) and 

ranges) for each behaviour and each calf, as this was an exploratory study, data was not 

transformed to fit normality. 
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5 Results 

Behaviours performed during the novel environment test was observed across the different 

treatments. Summary statistics for these behaviours includes median, interquartile range 

(IQR) (IQ1, IQ3), minimum (min) and maximum (max). The results for each behaviour 

performed during the novel environment test are presented in Table 4. 

Table 4: Behavioural responses (median, IQR (IQ1, IQ3), min/max) of calves (n=72) in a novel test arena (10 min 

observation time). CCC = Calf-cow-contact, EC = Enriched calves, MC = Minimal calves. min= minutes, sec = seconds, 

n= number.  

Behaviour Treatment Median IQR Min/max 

Exploring (min) CCC 5.8 5.2, 6.9 4.3-8.0 

EC 4.1 3.5, 5.5 1.3-6.1 

MC 3.8 3.0, 4.7 1.6-5.4 

Exploring (n) CCC 35.0 32.0, 40.0 24.0-49.0 

EC 36.0 29.5, 42.0 20.0-49.0 

MC 33.5 28.0, 35.5 23.0-44.0 

Inactive (min) CCC 0.9 0.5, 1.2 0.0-2.0 

EC 1.6 0.9, 2.1 0.1-4.9 

MC 2.0 1.5, 2.8 0.8-4.9 

Inactive (n) CCC 12.0 8.0, 15.0 1.0-24.0 

EC 18.0 11.8, 24.5 3.0-39.0 

MC 25.5 23.0, 32.0 16.0-37.0 

Object play (sec) CCC 0.0 0.0, 0.0 0.0-4.4 

EC 0.0 0.0, 0.0 0.0-7.1 

MC 0.0 0.0, 0.0 0.0-12.1 

Object play (n) CCC 0.0 0.0, 0.0 0.0-2.0 

EC 0.0 0.0, 0.0 0.0-4.0 

MC 0.0 0.0, 0.0 0.0-1.0 
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Social play (sec) CCC 0.0 0.0, 0.0 0.0-23.2 

EC 0.0 0.0, 0.0 0.0-8.7 

MC 0.0 0.0, 0.0 0.0-10.4 

Social play (n) CCC 0.0 0.0, 0.0 0.0-10.0 

EC 0.0 0.0, 0.0 0.0-3.0 

MC 0.0 0.0, 0.0 0.0-3.0 

Resting (sec) CCC 0.0 0.0, 0.0 0.0-0.0 

EC 0.0 0.0, 0.0 0.0-0.0 

MC 0.0 0.0, 0.0 0.0-0.0 

Active (n) CCC 38.5 29.5, 51.3 16.0-65.0 

EC 59.5 48.0, 75.0 28.0-118.0 

MC 69.5 57.8, 92.0 28.0-113.0 

Locomotor play 

(n) 

CCC 7.0 1.0, 11.5 0.0-70.0 

EC 20.5 11.8, 28.0 0.0-56.0 

MC 28.5 21.8, 39.3 2.0-55.0 

Stomping (n) CCC 0.0 0.0, 0.0 0.0-13.0 

EC 0.0 0.0, 0.0 0.0-4.0 

MC 0.0 0.0, 0.0 0.0-2.0 

Withdrawal (n) CCC 0.0 0.0, 0.3 0.0-3.0 

EC 1.0 0.0, 2.3 0.0-13.0 

MC 1.5 0.0, 3.0 0.0-11.0 

Vocalization (n) CCC 0.0 0.0, 1.0 0.0-16.0 

EC 1.0 0.0, 2.0 0.0-5.0 

MC 0.0 0.0, 0.3 0.0-5.0 

Elimination (n) CCC 0.0 0.0, 0.0 0.0-1.0 

EC 0.0 0.0, 0.0 0.0-4.0 
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MC 0.0 0.0, 0.0 0.0-2.0 

 

 

Figure 3: Amount of time (min) each calf (n = 72) spent exploring (sniffing floors or walls) the test arena during a 10 min 

social novel environment test. This was the first encounter calves had with the test arena and the calves were tested in 

pairs. The box plot is showing the median (horizontal line) and the IQR (25th and 75th percentiles). “+” is showing mean. 

Y-axis is showing time spent exploring (min) and x-axis is showing the treatments. 

All calves engaged in exploring behaviour, though there may have been treatment 

differences in total time spent exploring (median (IQ1, IQ3): CCC: 5.8 min (5.2, 6.9), EC: 

4.1 min (3.5, 5.5), MC 3.8 min (3.0, 4.7)). CCC spent a median of 58 % of the total test time 

exploring, EC 39 % and MC 38 %. 
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Figure 4: Frequency (n) of quadrants crossed in the arena for each calf (n = 72) during a 10 min social novel environment 

test. Calves were tested in pairs and had not been habituated to the test arena before testing. The box plot shows median 

(horizontal line) and IQR (25th and 75th percentiles), “+” is showing mean. Y-axis show the frequence of the calves crossing 

a quadrant (activity), X-axis show treatments. 

Activity was measured during the 10 min novel environment test. MC may have been more 

active than the CCC (MC: 69.5 quadrants (57.8, 92.0), EC: 59.5 quadrants (48.0, 75.0), and 

CCC: 38.5 quadrants (29.5, 51.3). Similarly, MC may have performed the most locomotor 

play (MC: 28.5 play behaviours (21.8, 39.3), EC: 20.5 play behaviours (11.8, 28.0), CCC: 7 

play behaviours (1.0, 11.5). However, MC may have spent the most time inactive (MC: 2.0 

min (1.5, 2.8), EC: 1.6 min (0.9, 2.1), CCC: 0.9 min (0.5, 1.2). MC might have exhibited the 

highest number of withdrawals (MC: 1.5 withdrawals (0.0, 3.0), EC: 1.0 withdrawals (0.0, 

2.3), CCC: 0.0 withdrawals (0.0, 0.3). 
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6 Discussion 

The aim of this thesis was to describe exploratory and active behaviour of Norwegian Red 

calves in a social novel environment test when housed in different physical and social 

housing conditions. The main predictions were that calves raised with dam or peer contact 

since birth would spend more time exploring and less time active than calves raised in social 

isolation for the first 3 wks of life. 

As predicted, MC appeared to be more active during the time spent in the test arena; this is 

shown as a higher number of quadrants crossed. Previous studies have frequently interpreted 

activity as an indicator of fear or stress in calves, this enhanced activity in an unfamiliar 

setting might possibly be an instinctive attempt to escape the threatening situation [47, 48, 

94]. 

Another interpretation for the increased activity of MC is a higher motivation to perform 

locomotor play [45, 93]. MC and EC appeared to perform similar amount of locomotory 

play, CCC appeared to play less. Earlier studies have suggested that certain behaviours, such 

as play, are exhibited under optimal conditions and indicates that the primary needs of the 

calves are met [100]. Play behaviour has been used as an indication of positive welfare states 

[69, 101]. This might indicate that even though some positive affective states of being raised 

with the dam is lost with the MC and EC treatments, these calves still reach positive welfare. 

Another way to interpret play as an indicator of positive welfare is that the limited space 

allowance in the home pen of MC and EC treatments, restricts their ability to engage in 

locomotor play, which may suggest reduced welfare in home pens compared to the CCC 

treatment, where such play is more feasible. Space allowance, as observed in earlier studies 

[48, 79, 102, 103] also influence the expression of play behaviour. MC (11.55 m2) and EC 

(23.1 m2) had smaller home pen size compared to CCC (133.5 m2 + creep 21.3 m2). This 

might as previously stated by [48] lead to the test arena being more rewarding as the home 

pen size might not be sufficient to perform ample locomotor play. It has also been seen that 

more space, especially space with elongated layout, promote more play [102] compared to 

the same amount of space but with a square-shaped layout [79, 103]. The CCC may have 

performed less locomotor play compared to MC and EC. If we look at play as an indication 

of positive welfare, this could indicate lack of positive welfare during the test [79, 104]. 

Alternatively, it could indicate that the need to perform locomotor play is met in the home 

pen. These results could indicate that the space allowance in the MC and EC treatments 

home pen is not great enough to satisfy the motivation to perform locomotor play leading to 
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a rebound behaviour when entering the test arena. EFSA recommends 30 m2  in individual 

pens, and 20 m2/calf in group pens to accommodate play behaviour [61]. In our study MC 

had a space allowance of 1.93 m2/calf, EC had 3.85 m2/calf and CCC had 25.8 m2/calf, 

meaning that the CCC was the only treatment that met the EFSA recommendation for space 

allowance to accommodate play behaviour in the home pen. Thus, space available in the 

home pens in our study could have influenced the locomotor play behaviour observed in the 

test arena, furthermore, influencing the recorded level of activity performed by these calves. 

Even though the MC were the most active treatment in this study they were also the treatment 

with the greatest time spent inactive. Previous studies have suggested that this behaviour can 

reflect a sense of fear [105] and reactivity [96] in cattle. [106] performed novel environment 

tests on rats under different housing conditions and found that isolated rats reacted with 

inactivity when the test situation challenged them with frightening stimuli, while exhibiting 

hyperactivity when the test arena was perceived as less intimidating. This might support the 

interpretation that MC were more fearful during the test and coped with this either actively 

(when external stimuli were less frightening) or passively (when external stimuli were more 

frightening). 

Predictions were that calves raised with dam or peer contact would engage in more 

exploratory behaviour compared to MC. Our results show that CCC appeared to spend more 

time exploring compared to MC, but calves in the EC treatment does not appear to exhibit 

significantly more exploration than the MC treatment. Exploratory behaviour can be 

influenced by environmental complexity, social interactions and housing condition in the 

early part of life [39, 47, 107]. Previous studies have shown that group raised calves exhibit 

a higher degree of exploratory behaviour compared to those raised individually [18, 47, 48, 

107, 108]. Several studies [39, 44, 82] also highlight the importance of early social contact 

on cognitive and emotional development, which would allow the calves to better cope with 

new stimuli. MC might have been the treatment that displayed the lowest amount of 

exploratory behaviour in our study, potentially due to a higher level of anxiety [83]. The 

CCC continuous contact with their dam as well as other older cows, might enhance 

exploratory tendencies further and supports the notion that social learning, and especially 

learning from older animals, might have a boosting effect on exploration [25]. Enriched 

environments have also been seen to have an influence on exploratory behaviour. Previous 

studies done on neural plasticity have shown that providing enriched environments, that offer 

a combination of cognitive, motor and sensory stimuli will enhance neural plasticity and lead 
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to increased exploratory behaviour [109] and enhance cognitive functions like learning and 

memory [22, 109]. In our study CCC and EC treatments received environmental enrichment 

such as straw-bedding and stationary brushes. However, our results suggest that the CCC 

spent more time engaging in exploratory behaviour compared to the EC treatment, indicating 

that complex social interactions might play an even more significant role than environmental 

enrichment alone [18, 78]. It is also fair to assume that being housed with the dam can have 

influenced how these calves’ coped with stressful situations. This form of social housing 

allows the calves to learn from older individuals, compared to the MC and the EC treatments 

which are in social housing with calves roughly their own age. 

In our study there were several behaviours that were recorded infrequently but are still worth 

mentioning. Social play was scored infrequently during our study and our result might 

suggest that CCC had a higher tendency to engage this behaviour. In the study performed by 

[79] it was seen that calves raised in groups performed more social play behaviour in the 

home pen compared to individually housed calves. Behaviours were not scored in the home 

pen during our study, only during the novel environment test. Our result on this behaviour 

is so infrequent that it most likely is negligent, but might support the thought that early social 

interactions, particularly with older animals (dam), enhance social behaviours [25, 30, 110]. 

Vocalization was another infrequent behaviour scored during the novel environment test, 

but CCC was the treatment that might have engaged the most vocalizations. Vocalization is 

often referred to as a sign of stress [47, 48] or calling out to a bonded partner (in this case 

the dam) after separation [111]. The bond between calf and dam is strong, and previous 

studies have seen that calves reared with dam contact display a higher motivation to rejoin 

the dam (escape attempts and vocalization) [110]. [48] also suggested that there are stronger 

social bonds formed between calves housed with older companion compared to those housed 

with companion of similar age. Escape attempts was not detected in our study, but 

vocalizations might have been used by the CCC as a way to establish vocal contact with the 

dam. The test arena was located in the cow barn, thus giving CCC auditory contact with the 

cows, this might have further stimulated vocalization events. CCC experienced the novel 

environment test and separation from the dam as stressful as indicated by increased 

vocalization but might have coped with this stress more adequately than the MC and EC 

treatments as shown by lower activity, less withdrawals and eliminations. 

Withdrawals was another behaviour that was infrequently scored during our study. MC 

might have been the treatment that performed most withdrawals. Withdrawals or backing-
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off is a behaviour performed by calves to get away from a stimulus and might be done as a 

sign of discomfort or fear [48]. This behaviour can serve as a mechanism to avoid what is 

being perceived as threatening or avoiding conflicts [112]. This might support the notion 

that MC experienced a higher level of stress and discomfort. 

Despite differences in physical and social housing conditions, MC and EC displayed similar 

outcomes across several behavioural measures. Similar findings have been reported in 

previous studies. [84] has identified a critical period for group housing pre-weaned calves 

was between 3 to 6 wks, introduction of social housing during this time had significant 

positive effects on social development [85]. However, [41] observed that calves paired very 

early (5th day) exhibited significantly lower stress around weaning compared to calves paired 

later (28th day), this reduction in stress was contributed to early pairing being crucial to 

develop stronger social bonds that help reduce stress more effectively than if paired later 

(28th day), suggesting that late social housing might not fully compensate early isolation. In 

our study, MC spend the first 24.8 ± 2.7 d of life in individual pens, before being group-

housed. This is around the time of late pairing in the study by [41]. However, a key 

distinction in our study is that, even though MC were initially housed individually, they still 

had tactile and visual contact with neighbouring calves, giving them a degree of social 

exposure from birth. This social exposure, even though limited might have reduced the 

negative effects usually associated with delayed grouping. This partial social contact might 

have allowed the calves in the MC treatment to form social bonds, potentially influencing 

their social development positively and contributing to the similar results with the EC 

treatment during our study. This early limited social exposure of the MC treatment might 

have prevented them from experiencing true social isolation and might help explain why the 

MC and EC treatments scored closer than what was expected. 

6.1 Study limitations 

Home pens of MC and EC were located in a different room from the test arena and home 

pen of CCC. Even though the test arena were located away from the home pen of all 

treatments, the CCC would still be able to have auditory contact with their dam and this 

might have given them some sense of security that MC and EC might not have experienced. 

The home pen of MC and EC was located further away from the test arena compared to 

CCC, resulting in a longer distance for the calves to go from the home pen to the test arena, 

possibly allowing for more novel stimuli, as well as no auditory contact with their bonding 
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partners possibly leading the MC and EC to have higher stress levels upon entering the novel 

arena. The placement of the test arena might to some degree have affected the test results. 

Behavioural test such as the novel environment test rely in most cases on the interpretation 

of a blind observer (no previous familiarity or contact with the calves or cows). On one hand 

this approach helps minimize bias, on the other hand results obtained may not fully reflect 

the calf’s internal states, as subtle factors that can be difficult to interpret objectively can 

influence behaviour. As a result, the accuracy of these interpretations is limited by observer 

perception and may not fully capture the complexity of the calf’s emotional state. Further 

studies should therefore investigate physiological responses in calves during these tests, to 

better distinguish between fear related activity and playful locomotion. Additionally, 

exploring how different rearing systems affects the animals long term behaviour and health 

will help provide additional information to better calf-rearing practices. 

6.2 Conclusion 

Exploratory and active behaviour of Norwegian Red calves reared under different physical 

and social housing conditions during a social novel environment test has been described. 

Our results suggest that CCC explored the novel arena more than MC and EC, suggesting 

that more complex environments (social and physical) may enhance exploratory behaviour 

and provide the calves with a better ability to cope with novelty and stressful events. MC 

may have been more active compared to CCC and EC, this was likely influenced by 

locomotor play behaviour. Suggesting that limited space allowance in the home pen may 

have contributed to increased activity during the test. But might also have been influenced 

by fear or reactivity. MC also appeared to display higher levels of inactive behaviour, 

illustrating alternating behavioural responses to the novel environment. MC and EC 

displayed similar levels of locomotor play and appeared to play more than CCC. In 

conclusion, our result might indicate that calves raised with dam contact explore more, while 

activity can be influenced by housing conditions, movement opportunities as well as fear. 

Further investigation into different coping styles and differentiating playful locomotion from 

fear related activity should be done. 
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7 Summary 

The aim of this study was to describe the exploratory and active behaviour of Norwegian 

Red calves in a social novel environment test when housed in different physical and social 

housing conditions. Seventy-two Norwegian Red calves were divided into four batches and 

randomly allocated to either minimal (MC) (n = 6 calves), enriched (EC) (n = 6 calves) or 

cow-calf contact (CCC) (n = 6 pairs) treatments from birth to 12 wks of age. Treatments 

differed in level of social contact as well as physical housing attributes. All treatments 

received ad libitum hay, silage, water and had access to concentrate through an automated 

concentrate feeder (CF500S, DeLaval International AB, Tumba, Sweden). MC were housed 

individually until 26 ± 3 d  of age and then grouped with five other calves, receiving 7L 

milk/d; EC were housed in a group of six calves and had ad libitum access to milk 

(consuming on average 15 L milk/d); CCC were housed in a maternity pen with their dam 

for the first 3 d of life and then moved to a group pen with five other cow-calf pairs, having 

ad libitum access to milk. Home pens of EC and CCC were enriched with stationary brushes 

and straw-bedded creeps. Treatment groups was allocated randomly, and each treatment was 

filled before moving on to the next to minimize the age difference within a group. At 52 ± 4 

d of age, pairs of calves from the same treatment were tested in a 10 min social novel 

environment test. All calves engaged in exploratory behaviour, though there may have been 

some treatment differences in total time spent exploring (median (IQ1, IQ3): CCC: 5.8 min 

(5.2, 6.9) EC: 4.1 min (3.5, 5.5) MC: 3.8 min (3.0, 4.7). Activity was measured by the 

number of quadrants crossed by the calves during the 10 min novel environment test, MC 

may have been more active than CCC (MC: 69.5 quadrants (57.8, 92.0), EC: 59.5 quadrants 

(48.0, 75.0), and CCC: 38.5 quadrants (29.5, 51.3). Similarly, MC may have performed the 

most locomotor play (MC: 28.5 play behaviours (21.8, 39.3), EC: 20.5 play behaviours 

(11.8, 28.0), CCC: 7 play behaviours (1.0, 11.5). In conclusion, more complex social 

environments may provide the calves with a better ability to cope with novelty and stressful 

events. Moreover, MC may have been more reactive to the novel environment seen by more 

active and inactive behaviour. Further investigation into different coping styles and 

differentiating playful locomotion from fear-related activity should be done. 
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