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1 Definitions 

Term Definition  

CCC 

 

 

 

CCC system 

 

 

 

 

Full CCC 

 

 

 

Partial CCC 

 

 

 

 

Whole-day CCC  

 

 

 

 

Part-time CCC 

Cow-calf contact: “Any physical contact and 

behavioral interaction between a dam and her own 

calf or a foster cow and her foster calf” (Sirovnik et 

al., 2020)  

“Any housing or management where calves have 

contact to either the dam or a foster cow; cow-calf 

pairs either bond with or tolerate each other; they 

may or may not be able to suckle/nurse” (Sirovnik 

et al., 2020) 

“Unrestricted CCC between a cow and her 

calf/foster calves is allowed; i.e. both 

suckling/nursing and affiliative interactions 

without any hindrance” (Sirovnik et al., 2020) 

“Limited CCC between a cow and her calf/foster 

calves, for instance, fence-line contact and/or 

prevention of suckling with a nose-flap or an udder 

net; in terms of daily duration of contact it can be 

whole-day or part-time” (Sirovnik et al., 2020) 

“The cow and the calf are managed together with 

CCC for almost 24 hours daily with a possible 

exception of being temporarily separated during 

milking and feeding and with a possibility to 

retreat” (Sirovnik et al., 2020) 

“The cow and the calf are managed with CCC 

during specific periods of the day only, that is when 

temporary cow-calf separation exceeds milking 

and feeding times” (Sirovnik et al., 2020) 

AMS Automatic milking system  

NRF Norwegian Red (cattle breed) 
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Artificial rearing 

 

 

 

Machine milk yield 

Calf hide  

 

 

Udder net 

 

Fence-line contact 

 

CC  

 

ES 

“Calves are separated from the dam in the first 

days after calving and have no 

physical contact to the dam or foster cow” 

(Sirovnik et al., 2020) 

Milk delivered from the cow at milking  

In this study a calf hide on pasture consisted of a 

hutch with straw bedding and an outdoor area 

surrounded by a steel fence. 

Net covering the cows’ teats to prevent the calf 

from suckling 

Limited amount of physical contact is allowed 

through a fence-line 

The cow-calf contact treatment in this thesis’s 

pasture study  

The early separation treatment in this thesis’s 

pasture study  
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3 Abstract 

The separation of cow and calf within the first day after calving is common practice 

in dairy farming, but cow-calf contact (CCC) systems are receiving increased 

attention from different stakeholders. This interest is driven by consumers’ 

increasing concerns about animal welfare, and their desire for more ethical and 

natural rearing of animals. Surveys have shown that many consumers prefer to see 

cows together with their calves, and that cattle have access to pasture.  

 

At the outset of this PhD work in 2020, existing research on the experiences and 

perceptions of farmers regarding CCC systems was limited. Additionally, there was a 

lack of knowledge about keeping dairy cows and their calves together on pasture. 

The main aim of this thesis was to gain knowledge about how Norwegian dairy 

farmers practice and perceive their CCC systems and about the effects of CCC on calf 

behavior and cow-calf performance on pasture. To accomplish the study’s main aim, 

three specific objectives were defined. The first objective involved exploring how 

Norwegian dairy farmers with CCC systems practice these systems, along with how 

they experience and perceive the interrelationships between cows and calves and 

humans within these systems (Paper I). This objective was achieved through 

interviews with 17 Norwegian farmers (from 12 dairy farms) who practiced CCC 

systems where the calves remained with their dams for at least four weeks.  

 

The second objective aimed to compare the behavior of pastured dairy calves with 

or without their dams by examining their calf hide usage, lying behavior, grazing, 

playing, allogrooming between calves, and by describing their behavior in a food 

neophobia test. It also aimed to describe the calves suckling or sucking milk, 

allogrooming between cow and calf, and calf vocalizations post-weaning (Paper II). 

The third objective aimed to evaluate performance in pastured dairy cows and 

calves with or without CCC through cow machine milk yield and composition, and 

calf daily body weight gain. Additionally, it aimed to study cow body weight and 

condition, calf intake of concentrates, artificially reared calves’ milk intake, and cow 

and calf health (Paper III). For the second and third objectives, a pasture study was 

conducted with 20 cow-calf pairs allocated to two treatments with two groups per 

treatment: Cow-calf contact (CC, n=10 pairs) and early separation (ES, n=10 pairs). 
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The interviewed farmers had diverse practices and perceptions regarding CCC 

systems. All of them practiced CCC in the indoor cow areas, and seven of the farms 

also practiced CCC on pasture. The duration of CCC ranged from 6-8 weeks to 4 

months, and the duration of full CCC from 2 days to 3 months. On 10 of the farms, 

calves were allowed to suckle throughout the milk feeding period, whereas the 

remaining two farms continued to provide milk to calves after separation from their 

dams. Generally, the cows were perceived as being good mothers. When the farmers 

had developed good relationships with the cows so that cows and farmers felt safe 

around each other, they could develop good relationships with the calves as well. 

According to the farmers, the calves learned from the cows, e.g., feeding behavior 

and how to be a cow in their environment. Animal welfare was important to the 

interviewed farmers, and they enjoyed practicing these systems (Paper I).  

 

In the pasture study, calf behavior was influenced by CCC. CC calves spent less time 

using a calf hide compared to ES calves (mean across weeks 3, 6 and 9: 12.8 vs 56.2 

%), but the differences were dependent on age for the other behaviors (Paper II). 

The lower machine milk yield in CC cows compared to ES cows (weeks 0-6: 10.8 vs 

34.5 kg/cow/day) persisted at least till weeks 10-11 postpartum when CC cows 

nursed until week 8 (weeks 10-11: 23.7 vs 32.0 kg/cow/day). Inhibited milk 

ejection was a challenge during milking of CC cows. The challenge was prominent 

with primiparous cows, as well as during weaning and separation from their calves. 

The mean fat content in machine milk was lower in CC cows compared to ES cows, 

although not significantly (week 5: 2.6 vs 3.3 %). Lactose content was significantly 

lower in machine milk from CC cows than ES cows (4.5 vs 4.9 %). Post-treatment, 

composition of machine milk became similar in both treatments (Paper III).  

 

The interviewed farmers expressed that higher weight gain and improved health in 

their calves were among the main benefits of CCC systems. However, in the pasture 

study, artificially reared calves were fed milk close to ad libitum, and no difference 

was found between treatments in terms of calf weight gain during any of the 

examined periods (weeks 0-6, CC: 1.34 vs ES: 1.25 kg/calf/day, weeks 6-9: 1.05 vs 

0.92 kg/calf/day, week 9 to 6-7 months: 1.06 vs 1.16 kg/calf/day). Similarly, there 

were no notable differences in calf health across treatments.  

 

Further research is necessary to enhance milk ejection during milking of dairy cows 

rearing their calves on pasture and to minimize stress associated with weaning and 

separation of pastured cows and calves. 
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4 Norsk sammendrag 

Det å skille ku og kalv innen første døgnet etter kalving er fortsatt vanlig praksis i 

melkeproduksjon, men det er økende interesse for ku-kalv-kontakt (CCC) systemer 

fra ulike aktører. Denne interessen påvirkes av at forbrukere er mer opptatt av 

dyrevelferd, og deres ønske om at dyra skal holdes på en måte som er mer etisk og 

naturlig. Undersøkelser viser at mange forbrukere ønsker at ku og kalv skal være 

sammen, og at storfe har tilgang til beite.   

 

Da dette PhD-arbeidet startet i 2020 var forskningen angående bønders erfaringer 

og oppfatninger om CCC-systemer begrenset. I tillegg var det mangel på kunnskap 

om det å ha melkeku og kalv sammen på beite. Hovedmålet med denne studien var å 

få ny kunnskap om hvordan norske melkeprodusenter praktiserer og oppfatter sine 

CCC-systemer og om effektene av CCC på kalvers atferd, samt ytelse hos melkeku og 

kalv på beite. For å svare på hovedmålet, ble det definert tre delmål. Det første 

delmålet var å undersøke hvordan norske melkebønder med CCC-systemer 

praktiserte disse systemene og hvordan de erfarte og oppfattet forholdene mellom 

kyr og kalver og mennesker innen disse systemene (artikkel I). For å nå dette 

delmålet ble det gjennomført intervjuer med 17 norske bønder fra 12 gårder som 

hadde ku og kalv sammen hvor kalvene var sammen med sine egne mødre i minst 

fire uker. 

 

Det andre delmålet var å sammenligne atferd hos kalver med eller uten mødrene 

sine på beite, ved deres bruk av kalvehytte, liggeatferd, beiting, lek, stell mellom 

kalver, og beskrive deres atferd i en test med ukjent fôr. Målet var også å beskrive 

kalvenes diing eller drikking av melk, stell mellom ku og kalv, og kalvens 

vokaliseringer etter avvenning (artikkel II). Det tredje delmålet var å sammenligne 

ytelse hos melkekyr og kalver med og uten CCC på beite gjennom maskinmelket 

ytelse og sammensetning, og kalvers daglige tilvekst. I tillegg var det tredje delmålet 

å beskrive kyrs kroppsvekt og hold, kalvers inntak av kraftfôr, inntak av melk hos 

ikke-diende kalver, samt helse hos ku og kalv (artikkel III). For det andre og tredje 

delmålet ble det gjennomført en beitestudie hvor 20 ku-kalv-par var delt i to 

behandlinger med to grupper per behandling: Ku-kalv-kontakt (CC, n=10 par) og 

tidlig separasjon (ES, n=10 par). 

 



 

7 

De intervjuede bøndene praktiserte CCC forskjellig fra hverandre, og de hadde ulike, 

men også like oppfatninger om sine CCC-systemer. Alle praktiserte CCC på kyrnes 

områder i fjøset, og på 7 av disse gårdene praktiserte de også CCC på beite. 

Varigheten på CCC varierte fra 6-8 uker til 4 måneder, og varigheten på full CCC fra 2 

dager til 3 måneder. På 10 av gårdene, fikk kalvene die hele melkefôringsperioden, 

mens på 2 gårder, fortsatte kalvene å få melk etter separasjon fra mødrene sine. 

Generelt ble kyrne ansett å være gode mødre. Etter at et godt bonde-ku-forhold var 

på plass, slik at de følte seg trygge rundt hverandre, kunne bøndene også utvikle 

gode forhold med kalvene. Ifølge bøndene lærte kalvene mye fra kyrne, dyrevelferd 

var viktig for de intervjuede bøndene, og de trivdes med å praktisere disse 

systemene (artikkel I).  

 

I beitestudie ble kalvenes atferd påvirket av CCC. CC-kalver brukte mindre tid i 

kalvehytta sammenlignet med ES-kalver (gjennomsnitt over uke 3, 6 og 9: 12.8 vs 

56.2%), men forskjellene var avhengig av alder for de andre atferdene (artikkel II). 

Den lavere maskinmelkede ytelsen hos CC-kyr sammenlignet med ES-kyr (uke 0-6: 

10.8 vs 34.5 kg/ku/dag) vedvarte til minst uke 10-11 etter kalving (uke 10-11: 23.7 

vs 32.0 kg/ku/dag), da CC-kyr ble diet til uke 8 (artikkel III). Dårlig nedgiing av melk 

var en utfordring ved melking av CC-kyr, og utfordringen var størst blant 

førstegangskalvere, samt under avvenning og separasjon fra kalvene. CC-kyr hadde i 

gjennomsnitt lavere fett-innhold i den leverte melka si sammenlignet med ES-kyr 

(uke 5: 2.6 vs 3.3%), men forskjellen var ikke signifikant. Innhold av laktose var 

signifikant lavere i maskinmelken til CC-kyr sammenlignet med ES-kyr (4.5 vs 

4.9%). Etter behandlingene ble sammensetning av melka lik.  

 

De intervjuede bøndene opplevde bedre tilvekst og helse hos kalvene sine blant de 

viktigste fordelene med CCC-systemer. Men i beitestudie ble kalvene holdt uten kyr 

fôret med nesten fri tilgang til melk, og det ble ikke funnet noen forskjell mellom 

behandlingene for kalvetilvekst i noen av de undersøkte periodene (uke 0-6, CC: 

1.34 vs ES: 1.25 kg/kalv/dag, uke 6-9: 1.05 vs 0.92 kg/kalv/dag, uke 9 til 6-7 

måneder: 1.06 vs 1.16 kg/kalv/dag). Det ble heller ikke funnet forskjeller i 

kalvehelse mellom behandlingene.  

 

Videre forskning trengs for å forbedre nedgiing av melk ved melking av kyr som går 

med kalvene sine på beite, og for å minimere stress i forbindelse med avvenning og 

separasjon av kyr og kalver på beite.  
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5 Synopsis  

5.1 Introduction 

5.1.1 Separation of the dairy cow and calf – A contentious practice 

5.1.1.1 Increased interest in animal welfare and cow-calf contact (CCC) 

The practice of early cow-calf separation in dairy farming is a contentious practice 

(Ventura et al., 2013). Recently, increased attention has been given to CCC systems 

among different stakeholders, including consumers (Busch et al., 2017; Placzek et 

al., 2021) and farmers (Hansen et al., 2023; Vaarst et al., 2020). Consumers are 

becoming increasingly concerned with animal production practices (Boyle et al., 

2022) and animal welfare (Bock and Buller, 2013). Animal welfare consists of three 

dimensions; namely, normal biological functioning, emotional state, and ability to 

express natural behavior (Fraser et al., 1997). When consumers think about what 

they perceive as the right practices related to animal welfare, they are particularly 

concerned about ensuring a natural environment for the animals (Clark et al., 2016; 

Prickett, 2008; Vanhonacker et al., 2008). Surveys from various countries show that 

many consumers are unaware of common animal husbandry practices, such as early 

separation of cow and calf after calving (review by Placzek et al., 2021). However, 

when informed about this practice, many consumers do not support early 

separation (Busch et al., 2017; Hötzel et al., 2017; Ventura et al., 2016, 2013). In a 

Canadian study, citizens did not perceive foster cow systems as better than rearing 

calves artificially, since they did not want calves to be separated from their dams 

(Sirovica et al., 2022). Moreover, many consumers favor systems that allow pasture 

access (Hötzel et al. 2017), and view pasture-based systems as more natural and 

beneficial for cattle welfare (Mee & Boyle 2020).  

 

A recent survey by Hansen et al. (2023) showed that even though only 2.8 % of the 

surveyed Norwegian farmers (n=1038) practiced CCC, 15.3 % of the farmers wanted 

to have or planned to start implementing CCC. The increased interest generates 

need for more knowledge about CCC systems both indoors and on pasture.  
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5.1.1.2 Standard calf rearing practice    

Standard calf rearing practice in the dairy industry after separation of cow and calf 

within the first day after calving is to place the calves in individual pens and feed 

them restricted milk amounts (reviews: Cantor et al., 2019; Costa et al., 2016, 2019; 

Miller-Cushon & Devries, 2015; Whalin et al., 2021). Not only the early cow-calf 

separation is a contentious practice, but also the individual housing and restricted 

milk feeding of calves. Individual housing is done to promote health by minimizing 

infection pressure (Cantor et al., 2019), and restricted milk amounts are applied, 

often in two-three meals per day (Costa et al., 2019), to encourage early 

consumption of solid feed and accelerate rumen development (Kertz et al., 2017; 

Khan et al., 2011). At the same time as interest and research in CCC systems are 

increasing, there has been a massive development of knowledge in artificial calf 

rearing practices. This includes comparisons of individual versus social rearing of 

young calves (as reviewed by Costa et al., 2016), as well as studies on varied milk 

feeding approaches for calves, examining different quantities and feeding methods 

such as using open buckets or artificial teats (reviews by Cantor et al., 2019; Miller-

Cushon & Devries, 2015).  

 

Social housing of calves has been associated with increased play behavior (Jensen et 

al., 2015; Tapki, 2007), the ability to perform allogrooming (Bøe and Færevik, 

2003), enhanced social skills, cognitive development, and the calves’ improved 

coping with novelty (Costa et al., 2016). Moreover, social housing leads to more time 

spent eating solid feed (De Paula Vieira et al., 2010; Overvest et al., 2018), and 

higher solid feed intakes, resulting in improved weight gains, compared to when 

calves are housed individually (Costa et al., 2015; De Paula Vieira et al., 2010; Tapki, 

2007). Additionally, housing calves with older calves has been found to result in 

higher solid feed intakes and weight gains compared to housing them with calves of 

the same age (De Paula Vieira et al., 2012), which indicates that young calves learn 

more from being with older animals than with same-aged peers.   

 

Calves given a large or ad libitum milk allowance have been observed to consume 

more milk and achieve higher weight gains compared to those on a restricted milk 

allowance (Appleby et al., 2001; De Paula Vieira et al., 2008; Jasper and Weary, 

2002; Miller-Cushon et al., 2013; Shamay et al., 2005). However, increased milk 

intakes decrease intakes of solid feed (Rosenberger et al., 2017; Sweeney et al., 

2010). While restrictively milk-fed calves consumed 4-6 L/calf/day, those fed large 

or ad libitum amounts were shown to consume 9-10 L/calf/day (Appleby et al., 
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2001; De Paula Vieira et al., 2010; Jasper and Weary, 2002), and in some studies, up 

to 14 L/calf/day (Miller-Cushon et al., 2013; Von Keyserlingk et al., 2004). A higher 

milk allowance has also been associated with increased play behavior (Duve et al., 

2012; Jensen et al., 2015; Krachun et al., 2010), and allows calves to exhibit behavior 

more similar to natural suckling (Miller-Cushon and Devries, 2015). Providing more 

space for calves has also been linked to positive effects on play behavior (Jensen et 

al., 1998; Jensen and Kyhn, 2000; Mintline et al., 2012), and enables the expression 

of natural behaviors such as synchronized resting (Færevik et al., 2008). 

Additionally, gradual weaning has been found to reduce stress-related behaviors 

associated with weaning, such as vocalizations and increased activity (Budzynska 

and Weary, 2008).  

 

From the mentioned research on calves, we thus know that it is beneficial for calves 

to be social, receive large amounts of milk, and have plenty of space. All these needs 

can be naturally met by allowing the calves to be together with and suckle their 

dams.  

5.1.2 Dairy farming in Norway 

Norwegian dairy cows are usually separated from their calves immediately or 

within a short time after calving (Hansen et al., 2023), as in other countries 

(Australia: Abuelo et al., 2019; Brazil: Hötzel et al., 2014; the US: Pempek et al., 

2017). In Norway, the farms are typically small, and in 2023, dairy farms had an 

average of 31 dairy cows per farm (SSB, 2023). Of the total dairy cattle population, 

91 % were Norwegian Red (NRF), a dual-purpose cattle bred to produce both meat 

and milk (Geno, 2020), 5 % were Holstein, 2 % were Jersey and 2 % were other 

dairy cattle breeds (Tine, 2023).  

 

In 2022, half of the Norwegian dairy farmers used tiestall barns for their cows, while 

most others with freestall barns had automatic milking systems (AMS) (Tine, 2023). 

However, as freestall herds are generally larger, more than 70 % of all cows are 

housed in freestalls. Regulations state that all Norwegian dairy farms should have 

freestall barns by 2034, and that one should provide cattle with good opportunities 

for free movement, exercise, and natural behavior. Freestall cattle must spend at 

least 8 weeks on pasture during summer, whereas tiestall cattle must be pastured 

for at least 16 weeks. Keeping cows and calves together on pasture may be a viable 

option for dairy farmers in Norway, but more knowledge is needed on how CCC 

affects both cow and calf in this setting.  
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5.1.2.1 Calf management and feeding  

Today’s Norwegian regulations for keeping cattle, called “Forskrift om hold av 

storfe” (Lovdata FOR-2004-04-22-665, 2004), do not address CCC. It is allowed to 

keep calves in single pens for up to eight weeks postpartum. However, a Norwegian 

survey (508 farms) found that the median age for moving calves from single to 

group pens was two weeks (Johnsen et al., 2021). When it comes to milk feeding of 

calves, the regulations do not mention specific minimum milk amounts or weaning 

age, but state that: “Calves should be given a sufficient amount of colostrum as soon as 

possible after birth and no later than within 6 hours”, and that “Calves should be fed at 

least twice daily” (Lovdata FOR-2004-04-22-665, 2004). In the survey by Johnsen et 

al. (2021), milk allowance for 3-week-old calves was found to range from 2 to 15 

L/day, and 61 % of the farmers fed less than 8 L milk/day to young calves (Johnsen 

et al., 2021). For calf feeding in conventional farming, the Norwegian dairy 

cooperative Tine recommends as of 2021 7-11 L/milk/calf/day during the first 

weeks (Overrein et al., 2021). Additionally, it is recommended to provide milk 

through artificial teats to satisfy sucking needs and thus prevent abnormal sucking, 

and to wean calves after 7-9 weeks.  

 

The organic regulations for cattle in Norway state that “Calves should suckle for at 

least three days after birth”, “With a shorter suckling period than one month, calves 

should drink from an artificial teat until they are one month old” and that “Calves 

should get natural milk for at least three months after birth” (Mattilsynet, 2022). In 

the guidelines for organic agriculture, the Norwegian Food Safety Authority 

(Mattilsynet) has made special recommendations for how to minimize stress when 

cow and calf are separated after the suckling period. They suggest making the 

separation gradual through such methods as using an udder net, fence-lines, or a 

transition to part-time CCC, e.g., by suckling half day before separation (Mattilsynet, 

2022). The organic regulations also state that the calves should be together with 

other calves, whenever possible, after the first week.  

5.1.2.2 Animal welfare organizations’ initiatives 

Norwegian animal welfare organizations, such as the Norwegian Animal Protection 

Alliance promote CCC systems and use of pasture for cattle. Their Animal Protection 

Label states that dairy cattle should spend at least 16 weeks on pasture during the 

grazing season, and that cow and calf should stay together for at least half of the day 

for six weeks after calving (Dyrevernalliansen, 2019). As of 2023, only two dairy 

farms in Norway carry this label. No Norwegian milk is marketed as coming from 
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CCC systems, unlike in Denmark and Germany (Ayoub, 2022; Thise, 2023). Two 

other Norwegian welfare organizations called NOAH and Anima want to stop early 

separation of cow and calf after calving, a stance that is heightening consumer 

awareness on the issue (ANIMA, 2022; NOAH, 2023).   

5.1.3 Calf and dam – Natural behavior  

With the growing interest in promoting natural behaviors associated with keeping 

cows and calves together rather than early separation, it is essential to understand 

their behavior in a natural setting.  

 

Cattle naturally live in herds (Bouissou et al., 2001), and a cow will typically leave 

the herd before calving (review by Rørvang et al., 2018). However, there is variation 

in whether they leave the herd or not and how far they go (Edwards, 1983; Edwards 

and Broom, 1982). Cattle have long been seen as a species whose calves are “hiders” 

(Lent, 1974). While cows graze, their calves lie still and hide in tall grass or bushes; 

this is mainly the way the calves are protected against predators during their first 

days (Lent, 1974). Some calves may choose to follow their dams earlier (Hall, 1989), 

depending on environmental circumstances and hiding opportunities (Vitale et al., 

1986).  

 

Immediately after calving, cow-calf communication begins through odor, 

vocalizations, and tactile stimulation as the dam sniffs and licks her newborn 

(Fleming et al., 1999; Okabe et al., 2012), establishing a bond within five minutes 

(Hudson and Mullord, 1977). The cow’s calf-licking behaviour is most intense 

during the first 30 minutes (Lidfors & Jensen, 1988). Factors such as the cow’s age 

(Le Neindre and D’Hour, 1989), breed, as well as the cow’s own experience as a calf 

(Le Neindre, 1989) have been found to influence the variation of the dams licking of 

her calf. Lidfors & Jensen (1988) found that pastured calves attempted to stand after 

an average of 9.6 ± 6.5 (SD) minutes, successfully stood at 45.9 ± 38.2 minutes, and 

initiated their first suckling bout at 97.3 ± 44.2 minutes after birth. 

 

Vitale et al. (1986) found calves’ hiding behavior to be sustained until 3-4 days 

postpartum before the calves started following their dams, and gradually integrated 

with the herd. Cow-calf pairs spend progressively less time together as the calf 

becomes more independent (Hirata et al., 2003) and socializes more with other 

calves, where this socializing is peaking between 11-40 days of age (Vitale et al., 

1986). Through social transmission from dams and other peers, calves are thought 
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to learn feeding and grazing behavior (Cantor et al., 2019).  

 

From birth until natural weaning, calves suckle between 4 and 10 times per day, 

with each bout lasting about 7 to 10 minutes (de Passillé, 2001). Suckling frequency 

decreases with age (Das et al., 2000; Reinhardt and Reinhardt, 1981). While one 

study found a tendency for the duration of suckling bouts to increase with age 

(Walker, 1962), another found similar durations regardless of age (Reinhardt and 

Reinhardt, 1981). During the first days when calves are hiding, cows usually initiate 

suckling (Lent, 1974). Afterwards, calves initiate most suckling (Vitale et al., 1986), 

while cows increasingly prevent or end suckling initiated by their calves (Lidfors et 

al., 1994). Natural weaning occurs between 7 and 14 months, often coinciding with 

the cow having a new calf (Reinhardt and Reinhardt, 1982).  

5.1.4 CCC systems – Farmers’ practices and perceptions 

Previous surveys of on-farm calf management practice included data on the 

prevalence of CCC. In the US (n=727) and Brazil (n=242), surveys revealed that the 

majority of farmers separated cow and calf within 12 hours postpartum (Hötzel et 

al., 2014; Pempek et al., 2017). However, in the Brazilian survey, 11 % practiced 

CCC, including 8 % with foster cows and 3 % with dam-rearing systems (Hötzel et 

al., 2014). Two surveys targeting organic dairy farmers were conducted to assess 

compliance with organic regulations, which require calves to suckle for at least the 

first three days after birth. The first survey, involving 236 Norwegian farmers 

(Henriksen et al., 2009), and the second one, which included 133 Norwegian and 

Swedish farmers (Ellingsen-Dalskau et al., 2015), found that 25 % and 27 % of the 

farmers, respectively, practiced CCC beyond the initial three days. This practice was 

mainly used for the first 1-2 weeks, however a few farmers applied CCC throughout 

the entire 12-week milk feeding period, and some used foster cow systems. In a 

recent survey of 1038 Norwegian dairy farmers, according to which 2.8 % practiced 

CCC systems for at least two weeks, 213 farmers reported having tested but 

discontinued CCC (Hansen et al., 2023). Therefore, there is a compelling need to gain 

deeper insight into benefits, barriers, and challenges associated with CCC systems 

through qualitative studies. 

 

Prior to the start of this PhD study, only a very limited number of interview studies 

had focused on CCC among farmers, though the number has increased in recent 

years. These interviews, conducted in various countries, reveal that CCC is practiced 

in a wealth of different systems by the farmers, including the use of foster cows or 
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hybrid systems (Bertelsen and Vaarst, 2023; Eriksson et al., 2022; Lehmann et al., 

2021), and that CCC durations can be as short as 7 days or 30 minutes per day 

(Eriksson et al., 2022). Farmers engaging in CCC have identified several benefits of 

this practice. On one hand these benefits are centered around the farmer: farmers 

enjoy practicing these systems (Hansen et al., 2023; Vaarst et al., 2020; Wagenaar 

and Langhout, 2006), some report reduced workload (Langhout, 2003), and some 

perceive CCC as a convenient method for milk feeding of calves (Henriksen, 2010). 

On the other hand, benefits for cow and calf are reported: the promotion of natural 

behavior (Bertelsen and Vaarst, 2023; Eriksson et al., 2022; Lehmann et al., 2021; 

Vaarst et al., 2020; Wagenaar and Langhout, 2006) that motivates a cow to be the 

mother of her calf (Lehmann et al., 2021). Farmers view CCC as being better for the 

animals than early separation (Henriksen, 2010), with increased activity for cows 

(Langhout, 2003). Farmers also experience calves learning from cows (Bertelsen 

and Vaarst, 2023; Lehmann et al., 2021; Vaarst et al., 2020, 2019; Wagenaar and 

Langhout, 2006), improved calf health (Eriksson et al., 2022; Hansen et al., 2023; 

Neave et al., 2022) and greater calf weight gain (Langhout, 2003; Wagenaar & 

Langhout, 2007), suggesting that CCC calves receive a good start and become more 

robust (Ellingsen-Dalskau et al., 2015).  

 

Alongside the benefits, several barriers have been reported by farmers practicing 

early separation, and challenges have been perceived by CCC farmers themselves. 

Surveys show that an important reason to separate cow and calf early after birth, 

according to farmers practicing this system, is to reduce animal stress (Hötzel et al., 

2014; Ventura et al., 2013). Similarly, both older (Ellingsen-Dalskau et al., 2015; 

Henriksen et al., 2009; Wagenaar & Langhout, 2006; Wagenaar & Langhout, 2007) 

and more recent studies (Berge & Langseth, 2022; Bertelsen & Vaarst, 2023; 

Churakov et al., 2023; Hansen et al., 2023; Lehmann et al., 2021; Neave et al., 2022; 

Vaarst et al., 2020) show that cow-calf stress after separation is perceived as one of 

the main challenges by the CCC farmers, irrespective of whether they practice CCC 

for a few days or for several weeks. Among the 213 farmers who had discontinued 

practicing CCC in the survey by Hansen et al. (2023), perceived animal stress was 

the most important reason for discontinuing. Other challenges with CCC include 

reduced machine milk yield (Hansen et al., 2023; Wagenaar and Langhout, 2007), 

inhibited milk ejection (Bertelsen and Vaarst, 2023; Ellingsen-Dalskau et al., 2015; 

Henriksen et al., 2009; Lehmann et al., 2021; Wagenaar and Langhout, 2006) and 

lower fat content in machine milk (Ellingsen-Dalskau et al., 2015).  
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Farmers practicing early separation might have concerns regarding dam-rearing 

that might not necessarily be perceived as challenging by CCC farmers. One such 

concern about CCC systems among farmers practicing early separation of cow and 

calf is the cows’ aggressive behavior to protect their calves (Berge and Langseth, 

2022; Neave et al., 2022), thus creating a more dangerous working environment, 

especially for employees (Neave et al., 2022). Another concern is that modern dairy 

breeds may not be suitable for taking good care of their calves, and that this can 

have detrimental effects on the calves if they do not get to suckle milk from their 

dams (Neave et al., 2022). Furthermore, if CCC calves have less human contact since 

they are not milk-fed by humans, they may become wilder and more difficult to 

handle (Lehmann et al., 2021; Neave et al., 2022; Vaarst et al., 2020), potentially 

leading to wilder heifers later on (Lehmann et al., 2021; Vaarst et al., 2019). While 

several CCC farmers have pointed out the importance of handling CCC calves so that 

they do not become “wild” (Bertelsen and Vaarst, 2023; Lehmann et al., 2021; Vaarst 

et al., 2020), others have not experienced any problems with this issue (Vaarst et al., 

2019).  

 

Most research and practice of CCC seems to occur indoors. However, building 

constraints, such as space allowance, might be perceived as a barrier and challenge 

with dam-rearing (Bertelsen & Vaarst, 2023; Hansen et al., 2023; Neave et al., 2022). 

Contrarily, some CCC farmers believe that pasture-based CCC allows cows and 

calves to exhibit more natural behavior and thus enhances the calves’ learning 

process, including learning how to graze and respect fences (Vaarst et al., 2019). Yet, 

practicing CCC on pasture might be associated with challenges such as a need for 

additional fencing (Bertelsen and Vaarst, 2023) and calf shelters (Neave et al., 

2022), increased labor (Vaarst et al., 2020) and more difficulties in taming calves 

(Vaarst et al., 2019).  

 

In summary, CCC is practiced in a wide range of systems, and while some farmers 

see benefits with CCC, several barriers and challenges have also been reported. 

These include stress at later separation, building constraints, inhibited milk ejection, 

cows not being suitable mothers or wanting to protect their calves, handling of CCC 

calves when they are not milk-fed by the farmer, as well as specific challenges 

regarding CCC on pasture. Given these challenges, gaining deeper insights into how 

farmers practice and perceive CCC both indoors and on pasture becomes valuable. 

Despite this, there have been relatively few qualitative interview studies of CCC 

farmers. Earlier studies have not focused on farmers’ experiences and perceptions 
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of the interrelationships between cows, calves and humans within CCC systems, 

which is an important aspect when considering the above-mentioned challenges.  

5.1.5 Behavior of dairy calves in CCC systems 

Most research examining the impact of CCC on dairy calf behavior has been 

conducted indoors. Therefore, it is important to consider studies that have 

investigated calf behavior both indoors and on pasture, even though this thesis 

focuses on the pasture setting.  

 

Recent indoor studies have found that suckling, grooming and time spent by cow 

and calf close to each other vary with the type of CCC system (full CCC vs part-time 

or partial CCC: Bertelsen, 2023; Johnsen et al., 2015; Wenker et al., 2021). Another 

indoor study observed a decline in suckling bouts (Fröberg and Lidfors, 2009) with 

increasing calf age. Similarly, older pasture studies also found that suckling bouts 

decreased with calf age (Hutchison et al., 1962; Lidfors & Jensen, 1988; Vitale et al., 

1986). While Walker (1962) found a peak in suckling during morning, Vitale et al. 

(1986) found suckling peaks both during morning and evening. Recent research by 

Mac et al. (2023) supports these findings, showing the most suckling and cow-calf 

proximity in the first two weeks, followed by a decrease.  

 

Research indicates that pastured cattle prefer to seek shelter or remain indoors 

under specific environmental conditions, like notably low (Sawalhah et al., 2016) or 

high (Van Laer et al., 2015) ambient temperatures, as well as during windy weather, 

particularly when combined with precipitation (Smid et al., 2019). However, the 

impact of CCC on the calves’ utilization of a calf shelter remains unclear.  

 

Indoor studies have shown differences in behaviors like lying and moving between 

CCC calves and artificially reared calves (Fröberg et al., 2007; Fröberg and Lidfors, 

2009). Fröberg & Lidfors (2009) reported full CCC calves to be lying more than 

artificially reared calves, while artificially reared calves were more active. In 

another study, Fröberg et al. (2007) found increased activity in part-time CCC calves 

compared to their artificially reared counterparts. Indoors, artificially milk-fed 

calves usually spend most of their time lying, about 17-18 hours per day (Bonk et al., 

2013; Duthie et al., 2021). Pastured Zebu calves with their dams showed less lying 

time, around 14-15 hours daily (Hutchison et al., 1962). These calves were lying less 

than their dams, but the time spent “moving” was similar between the calves and 

their dams during the first few months. Both with (Mac et al., 2023) and without 
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(Roy et al., 1955) their dams on pasture, calves begin grazing in their first week of 

life. Grazing behavior in CCC calves has been observed to be determined by their 

dams after the first month of life (Hutchison et al., 1962). Studies by Vitale et al. 

(1986) and Walker (1962) found cows and calves to be grazing together mostly 

during mornings and evenings. This social facilitation may lead to pastured calves 

spending less time lying down. Generally, calves reduce lying time (Kerr and Wood-

Gush, 1987; Webster et al., 1985) and increase grazing with age (Chambers, 1959; 

Hutchison et al., 1962; Roy et al., 1955). Sinnott (2023) reported an increase in lying 

time with age across calves reared with full CCC, part-time CCC or no CCC, with no 

significant differences in lying time despite CCC calves being more active. Notably, in 

this study, only full CCC calves were on pasture. A recent study by Nicolao et al. 

(2020) focusing on grazing post-weaning, found calves with full CCC on pasture 

until weaning to show different grazing behavior compared to both CCC calves and 

artificially reared calves without previous pasture experience. The previous 

research indicates that calf behavior varies, depending on the type of rearing and 

environmental conditions. Given the scarcity of studies conducted on pasture, it is 

essential to observe behavior in dairy calves both with and without CCC under 

similar pasture conditions.  

 

Food neophobia, i.e., the reluctance to taste unfamiliar foods (Cooke et al., 2006), 

can be an issue in animal husbandry if animals refuse novel feeds provided by the 

farmers (Villalba et al., 2010). If cattle are too cautious about eating novel feed, it 

can decrease feed intake and productivity (Launchbaugh et al., 1997). Costa et al. 

(2014) discovered that calves housed with other calves and cows indoors exhibited 

less food neophobia compared to those housed individually. Considering that dairy 

calf management involves transitions through various feeding, housing and social 

groups, we need knowledge of how CCC affects food neophobia when comparing 

calves with or without their dams on pasture.  

 

Play behavior in dairy calves has also primarily been studied indoors, with factors 

like available space (Jensen and Kyhn, 2000), social circumstances (Jensen et al., 

2015; Lv et al., 2021), and hunger (Krachun et al., 2010) influencing it. The presence 

of the dam also seems to affect play. For instance, Waiblinger et al. (2020a) 

observed more solitary play in CCC calves compared to artificially reared calves, 

while Wenker et al. (2022a) found the opposite during a novel object test. Løver 

(2022) reported a decrease in play behavior in calves as their dams’ access to visit 

their calves in a CCC pen was reduced. However, Webster et al. (1985) and Sinnott 
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(2023) found no significant differences in amount of play between CCC calves kept 

on pasture versus artificially reared calves kept indoors. Sinnott (2023) also found 

no difference between full CCC calves kept on pasture versus part-time CCC calves 

kept indoors. Older studies examining calves’ behavior with their dams on pasture 

indicate that calves’ play increases until 6 months (Das et al., 1999) and then 

decreases (Reinhardt et al., 1978), with play occurring in short durations and 

sporadically throughout the day (Duve et al., 2012). Play has been found to happen 

mainly after suckling in pastured CCC calves (Das et al., 2000), and while Reinhardt 

et al. (1978) found calves to play most during evening, Vitale et al. (1986) found play 

peaks both during morning and evening. Given that play indicates positive emotions 

(Boissy et al., 2007; Špinka et al., 2001), it is relevant to understanding more about 

how CCC affects calves’ play on pasture. 

 

Allogrooming is a crucial behavior in cattle that facilitates several functions 

(Reinhardt et al., 1986; Sato et al., 1991), including the bonding between calf and 

dam postpartum (Jensen, 2011), and the formation and maintenance of social 

bonds, typically among closely-aged pairs or relatives (Sato et al., 1993). Calves 

reared artificially and indoors rarely groom each other (Horvath and Miller-Cushon, 

2019), compared to calves and their dams on pasture (Reinhardt et al., 1978). Cow-

calf allogrooming decreases with calf age both indoors (Jensen, 2011) and on 

pasture (Kerr and Wood-Gush, 1987), similar to the decline in suckling bouts 

(Fröberg and Lidfors, 2009; Lidfors and Jensen, 1988). In contrast, allogrooming 

among calves on pasture seems to increase with age (Kerr and Wood-Gush, 1987). 

Considering the importance of allogrooming for cattle, it is valuable to investigate 

whether pastured CCC calves experience more allogrooming than artificially reared 

calves due to calf-dam interaction. Additionally, it would be insightful to explore if 

artificially reared calves exhibit more allogrooming between themselves to 

compensate for the absence of dam-calf grooming.  

 

As mentioned regarding farmers’ perceptions, reducing animal stress is one main 

reason for the regular practice of early cow-calf separation, and stress after 

separation is perceived as one main challenge of CCC systems. Indoor studies have 

shown more stress in calves when separated from their dams after two weeks than 

after one day (Flower and Weary, 2001), and more stress after weaning from 

suckling compared to artificial rearing (Fröberg et al., 2011). Similarly, Sinnott 

(2023) observed that CCC calves, whether with full CCC on pasture or part-time CCC 

indoors, vocalized more than artificially reared calves after weaning. However, 
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weaning and the transition from milk to solid feed can be a major stressor for both 

CCC and artificially reared calves (Weary et al., 2008). At the same time, gradual 

weaning has been shown to mitigate stress-related behaviors, like vocalizations and 

activity, in both artificially reared (Budzynska and Weary, 2008) and CCC calves 

(Johnsen et al., 2015b). Nicolao (2022) found both cows and calves to be stressed 

after weaning, regardless of the time they spent together before weaning. 

Nevertheless, there is a lack of comparative studies on pastured dairy calves’ 

behavior during weaning from suckling versus artificial milk feeding. 

 

Most research on dairy calf behavior both with and without CCC has been conducted 

indoors, and there are few studies examining dairy calf behavior with CCC on 

pasture. There are some recent studies with CCC dairy cows and calves on pasture 

(Mac et al., 2023; Nicolao, 2022; Sinnott, 2023), however these studies did not 

compare the CCC calves with artificially reared calves also reared on pasture. 

Furthermore, artificially reared calves typically do not receive a milk allowance 

close to ad libitum as full CCC calves do, which might influence their behavior. To 

gain a comprehensive understanding of dairy calf behavior on pasture, further 

research is needed. This research should compare pastured dairy calves both with 

and without their dams on pasture and should ensure that artificially reared calves 

receive as high milk allowances as the CCC calves.  

5.1.6 Performance of dairy cows in CCC systems  

From what we know about farmers’ perceptions, concerns about lower income due 

to reduced machine milk yield in CCC cows is one of the barriers for farmers to 

practice these systems  (Hansen et al., 2023). Several studies, both with CCC cows 

indoors (Flower and Weary, 2001; Jannerman, 2022; Kišac et al., 2011; Langhout, 

2003; Metz, 1987; Tufvesson, 2021; Wenker et al., 2022b; Zaralis and Leach, 2015; 

Zipp, 2018) and on pasture (Nicolao et al., 2022; Sinnott et al., 2022) show that full 

CCC decreases cows’ machine milk yields during the nursing period. A review by 

Meagher et al. (2019) indicated no consistent evidence of reduced machine milk 

yields over a longer period after nursing. However, most of the studies reviewed by 

Meagher et al. (2019) were old studies and with part-time CCC. Among them, two 

studies with full CCC for up to 14 days (Flower and Weary, 2001) and 10 days (Metz, 

1987) reported that machine milk yields matched those of non-nursing cows soon 

after cow-calf separation. However, Kisac et al. (2011) found cows nursing for 21 

days to have lower machine milk yields in their second month of lactation than 

those nursing for just 7 days. Similarly, more recent research exploring extended full 
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CCC around two (Sinnott, 2023) or three months (Barth, 2020; Jannerman, 2022) 

indicated that nursing cows had lower machine milk yields after cow-calf 

separation. Barth’s (2020) indoor study showed significantly lower yields 

throughout lactation for both full CCC and part-time CCC with nursing 15 minutes 

twice per day, compared to night-time CCC or no CCC. In Sinnott’s (2023) study, 

where full CCC cows were with their calves on pasture while part-time CCC cows 

were with their calves indoors, cows from both CCC treatments persisted having 

lower machine milk yields than non-CCC cows after separation from their calves and 

throughout their lactations. However, in Jannerman’s (2022) indoor study, the 

difference was not significant. The recent study by Nicolao et al. (2022) got 

contradictory results, as cows that were with their calves part-time indoors (20 

minutes before morning milking/day) persisted in having lower machine milk yields 

after separation from their calves compared to non-CCC cows, while the cows that 

were with their calves part-time on pasture (9 h/day) got the same machine milk 

yield as the non-CCC cows within one week after cow-calf separation.  

 

Some studies have examined factors influencing machine milk yield in CCC cows. 

Mutua & Haskell (2022) found cows’ machine milk yields to vary greatly due to 

lactation number and calf sex when calves suckled for 5-6 months. In a farm study 

where CCC was practiced for two months, Hanssen (2020) reported large variations 

in machine milk yields from CCC cows before and after separation from their calves. 

He also noted that multiparous cows increased their yields faster after separation 

than primiparous cows.  

 

Practicing CCC might result in a lower content of solids in machine milk, as several 

indoor studies have reported lower fat content in machine milk from CCC cows 

(Barth, 2020; Carbonneau et al., 2012; Mendoza et al., 2010; Tufvesson, 2021; 

Wenker et al., 2022b; Zipp, 2018; Zipp et al., 2013). The composition of machine 

milk might also be affected by CCC on pasture, as seen in a recent study by Nicolao 

et al. (2022). Boden & Leaver (1994) reported that CCC dairy cows, grazing with 

their dairy-beef cross calves for 7-8 hours daily, had lower fat contents but higher 

protein and lactose contents than non-CCC cows. Contrary to what Boden & Leaver 

(1994) found on pasture, others reported a lower (Tufvesson, 2021), a tendency for 

lower (Wenker et al., 2022b) or no difference in lactose content (Carbonneau et al., 

2012) in machine milk from CCC cows compared to milk from non-CCC cows. While 

Barth (2020) found a higher protein content similar to Boden & Leaver (1994), 

others found no difference in protein content of machine milk from CCC cows 
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compared to non-CCC cows (Carbonneau et al., 2012; Tufvesson, 2021; Wenker et 

al., 2022b). After separation from the calves, the composition of machine milk has 

been shown to become similar for CCC cows and cows separated early from their 

calves (Mendoza et al., 2010). While the reduction in machine milk fat content 

during CCC seems evident, the effects of CCC on protein and lactose are less clear, 

highlighting the need for more research comparing cows with and without their 

calves on pasture.  

 

In CCC systems, challenges include not only lower machine milk yields and altered 

machine milk composition, but inhibited milk ejection might be a challenge during 

milking of CCC cows (Kälber & Barth, 2014; Krohn, 2001; Zipp, 2018; Zipp et al., 

2013, 2016). High-yielding dairy breeds like Holstein have been shown to release 

more oxytocin, crucial for milk ejection, during nursing compared to when being 

milked (Bar-Peled et al., 1995; de Passillé et al., 2008; Lupoli et al., 2001). For Bos 

indicus cattle such as Zebu or crosses, it is common practice to allow calves to 

suckle, often in conjunction with twice-daily milking, as these cows generally need 

calf stimulation for adequate milk ejection (Ryle and Orskov, 1990). In studies of 

performance in these types of cattle, the cows are often on pasture, or cows and 

calves are on separate pastures. However, when they practice part-time CCC, cows 

and calves are typically not together on pasture. Studies involving performance in 

dairy cows and calves grazing together are limited. 

5.1.7 Performance of dairy calves in CCC systems  

Implementing CCC has been shown to affect calf weight gain, as review articles claim 

that full-CCC calves have higher weight gains than artificially reared calves (Kälber 

and Barth, 2014; Krohn, 2001; Meagher et al., 2019). Most studies with full CCC 

indoors reported higher weight gains in suckled calves compared to artificially 

reared calves (Bar-Peled et al., 1997; Fröberg et al., 2011; Grøndahl et al., 2007; 

Jannerman, 2022; Kišac et al., 2011; Langhout, 2003; Metz, 1987; Valníčková et al., 

2015; Wenker et al., 2022b; Zaralis and Leach, 2015). However, in most of these 

studies, artificially reared calves were provided a restricted milk allowance (e.g., 

Bar-Peled et al., 1997; Flower & Weary, 2001; Roth et al., 2009). In some other 

studies, where CCC was practiced for short periods of up to 4 or 7 days, no 

differences in calf weight gains were found between CCC calves and calves 

separated early from their dams (Stěhulová et al., 2008; Weary and Chua, 2000). 

Milk allowance has been shown to determine calves’ weight gain, especially during 

the first weeks when their underdeveloped rumen function prevents digestion of 
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solid feed (Khan et al., 2011). However, Krohn et al. (1999) observed that calves 

suckling for the first four days postpartum had higher weight gains than non-

suckling calves, despite similar milk intakes. Johnsen et al. (2015b) found CCC calves 

to have similar weight gains regardless of suckling or not when the dams were 

without or with udder nets. In a study on beef cattle, Sato (1984) found that calves 

that received more grooming from their dams showed higher weight gains. These 

findings suggests that not only milk allowance, but also maternal care provided by 

the dam can positively influence calf weight gain. The recent studies by Sinnott 

(2023) and Bertelsen (2023) present contrasting findings: Sinnott (2023) found 

higher weight gains in CCC calves, both with full CCC on pasture and with part-time 

(half-day) CCC indoors, compared to artificially reared calves, while Bertelsen 

(2023) observed similar weight gains among full CCC, part-time (half day) CCC and 

artificially reared calves, all kept indoors. Milk allowances for artificially reared 

calves were up to 9.5 L/calf/day in Sinnott’s (2023) study and ad libitum twice per 

day in Bertelsen’s (2023) study. Both studies found CCC calves to have lower weight 

gains than the artificially reared calves after weaning. Although it is established that 

pre-weaning calf weight gain is largely affected by milk allowance, there are no 

studies comparing ad libitum-fed artificially reared calves with CCC calves on 

pasture.  

5.1.8 Health of dairy cows and calves in CCC systems  

While farmers practicing early cow-calf separation might be concerned about cow-

calf health in CCC systems, CCC farmers experience health benefits with CCC (Neave 

et al., 2022). Beaver’s et al. (2019) review revealed improved or unchanged udder 

health in CCC cows compared to early-separated cows. Similarly, in a recent indoor 

study, cow health was not negatively affected by CCC (Wenker et al., 2022b). In 

terms of calf health, an argument in favor of early separation has been the 

minimization of infection pressure for calves (Grøndahl, 2011; Relić et al., 2020). 

However, Beaver et al. (2019) did not find support for a recommendation of early 

dairy cow-calf separation, on the basis of either cow or calf health, and Krohn 

(2001) reported that calves allowed to suckle are in general typically healthy. In 

contrast, Wenker et al. (2022b) found the health of CCC calves to be negatively 

affected compared to artificially reared calves, attributing the difference to 

suboptimal housing conditions for the CCC calves. Sinnott (2023) also reported 

more health issues in CCC calves compared to artificially reared calves, and the 

whole-day CCC calves on pasture required more antibiotic treatments compared to 

the part-time CCC calves kept indoors. Sinnott (2023) suggested that the results 
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could have been influenced by varying weather conditions on pasture. Neave et al. 

(2022) pointed out that most of the CCC studies in the Beaver et al. (2019) review 

about health were conducted indoors, and that there might be differences in 

mastitis or other udder health issues for pasture-based nursing cows that were not 

detected. Calf health should also be compared for calves kept on pasture both with 

and without their dams.  

 

Most earlier studies on performance in dairy cows and calves with CCC have been 

conducted indoors, similar to the studies on calf behavior. The recent studies 

examining dairy calf behavior with CCC on pasture (Mac et al., 2023; Nicolao, 2022; 

Sinnott et al., 2022) also examined performance in dairy cows and calves kept with 

CCC on pasture. None of the mentioned studies compared the performance of both 

CCC and early separated cows and calves when they are all kept on pasture. 

Additionally, distinguishing the effects of CCC versus milk allowance on calf 

performance can be achieved by comparing CCC calves with artificially reared calves 

given a milk allowance close to ad libitum.  

5.1.9 Aim of the thesis  

From the identified need for more qualitative research involving CCC farmers and 

research on pasture with comparisons of cows and calves with and without CCC, the 

objectives for this thesis were formulated. 

 

The main aim of this thesis was to gain knowledge about how Norwegian dairy 

farmers practice and perceive their CCC systems and about the effects of CCC on calf 

behavior and cow-calf performance on pasture.  

 

To reach the main aim, three specific objectives were defined: 

 

The first objective was to explore how Norwegian dairy farmers with CCC systems 

practice these systems and how they experience and perceive the interrelationships 

between cows, calves and humans within these systems. 

 

The second objective was to compare behavior in dairy calves pastured with or 

without their dams by their use of calf hides, lying, grazing, playing, and 

allogrooming between calves. This also included describing their behavior in a food 

neophobia test, as well as describing their behavior of suckling or sucking milk, 

allogrooming between cow and calf, and the calves’ vocalizations after weaning.  
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The third objective was to compare performance in dairy cows and calves with or 

without CCC on pasture through machine milk yield and composition and calf daily 

weight gain. Additionally, it aimed to describe cow body weight and condition, calf 

intake of concentrates, artificially reared calves’ milk intake, and cow and calf 

health.  

 

For the second objective, it was hypothesized that the presence of the dam on 

pasture may lead to less use of a calf hide, less lying, more grazing, more play, and 

less allogrooming between calves, but that the effects may be modulated by calf age 

and weaning. 

 

For the third objective, it was hypothesized that the lowered machine milk yields 

due to suckling would increase to levels similar to non-nursing cows after 

separation and weaning was completed. Likewise, it was hypothesized that the 

nursing cows’ milk fat content would be lowered, but that it, too, would increase and 

become similar to the milk fat contents in non-nursing cows after separation and 

weaning. It was also hypothesized that calves with their dams on pasture would 

have higher weight gains than artificially reared calves during the milk feeding 

period, but that this difference would disappear at weaning and separation.  

 

These objectives were achieved by a semi-structured qualitative interview study 

and a quantitative pasture study with cows and calves in two different treatments.  

5.2 Materials and Methods 

5.2.1 Interview study  

5.2.1.1 Selection and invitation of interviewees 

Before conducting the interviews, we set some criteria for selecting the farmers we 

wanted to interview. The criteria were to have variation in sex, age, and 

geographical location. We also wanted to only include farmers with at least one year 

of experience of practicing CCC, and who have kept calves together with their dams 

for at least four weeks. Furthermore, we had criteria for variation in farm size, and 

number of cows. Included should be farmers having freestalls with AMS, freestalls 

with milking parlors, and at least two having tiestalls. At least four of the farmers 

should also be practicing CCC on pasture, and there should be variation regarding 
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calving time. Lastly, we wanted at least three organic farms to be included. Five 

farms were recruited by farmers contacting us after a post about the interview 

study on a Facebook group called “Samvær ku og kalv—forum for melkebønder” 

(Cow-calf togetherness—a forum for dairy farmers). Farmers from five more farms 

were contacted and recruited after being identified through social media, as they 

were likely to match the criteria. The last two farms were recruited through a small 

survey conducted in another part of the SUCCEED project.  

 

The Norwegian Centre for Research Data (a part of Sikt-Norwegian Agency for 

Shared Services in Education and Research from January 1, 2022) determined that 

the processing of personal data in this interview study was in accordance with 

privacy regulations. All the interviewees received an information letter with a 

statement of consent to be signed before the interviews. The letter contained 

information including the aim of the project and why the interviewees were being 

asked to participate. It also stated that participation was voluntary and explained 

our privacy policy and their rights. 

5.2.1.2 The interviews 

An interview guide was constructed in 2020 with several different themes, and a 

short version of it is shown in Table 1. Twelve semi-structured qualitative 

interviews with 17 farmers were carried out from October 2020 to March 2021. 

During interviews on five of the farms, two farmers per farm were interviewed 

together, while the other interviews were with one farmer per interview. As little 

was known about how farmers experience CCC systems and especially how they 

perceived the interrelationship between cows, calves, and humans in such systems, 

a qualitative approach with semi-structured interviews was suitable for our study 

(Ferneborg et al., 2020; Vaarst and Sørensen, 2009). The first three interviews were 

carried out by me together with one of the co-authors (BL, GTK). The remaining 

interviews were led by one researcher, either by me (seven interviews) or by co-

authors (two interviews). Seven of the interviews were conducted during visits to 

the farms, including a tour in the barn, while the other five interviews had to be 

conducted online because of COVID-19 restrictions. 
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Table 1. Themes from the interview guide that were used for interviews with 

Norwegian farmers with cow-calf contact systems in the SUCCEED (sustainable 

systems with cow-calf-contact for higher welfare in dairy production) project 

Short version of the interview guide  

About the farmer, the farm, the housing, and the animals 

Practice with cow-calf contact from before, the beginning, and until today 

The change/why they started with cow-calf contact 

Economy questions 

Benefits and challenges with cow-calf contact 

If they want any changes, what is important for cow-calf contact, advice for other 

farmers 

Obstacles and benefits for more farmers to have cow-calf contact 

 

5.2.1.3 Editing and analysis 

The interviews were audio-recorded, and each lasted between 51 and 130 minutes, 

with an average duration of 101 min. The transcription of the interviews was done 

verbatim on Microsoft Word, and there were between approximately 8 500 and 

23 000 transcribed words per interview. The interviews were analyzed on NVivo 

version 12 Plus software (QSR International: 

https://www.qsrinternational.com/nvivo-qualitative-data-analysis-

software/home/ ). The analysis was conducted using an inductive approach, 

inspired by the methodological framework of grounded theory (Corbin and Strauss, 

2015). All contents from the transcribed interviews were used in the analysis, with 

sequences of statements being given a heading in line with the content through open 

coding before axial coding was performed to identify themes across the interviews. 

5.2.1.4 Norwegian report from the interviews  

A Norwegian report called “Ku og kalv sammen i melkeproduksjon – Intervjuer med 

melkeprodusenter» (Cow and calf together in dairy farming – Interviews with dairy 

farmers) was also published from the interviews (Johanssen and Sørheim, 2021). 

The report included 10 of the farms and was about the farmers’ practical solutions 

for their CCC systems. It included photos and descriptions of how the farmers 

perceived the benefits and challenges of having these systems. Additional interview 

results, which were included in the Norwegian report but not in Paper I, are 

included in Chapter 5.3.1.4. Also, the pasture study in this thesis was mentioned in 

the same report, and a small interview with the farmers from the study farm was 

https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home/
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home/
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conducted. The interview was about their experiences from the study and their 

perceptions of CCC and was summarized in the report. Some of this material is 

added to the thesis Chapter 5.3.1.6. 

5.2.2 Pasture study 

The pasture study complied with the Norwegian Regulation on Animal 

Experimentation (Forsøksdyrforskriften, 2015) under the Norwegian Animal 

Welfare Act (Dyrevelferdsloven, 2009). It was conducted on a commercial dairy 

farm (220 meters above sea level (MASL)) in Mid-Norway with a herd of 80 dairy 

cows of the breed NRF, but also some Holstein crosses, and with a freestall barn and 

AMS. The cows were usually on summer pasture (summer farm, 580 MASL), which 

was located 17 km from the main farm, and had a milking parlor. Calving was 

concentrated in three periods, including one period in May/June. The pasture study 

farm was not one of the 12 interview study farms. 

 

In a parallel-group-designed controlled study, 20 cow-calf pairs were allocated to 

two treatments: Cow-calf contact (CC) and early separation (ES). Ten cow-calf pairs 

were enrolled into two groups per treatment (CC: CC1, CC2, and ES: ES1, ES2) with 

five pairs per group. The pairs were 17 NRF pairs and three NRF x Holstein 

crossbred pairs. One of the crossbred pairs was in the CC treatment and two 

crossbred pairs were in the ES treatment, but one multiparous ES Holstein cross 

cow was excluded from the study due to illness. The cows calved between 7 May and 

14 June. The pairs were distributed to their groups by calving date to get as little age 

variation among the calves in each group as possible, thus the age variation per 

group was 6-8 days. Because of a restricted number of calvings, it was not possible 

to divide the groups evenly according to cows’ parity and calves’ sex, and thus, the 

CC cows were 4 primiparous and 6 multiparous cows, and the ES cows were 1 

primiparous cow and 8 multiparous cows. The CC calves were 2 bull and 8 heifer 

calves, while the ES calves were 6 bull and 4 heifer calves.  

 

The first calving pairs were designated as the ES groups so that the ES calves could 

be let out on the on-farm pasture in May, because the cows and calves could not be 

let out on the summer pasture before early June. It was not possible to let cows out 

on pasture near the farm, and it was important to have the calves in the different 

groups on pasture at the same age to enable behavioral observations of them on 

their first day on pasture. Thus, the ES cows were let out later postpartum than the 

CC cows (Table 1).  
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Table 1. Weeks in which the various events and recordings occurred during the study. 

Event Week 

Calvings Week 0 

CC pairs and ES calves let on pasture  Week 1 

ES2 cows let on pasture  Week 3 

ES1 cows let on pasture Week 4 

Full CCC/High milk allowance Weeks 1-6 

Gradual weaning Weeks 7-8 

Fully weaned and separated Week 9 

Calf behavior observations Weeks 1, 3, 6 and 9 

Calf food neophobia test  Week 8 

Cow machine milk yield  Weeks 0-11 

Cow machine milk composition Weeks 5, 9, and weeks 14-16 (16 Sep) 

Cow teat samples (mastitis bacteria)  Weeks 5 and 9   

Cow breast girth  Week 0, pasture day 1 and week 9 

Cow weighing Pasture day 1 and week 9 

Cow condition scoring Pasture day 1 and week 9 

Calf weighing  Weeks 0, 6, 9, and 6-7 months (3 Dec) 

ES calf milk intake  Weeks 0-8 

Calf concentrate intake  Weeks 0-9 

Cow health assessment  Pasture day 1 and week 9 

Cow and calf daily health checks Weeks 0-9 

 

5.2.2.1 The treatments: CC and ES  

Each of the CC pairs was alone in a calving pen for the first three days (Figures 1a, b 

& c). Week 0 was defined as the average calf birth week for each group, and each 

group was let out on pasture in week 1 when the youngest calf in the group was 3-4 

days old. The other pairs (except for the pair with the youngest calf in each group) 

were in the freestall between being in the calving pen and being let out on pasture 

(Figures 2a, b & c). The CC pairs had full CCC except during morning and evening 

milking (about one hour per day on the summer pasture) until week 6. In weeks 7 
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and 8 they were gradually weaned by having physical contact through fence-line 

(Figure 6), without suckling except for two hours after morning and evening milking 

in week 7, and one hour together after morning and evening milking in week 8 

(Figure 7). After week 8, the cows were moved to another pasture 120 meters away 

from the calves so that they got fully weaned and separated, but they could still hear 

each other and maybe see each other as well.  

 

 

 

 

Figure 2a, b & c. a) Calf lying in the calf creep with saw dust bedding in two lying 

cubicles, b) Calf suckling dam in the freestall, c) Calf lying between lying cubicles on 

each side.  

Figure 1. CC pairs in calving pens indoors, photos taken on their calving days. 
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The ES pairs were separated within 1-3 hours after calving, whereupon the calf was 

placed in an individual calf pen for three days (Figure 3a), before being placed into a 

group pen (Figure 3c) or directly out on pasture, since each calf group was let out on 

pasture when the youngest calf was 3 days old. These calves were fed natural milk 

(Figure 3b) in four meals per day until week 6. They had a milk allowance of on 

average 12 L/calf/day during weeks 0-3 and 14 L/calf/day during weeks 4-6. In 

weeks 7-8, the ES calves were gradually weaned by getting a milk allowance of 8 

L/calf/day in week 7 and 4 L/calf/day in week 8. After week 8 they were fully 

weaned from milk.  

5.2.2.2 Pasture management  

All the groups were let out on pasture areas on the summer pasture according to 

Table 1. The ES cows and calves were kept with a distance of at least 130 meters 

between them, and did not have any contact with each other. The CC pairs and ES 

calves had electric sheep net fences, while the ES cows had electric polywires 

around their pastures (Figure 8). The cows were milked in the milking parlor at 

06.30 AM and 05.30 PM each day. All animals had ad libitum access to pasture and 

water. The cows received on average (± SD): 9.5 ± 2.1 kg of concentrates per day, 

and the calves had ad libitum access to concentrates in calf hides. Each calf group 

had access to a calf hide, and the ES calves also got their milk there, from milk bars 

with one artificial teat per calf (Figure 4a). Each calf hide (10.9 m2) consisted of a 

hutch with straw bedding (5.8 m2) and an area surrounded by a steel fence (5.1 m2). 

The gate to the calf hide was open for the calves, but the CC cows were not able to 

enter (Figure 5).  

Figure 3a, b & c. a) ES calf in an individual calf pen with a milk bar, b) Heating of 

whole milk for ES calves, and c) ES calves in a group pen with a bigger milk bar. 
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Figure 4a & b. a) The ES1 calves sucking milk from the milk bar and b) A CC calf 

suckling while being licked by its dam. 

Figure 6. CC pairs suckling after milking (week 7-8). The calves usually suckled from 

their own dams. 

Figure 5. CC pairs with the CC calves’ calf hide on pasture.  
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5.2.2.3 Calf behavior 

The calves were observed directly on pasture. All calves in a group were observed at 

the same time, while the behavior of each calf was registered individually on pasture 

day 1 (week 1) and on one day per week per group in weeks 3, 6 and 9. In these 

weeks, one person observed the calves, while on pasture day 1, the calves were 

observed by two persons to register more behavior. For one group on day 1, one 

observer could not participate, and another stepped in, but the registrations could 

not be used due to a lack of inter-observer reliability. On the observation days in 

weeks 3, 6, and 9, each group was observed for 8 hours, divided between one period 

from 06.00 to 10.00 AM and one period from 04.00 to 08.00 PM. During the 

observations, each calf was identified by a colored neck collar. Different behaviors 

Figure 8. Cow grazing between an ES cow pasture with a fence of two electric 

polywires and a CC pair pasture with an electric net fence. 

Figure 7. Physical 

contact between 

cows and calves 

(without suckling, 

except for periods 

after milking) 

through fence-line 

weeks 7-8 
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were registered by different methods: Being in the calf hide, grazing, lying, and 

standing/moving by instantaneous sampling every second minute. Playing, 

suckling/sucking milk, allogrooming between calves, and allogrooming between 

cow and calf were registered by one-zero sampling for 30-second periods (i.e., if the 

behavior happened or not during each period) for 1.5 minutes followed by a 30-

second break for the instantaneous sampling and then continued. Additionally, both 

low and high-pitched vocalizations were registered, but only on the observation day 

in week 9, in the same periods as one-zero sampling but as the number of 

vocalizations per 30-second period.  

 

The times of when the CC cows left for and returned from milking (weeks 3 and 6) 

were noted in the scoring sheets. On average, each group was away for 30 minutes 

per milking.  

 

Vocalizations in CC cows were registered as number of vocalizations per cow per 

30-second period in a total of three hours, divided into one hour in the morning, one 

hour in the middle of the day, and one hour in the evening. The results from group 

CC1 days 1, 2, and 3 in week 9 are shown descriptively in Chapter 5.4.2.1. 

 

In week 8 for each group, a food neophobia test was conducted, inspired by Costa et 

al. (2014). Each test was done as a group test with the whole group together, since 

the calves were not used to being alone. Each test was done for three consecutive 

days, with 30-minute observation periods per day. The calves were let out on a 6 x 6 

m area outside the calf hide, which was surrounded by a net fence. Four 90 L black 

plastic buckets were placed within the enclosure. Two buckets contained novel feed: 

carrots and hay (Figures 9a & b), one bucket contained familiar feed: concentrates 

(Figure 9c), and one bucket was empty. The buckets were placed one at each 

rectangle side and far enough from the fence so that all five calves in each group 

could eat from one bucket simultaneously (Figure 10a). The feed in each bucket was 

weighed before and after each test to register feed intakes at group level. The tests 

were video-recorded by two cameras, and observed and registered by a research 

technician later, via the recordings. Individual registrations were made each time a 

calf put its head in a bucket, and when it removed its head from the bucket again. 

Thus, we also calculated individual calf latencies from test start to head was put in 

each of the buckets.  

 



 

34 

 

5.2.2.4 Cow performance   

Table 1 shows in which weeks different registrations were done for both cows and 

calves. Each cow’s machine milk yield was recorded at each milking during the study 

and until week 11 after calving. Milk samples for analysis of milk composition were 

taken from individual cows’ morning and evening one day in week 5 and one day in 

week 9 for each group. The samples were preserved with Bronopol (2-Bromo-2-

nitropane-1,3 diol, Broad Spectrum 231 Microtabs® II), stored at 4 °C and then 

analyzed for fat, protein, lactose, urea, free fatty acids (FFA), and somatic cell count 

(SCC) using Fourier Transform Spectrometry (Bentley FCM and IBC, Chaska, US).  

 

There were challenges with inhibited milk ejection in CC cows during the study. The 

greatest challenge was with three of the primiparous cows, most prominent during 

weaning and after separation of the CC calves. A veterinarian and the farmers were 

Figure 9a, b & c. Buckets for the food neophobia test with a) carrots (5 kg), b) hay (1,5 

kg) and c) concentrates (5 kg) before a test. 

Figure 10a & b. Test area for the food neophobia test a) before and b) at the end of a 

test.   
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worried about mastitis and the farmers were also worried about potentially lower 

long-term milk yields in the CC cows. Because of these concerns, injections of 

oxytocin in doses of 2 ml were given to CC cows, a total of 38 injections to the cows 

in group CC1 (12 in weeks 0-6 and 26 in weeks 7-9) and 28 injections to the cows in 

group CC2 (2 in weeks 0-6 and 26 in weeks 7-9). For days with oxytocin injections, 

data were excluded from the results. This included data from days on which cows 

were injected and the following day, and if a cow was injected more than one day 

consecutively, the two following days after the last injection were excluded. The 

milk samples from week 9 were also excluded since most CC cows were injected on 

the sampling day of that week. Instead, data on machine milk composition from 

September 2021 were included. This was after the study, when the cows were back 

in the barn, corresponding to weeks 14-18, depending on the group. These data 

included 8 cows per treatment. In addition to milk data, each cow was breast-

measured once after calving, once on the day they were let out on pasture, and once 

in week 9. Cows were also weighed, and their body condition scored once on the 

first day of pasture and once in week 9.  

5.2.2.5 Calf performance 

Each calf was weighed once after birth, and each calf group was weighed in weeks 6, 

9, and once when they were 6-7 months (all on the same day in December 2021, 

exact age dependent on the group). This was to calculate their weight gains per day 

from birth till before weaning, from before weaning to after weaning, and after 

weaning till they were some months older after the treatments. Intakes of 

concentrates were registered by weighing concentrates in the morning on four days 

per week until week 9. It was not possible to measure the CC calves’ milk intake, but 

the ES calves' milk intakes were registered by measuring milk amounts before and 

after each meal on four days per week until weaning.  

5.2.2.6 Cow and calf health  

Health assessments were done by a veterinarian for each calf after birth, and for 

each group, both cows and calves, when they were let out on pasture, and once in 

week 9. Health assessments of the calves were also done once in week 6. 

Additionally, daily health checks were carried out by staff for both cows and calves 

during the study.  
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5.2.2.7 Statistical analysis  

Statistical analyses were conducted in Minitab 21 Statistical Software. Each 

response variable was analyzed separately by using the Mixed Effects Model. For 

Paper II the response variables were the behaviors: “In calf hide”, “Lying”, “Grazing”, 

“Play” and “Allogrooming calf-calf”, and for Paper III they were: “Milk per day” (daily 

machine milk yield/cow in kg), and for the composition of machine milk in week 5 

and post-study (weeks 14-18) they were in %: “Fat”, “Protein”, “Lactose”, “Total 

solids”, in kg: “Energy corrected milk (ECM)”, and in mEq/L: “FFA”, mmol/l: “Urea” 

and 103/mL: “SCC”. The calf response variable for statistical analysis was: “Weight 

gain” (daily gain per calf in grams calculated from the weighing). For the models for 

each response variable, the residual plot from the model fit was visually checked for 

normality and homogeneity of variance. Additionally, normality tests called 

Anderson Darling and Ryan-Joiner were performed, and suggestions for 

transformation were made by using Box-Cox transformation methods.  

 

In the models, treatment was the main effect of treatment (fixed factor with two 

levels: CC, ES). Group(treatment) was the effect of the group within treatment 

(random factor), calf(treatment; group) was the effect of calf within group within 

treatment (random factor). The other fixed factors were parity (two levels: 

primiparous and multiparous cows), and sex (two levels: bull and heifer calves). 

For the behaviors, we used period (two levels: morning and evening) and week 

(three levels, weeks 3, 6, and 9) as fixed factors. Period was also a fixed factor for 

“Milk per day” (three levels: weeks 7-8 (weaning), week 9 (full separation), and 

Figure 11a & b. a) Cows in the milking parlor (by the summer pasture), and b) A cow 

in the enclosure where the weighing, breast measurement, body condition scoring, and 

health examination were done. 
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weeks 10-11 (after separation)), and for “Weight gain” (three levels: weeks 0-6, 

weeks 6-9 and week 9 till 6-7 months). In the models, interactions were first 

included, and then the models were reduced for each response variable by removing 

clearly non-significant higher-order interactions, to arrive at the final model we 

used for analysis for each response variable. Thereafter, post hoc analyses were run 

with Tukey pairwise comparison tests to examine the differences between each 

level for the factors and interactions having p-values less than 0.10. Significance was 

declared at P < 0.05; a tendency was declared at P < 0.10.   

5.3 Results  

5.3.1 Interview study  

5.3.1.1 About the CCC farms 

The farmers interviewed were from 8 conventional and 4 organic farms. Two of the 

farms (one organic and one conventional) were approved to use the welfare label 

from the Animal Protection Alliance. Six of the farms had freestalls and AMS, two 

had freestalls and milking parlors and four had tiestalls. The farms had between 14 

and 60 dairy cows. The milk quotas were between 75 and 420 tons, and on two of 

the farms, they also used own milk to produce cheese products. Three of the farms 

started practicing CCC in the 1990s and the other 9 farms started with CCC between 

2015 and 2019. Some of the farmers also tested CCC with a few cows and/or foster 

cows before they started keeping basically all calves with their dams. Seven farms 

had spread calving, one had spring calving, two autumn calving, one had calving in 

two periods, and one had spread calving over half the year.  

5.3.1.2 The CCC farmers’ practices  

On two of the farms having calving in spring or autumn they preferred the cows to 

calve outside, and another farm with spread calving also let cows calve outside in 

the grazing season. Most of the other farmers let the cows calve in indoor calving 

pens. The farmers had different practices to ensure colostrum access for the calves. 

Half of them bottle-fed colostrum to most calves, while the other half were more 

focused on observing and maybe helping the calves to suckle from their dams. The 

latter group bottle-fed only when they considered it necessary for different reasons. 

On all farms, the farmers kept the calves together with their dams in the cow areas, 

and on 7 of the farms, they also practiced CCC on pasture (Table 2). All the farmers 

who had cows and calves together in freestall areas had calf creeps for the calves, 
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but they experienced calves also lying in the cows’ cubicles, between the cubicles, 

and in front of cubicles near the wall. The CCC period varied from 6-8 weeks till 4 

months and full CCC varied from two days till 3 months. On 10 of the farms, cows 

and calves were kept together during the whole milk feeding period, and on two 

farms they continued giving milk to the calves after separation from the cows. 

Weaning and separation were done by different methods, either abruptly, with 

nose-flaps, or gradually with fence-line and/or less time together. 

 

Table 2. How the cow-calf contact system is applied at the 12 Norwegian farms 

participating in the interview study. 

Farm 
no.  

Full time together (how long, 
where) 

Less time together, weaning, and 
separation 

1 3 mo, mostly on pasture, some in 
the freestall. 

Gradually less time together till 
weaning at 4 mo. Calves in own pen 
when not with cows and after 
weaning. 

2 2–3 wk in an area with 3 lying 
cubicles. Cows are tied, calves are 
loose; then cows are moved to the 
other side of the feeding area and 
the calves to their own pen. 

Cows are tied, calves are let out to be 
with cows for several hours 2 periods 
per day until wk 4. Then a period 
around milking morning and evening 
until just before wk 8, and 1 period per 
day till weaning at 8 wk. 

3 9–10.5 wk. Cows are in the welfare 
area often for around 2–3 wk 
before they are moved to the 
freestall area. The calves use the 
whole barn after 1 wk. 

Nose flap for the last 1.5–2 wk they are 
together, then calves are moved to 
their own pen. 

4 9.5 wk in the freestall area after 
calving pen. Access to pasture 
during grazing season. 

Nose flap for the last week they are 
together, then calves are moved to 
their own pen. 

5 1 mo, with cows (dams) in the 
freestall; after, calving pen; then 2 
mo with foster cows in own pens 
with 1 cow and 2–4 calves. 

Fence-line contact with dam for a few 
days after 1 mo. Moved from foster 
cows after 3 mo. 

6 4 wk on pasture or in the tiestall, 
where cows are tied and calves are 
loose before calves are moved to 
their own pen. 

Cows are tied. Calves are let out to be 
with cows for a period after milking 
morning and evening until wk 8, then 
for 1 period per day until 9 wk. 

7 6–9 wk. Cows are in the welfare 
area for at least 1 wk, then moved 
to the freestall area; calves can 
move around the whole barn. 

Cows and calves are moved to the 
welfare area, where they have fence-
line contact for 3 d before being 
moved again. Calves get milk until 
weaning at 12 wk or more. 
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8 3 mo (6 mo before). Cows are in 
the welfare area as long as space is 
available, then moved to the 
freestall area. Calves can move 
around the whole barn and have 
access to pasture in the grazing 
season. 

Abrupt moving of calves to their own 
pen. 

9 2 mo together in the freestall area 
after calving pen. Access to pasture 
in the grazing season. 

Abrupt by moving calves to their own 
pen, but some (if strong bonds or a lot 
of vocalizations) are together for some 
more days when the farmer is in the 
barn. 

10 8 wk together, in the freestall area 
after calving pen. Access to 
pasture/go outside almost all year 
round. 

Calves are moved to a pen where they 
have fence-line contact with the cows 
for at least 5 d before being moved 
again. Heifer calves get milk until 4 mo, 
and bull calves until 6 mo. 

11 Most of the calves are with the 
cows full time for the first 2 d, lying 
on hay beside the cow. Then the 
calves are moved to their own pen. 

Calves are let out in the tiestall area for 
periods morning and evening until 3 
mo. In the beginning, they get more 
hours together and before milking, 
then gradually less time and after 
milking instead. 

12 2–4 wk together inside where cows 
are tied and calves are loose, 
outside on pasture before calves 
are moved to their own pen, or 
both. 

Calves are let out from their pen for 
half the day until between 70 and 100 
d. 

 

Figure 12a & b. Farm no. 2. a) Dairy cows in a tiestall where bigger calves were let out 

in periods during the day. By the wall on the far side is a calving pen made of two 

cubicles. b) An own enclosed area where tied cows were with smaller calves having 

whole-day CCC.  
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Figure 13a, b & c. Farm no. 6 with dairy cows in a tiestall where small calves had 

whole-day CCC. a) Calf suckling its dam. b) & c) The calves had an area in a corner 

behind the cows on one side and an own open room behind the cows on the other side 

where they could lie on straw bedding.  
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Figure 14a, b, c & d. Farm no. 3. a) The calves were weaned with nose flaps. c) This 

barn had some large calving pens. b) & d) A calf creep in the freestall’s welfare area.  

Figure 15a, b, c & d. Farm no. 4. a) Cow and calf in a calving pen. b) A freestall with a 

calf creep with straw bedding. c) & d) Cows and calves in the lying cubicles where the 

calves could be lying in front of the cows.  
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5.3.1.3 Interrelationships between cows, calves and humans  

From the qualitative analysis, several themes related to practice and 

interrelationships between cows, calves, and humans in CCC systems were 

identified, like e.g., ensuring that dam and calf establish a strong bond and farmers 

establishing their own relationships with cow and calf. The farmers had different 

perceptions, but there were also similarities, e.g., regarding colostrum management. 

Despite differing strategies to ensure colostrum intake for newborn calves, none 

considered this as a challenge. A good relationship between a dam and her calf was 

important, and most of the farmers let cow and calf stay alone during the first days 

to help establish a strong bond between them. The cows were generally perceived 

as being good mothers, but there were also some cows that seemed to not care 

Figure 16a, b, c & d. Farm no. 5. a) & b) Calves with their dams in the freestall area the 

first four weeks. c) & d) Calves with foster cows (2-4 calves per cow) in own pens from 

four weeks till 3 months.  
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about the calf or could seem stressed and aggressive towards it. The farmers had 

different solutions for such challenges. While some farmers had felt forced to 

practice early separation of calf and dam in such cases, others meant that these 

cows just needed some help and time to calm down and understand the situation.  

 

Among the farmers almost all reported witnessing one or a few cows showing 

aggressive behavior towards humans to protect their calves after calving. The 

farmers perceived such behaviour as an exhibition of the cows’ natural protective 

instinct. Several of the farmers also discussed possible differences between 

primiparous and multiparous cows, regarding how they behaved towards their 

calves and humans after calving. However, the farmers built good relationships with 

the cows so that cow and farmer knew each other and felt safe around each other. 

Then, the farmers could handle the calves and build good relationships with them as 

well. At the same time, there could be a bigger risk for cows to show aggressive 

behavior to protect their calves if strangers were present. Some farmers perceived 

suckling calves to behave differently from artificially reared calves, while others said 

they were just as tame now as before when they were separated early from their 

dams. Some also mentioned individual differences in personalities among cows and 

calves, for example, a shy cow that could transfer her shy behavior to her calf. Most 

of the farmers also talked about how much the calves learned from being with the 

cows, like different feeding behaviors and how to be a cow in their environment.  

 

The farmers, with their different housing and milking systems, generally 

experienced that dairy cow areas were not designed to accommodate CCC and 

therefore were not adapted to the needs of small calves. The CCC systems could 

require spending more time on observing the animals. Adjustments in the cow 

areas, like putting up extra gates and wooden planks could also be required to 

accommodate CCC in existing barns. Although most of our interviewees practiced 

CCC in older barns without large investments, they agreed that CCC systems require 

sufficient space. The cows, especially primiparous cows, would also need some extra 

attention during milking, especially in the beginning after calving. Some of the 

farmers practicing CCC on pasture thought that their system was the best and most 

natural for the animals, while some of the farmers who grazed their cows in forest 

or mountain areas did not want to have small calves with the cows ‘out there’. Some 

also preferred allowing cows calve on pasture, despite that it could sometimes be 

hard to locate newborn calves outside. While some farmers spent time on searching 

for these new-born calves, farmers from one farm had stopped spending time on 
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this, as they consistently found that the calves would show up within a few days. 

Farmers practicing CCC on pasture experienced calves escaping under the fences. 

However, this was not considered a problem, as the calves would never go far away. 

Farmers considered that the calves would return upon hearing their dams call or 

when their dams were walking back inside.  

 

The farmers had different perceptions of their cows' and calves' stress behavior 

related to weaning and separation. Generally, there could be some challenges with 

stress, but several farmers had found methods to minimize stress among their cows 

and calves. It seemed that stress could also vary considerably between individual 

cows and calves. The farmers had different opinions about workload, where half of 

the farmers thought they spent less time working when using CCC systems, while 

the other half thought they spent as much or even more time working. At the same 

time, they agreed on that they spend less time on calf feeding, and farmers having 

AMS experienced the work being more flexible, as they did not have to go to the 

barn at certain times to feed calves. Additionally, some of the farmers expressed 

how they really enjoyed spending time in the barns with their animals every day. 

We found that the farmers enjoyed having these systems, where they all described 

positive emotions when seeing cows and calves together. Most of the farmers talked 

about how a cow and her calf being together was natural, and they generally saw 

this as good animal welfare.  

5.3.1.4 Cow and calf performance and health 

The Norwegian report from the interview study (Johanssen and Sørheim, 2021) 

included more comprehensive information and citations about how the farmers 

perceived performance and health in their cows and calves when practicing CCC 

systems. In the following, text in italics denotes direct quotes by farmers. 

 

Several of the interviewed farmers reported lower machine milk yields when the 

calves were suckling their dams. One farmer said: “You get less milk delivered per 

cow, so you need to have more cows to fill the milk quota, and/or you need to increase 

the yield on the cows.” Another farmer was worried about some of the cows' entire 

lactation curve being affected, he said: “It may be that some dams do not utilize their 

milk potential because they are together with their calves, I am afraid that they get a 

much lower lactation curve, especially the primiparous cows.” The farmers also talked 

about benefits regarding the cows’ milk yields: “The calves stimulate milk 

production”, “A big advantage is that the (milking) robot knows which glands are 
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empty and empties the others without any problem”, “When the cow is used to the 

teats being suckled, it can in many cases make it easier to milk the cow”, “The goal is 

that the dairy cows that grow up now are much better than the ones I have today 

because their wellbeing was better while growing up”, and “We get big nice heifers, 

more robust, they give more milk in their first lactation, they can be inseminated 

earlier, and they get easier pregnant again after their first calving”. Some of the 

farmers mentioned challenges regarding the composition of machine milk: “The 

quality of the delivered milk decreases”, “There is a lower fat content in the delivered 

milk”, and “I do not understand how the calves are able to drink the fatty milk 

regardless of if you let them be together with the cow before milking, after milking or 

in the middle of the day, that I do not understand”.  

 

The farmers used several positive words about the calves’ weight gain: Good, much 

better, really good, insanely, huge weight gain, and that the suckling calves were 

robust, powerful, large, vigorous, better calves, very nice calves, that they had 

smooth coats and that “They get a good start in life”.  

 

Some of the farmers talked about challenges regarding cow and calf health: “There 

can be a high infection pressure indoors when you have many animals and small 

areas” “Diseases spread faster with cows and calves together”, “There is a risk of 

infection if a calf suckles several cows”, “The cows are slightly more susceptible to 

mastitis”, “When the calf is with the cow you lose a bit of control over the udder 

health”. Especially one farmer experienced several challenges with calf health in her 

CCC system: “It can be a challenge with wounds and abscesses on calves that run and 

play and hurt themselves on the slatted floor in the freestall”, “The calves get infections 

easier”, “I have a higher use of medication and wound care” and “There are more 

injuries from cows stepping on the calf, or lying on the calf”. Farmers talked about 

stress in relation to the separation of cow and calf as mentioned in Paper I, 

additionally, some of them talked about other challenges regarding the calf related 

to this: “The calves might get diarrhea after separation”, “There can be lower feed 

intakes in calves for some days after separation” and “The calves may have a drop in 

their growth after separation”.  

 

The farmers also mentioned several benefits regarding health, like better udder 

health, less udder inflammation, and about the calves emptying the udder as being 

positive for udder health. Other comments about health were: “We generally have 

healthier animals now”, “We do not use antibiotics and have not used antibiotics for 
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over 20 years against mastitis”, “We do not experience cows having retained placenta”, 

“If cows have milk fever, they have a milder degree, it is easier to get them going 

again”, and “It is positive for cow health after calving, she has something to get up for, 

something to do, a meaning in her life”. Farmers also talked more about benefits and 

said, for example, that when practicing CCC they had very good calf health, better 

calf health, no calf disease, and made comments like: “We have more equal and 

healthier calves”, “We have not had a vet on a calf except for dehorning or if someone 

is injured”, “If there is anything with a calf, the mother takes care of it, and the calf 

recovers faster”, “We no longer have calves with diarrhea, if you have calves with 

diarrhea, you lose hundreds of liters of milk in the first lactation and lose growth 

which is difficult to catch up again” and “The calves can get diarrhea from too much 

nourishment, but the general condition is good, they do not get sick from it”.  

5.3.1.5 CCC systems and reputation  

Several of the farmers talked about benefits regarding social sustainability of dairy 

production. This included such aspects as practicing CCC being positive for dairy 

farming reputation. Words as branding, storytelling and “added value” were 

mentioned in relation to sales. Collectively, these statements indicate a belief that 

higher prices may potentially be charged for milk, meat, cheese etc. from CCC farms. 

Comments included: “CCC makes good external advertising for agriculture”, “It makes 

a good image of dairy farming for the consumers”, “With CCC we are in front 

regarding consumer demands”, “Consumers more or less demand that the calf should 

be with the cow”, “Animal welfare is more and more important to people”, “The cow 

and the calf thing is something that touches everyone’s hearts, even guys are touched 

in their hearts by that”, “We get increased knowledge and exchange of experience 

when more people do it (CCC systems)”, “When more people have cow and calf 

together, more will understand that this is the right way, where we are going”, “Others 

are also proud (e.g. neighbors)”, “Employees think that it is gratifying working in CCC 

systems”, and “Visitors and advisors who are in the barn say: “Oh, those are some nice 

calves!”.  

5.3.1.6 Interview with the pasture study farmers  

The farmers from the pasture study farm said they did not experience problems 

with letting the small calves be together with the cows in the freestall area in the 

barn before they were transported to the summer pasture (Johanssen and Sørheim, 

2021). However, they saw challenges with having the cows together with the calves 

on the summer pasture, and the biggest challenge was inhibited milk ejection in CC 
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cows during milking, throughout the study. They said that several of the CC cows 

continued having low machine milk yields after the study was completed (after 

week 9). They also said they had never experienced cows kicking that much during 

milking in the milking parlor as some of the CC cows did in the study. They clearly 

saw CC cows being stressed, but pointed out that several of them were primiparous 

cows.  

 

Father and daughter on the pasture study farm discussed CCC, and the father did not 

believe that having calves with their dams would work out well practically, he 

believed more in having foster cows with the calves. He also pointed out that an 

important reason for those who have calf and dam together is the well-being the 

farmers feel themselves by having this system. The daughter, however, meant that 

part of the point of having dairy CCC was lost by practicing foster cow systems 

instead of dam-rearing, and that the foster cow would be more like an automatic 

milk feeder if the cow did not really want to foster the calves, and the calves did not 

get the care that they would otherwise have gotten from their dams. She argued that 

there must be other benefits of having dam-rearing systems in addition to the 

farmers' own well-being; otherwise, the farmers practicing the system would not do 

so. She was sure that the calf and dam had better well-being and life quality during 

the time they spent together, but she was not sure if it was worth it when she saw 

the stress that especially the cows experienced during weaning and separation. The 

farmers saw that the calves' weight gains were high, but that CCC systems (with 

dam-rearing) cannot work out if the cows do not deliver sufficient amounts of milk 

during machine milking. In their opinion, cows used in CCC systems must be able to 

let down their milk during milking and continue to have a high milk production after 

separation from their calves. 

5.3.2 Pasture study  

5.3.2.1 Calf behavior  

The calves’ behavior of suckling or sucking milk could not be compared between the 

treatments, but both treatments were observed to spend up to around 13 minutes in 

one suckling or sucking bout. The CC calves had numerically more but shorter 

suckling bouts in week 3 compared to week 6 with 3.1 vs 1.7 suckling bouts (from 

total 8 h/day) of 4.2 vs 6.7 minutes per calf for week 3 and week 6, respectively. 

This indicates that number of suckling bouts decreased while time per suckling 

bouts increased with calf age.  
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Of the statistically analyzed behaviors, all had a treatment*week interaction with P < 

0.001, and the means presented are in % of total sample points per period (4 hours). 

Use of calf hide was the only behavior with a significant difference between the 

treatments independently of week. The CC calves used the calf hide less than the ES 

calves throughout the study but more with increased age (week 3: 0.4 vs 64.1 %, 

week 6: 11.0 vs 45.7 % and week 9: 27.0 vs 58.8 %). Before weaning, the CC calves 

were lying less (45.1 vs 61.5 %) and playing more (5.4 vs 1.5 %) than the ES calves 

in week 3, but with no difference in week 6 (lying: 66.8 %, playing: 1.3 %). The CC 

calves were also lying less and playing more in week 3 than in week 6, while the ES 

calves showed no difference in lying or playing between weeks 3 and 6. Referring to 

the comments about the CC cows’ absence during milking, we could see that the CC 

calves played more and were lying less during these absences in week 3 than in 

week 6. The CC calves tended to be grazing more in week 3 versus week 6 (6.8 vs 2.9 

%), while the ES calves grazed more in week 6 compared to week 3 (9.3 vs 4.7 %), 

and in week 6 they grazed more than the CC calves. Allogrooming between cow and 

calf was numerically similar in weeks 3 and 6 for the CC calves (2.8 %). 

Allogrooming between calves was more frequent in week 9 compared to week 3 for 

the CC calves (3.1 vs 1.4 %) and in week 6 compared to weeks 3 and 9 for the ES 

calves (4.1 vs 0.7 and 2.0 %). After weaning, in week 9, calves from both treatments 

were lying less and grazing more than before. The CC calves were lying less than the 

ES calves (34.8 vs 50.2 %), but there was no difference in grazing (18.2 %). There 

was no difference in playing between the CC and the ES calves in week 9 (1.1 %). 

While the CC calves showed no difference in playing between their weeks 6 and 9, 

the ES calves were playing less in week 9 than in week 6. Low-pitched vocalizations 

in week 9 were low for both treatments (1.9/calf/hour), but high-pitched 

vocalizations were numerically higher for the CC calves than the ES calves after 

weaning and separation from their dams (61.7 vs 6.3/calf/hour).  

 

In the food neophobia test, CC calves showed numerically shorter latencies to 

approach both novel and familiar feed buckets on day one compared to ES calves 

(median latencies per calf in seconds for hay, CC: 124 vs ES: 789, carrots: 291 vs 

389, concentrates: 173 vs 596, and empty bucket: 272 vs 322). On days 2 and 3, 

latency differences between CC and ES calves decreased, showing more similarity, 

especially on day 3. Although the time spent with each bucket and feed consumption 

were less different, CC calves spent notably more time with hay (time spent in 



 

49 

median per calf in % of 30 minutes per day for hay: 26.8 vs 17.9, carrots: 16.3 vs 

14.2, concentrates: 3.7 vs 7.9, empty: 5.1 vs 2.6).  

5.3.2.2 Calves’ standing and moving  

Regarding results from the pasture study, the data from registrations of 

standing/moving was removed from paper II. There was an interaction between 

treatment and week (P < 0.001) for calves standing/moving, as can be seen in 

Figure 17. The post hoc test showed that the CC calves tended to be 

standing/moving more than the ES calves in week 3. There were no differences 

between the CC and the ES calves in weeks 6 or 9, but the CC calves were 

standing/moving more in week 3 than in week 6 and more in week 3 than the ES 

calves in weeks 6 and 9. The CC calves were also standing/moving more in week 9 

than in week 6. Anecdotally, according to comments made during the registrations 

of when the CC cows were brought to milking and back, the CC calves were 

standing/moving more around these times in week 3 compared to week 6. 
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5.3.2.3 CC cows vocalizations after separation from their calves 

Some registrations on vocalizations were not included in paper II. Registered 

vocalizations for the CC cows in group CC1 on days 1, 2, and 3 in week 9 (the first 

full separation week) showed large individual variations in the numbers of 

vocalizations among the cows (Figure 18). They had numerically a high number of 

high-pitched vocalizations on day 1 after separation from the calves. The 

vocalizations decreased on day 2, where the number also became more similar 

between high and low-pitched vocalizations, and on day 3 the number of 

vocalizations decreased even more.  

5.3.2.4 Cow performance  

The cows' average machine milk yield during weeks 0-6 postpartum (full CCC 

period for the CC pairs) was 10.8 kg/cow/day for the CC cows and 34.5 kg/cow/day 

for the ES cows. The statistical analysis showed significantly lower machine milk 

yield in the CC cows compared to the ES cows both during weaning (weeks 7-8: 10.4 

vs 33.1 kg/cow/day), the first week with full separation of the CC pairs (week 9: 

18.2 vs 33.1 kg/cow/day) and afterwards (weeks 10-11: 23.7 vs 32.0 kg/cow/day) 

(P < 0.001). There were no significant differences in the composition of machine 
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milk, except for lactose in week 5 postpartum (CC: 4.5 vs ES: 4.9 %, P=0.005), and 

the ECM was different (CC: 7.8 vs ES: 33.8 kg/cow/day, P=0.010). The mean 

machine milk fat content was numerically lower in the CC cows compared to the ES 

cows (2.6 vs 3.3 %, P=0.146), but it was low in both treatments, and the difference 

was not significant. There were no significant differences between the treatments in 

machine milk composition post-study (in weeks 14-18 postpartum, depending on 

the group), but the ECM was still numerically lower for the CC cows (23.4 vs 28.4 

kg/cow/day, P=0.447).  

 

Both the CC and the ES cows had a decrease in their body weight and body condition 

from when they were let out on pasture until week 9 postpartum, but the decrease 

was numerically higher in the ES cows. The average body weight decrease was 973 

g/cow/day for the CC cows and 1647 g/cow/day for the ES cows from the day they 

were let out on pasture till week 9.  

5.3.2.5 Calf performance  

We could not measure the CC calves' milk intake, but the ES calves' milk intake 

during the period from birth till 6 weeks when they got a high milk allowance was 

on average 10.7 l/calf/day. The registrations on concentrate intake indicated that 

the ES calves started eating concentrates earlier than the CC calves, and the amounts 

were larger for the ES calves than the CC calves, especially during and after weaning 

(CC, week 0-6: 19 and week 7-9: 428 g/calf/day vs ES, week 0-6: 66 and week 7-9: 

980 g/calf/day). The calves body weight gains were not significantly different 

between the treatments, neither in the period from birth till week 6 after birth (CC: 

1.34 vs ES: 1.25 kg/calf/day), the period from week 6 till week 9 (CC: 1.05 vs ES: 

0.92 kg/calf/day), or the period from week 9 till 6-7 months (CC: 1.06 vs ES: 1.16 

kg/calf/day for the CC and the ES calves, respectively). Both treatments had a lower 

body weight gain in the period including weaning than the period before weaning.  

5.3.2.6 Cow and calf health 

Except for the challenge with inhibited milk ejection in the CC cows, there were no 

obvious differences in health between the CC and the ES cows. There were some 

challenges with mastitis, teat wounds, and udder injuries in cows from both 

treatments. 
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There were some diarrheas in both CC and ES calves, and some coughing in one ES 

group, but the calves’ general conditions were not affected, and on the whole, all 

calves were perceived as being healthy throughout the study. 

5.4 Discussion  

The main aim of this thesis was to investigate practices and perceptions of 

Norwegian dairy farmers with CCC systems and to compare calf behavior and cow 

and calf performance when calves were with or without their dams on pasture. The 

aim was achieved by a semi-structured qualitative interview study and a 

quantitative pasture study with cows and calves in two different treatments. The 

interviewed farmers practiced their CCC systems differently regarding, e.g., 

durations of full relative to duration of part-time contact, and methods for weaning 

and separation (Paper I). They showed various perceptions regarding 

interrelationships between cows, calves and humans in their systems. Calf behavior 

was affected by CCC on pasture, but for all behaviors except calf hide use, the 

differences were dependent on calf age (Paper II). Pastured CC cows machine milk 

yields were consistently low during the suckling period, weaning and after 

separation (Paper III). The interviewed farmers perceived improved calf weight gain 

and healthy calves as primary benefits of practicing CCC. In the pasture study, 

however, both full CCC and artificially reared calves with high milk allowances were 

healthy and had comparable weight gains. The main challenge observed with the 

pasture study was inhibited milk ejection in CC cows.  

5.4.1 How do farmers practice and perceive their CCC systems?  

The farmers in our interview study practiced their CCC systems differently from 

each other (Paper I). There were variations in colostrum management, CCC duration 

after calving, duration of daily CCC and methods for weaning and separation. This 

complies with previous studies (Bertelsen and Vaarst, 2023; Eriksson et al., 2022; 

Vaarst et al., 2020, 2019). One similarity between our interviewees was that they all 

practiced CCC in the same indoor area as the other lactating cows, thus they had not 

designed and built a separate area for CCC in their barns. Research on conventional 

calf rearing has indicated that calf management differs between farms (Ellingsen-

Dalskau et al., 2015; Johnsen et al., 2021). Our study indicates a comparable 

variation in the way CCC systems are implemented. All farms have different 

resources as space indoors or outdoors, access to bedding material, workforce, time 

etc. These resources may to different degrees accommodate CCC. Our study 
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confirms that so far, there is no recommendation for CCC best practice, or in other 

words, there is no “one size fits all” CCC system. Additionally, interviewed farmers 

highlighted that the current housing systems were not suited for CCC systems, 

which also contributes to farmers developing individual and farm-specific solutions 

for their CCC systems. 

5.4.1.1 Adjustments to facilitate CCC 

Although our interviewees experienced that their housing systems were not built to 

accommodate CCC, most of them were able to change from artificial calf rearing to 

CCC by making minimal adjustments like adding wooden planks, gates and/or 

making calf creeps (Paper I). Minimal investment for CCC was also reported by most 

of the CCC farmers in the Norwegian survey by Hansen et al. (2023). In contrast, 

Danish farmers in Bertelsen and Vaarst's (2023) study believed that only deep-

bedded areas were suitable for CCC, leading several to practice part-time CCC or 

foster cow systems. These farmers anticipated large investments and barn 

modifications for full CCC practice (Bertelsen and Vaarst, 2023). Similarly, building 

constraints have been reported as one of the main barriers to implementing CCC 

systems (Eriksson et al., 2022; Hansen et al., 2023). Swedish CCC farmers in 

Jonsson’s (2019) study also perceived the need for more space and redesigned 

buildings for CCC systems. Although most of our interviewees practiced CCC in older 

barns with minor investments, they agreed that CCC systems require sufficient 

space.   

 

It appears that for farmers who are both motivated and possess sufficient space, the 

implementation of CCC systems can be successful. However, a notable consideration 

is the potential decrease in delivered milk when adopting CCC systems (Hansen et 

al., 2023). This may necessitate an increase in the number of cows to maintain the 

same amount of milk delivered (Berge and Langseth, 2022). Conversely, if the 

available space dictates maintaining or reducing the number of dairy cows, this may 

not be economically feasible. Additionally, the challenge intensifies if rebuilding or 

expanding the barns is required for CCC. Moreover, some existing barn solutions 

may be more suitable than others (Johanssen and Sørheim, 2021; Vaarst et al., 

2019). The need for more space in CCC systems was one of the reasons why some 

farmers in our study preferred to practice CCC on pasture (Paper I). In our pasture 

study (Papers II and III), we did not focus on investment evaluation. However, our 

investments were electric net fences, calf hides, and solid fences for fence-line 

contact during weeks 7-8.  
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5.4.1.2 Farmers’ perceptions of CCC on pasture  

On 7 of the 12 farms in our interview study, farmers practiced CCC on pasture. 

While some farmers preferred pastured CCC, others opposed it (Paper I). In 

previous studies, farmers had concerns regarding CCC on pasture (Bertelsen and 

Vaarst, 2023; Neave et al., 2022; Vaarst et al., 2020; Vaarst and Christiansen, 2023). 

Bertelsen and Vaarst (2023) found that some farmers were reluctant to practice CCC 

on pasture due to concerns about the need for expensive “calf-proof” fencing, and 

the calves’ inability to walk long distances for grazing with the cows. Conversely, our 

interviewees who had CCC on pasture did not invest in “calf-proof” fencing. They 

reasoned that if calves escaped under the fence, they would never go far from their 

dams. One farmer noted that pastured CCC reduced labor and fencing needs since 

calves could graze alongside cows without needing separate areas. In contrast, 

Vaarst et al. (2020) reported that some farmers found CCC on pasture to be more 

labor-intensive.  

 

In the study by Lehmann et al. (2021), one farmer viewed calves hiding 

on pasture as a challenge. Some farmers in our study did report that they regularly 

were searching for newborn calves on pasture. However, farmers from one farm had 

quit searching for newborn calves on pasture, as they consistently found that the 

calves would show up within a few days. Differences in practice and perceptions 

regarding CCC on pasture may also be affected by the farmers different needs of 

"being in control", since the farmer may feel less control about the situation when 

having cow and calf together on pasture compared to indoors. Some farmers in the 

study by Vaarst et al. (2020) perceived that CCC farmers could be “too laid back”, 

and in the study by Bertelsen and Vaarst (2023) some farmers with larger farms felt 

that larger farms required a different type of structure and control to be effectively 

managed compared to smaller farms.  

 

In our pasture study, we could not fully replicate typical farm conditions regarding 

fencing since we needed to segregate cows and calves into different groups (Papers 

II and III). This required the use of electric net fences to prevent calves from mixing 

with other groups. However, gaining more knowledge about dairy CCC on pasture, 

as from our pasture study, might increase farmers’ interest in trying out these 

systems. Nonetheless, managing CCC on larger pasture areas with larger herds, e.g., 

in Denmark (Bertelsen and Vaarst, 2023) and New Zealand (Neave et al., 2022), 

could be more challenging in terms of calf shelter, fencing and other concerns like 
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calves becoming “wilder” on pasture than in rather small conditions of our 

Norwegian pasture study farm and the farms of our Norwegian interviewees. 

5.4.2 Interrelationships between cows, calves, and humans  

In contrast to Paper I, the study in Paper II and III did not primarily explore the 

interrelationships between animals and humans during the pasture study. However, 

we did record behavior related to the interrelationship between cow and calf, like 

suckling and allogrooming (Paper II). We considered conducting human interaction 

tests with the calves, like a human approach test, but decided against it because ES 

calves in our study, due to their artificial rearing, had more frequent human contact 

and were thus presumed to be less fearful of humans. This assumption aligns with 

findings from Bertelsen et al. (2023), who observed that artificially reared calves 

tended to approach humans more quickly, likely due to their increased exposure to 

human contact during milk feeding.  

5.4.2.1 Dairy cows’ maternal abilities  

Our interviewees generally perceived their dairy cows as “good mothers” (Paper I), 

contrasting the concerns from farmers who practice early cow-calf separation. 

These farmers worry that cows of modern dairy breeds might not be showing 

suitable maternal abilities for rearing calves (Neave et al., 2022). Additionally, they 

might be concerned that cows allowed to bond with their calves may show 

aggression towards humans to protect their calves (Neave et al., 2022; Vaarst et al., 

2020). Almost all our interviewees reported witnessing one or a few cows showing 

aggressive behavior towards humans to protect their calves. When the farmers 

knew the cows well and the cows felt safe, this was not perceived a problem, but 

there seemed to be perceived as an increased safety risk when other people were 

involved, like employees who did not know the cows that well. In their survey, 

Hansen et al. (2023) reported that almost no farmers had experienced increased 

accidents or compromised work safety due to CCC. These findings might appear 

conflicting at first, but an explanation could be that when our interviewees had 

experienced cows showing aggression, this was within short time after calving 

before being early separated from their calves because of this. The finding that this 

aggression was only experienced within short time after calving might indicate that 

the risk of such aggressive behavior, might be similar, irrespective of whether early 

separation or CCC are normally practiced.   

 



 

56 

In our pasture study, we had inclusion criteria for the CC pairs, including the cows’ 

not showing aggression towards their calves or humans (Papers II and III). The 

study involved 10 CC cows, all without former experience of CCC beyond a few 

hours postpartum. Nevertheless, every cow cared for its calf, and none were 

excluded for aggression or poor maternal behavior. Research indicated that various 

factors influence maternal behavior, including the cows’ breed, age, and previous 

experience (Le Neindre, 1989; Le Neindre and D’Hour, 1989). Le Neindre and 

D’Hour (1989) found that primiparous cows more often exhibited aggressive 

behavior towards their calves and spent less time licking them compared to 

multiparous cows post-calving. Cows reared with their dams as calves tended to 

exhibit more “maternal” behavior towards their calves. Moreover, Rørvang et al. 

(2018) stated that: “providing dairy cows with an environment where they can 

perform the maternal behavior they are motivated for, may aid a calm and secure 

calving and provide optimal surroundings for postpartum maternal behavior.” 

Successful CCC practices may hinge on farmers proper facilitation, as well as 

breeding for appropriate maternal behavior in dairy cows.  

5.4.2.2 Farmers handling CCC calves 

For the farmers in our study, fostering trust between cow and farmer was deemed 

crucial as part of the process of facilitating relationships with the calves (Paper I). 

Handling calves seemed of high importance for most farmers though they varied in 

if they were most focused on handling calves shortly after calving, regularly during 

the CCC period or more after cow-calf separation. Other studies also indicate that 

CCC farmers emphasize the need for handling to tame calves (Bertelsen and Vaarst, 

2023; Jonsson, 2019; Vaarst et al., 2020). Similar as the variation in calf handling in 

our study, the farmers also varied in if they experienced their calves to be less tame, 

similar or even more tame compared to when practicing early cow-calf separation. 

Farmers practicing early cow-calf separation might be concerned about calves in 

CCC systems becoming more difficult to handle when they are not milk-fed by the 

farmer (Neave et al., 2022), and potentially turning “wilder” on pasture with their 

dams (Vaarst et al., 2020). Some of the farmers in our study had experienced the 

calves being a bit “wild” or shy on pasture, but when they focused on handling them 

through this period or afterward, this was not a problem. However, these were 

small farms with few calves, and this might be more challenging with bigger herds. 

Some of our farmers also perceived that the calves would be like their dams through 

both learning and genetics. Similarly, farmers in Vaarst et al.’s (2020) study 

mentioned that they believed the calves reared in a CCC system would become calm 
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and confident as adults, and farmers in Bertelsen and Vaarst’s (2023) study believed 

that calves would become calmer with age, regardless of early handling. In our 

pasture study, we did not perceive handling of CC calves as challenging. Perhaps 

they were a bit “wilder” than the artificially reared calves, but these perceptions 

remain anecdotal as we did not record handleability of cows or calves (Papers II and 

III).  

5.4.2.3 Calves learning from their dams 

In our interviews, farmers generally viewed calves learning from their dams as an 

advantage of CCC systems (Paper I). It is known from previous research that calves 

reared individually have difficulties learning (Gaillard et al., 2014; Meagher et al., 

2015), and that offspring learn from their mothers (Mogi et al., 2011; Newberry and 

Swanson, 2008). This perspective has also been discussed in other studies (Jonsson, 

2019; Lehmann et al., 2021; Vaarst et al., 2020), highlighting the positive effects of 

calves learning from their dams how to “behave like a cow” in their housing and on 

pasture. However, in Bertelsen and Vaarst's (2023) study, Danish CCC farmers 

seemed to place less emphasis on this learning aspect. A possible reason could be 

that their CCC practices occurred in separate areas, part from where the calves 

would later live as dairy cows (Bertelsen and Vaarst, 2023).  

 

In our pasture study’s food neophobia test, the less cautious behavior shown by CC 

calves compared to ES calves on test day 1 (Paper II) might have been influenced by 

the CC calves being more confident and exploratory in this situation due to previous 

learning of feeding and social behavior from their dams (Marino and Allen, 2017). 

We also suggested that calves’ grazing behavior on their first day on pasture might 

be influenced by their learning experiences, either with or without their dams 

present. However, due to insufficient inter-observer reliability, the results from this 

first day could not be used.  

5.4.2.4 Stress around weaning and separation in CCC systems  

Among the farmers we interviewed, some viewed separation stress as a challenge 

(Paper I). Farmers reported that especially cows could vocalize for several days. But 

unlike other studies, in which separation stress has been perceived as a main 

concern about CCC systems (Eriksson et al., 2022; Hansen et al., 2023; Neave et al., 

2022), several of our interviewees used self-developed methods which they 

believed alleviated this stress. In our pasture study, we attempted gradual weaning 

and separation to lessen stress, but recorded peak levels of high-pitched 
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vocalizations in both CC cows’ and calves’ post-separation (Figure 14 and Paper II). 

The farmers from the pasture study farm noted stress in CC cows, including an 

increased challenge of milk ejection inhibition during milking, likely influenced by 

the separation-stress. Some of the farmers in Bertelsen and Vaarst’s (2023) study 

believed that gradual weaning could prolong stress compared to abrupt separation. 

However, a review by Enriquez et al. (2011) reported various outcomes in studies 

comparing gradual and abrupt weaning methods on separation stress in beef cattle. 

Our pasture study showed large individual variations in vocalizations, a finding that 

was also reported by some of the interviewed farmers who had experienced that 

some cows could vocalize a lot for several days, while others seemed not to be 

bothered as much by the separation (Paper I). It appears that there is no clear 

solution for optimally minimizing of separation stress, and perhaps the methods 

should be adapted on an individual level. Given that some farmers believe they have 

developed functional methods, researchers should collaborate with these farmers to 

further examine this important concern of CCC systems.  

5.4.2.5 Being a farmer working in a CCC system  

Opinions among farmers in our interview study varied on the labor intensity of CCC 

systems compared to early cow-calf separation (Paper I). They concurred that they 

spend less time on calf feeding, aligning with Asheim et al. (2016). Conversely, a 

common concern about CCC systems among farmers practicing early separation is 

in fact increased labor. This concern is reported by farmers with both small (Hötzel 

et al., 2014) and large farms (Neave et al., 2022). Farmers in Neave et al.’s (2022) 

study also expressed concerns about more complicated and stressful work. 

However, several studies indicate that many farmers practicing CCC experience 

reduced labor (Bertelsen and Vaarst, 2023; Eriksson et al., 2022; Hansen et al., 

2023; Jonsson, 2019). Some farmers in our study found the work to be easier and 

more flexible without fixed calf-feeding schedules, similar to what was reported by 

Bertelsen and Vaarst (2023). The latter study reported that Danish CCC farmers 

favored CCC for its practicality, ease, and labor efficiency. Farmers with pastured 

CCC systems in the study by Neave et al. (2022), also reported the work being easier. 

We did not examine labor input in our pasture study (Papers II and III), as the setup 

was not realistic since the animals were kept in small groups on different pasture 

areas. The varying perceptions regarding workload with CCC systems are likely 

affected by several factors, such as the variation in CCC practice, type of housing, 

farm size, and whether the farmers have other work outside farming. Moreover, 

some of our interviewees highlighted their enjoyment of spending time in their 
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barns with their animals, which may indicate some not being concerned about 

working very efficient. The farmers variation between the need for “being in 

control” and their trust in the animals’ capabilities (Vaarst et al., 2020) also likely 

impacts their perceived workload.     

 

Our interview study’s farmers expressed enjoyment with their CCC systems, similar 

as found in other studies, in which farmers expressed satisfaction and joy as a 

motivation to continue using these systems (Vaarst et al., 2020), and increased well-

being (Berge and Langseth, 2022; Wagenaar and Langhout, 2006). Other research 

indicates a direct correlation between farmers’ well-being and the welfare of their 

animals (Hansen and Østerås, 2019; King et al., 2021), implying that farmers derive 

satisfaction of perceiving their animals enjoying themselves. In the interview with 

the pasture study farmers, one of them believed that one main reason for some 

farmers to practice CCC is the well-being the farmers feel themselves by practicing 

this system. This perspective aligns with findings from our interviews study and 

other research, highlighting the farmers personal well-being as an important 

motivation for practicing CCC systems.   

5.4.3 Is dairy calf behavior affected by CCC on pasture? 

Our expectation was that calves would use the calf hides to seek shelter, as cattle 

generally seek shelter under varying weather conditions (Sawalhah et al., 2016; Van 

Laer et al., 2015). We also hypothesized that CC calves would use calf hides less than 

ES calves and this was confirmed during all observations (Paper II). It could be that 

CC calves used the calf hides less due to social facilitation by their dams. 

Additionally, CC calves’ calf hide usage increased with age, possibly because cow-calf 

proximity diminishes over time, as reported by other studies (Hirata et al., 2003; 

Vitale et al., 1986). The larger pasture areas for CC calves might also be a factor 

affecting calf hide use. Hutchison et al. (1962) noted that time spent moving was 

similar between calves and their dams on pasture, suggesting that CC calves 

accompanying their mothers, would naturally spend less time near or in calf hides. 

Furthermore, while CC calves suckled from their dams, ES calves were fed milk in 

the calf hide area, likely contributing to ES calves increased use of calf hides.   

 

We hypothesized that CC calves would be lying less than ES calves due to social 

facilitation by their dams (Paper II). Additionally, we hypothesized that CC calves 

would show more play behavior if they got welfare benefits from being with their 

dams, as play is a sign of positive welfare (Held and Špinka, 2011). In week 3, this 
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was evident with CC calves lying less and playing more than ES calves, but by week 

6, these differences disappeared. Since CC calves in our study were lying less, 

standing/moving more, and playing more around the times the cows were being 

milked in week 3 than week 6, it seems that CC calf behavior was affected more by 

the dams milking in week 3 than week 6. While full-day observations would have 

been ideal, we focused on morning and evening due to practical constrains. Another 

reason for the chosen observation periods was that other studies showed peaks of 

grazing (Kilgour et al., 2012; Martins et al., 2017; Walker, 1962), playing (Day et al., 

1987; Odde et al., 1985) and suckling in calves during these periods (Reinhardt et 

al., 1986). However, the twice-daily milking would likely influence calf behavior 

regardless of observation times. In the study by Mac et al. (2023), cows were also 

taken away for milking, and the authors found that cows’ vocalizations and attempts 

to return to their calves decreased with calf age. This suggests that younger calves 

might be more affected by their dams’ behavior, at a time when the dams show 

more interest in being with their calves. Sinnott (2023) found CCC calves to be 

standing less and moving more than artificially reared calves. This could possibly 

have been seen in our study as well, but we did not distinguish between standing 

and moving like in the mentioned study. 

 

Sinnott (2023) found no difference in the amount of play among full CCC calves on 

pasture, part-time CCC calves indoors and artificially reared calves indoors. 

However, Waiblinger et al. (2020b) observed increased solitary play in CCC calves 

compared to artificially reared calves indoors. Distinguishing between various play 

behaviors would have been beneficial in our study, but direct observations on 

pasture limited this capability (Paper II). We included running as a part of play and 

noted that CCC calves ran to follow their dams. Bailly-Caumette et al. (2023) 

reported that milking of cows influenced calves play behavior indoors, with calves 

showing more intense locomotor play after the cows were taken away for milking. 

Exploring the use of mobile milking robots for CCC cows on pasture could be an 

intriguing aspect, potentially allowing calves to stay close during milking and 

thereby reducing the impact of milking on calf behavior.  

 

We hypothesized that CC calves would graze more than ES calves (Paper II). 

However, we found no difference in grazing between treatments in week 3, and in 

week 6 ES calves grazed more than CC calves. Previous studies have indicated that 

restricted milk feeding increases solid feed intakes (Fröberg et al., 2011; Miller-

Cushon et al., 2013). In our study, both treatments had ample milk access, so hunger 
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was not expected. However, the milk feeding methods differed: ES calves had four 

meals daily, while CC calves suckled freely, except during cows’ milking. This 

difference in milk feeding might have impacted CC calves to spend more time on 

milk ingestion which could have led to a have a higher milk intake, while ES calves 

spend more time on grazing (Paper II) and had a higher concentrate intake, since 

the weight gains were not different (Paper III). Since ES calves did not have 

opportunities to spend time on behavior with their dams, such as suckling and cow-

calf allogrooming this could also have influenced them spending more time on other 

behaviors, such as grazing. If ES calves had ad libitum milk access from an automatic 

feeder, these differences might have been minimized. CC calves, potentially 

influenced by CCC, might have had a higher energy requirement than ES calves. This 

could be due to increased physical activity and more exposure to wind and 

precipitation by not using the calf hides as much as ES calves. CC calves could have 

met these nutritional needs by suckling more milk instead of increased grazing and 

concentrate consumption. The botanical composition and quality of the pasture 

might also have played a role in grazing behavior, as the pasture for ES calves was of 

somewhat lower quality.  

 

Nicolao et al. (2020) found grazing behavior differences between CCC calves and 

artificially reared calves when released onto pasture post-weaning. In their study, 

CCC calves had the advantage of previous experience with both their dams and 

pasture, in contrast to the artificially reared calves who lacked such experience. In 

our study, observing the calves’ grazing behavior for several days immediately after 

their first pasture access, could have been valuable when considering that all calves 

were put on pasture at the same age.  

 

We hypothesized that CC calves would engage in less allogrooming with each other 

due to receiving allogrooming from their dams (Paper II), since Webster et al. 

(1985) found CCC calves on pasture to groom each other less than calves artificially 

reared indoors. However, we did not find differences in calf-calf allogrooming 

between CC and ES calves. This could be due to the limited number of animals and 

generally few recordings of this behavior. As it has been suggested that artificially 

reared calves will use an automated brush for grooming as a redirected behavior 

associated with maternal grooming (Zobel et al., 2017), the ES calves may have 

spent more time on self-grooming for the same reason. However, we did not record 

self-grooming. In our study, aside from calf-calf allogrooming, there was an effect of 
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CCC on calf behavior. However, for most behaviors the differences between CC and 

ES calves were dependent on calf age.  

5.4.3.1 Behavior after weaning  

The observed decrease in lying and increase in vocalizations among CC calves 

compared to ES calves post-weaning (week 9, Paper II) indicates higher stress 

levels, likely due to separation from their dams in addition to weaning. CC calves 

might also have had a more abrupt transition from milk to solid feed if they ingested 

more milk than ES calves in weeks 7-8, during which the CC calves could suckle the 

cows in periods after milking. Also, the challenges with inhibited milk ejection in CC 

cows were prominent in this period. However, the similar grazing levels in week 9 

and the similar weight gains from weeks 6 to 9 (Paper III) might indicate that all 

calves coped well with the transition from liquid so solid feed (Khan et al., 2011). 

While both groups increased their concentrate intake during and after weaning, ES 

calves consumed more concentrates than CC calves (Paper III), possibly influenced 

by their greater use of calf hides where concentrates were located (Paper II). The 

difference in intakes of concentrates could also be linked to the possibility of CC 

calves consuming more milk in the suckling period, as suggested by the relation to 

ES calves’ increased grazing in week 6.   

 

Regarding vocalization as an indication of stress, we included recordings of the 

calves’ vocalizations only on the observation day in week 9 (Paper II). Extended 

vocalization recordings post-separation and during weaning in weeks 7-8 could 

have been insightful. However, making such recordings was not feasible due to 

economical constraints and because we did not compare different weaning and 

separation methods between CC pairs. Our comparisons of CC and ES calves aligns 

with findings from an indoor study (Fröberg et al., 2011), which observed greater 

stress in suckling calves post-weaning and separation from their dams than in 

artificially reared calves. Although we attempted more gradual weaning, peaked 

levels of vocalizations were recorded from both CC calves (Paper II) and cows 

(Chapter 5.3.2.3) after weaning and separation, potentially exacerbated by their 

ability to hear each other.  

5.4.3.2 Food neophobia test 

Our food neophobia test indicated that CC calves were quicker to explore and eat 

from buckets, especially on the first test day (Paper II), indicating less food 

neophobia (Costa et al., 2014). However, this applied to buckets containing both 
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novel and familiar feed, suggesting that ES calves were more cautious rather than 

neophobic. The time spent with buckets and intake of novel feed were similar across 

both treatments and the three test days. The variation in novel feed intake seemed 

more group-specific than treatment-specific, indicating that individual calf 

personalities and group dynamics played a role. Our findings, which aligned with 

Neave et al. (2018), indicate that calf personalities, including their level of 

exploration, affect feeding behavior. The more exploratory nature of CC calves might 

make them better adapted to environmental changes, possibly due to the benefits of 

being with their dams. Yet, seeing that latencies on days 2 and 3, and the other 

variables were similar between treatments, the slight caution of ES calves towards 

the buckets is unlikely to negatively affect their long-term feed intake or production, 

as food neophobia might do (Launchbaugh et al., 1997).  

5.4.4 Is dairy cow performance and health affected by CCC on pasture? 

5.4.4.1 Machine milk yield and inhibited milk ejection  

In our pasture study, we hypothesized that machine milk yields from CC and ES 

cows would align post-separation (from week 9, Paper III). In contrary, CC cows 

showed consistently lower machine milk yields than ES cows until week 10-11 

postpartum. Although Meagher et al. (2019), found no substantial long-term 

reduction in machine milk yield post-separation some recent studies found a 

prolonged lower machine milk yield in CCC cows compared to non-CCC cows (Barth, 

2020; Sinnott et al., 2022).  

 

Our pasture study revealed that CC cows, during full CCC had a machine milk yield 

that was on average -23.7 kg/d compared to ES cows (Paper III). Much of the milk 

was likely consumed by the calves, each having individual nutritional needs, as 

evidenced by the large variation in milk intake among calves reported in other 

studies (e.g., Appleby et al., 2001). However, this discrepancy was likely also 

influenced by the higher relative proportion of primiparous cows among CC cows 

and challenges with inhibited milk ejection, especially in these cows. The study farm 

farmers expressed concerns about persistently low milk yield. Similarly, a farmer 

from our interview study was worried that primiparous cows might have a lower 

lactation curve with CCC compared to early separation from their calves (Paper I). 

Most of our interviewed farmers, however, did not view inhibited milk ejection as a 

major issue in CCC. It seemed a transient problem, mainly in the initial days 

postpartum and predominantly with primiparous cows. Yet, one farmer suggested 
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that this issue might be more widespread and underrecognized, potentially leading 

to farmers overestimating calves’ milk intake during suckling. In a recent study by 

Vaarst and Christiansen (2023), farmers participating in a three-year project 

discussing CCC systems reported challenges related to inhibited milk ejection, which 

remained unresolved by the project’s end.   

 

Churakov et al. (2023) employed two methods to estimate salable milk loss in CCC 

systems and estimated lower machine milk yields in CCC cows both before and after 

calf separation. In our study, we could not calculate such losses due to the limited 

observation period (first 11 weeks postpartum, Paper III). Barth (2020) indicated 

that the prolonged yield reduction in CCC cows could be due to a negative feedback 

effect on milk secretion. Studies shows that dairy cows release more oxytocin during 

suckling than at milking (Bar-Peled et al., 1995; Lupoli et al., 2001), which may 

contribute to challenges in milk ejection when machine milking nursing cows 

(Kälber & Barth, 2014; Zipp, 2018). Additionally, incomplete milking combined with 

ongoing milk production can cause milk to return from the udder cistern to the 

alveoli (Caja et al., 2004), thus resulting in faster udder refilling between milkings 

and a decrease in overall milk secretion.  

 

Stress from unfamiliar environments may also affect milk ejection (Wellnitz and 

Bruckmaier, 2001). In our study, primiparous cows were unfamiliar with being on 

the farm’s summer pastures, and possibly the milking parlor and the associated 

routines impacting their milk ejection (Paper III). Udder hand massage, known to 

stimulate milk ejection (Kentjonowaty et al., 2021), was tried before and during 

milking without success. Bruckmaier (2013) suggested tactile vaginal or cervical 

stimulation to be more effective into improving milk ejection than udder massage, 

however, this was not practically doable in a farm study. Other methods to improve 

milk ejection could be training primiparous cows to milking routines before calving 

(Ujita et al., 2021) or allowing calves to suckle briefly before milking and/or having 

them present during milking, as is done with tropical cattle (Hernández et al., 2006; 

Junqueira et al., 2005). Moreover, the cows’ stress due to separation from their 

calves (Newberry and Swanson, 2008), even when done gradually (Johnsen et al., 

2015b), might have contributed to the inhibition of milk ejection being prominent 

during weaning and separation.  
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5.4.4.2 Fat content in machine milk  

In our pasture study, we hypothesized that CC cows would have a lower fat content 

in their machine milk compared to ES cows while CC cows were nursing (Paper III), 

in line with findings from indoor studies (Barth, 2020; Wenker et al., 2022; Zipp, 

2018). This hypothesis was supported by similar findings in recent studies with CCC 

on pasture (Nicolao et al., 2022; Ospina Rios et al., 2023). In our study, milk from CC 

cows had a 0.7 percentage points lower fat content than milk from ES cows, though 

both treatments showed lower fat content than the Norwegian average of 4.4% 

(Tine, 2023). This could be attributed to the influence of grazing, as indicated by 

Adler et al. (2013), who found a decrease in fat content in machine milk from 

Norwegian farms during pasture periods relative to indoor periods. The lack of a 

significant difference between CC and ES cows in our study may stem from large 

variations in fat content and the limited number of cows involved. Among the 

farmers we interviewed, some reported affected milk quality with lower fat content 

while cows were nursing, while others had not noticed this (Paper I). Similarly, in 

Ellingsen et al.’s (2015) survey, some farmers experienced milk quality being 

affected by nursing, while others did not. However, in our pasture study, 

composition of machine milk aligned between treatments post-separation, 

consistent with other studies (Barth, 2020; Ospina Rios et al., 2023). Given that milk 

fat content increases during milking and inhibited milk ejection can reduce fat 

content (Dymnicki et al., 2013), finding ways to enhance milk ejection in CCC cows 

could potentially increase the fat content in their machine milk during nursing.  

5.4.4.3 Cow health  

During our pasture study, we encountered challenges related to udder health and 

mastitis across the treatments both with and without CCC (Paper III). Most farmers 

in our interview study reported no difference or an improvement in overall cow 

health, including udder health, with CCC compared to when they practiced early 

separation (Paper I). This aligns with the findings in Beaver et al.’s (2019) review, 

although most studies in the review were conducted under indoor conditions. As in 

our pasture study, another recent pasture study by Ospina Rios et al. (2023) 

reported a similar occurrence of mastitis in both CCC and early separated cows. 

However, farmers in the study by Neave et al. (2022) practicing CCC on pasture, 

perceived an improvement in both cow and calf health in their systems. It is clear 

that factors other than CCC, such as genetics, different environmental factors (Cheng 

and Han, 2020) and nutrition (Erickson and Kalscheur, 2019), play a crucial role in 

cow health. Nevertheless, the challenge of inhibited milk ejection during milking of 
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CCC cows, as observed in our pasture study, warrants further investigation due to 

its potential negative effects on cows’ health.  

5.4.5 Is dairy calf performance and health affected by CCC on pasture? 

5.4.5.1 Calf milk intake and weight gain 

In our pasture study, the milk consumption of CC calves remains unknown, but ES 

calves exhibited an average intake of approximately 11 L/calf/day when they got 

four meals per day (Paper III). In another recent study with the same breed (NRF), 

which included calves with and without CCC indoors, it was found that artificially 

reared calves with close to ad libitum milk access (four meals, one hour per meal) 

consumed an average of 12 L/calf/day (Sløbraaten, 2023). Our interview study 

(Chapter 5.3.1.4), along with findings from other studies, indicates that farmers 

perceive higher weight gains and improved health in calves as a key advantage of 

practicing CCC compared to practicing early cow-calf separation (Eriksson et al., 

2022; Hansen et al., 2023; Jonsson, 2019). Our hypothesis postulated that CC calves 

would have higher weight gains than ES calves during the milk feeding period in our 

pasture study, with the difference disappearing post-weaning. However, we found 

calf weight to be comparable between treatments. This aligns with other recent 

studies conducted indoors, where similar weight gains were observed in calves 

regardless of CCC when artificially reared calves received either ad libitum (Vagle, 

2020) or substantial milk allowances (Bertelsen and Jensen, 2023). Additionally, in 

the second trial in the recent study by Nicolao et al. (2022), part-time CCC cows (9 

h/day) on pasture and artificially reared calves indoors also had similar weight 

gains. Johnsen et al. (2015a) found consistent weight gains in CCC calves regardless 

of whether they suckled or not. In their study, in one treatment calves suckled, while 

in the other, calves were prevented from suckling by udder nets and received a daily 

allowance of 12 L of milk per calf. Our pasture study, along with other research, 

suggests that milk availability plays a more pivotal role than CCC itself in influencing 

calf weight gain during the milk feeding period, despite farmers attributing 

substantial weight gain as a primary benefit of CCC systems.  

5.4.5.2 Calf health 

The farmers we interviewed reported experiencing good calf health for calves kept 

in CCC systems (Paper I). This aligns with Vaarst et al. (2020), who reported that 

many farmers highlighted not only the physical but also the mental and emotional 

well-being of calves in CCC systems. In our pasture study, we also experienced 
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calves being healthy (Paper III). However, while the interviewed farmers often 

perceived better health in CCC calves compared to early separated calves, our 

pasture study revealed no discernible health differences between the two 

treatments. In a similar vein, Ospina Rios et al. (2023) did not identify any health 

issues related to treatment, regardless of whether calves had CCC on pasture or 

were artificially reared indoors. A recent comprehensive study by Johnsen et al. 

(2022), involving 109 herds with a total of 1779 CCC calves and 2980 artificially 

reared calves, also found no difference in mortality or morbidity risk within the first 

90 days of a calf’s life. Contrarily, Sinnott (2023) observed a decline in health, with 

increased diarrhea, in calves with full CCC on pasture compared to artificially reared 

calves indoors. Wenker et al. (2022b) similarly reported poorer health in full CCC 

calves. However, in their study, all calves were kept indoors, and they attributed the 

CCC calves’ poorer health to suboptimal hygiene and environmental conditions for 

the CCC calves in the cows’ freestall housing. In our interview study, some of the 

farmers perceived infection pressure as being higher indoors. These farmers 

preferred practicing CCC on pasture, where the calves had access to more space, 

better hygiene conditions, and were thus exposed to a lower infection pressure 

(Paper I and Chapter 5.3.1.4). Additionally, some farmers favored pasture calving, 

driven by both their desire for natural behavior and health considerations. These 

varied findings regarding calf health in CCC systems, as compared to early 

separation, suggest that factors other than the CCC system itself are more important 

in affecting calf health.  

5.4.6 Animal welfare and natural behavior  

Most farmers in our interview study talked about how practicing CCC increased 

their animals’ welfare and their animals’ possibilities to perform natural behavior 

(Paper I). Similarly animal welfare and natural behavior was important to 

Norwegian and Swedish CCC farmers in the studies by Hansen et al. (2023) and 

Jonsson (2019), respectively. Like in Norway, the Swedish CCC farms were also 

relatively small. In contrast, only three out of 12 Danish farmers mentioned animal 

welfare and naturalness as motivators for CCC (Bertelsen and Vaarst, 2023), 

indicating relatively less emphasis on animal welfare among Danish farmers than 

among Norwegian and Swedish farmers. This disparity might be influenced by farm 

size, as Danish farms were larger. However, on the equally larger or even larger 

pasture-based dairy farms in New Zealand, studied by Neave et al. (2022), farmers 

also prioritized animal welfare. In New Zealand, Farmers practicing early separation 

were concerned about animal welfare in CCC systems, whereas CCC farmers 
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perceived animal welfare as being improved by practicing CCC. Additionally, among 

the interviewed Danish farmers, some had quit practicing CCC, others practiced 

foster cow systems, while only four practiced dam-rearing for periods of at least two 

weeks.  

 

Animal welfare is a concept with varied definitions (Weary and Robbins, 2019), and 

aspects perceived as being most important for animal welfare differs among 

individuals (Logstein and Bjørkhaug, 2023; Sumner et al., 2018; Vigors, 2019). 

Similar as for several of the CCC farmers in our interview study, consumers are 

especially focused on what is considered as being natural for the animals when they 

reflect on animal welfare (Vigors et al., 2021). However, the ability to perform 

natural behaviors, often included in welfare definitions, does not always equate to 

positive welfare (Browning, 2020). Enabling animals to live so-called naturally can 

sometimes lead to adverse experiences; for instance, animals on pastures face 

greater exposure to predators and risks compared to the safer environment of a 

barn. In my view, the essence of animal welfare should be centered on the animals’ 

own experience and emotions, as eloquently described by Braastad (n.d.). “Animal 

welfare is the subjective experience of the individual of its psychological and physical 

condition as a result of its attempts to master its environment”. This perspective shifts 

the focus to understanding welfare from the animal’s point of view.  

 

One CCC farmer we interviewed perceived calf welfare with CCC as comparable to 

calf welfare with artificial rearing, since calves received high milk allowances and 

good care when they were separated early as well (Paper I). In our pasture study, 

both CC and ES calves had access to large pastures, calf hides, straw bedding, ad 

libitum grazing, concentrates, water, other peers, and either free suckling or high 

milk allowance from milk bars (Papers II and III). The key distinction was that CC 

calves could naturally suckle from their dams, receiving maternal care and 

experiencing social behaviors and allogrooming not just with peers but also with 

their mothers. The presence of dams may have offered additional protection, 

comfort, a sense of safety, and unique learning opportunities from older animals. 

Yet, despite these potential benefits, we cannot conclusively assert that CC calves 

experienced better welfare than ES calves in our pasture study. Under natural 

conditions, calves typically suckle until weaning at 7-14 months (Reinhardt and 

Reinhardt, 1981), however, in our study, calves were separated after 8 weeks. The 

female farmer from the study farm pondered whether the perceived increased 

welfare for both cow and calf during their time together justified the stress, 
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particularly for the cows, observed during their subsequent separation (Chapter 

5.3.1.6).  

5.4.7 Methodological considerations  

To examine how CCC impacts calf behavior and cow-calf performance on pasture, an 

enhanced approach would involve a controlled experiment with variables except for 

the treatment, being more stable between the treatments than what was practically 

possible in out pasture study. Our pasture study was conducted on a Norwegian 

commercial dairy farm with 80 cows and e.g., that the farm had only a third of the 

cows calving in May-June made practical constraints (Papers II and III). Group sizes 

and replication numbers were pre-planned with a statistician to enable statistical 

analysis, but a larger sample size and more replicates would have enhanced the 

reliability of the behavior and performance results. The study’s validity was further 

challenged by the uneven distribution of calf gender and cow parity, as well as other 

aspects considered below.   

 

In the pasture study, the CC groups had more primiparous cows, known for lower 

milk yields (Hansen et al., 2006) and a higher likelihood of inhibited milk ejection 

(Bruckmaier, 2005) than multiparous cows. The cows calved between May 7 and 

June 14, but snow cover delayed release on the summer pasture (17 km from the 

farm) until June 7. While ES calves could graze on a farm pasture, there were no 

suitable cow pastures near the AMS barn. To maintain age consistency among calves 

for behavioral observations, early calving cows and their calves were assigned to ES 

groups. Consequently, ES calves experienced different conditions than the CC pairs, 

initially grazing on the main farm and later moving to the summer pasture at higher 

ages than CC calves. Despite these differences, conditions for ES calves were 

comparable across both pasture locations in terms of group composition, area size, 

calf hide access, and feed allowance. However, ES cows stayed indoors longer 

postpartum, leading to delayed pasture exposure compared to CC cows. 

Additionally, the need to have separate grazing areas for ES calves versus the ES 

cows and CC pairs resulted in varied botanical composition and slightly inferior 

pasture quality for ES calves.  

 

In the pasture study, to account for the influence of individual animals within a 

group a Mixed Effects Model was used in the statistical analyses. The mixed model 

accounted for the hierarchical structure of the data with repeatedly measured 

animals within groups within treatments. However, due to the limited number of 
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groups and animals, and some data being on group-level, certain results were 

presented descriptively without statistical analysis. Individual behavior data from 

the food neophobia test were also presented descriptively. The test should have 

ideally been done individually but was conducted in groups since the calves were 

not used to being alone.  

 

Due to the limitations of the pasture study methodology, the study was called a 

“pilot study” in the papers (Papers II and III).  

5.4.7.1 Calf behavior 

Calf behavior was directly observed on pasture (Paper II), with limitations in this 

method. Although video recording allows for more precise behavior analysis 

through playback, pause and slow-motion options, as done in the food neophobia 

test conducted in a smaller area, it was impractical for observations on larger 

pasture areas. Direct observations, used in weeks 3, 6 and 9, faced challenges: the 

observer’s presence potentially influenced the calves (mitigated by a quiet and calm 

observer), and only a limited range of behaviors could be recorded. For example, it 

was difficult to make distinctions between standing and moving, and different play 

behaviors. “Running” was included in “Play”, and CC calves were observed running 

after their dams. It could also have been convenient to add abnormal sucking to the 

registrations. The larger pasture areas for CC calves compared to ES calves might 

have influenced their behavior. However, all calves appeared to have ample space 

for natural behaviors like grazing and playing, including running.  

5.4.7.2 Cow and calf performance  

Cows’ machine milk yields in our pasture study were not followed throughout the 

cows’ lactations (Paper III). This limitation prevented a thorough examination of 

whether the lower machine milk yields in CC cows persisted and thus an estimation 

of salable milk loss, as was estimated by two different methods in the recent study 

by Churakov et al. (2023). Our study faced challenges with inhibited milk ejection in 

CC cows, especially during weaning and separation, likely due to increased stress. 

Oxytocin injections were administered several times to mitigate this issue. 

Following advice from lactation biology experts, days around oxytocin injections for 

recorded machine milk yields and milk samples from week 9 were excluded from 

the analyses. Later, additional samples were obtained, when the cows were in 

different weeks after calving, and back in the barn. A predefined protocol for 
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identifying and managing inhibited milk ejection could have enhanced the study’s 

preparedness for addressing this issue.  

 

To ensure that treatment rather than milk allowance affected calf performance in 

our pasture study, we aimed for ad libitum milk access for both CC and ES calves. 

While ES calves received high milk allowances in four daily meals, practical 

limitations prevented ad libitum milk feeding on pasture. The initial plan was to 

provide up to 16 liters of milk per ES calf per day, based on a previous study 

(Wormsbecher et al., 2017), but this was adjusted to reduce milk waste since there 

usually were left-overs of several liters after the calves’ second and fourth meals. 

Ideally, if ES calves had been fed milk ad libitum from automatic milk feeders, we 

could have compared CC calves’ suckling with ES calves sucking behavior. With 

automatic feeders for milk (ES) and concentrates (CC and ES), we could also have 

recorded feed intakes individually, but instead, intakes were recorded on group 

level. In any case, milk intakes for CC calves could not be measured. Weaning and 

separation were conducted using fence-lines, allowing suckling post-milking in 

weeks 7-8. More frequent weighing during this period could have offered more 

detailed insights into weight gain before, during and after weaning. CC calves 

seemed more stressed after weaning than ES calves, and consumed less 

concentrates, possibly affected by a more abrupt transition from milk to solid feed. 

However, mean weight gains between treatments were similar, also from between 

week 9 to 6-7 months.  

5.4.8 Future perspectives  

A study of Norwegian consumers’ attitudes towards animal welfare (Bugge and 

Schjøll, 2021; Kjærnes et al., 2022) revealed high trust in Norway’s animal health 

and animal welfare systems and in farmers, more so than in other countries. Focus 

group interviews conducted by Kvam & Logstein (2023) with 14 Norwegian 

consumers indicated trust in Norwegian agriculture regarding animal welfare. The 

results indicated that consumers felt that farmers probably have a good reason for 

the usual practice of early cow-calf separation. Several respondents thought that 

CCC could be positive for animal welfare and the animals’ abilities to express natural 

behavior. However, participants expressed a need for more information before 

deciding on their preferred practice. Unlike more populous countries like Canada, 

the US, Brazil and Germany, Norway lacks extensive surveys on attitudes towards 

early separation in dairy farming, an area ripe for further research.  
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For future studies comparing behavior and performance in dairy calves with CCC 

and artificial rearing both indoors and on pasture, one should use automatic feeders 

for ad libitum feeding of milk and concentrates to ensure comparable feeding 

conditions and enable individual intake monitoring. This approach would also 

facilitate comparisons of natural suckling and artificial sucking behaviors, as well as 

abnormal sucking. Gradual weaning using automatic feeders could also be explored. 

However, it might be difficult to wean suckling calves in the same way as calves fed 

from automatic milk feeders, unless they switch to automatic milk feeders after 

separation from their dams for a period before weaning. However, encouraging CCC 

calves to adapt to artificial teats can be challenging (Johanssen and Sørheim, 2021), 

but this might be made easier by using molasses on the artificial teats (Sørby et al., 

2023). Future studies should also focus on comparing various behaviors, including 

different types of play, as well as observing early grazing and ruminating on pasture.  

 

The recent report “Welfare of calves” (Nielsen et al., 2023), by the EFSA panel of 

Animal Health and Welfare highlights the importance of CCC in calf welfare. The 

panel recommends keeping the calf with its dam for at least one day postpartum and 

gradually extending this contact for the welfare of both cow and calf. The authors 

emphasize the necessity for further research to guide the practical implementation 

of CCC systems. Future research might focus solely on CCC systems, reflecting 

potential consumer demand. However, considering that most dairy farmers favor 

early separation, the readiness of the dairy sector for this shift, remains 

questionable. Future research should not only focus on CCC systems in practice, but 

also examine more about how it influences calf behavior, both short-term and long-

term. The key difference between CCC calves and artificially reared calves may lie in 

the learning, care and protection the CCC calf receive from its dam, if conditions 

such as environment and milk allowance are similar. In a review by Nawroth and 

Rørvang (2022) they stated that: “Future studies should focus on elucidating what 

and how much calves learn from their dam during prolonged cow-calf contact in dairy 

cattle. Such information could constitute an important part of the discussion of 

whether to keep cows and calves together for a longer time after calving in the dairy 

industry.” Research methodologies could include comparing calves in different tests 

to study their neophobia and exploratory behavior, but also their social competence 

and cognitive intelligence in different tasks, both as calves and when they are adults.  

 

To enhance milk ejection in pastured dairy cows with calves, research could explore 

mobile milking robots for CCC cows, bringing calves with cows to milking parlors, or 
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training primiparous CCC cows to milking routines before calving. Stress 

minimization during weaning and separation is also crucial, possibly through 

methods like first having a period of part-time suckling before a period of only 

fence-line contact, and then completing separation by moving cows and calves far 

away from each other (no visible or audible contact). It could also be beneficial to 

continue milk feeding of CCC calves after cow-calf separation, as suggested by 

Johnsen et al. (2015). 

5.5 Conclusion 

The farmers in our interview study practiced their CCC systems differently 

regarding, e.g., durations of full relative to duration of part-time contact, and 

methods for weaning and separation. They showed various perceptions regarding 

interrelationships between cows, calves and humans in their systems. Some main 

findings were that they did not see intake of colostrum as a challenge despite of 

different practices. The cows were generally perceived as being “good mothers”, 

though nearly all farmers had experienced one or a few cows showing aggressive 

behavior towards humans to protect their calves. The farmers found their farm 

buildings initially unsuitable for CCC, but most had made only small adjustments to 

make it work, and they agreed on the importance of adequate space. While some 

preferred practicing CCC on pasture, others were reluctant to practice CCC on 

pasture. The farmers noted the benefits of calves learning from their dams, like 

feeding behavior and learning “how to be a cow”. Opinions on the workload with 

CCC compared to early cow-calf separation differed, but there was a consensus on 

reduced time spent on calf feeding. Overall, the farmers agreed that CCC encouraged 

natural behaviors and experienced enjoyment from observing what they perceived 

as good welfare in their cows and calves. 

 

In the pasture study, calf behavior was affected by their dams on pasture. E.g., CCC 

calves used the calf hides less than artificially reared calves but more with 

increasing age. For the other behaviors, differences between treatments were 

dependent on calf age. CCC calves seemed to be more affected by their dams in week 

3 than in week 6. Additionally, CCC calves showed behavior indicating more stress 

than artificially reared calves after weaning. On the first day of a food neophobia 

test, CCC calves showed behavior indicating that they were less cautious towards 

the buckets, regardless of feed content, compared to artificially reared calves.  
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Pastured CCC cows machine milk yields were consistently low during the suckling 

period, weaning and after separation. Of milk composition parameters, lactose 

content was transiently decreased for CCC cows. The interviewed farmers perceived 

improved calf weight gain and healthy calves as primary benefits of practicing CCC. 

In the pasture study, however, both full CCC and artificially reared calves with high 

milk allowances were healthy and had comparable weight gains. The main challenge 

observed with the pasture study was inhibited milk ejection in CCC cows. 

 

This interview and pasture study offers valuable insights for farmers contemplating 

a shift to practicing CCC. By learning from the experiences of other farmers and 

drawing on research findings, these farmers can make more informed, knowledge-

based decisions about managing CCC, both indoors and on pasture. Future studies 

should investigate how calf development may be affected through social facilitation 

by the cow. For CCC in pastured dairy cows and calves, further research is needed to 

improve milk ejection during milking of dairy cows, and to minimize stress around 

weaning and separation of pastured dairy cows and calves.  
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ABSTRACT

In recent years, the common dairy farming practice of 
early separation of dam and calf has received increased 
attention. Our aim was to explore how Norwegian dairy 
farmers with cow-calf contact (CCC) systems apply 
these systems in practice, and how they experience and 
perceive the interrelationships between cows and calves 
and humans within these systems. We conducted in-
depth interviews with 17 farmers from 12 dairy farms 
and analyzed responses inductively, inspired by the 
grounded theory approach. The farmers in our study 
practiced their CCC systems differently from each 
other and had varying as well as common perceptions 
about these systems. Calves’ intake of colostrum was 
not seen as a challenge, regardless of practice. The 
farmers generally perceived that any aggression shown 
by cows toward humans was merely an exhibition of 
cows’ natural protective instinct. However, when the 
farmers had good relationships with their cows and the 
cows felt safe around them, the farmers could handle 
the calves and build good relationships with them as 
well. The farmers experienced the calves learning a lot 
from their dams. Most of the farmers’ dairy housing 
systems were not adapted for CCC, and CCC systems 
could require modification in terms of placing greater 
emphasis on observing the animals and making adjust-
ments in the barn and around milking. Some thought 
having CCC on pasture was the best and most natural, 
while others were reluctant to have CCC on pasture. 
The farmers encountered some challenges with stressed 
animals after later separation, but several had found 
methods to minimize stress. Generally, they had differ-
ent opinions about workload, but agreed they spent less 
time on calf feeding. We found that these farmers were 
thriving with their CCC systems; they all described 
positive emotions around seeing cows and their calves 

together. Animal welfare and natural behavior were 
important to the farmers.
Key words: semistructured interviews, dam-rearing, 
farmers’ perceptions

INTRODUCTION

Separating dairy cows from their calves immediately 
or shortly after birth is a common practice in dairy 
farming (Hötzel et al., 2014; Pempek et al., 2017; 
Abuelo et al., 2019). For many decades, most farmers 
have not questioned the practice. They base their argu-
ments mostly on lower volumes of saleable milk (see 
review by Meagher et al., 2019), more stress around 
separation after more time together (Weary and Chua, 
2000; Berge and Langseth, 2022), and potential risk 
of transmitting infection between cows and calves (see 
review by Beaver et al., 2019). Others have argued that 
calves would become “wild” when in the cow group 
and not fed by humans (Vaarst et al., 2020). Another 
concern has centered on possible aggressive behavior of 
mother cows as they attempt to protect their calves, 
thus creating a less safe working environment (Berge 
and Langseth, 2022; Neave et al., 2022). Last, the adap-
tations required to create housing systems that would 
allow accommodating calves together with dairy cows 
can be costly (Knierim et al., 2020; Berge and Langs-
eth, 2022).

However, the early separation of dairy cows and their 
calves has received increased attention recently from 
stakeholders concerned about this practice (Busch et 
al., 2017). This concern is apparent from animal welfare 
organizations’ emphasis on this topic (Dalgaard, 2020; 
Dyrevernalliansen, 2022), and within the scientific 
community, for example, in the article by Brombin et 
al. (2019), with the title “Are we ready for the big 
change in dairy production?” The big change they re-
fer to is stopping early separation of dairy cows and 
calves. Surveys carried out in different countries show 
that many citizens’ knowledge about common animal 
husbandry practices, such as the early separation of 
a cow and her calf, is limited (see review by Placzek 
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et al., 2021). When given this information, including 
the rationale behind it, most citizens do not support 
this practice. Generally, Western concern regarding 
food origin is increasing (Boyle et al., 2022), and so 
is knowledge about and expectations for farm animal 
welfare (Bock and Buller, 2013). According to Fraser 
et al. (1997), the concept of animal welfare contains 
3 dimensions: normal biological functioning, emotional 
state, and ability to express natural behavior. Social 
groups outside agriculture often tend to value natural 
living as the most important for animal welfare (e.g., 
Prickett, 2008; Vanhonacker et al., 2008). When early 
separation is rejected, it is usually on the grounds that 
it is unnatural and stressful for the animals (see review 
by Placzek et al., 2021).

Over the past few years, more farmers have become 
interested in keeping dairy cows and calves together for 
a longer period and have therefore tested and devel-
oped different cow-calf contact (CCC) systems (Vaarst 
et al., 2020; Lehmann et al., 2021; Neave et al., 2022). 
Research has been initiated to investigate CCC systems 
in countries such as Norway, Germany, Canada, and 
the United Kingdom, using different approaches (see 
reviews by Johnsen et al., 2016; Beaver et al., 2019; 
Meagher et al., 2019; Barth, 2020; Placzek et al., 2021). 
Experimental studies have been conducted to investi-
gate cow and calf production and the animals’ health 
and behavior, and some qualitative and quantitative 
studies have been conducted to investigate people’s 
perceptions and experiences. Recently, 2 survey studies 
about CCC were carried out, one with 104 CCC dairy 
farmers from 6 different countries (including farmers 
using foster cow systems or having CCC for only 7 d) 
(Eriksson et al., 2022), and another with 1,038 Nor-
wegian dairy farmers including 31 CCC farmers (CCC 
for >2 wk) (Hansen et al., 2023). The CCC farmers 
in the first study perceived building constraints and 
animal stress around separation as the main challenges 
with CCC systems (Eriksson et al., 2022), similar to 
farmers practicing early separation in the second study 
(Hansen et al., 2023). Among the 31 Norwegian farmers 
practicing CCC, separation distress was also the promi-
nent challenge, and one of the main advantages was the 
farmers’ own well-being with having these systems.

However, relatively few qualitative interview studies 
with CCC farmers have been carried out. Exceptions 
include the studies by Vaarst et al. (2019, 2020) and 
Lehmann et al. (2021). Farmers from 4 European coun-
tries were interviewed in each study, and they showed 
that CCC was practiced in a wealth of different systems. 
Vaarst et al. (2020) found that CCC farmers expressed 
satisfaction and pleasure from having CCC systems. 
The cows were able to care for and protect their calves, 
and the calves’ needs for nutrition, care, protection, 

and learning in early life were met (Vaarst et al., 2020). 
Another study was by Neave et al. (2022), who inter-
viewed farmers both with and without these systems 
to contrast their perceptions and experiences; however, 
only 4 CCC farmers participated in that study. Neave 
et al. (2022) noted that it would be valuable to conduct 
more interviews with farmers having experience with 
both early separation and CCC systems. As far as we 
have seen, no earlier research has focused on farmers’ 
experiences and perceptions of the interrelationships 
between cows and calves and humans in CCC systems.

This article is based on interviews with Norwegian 
dairy farmers from 12 farms with CCC systems. The 
aim was to explore how Norwegian dairy farmers with 
CCC systems practice these systems and how they ex-
perience and perceive the interrelationships between the 
cows and calves and the humans within these systems.

MATERIALS AND METHODS

The Setting: Current Norwegian Dairy Farming

In Norway, the agricultural sector is highly regulated 
(e.g., Almås, 2004; Almås et al., 2013), and dairy pro-
duction is the most regulated (Almås and Brobakk, 
2012). In 2021, the country had 6,925 registered dairy 
farms, with an average of 30.9 cows per farm. During 
2021, each cow produced on average 8,191 kg of milk 
(Tine SA, 2022). In total, 91.3% of the dairy cows were 
Norwegian Red, a dual-purpose animal bred to produce 
both meat and milk.

The Qualitative (Interview) Study

The target group of this study was composed of farm-
ers with experience in practicing CCC systems. As little 
is known about how farmers experience such systems 
and especially how they perceive the interrelationship 
between cows, calves, and humans in such systems, a 
qualitative approach with semistructured interviews 
was suitable for our study (Vaarst and Sørensen, 2009; 
Ferneborg et al., 2020).

Selection and Invitation of Interviewees

Our most important inclusion criterion for the inter-
views was that farmers had at least 1 yr of experience 
with CCC systems, with calves together with their dams 
for at least 4 wk. Further, we aimed to reach saturation 
with the sampling to cover a range of different factors 
that may be important in how farmers practice CCC 
systems and in their experiences and perceptions (Yin, 
2013). Thus, different types of farm practices needed to 
be represented, and we therefore wanted at least 3 or-
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ganic farms and farms with different housing systems, 
including freestalls with an automatic milking system 
(AMS), freestalls with milking parlors, and farms with 
tiestalls. We were also aware of the practice of CCC 
on pasture in Norway and therefore aimed to include 
at least 4 farms with the practice. Last, we aimed to 
interview both male and female farmers in different age 
groups and to have variation in the location, number of 
animals, and calving season.

In the summer of 2020, the first author posted on 
Facebook (social media platform), in a group for people 
interested in CCC, about our plans to interview farm-
ers and invited eligible group members to participate. 
The group, Samvær ku og kalv—forum for melkebønder 
(Cow calf togetherness—a forum for dairy farmers), had 
1,500 members in 2022. Five farms were recruited by 
farmers contacting the first author in response to this 
post, while farmers from 5 other farms were contacted 
after we identified them through social media as prob-
ably matching our criteria. Farmers from 2 farms were 
found and contacted after a small survey in another 
part of the SUCCEED project (sustainable systems 
with cow-calf-contact for higher welfare in dairy pro-
duction, project number 310728) that our study was 
part of. The farmers were contacted through Messenger 
or by phone. We told them about the project, con-
firmed that they fitted our criteria, and then asked if 
we could interview them.

The Norwegian Centre for Research Data (a part of 
Sikt-Norwegian Agency for Shared Services in Educa-
tion and Research from January 1, 2022) determined 
that the processing of personal data in this interview 
study was in accordance with privacy regulations. 
The study has been reported in line with the COREQ 
checklist (Booth et al., 2014)

All the interviewees received an information letter 
with a statement of consent to sign before the inter-
views. The letter contained information including the 
aim of the project and why the interviewees were being 
asked to participate. It also stated that participation 
was voluntary and explained our privacy policy and 
their rights. The interviewees were informed that one 

researcher (first author) was working at NORSØK and 
was doing her PhD and that the other 2 researchers 
(second and third authors) were working at Ruralis, 
with one of them (second author) leading the part of the 
SUCCEED project that included interviews. Some of 
the interviewees were familiar with the first author from 
earlier research on CCC and previous communication.

Interviews

The first 3 authors collaborated on the interviews, 
which were conducted in synergy between the SUC-
CEED project and another project. In total, 17 farmers 
from 12 farms located in 5 different Norwegian counties 
were interviewed in Norwegian. One other farmer who 
had initially agreed to participate eventually withdrew 
her participation due to time constraints.

A team of researchers within the SUCCEED project 
developed the interview guide, and a short version of 
this is shown in Table 1 (the full guide is available 
at https: / / acrobat .adobe .com/ link/ review ?uri = urn: 
aaid: scds: US: 141793f9 -00b6 -3fcb -93d4 -294c4e7bc009; 
Johanssen et al., 2020). The collected interview data 
were intended to be used for 2 scientific articles (includ-
ing the current one) and a report on economy in CCC 
systems. The first author conducted one pilot test of 
the guide and made some modifications to improve it 
before interviews were conducted. Since the interviews 
were semistructured, different questions were asked 
given different degrees of attention and time, guided by 
the course of the conversation.

Our 12 in-depth interviews with a semistructured 
approach were conducted from October 2020 to March 
2021. To ensure that interviews were conducted consis-
tently by the 3 researchers, the first 3 interviews were 
conducted by 2 researchers together. The first author 
took a course in qualitative interview methodologies in 
2019 with the last author as course leader. The others 
had experience with conducting in-depth interviews 
from earlier work.

Seven of the interviews were done during farm visits, 
with 6 taking place in the house and 1 taking place in 
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Table 1. Themes from the interview guide that were used for interviews with Norwegian farmers with cow-
calf contact systems in the SUCCEED (sustainable systems with cow-calf-contact for higher welfare in dairy 
production) project

Short version of the interview guide

About the farmer, the farm, the housing, and the animals
Practice with cow-calf contact from before, the beginning, and until today
The change/why they started with cow-calf contact
Economy questions
Benefits and challenges with cow-calf contact
If they want any changes, what is important for cow-calf contact, advice for other farmers
Obstacles and benefits for more farmers to have cow-calf contact

https://acrobat.adobe.com/link/review?uri=urn:aaid:scds:US:141793f9-00b6-3fcb-93d4-294c4e7bc009
https://acrobat.adobe.com/link/review?uri=urn:aaid:scds:US:141793f9-00b6-3fcb-93d4-294c4e7bc009
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the barn. During some of the interviews, other people 
were present in the interviewees’ homes, but they did 
not disturb the interviews to any notable degree. Be-
cause of COVID-19-related restrictions at the time, the 
other 5 interviews were done via Microsoft Teams with 
audio and video. Some risk exists that interviews can 
be different when conducting them in different formats 
(Lobe et al., 2022), but the interviews went satisfacto-
rily and we received the necessary data we needed from 
each interview to meet the aim for this article.

At 6 of the 7 interviews with farm visits, a tour of 
the barn took place after each interview and included 
talking about the solutions in the barn and taking some 
notes and photographs. After 12 interviews were con-
ducted, the authors agreed that data saturation was 
reached, as additional interviews would only contribute 
to the aim formulated to a minor degree (Glaser, 1978).

Data Editing and Analysis

All interviews were audio recorded and had an aver-
age duration of 101 min (range: 51–130 min). They 
were transcribed verbatim by first author, and no tran-
scripts were returned to interviewees. Through guid-
ance from and discussions with the last author, the 
first author analyzed the interviews in NVivo version 
12 Plus software (QSR International: https: / / www 
.qsrinternational .com/ nvivo -qualitative -data -analysis 
-software/ home/ ). The analysis was done inductively, 
inspired by the methodological approach used in 
grounded theory (Corbin and Strauss, 2015). All the 
material from the transcribed interviews was used in 
the analysis, with sequences of statements being given 

a heading in line with the content through open coding, 
before axial coding was performed to identify themes 
across the interviews. Interviewees’ statements were 
translated into English by the first author and are pre-
sented in this article to illustrate the themes and find-
ings. Each statement is identified by the interviewee ID 
code (Table 2), with the number denoting the farm and 
the letter indicating either the interviewee’s gender (W 
= woman; M = man) or the farmers’ relationships to 
each other, where relevant (S = son; F = father).

RESULTS

Background information about the interviewees and 
their farms is presented in more detail in Table 2. A 
diverse group of farmers were represented in the study. 
Three farms (6, 10, and 11) started having most cows 
and calves together in the 1990s. The other 9 farms 
started having most cows and calves together between 
2015 and 2019. On farms 2, 3, and 12, the farmers 
also had previous experience with having cows together 
with calves, either nursing cows or cows with their own 
calves.

Some similarities could be identified regarding the 
ways in which farmers practiced CCC systems, but gen-
erally, the results showed that the farmers from the 12 
farms had widely different systems and routines while 
practicing CCC systems, as shown in Table 3. On all 
farms, cows and calves were together inside the barns 
in the cow area; on 7 farms, cows and calves were also 
together outside on pasture.

From the qualitative analysis, we identified several 
themes related to farmer experiences and perceptions 
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Table 2. Background information about farmers interviewed, their animal housing, number of dairy cows, milk quota, and calving time

Farmer ID code1  Age (yr)  Type of farming  Animal housing2
No. of cows 

in 2020
Milk quota  
in 2020 (t)  Calving time

1M and 1W 47 and 34 Organic  Freestall, milking parlor 14.1 44 (+cheese) Spring
2W 52 Conventional  Tiestall 14.4 118 Autumn
3W 38 Conventional  Freestall, AMS 52.8 440 All year
4M and 4W 35 and 36 Conventional  Freestall, AMS 36.0 276 All year
5M and 5W 39 and 39 Organic  Freestall, AMS 24.5 196 Sep.–Mar.
6S and 6F3 35 and 61 Conventional  Tiestall 14.7 173 Autumn
7M and 7W 32 and 36 Conventional  Freestall, AMS 14.1 122 All year (focus spring)
8W4 39 Conventional  Freestall, AMS 60.0 320 All year
9M 48 Conventional  Freestall, AMS 38.7 365 All year
10M5 61 Organic  Freestall, milking parlor 20.7 81 (+cheese) All year
11W6 58 Organic  Tiestall 18.8 137 Spring and late summer
12M 49 Conventional  Tiestall 16.0 99 All year
1M = man; W = woman. The number is the farm number.
2AMS = automatic milking system.
3F = father; S = son (where the son has taken over the farm).
4Cows per year and milk quota were not retrieved from Kukontrollen for interviewee 8.
5Son (31 yr) has taken over the farm. 
6Son (34 yr) has taken over the farm.

https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home/
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home/
https://www.qsrinternational.com/nvivo-qualitative-data-analysis-software/home/
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Table 3. How the cow-calf contact system is applied at the 12 Norwegian farms participating in the interview study1

Farm no.
 

Calving and cow-calf 
alone-time  

Full time together (how long, 
where)  

Less time together, weaning, and 
separation  

On pasture

1  Mostly on pasture, 
if inside; a separate 
pen until the pen is 
occupied by other cows

 3 mo, mostly on pasture, some 
in the freestall.

 Gradually less time together till weaning 
at 4 mo. Calves in own pen when not 
with cows and after weaning.

 Yes, 
preferably

2  Calving pen of 2 tiestall 
cubicles; alone for 2 d

 2–3 wk in an area with 3 lying 
cubicles. Cows are tied, calves 
are loose; then cows are moved 
to the other side of the feeding 
area and the calves to their 
own pen.

 Cows are tied, calves are let out to be 
with cows for several hours 2 periods per 
day until wk 4. Then a period around 
milking morning and evening until just 
before wk 8, and 1 period per day till 
weaning at 8 wk.

 No, not yet

3  Calving pen; alone for 
4 d

 9–10.5 wk. Cows are in the 
welfare area often for around 
2–3 wk before they are moved 
to the freestall area. The calves 
use the whole barn after 1 wk.

 Nose flap for the last 1.5–2 wk they are 
together, then calves are moved to their 
own pen.

 No, not yet

4  Calving pen; alone for 
4–7 d

 9.5 wk in the freestall area 
after calving pen. Access to 
pasture during grazing season.

 Nose flap for the last week they are 
together, then calves are moved to their 
own pen.

 Yes

5  Calving pen; alone for 
2–5 d

 1 mo, with cows (dams) in the 
freestall; after, calving pen; 
then 2 mo with foster cows in 
own pens with 1 cow and 2–4 
calves.

 Fence-line contact with dam for a few 
days after 1 mo. Moved from foster cows 
after 3 mo.

 No, do not 
want to

6  Preferably outside; if 
inside, calving pen; 
alone for 1–2 d

 4 wk on pasture or in the 
tiestall, where cows are tied 
and calves are loose before 
calves are moved to their own 
pen.

 Cows are tied. Calves are let out to be 
with cows for a period after milking 
morning and evening until wk 8, then 
for 1 period per day until 9 wk.

 Yes, 
preferably

7  Calving pen; alone for 
at least 5 d

 6–9 wk. Cows are in the welfare 
area for at least 1 wk, then 
moved to the freestall area; 
calves can move around the 
whole barn.

 Cows and calves are moved to the 
welfare area, where they have fence-
line contact for 3 d before being moved 
again. Calves get milk until weaning at 
12 wk or more.

 No, do not 
want to

8  Calving pen; alone for 
at least 1 d (the calves 
can move out of the 
pen)

 3 mo (6 mo before). Cows are 
in the welfare area as long as 
space is available, then moved 
to the freestall area. Calves can 
move around the whole barn 
and have access to pasture in 
the grazing season.

 Abrupt moving of calves to their own 
pen.

 Yes, 
preferably

9  Calving pen, preferably 
alone in colostrum 
period (4–5 d)

 2 mo together in the freestall 
area after calving pen. Access 
to pasture in the grazing 
season.

 Abrupt by moving calves to their own 
pen, but some (if strong bonds or a lot 
of vocalizations) are together for some 
more days when the farmer is in the 
barn.

 Yes

10  Calving pen, alone for 
5 d

 8 wk together, in the freestall 
area after calving pen. Access 
to pasture/go outside almost 
all year round.

 Calves are moved to a pen where they 
have fence-line contact with the cows for 
at least 5 d before being moved again. 
Heifer calves get milk until 4 mo, and 
bull calves until 6 mo.

 Yes

11  Calvings take place in 
tiestall cubicles

 Most of the calves are with the 
cows full time for the first 2 d, 
lying on hay beside the cow. 
Then the calves are moved to 
their own pen.

 Calves are let out in the tiestall area 
for periods morning and evening until 
3 mo. In the beginning, they get more 
hours together and before milking, then 
gradually less time and after milking 
instead.

 No

12  Outside in grazing 
season, when inside; the 
cow is released from her 
tiestall cubicle when 
calving until a couple of 
days afterward

 2–4 wk together inside where 
cows are tied and calves are 
loose, outside on pasture before 
calves are moved to their own 
pen, or both.

 Calves are let out from their pen for half 
the day until between 70 and 100 d.

 Yes

1The farms are numbered in the same order as in Table 2.
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of the interrelationships between cows, calves, and hu-
mans in their CCC systems. In the following, we have 
structured the presentation of these themes chronologi-
cally in relation to the life cycle of the calves in the 
CCC period. First, we have 2 themes: how the farmers 
ensured adequate colostrum intake after birth, and how 
they experienced establishing a strong bond between 
the dam and her calf after birth. Next, we have a theme 
regarding farmers establishing their own relationships 
with their cows and calves. That theme is followed by 
a theme about milking of cows during the CCC period 
and a theme about calves learning in the CCC systems. 
Next, we describe a theme about housing systems for 
CCC and CCC on pasture, followed by a theme about 
the last phase of the CCC period: separation of cows 
and calves and weaning. Last, a cross-cutting theme 
is presented, which is relevant for all the stages of the 
CCC systems; this theme encompasses being a farmer 
working in a CCC system and how farmers perceive 
natural behavior and animal welfare in the CCC sys-
tems.

Ensuring Adequate Colostrum Intake

Colostrum intake is a critical phase, and farmers had 
different strategies to ensure that it was adequate. Half 
of the farmers said they almost always bottle-fed the 
calves with colostrum after birth. Some measured the 
quality of the colostrum, and if the quality was insuf-
ficient, they used frozen colostrum of better quality. 
Some farmers had modified their colostrum practices 
based on previous experiences, as farmers 1M and 1W 
from farm 1 explained: 

After each calving, we try to give [the calves] 
colostrum from a bottle to ensure that they get 
enough colostrum the first days. (1M) 

There was actually one calf that died. We thought 
he drank, but he did not. It looked like he drank, 
but he did not get any milk. So, he did not get any 
colostrum, and he became in poor condition, and 
nothing helped. It was just horrible. (1W)

The other half of the farmers were more focused on 
observing and maybe helping the calves suckle from 
their dams, and they bottle-fed colostrum only when 
they felt it was needed for different reasons, as in the 
case of farmer 8W: 

It is only for some I [give colostrum from a bottle] 
because I think no matter how poor quality co-
lostrum that the mother has, it is actually the 
mother’s milk that has the immune substances 

that are best for the calf, and, if you have beef 
cows—I also have some of them—then you al-
most always let the calf suckle freely from its own 
mother. And I have found out that the health of 
calves that I have given colostrum from a bottle 
from its mother, and the health of calves that 
have been suckling freely, there is no difference. If 
I give some from a bottle, it is because of reasons 
like when there is blood in the milk, visible poor-
quality colostrum or some mastitis, or, yes, if the 
cow is in bad shape.

Farmer 9M had several reasons for changing his prac-
tice regarding colostrum: 

I used to give the calves colostrum from a bottle 
to be sure, but now, if I see the calf suckling, I do 
not do this. There are several reasons for that, but 
the most important is that, why should I make 
a possible bacterial bomb and put that into the 
intestinal system of the calf. They can do this very 
well themselves. But it happens, for example, with 
a heifer with a hard udder and very short teats. It 
can be challenging for the calf to suckle, so then 
you must consider it. If you see on the first milk-
ing of the heifer that the amount of milk is equal 
in all glands, then you understand that the calf 
has not drunk. You will see it on the calf as well, 
so you must keep an eye on them in the beginning.

Ensuring that Dam and Calf Establish a Strong Bond

For all farmers in the study, a good relationship be-
tween the dam and her calf was obviously of high im-
portance. To ensure this, several farmers pointed to the 
importance of keeping a cow and her calf together on 
their own during the first days after birth in a calving 
pen to help establish a strong bond between them (see 
Table 3), including preventing the calf from suckling 
from other cows in the herd. Regarding calving pens, 
some farmers talked about the importance of the cow 
being able to see herd members through this pen. If this 
pen had solid walls, the cow would get stressed about 
be isolated from the herd and thereby not being able to 
bond properly with her calf.

Farmer 11W talked about the bonding between a cow 
and her calf: 

It is very important that they actually get these 
first days to make a bond because it is actually 
so solid a bond that it takes quite a lot for the 
calf to go to another neighbor cow. It can be, if 
there is some special reason for it, like a disease 
or that the cow is treated with penicillin or, yes, 
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things like that, then we may have to get the calf 
to suckle from another cow, and that also usually 
works fine as well, but then you must be more 
careful because they have full control over who is 
their own calf.

Calf rejection was generally not seen as a problem by 
the farmers, but some talked about experience with 
calves rejected by their own mothers. The farmers 
shared different practices used for these calves. Farmer 
5M was convinced that if calves, for some reason, could 
not suckle from their own mothers, they would find 
other cows and be satisfied: 

It often requires some effort to get cows to adopt a 
calf that is not their own. But the calves that are 
out here, they always find themselves an udder 
to suckle from anyway. When it is a calf standing 
and suckling from its mother’s udder, the mother 
stands still, and the other calves can see this and 
take this opportunity to suckle from this udder at 
the same time as the cow’s own calf is suckling. 

Farmer 8W said that she always allowed all her cows 
to be with their calves, but she experienced some cows 
that she perceived as rejecting their calves, and she 
removed those calves from their mothers. Later, she 
had observed these cows “stealing” calves from other 
cows. Some farmers had also observed that calves oc-
casionally suckled from cows, for instance, when they 
were hungry or when they were older.

The farmers’ dairy cows were generally perceived as 
being very good mothers, but several farmers talked 
about how some cows can seem stressed and some can 
seem aggressive toward their calf or like they do not 
want it or do not understand what is happening after 
calving. Some farmers also talked about differences 
between primiparous and multiparous cows in different 
ways. For example, farmer 1W said:

We often see it in older cows. Because we bought 
a full herd, and then we see it in those who have 
been separated early before, that they have in a 
way, their instinct has been destroyed because the 
heifers are much more protective [of their calf].

In contrast to farmer 1W’s perception of primiparous 
cows, other farmers, if they experienced some cows be-
ing stressed and aggressive toward their newborn calves, 
it was most often primiparous cows. Some farmers had 
felt forced to practice early separation of calf and dam 
in such cases, while others, such as farmer 11W, had 
found methods to calm down such cows. She explained:

Like, for, example a primiparous cow, who is a 
bit, like, in shock after calving… she is not her-
self, and then she can be a bit rabid both against 
us and with her calf— perhaps mostly with her 
calf—and she can be kicking towards it, and then, 
all you have to do is to take it easy, be patient and 
pet and stroke and talk to [the cows], massage the 
udder and keep this going until they sort of slowly 
but surely calm down and find out that this is not 
so bad after all.

Almost all the interviewed farmers had experienced 
cows showing aggression toward people to protect their 
calves. This aggression was mainly within a short time 
after calving, and most of the farmers had experienced 
it with only a few cows. Furthermore, some farmers 
talked about how this aggression was an expression of 
a strong maternal instinct and not a general character-
istic of the cow. Some farmers described how, compared 
with multiparous cows, primiparous cows showed more 
aggression to humans when protecting their calves. The 
farmers explained that it was because the primiparous 
cows did not yet know the farmer that well or because 
they could be more stressed after calving, having just 
experienced it for the first time.

When the relationship between a cow and her calf 
was well established, it was a pleasure to experience 
the interactions between calves and cows, as explained 
by farmer 10M: “..then you saw that face and the eyes 
and the body of that cow, it was absolutely amazing, 
it was… the eyes shone and the body… it showed a 
happiness that I had not seen before.” He thought the 
most important thing for a cow was to be the mother 
of her calf, and he said: “My definition of a happy cow 
was a cow that was together with her calf.”

Farmers Establishing Their Own Relationships  
with Cow and Calf

In parallel with facilitating a good relationship be-
tween a cow and her calf, the farmers seemed concerned 
with developing a good relationship between themselves 
and the calves. To be able to handle the calves, the 
farmers simultaneously had to have a good and trusting 
relationship with the cows. The farmers often explained 
that they understood the dams’ need to protect their 
calves. Farmer 4W said: 

I think they are much happier with being allowed 
to be together with their calf. You can see that 
they really love their calf, and that they protect 
it. They will not let anyone come and mess with 
their calf.
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Farmer 10M talked about the importance of cows feel-
ing safe around the farmer: 

You [as a farmer] need a good relationship with 
your cows. The cows need to be used to you and 
to feel safe around you. The person that the cows 
feel safe around, that person, she will not be angry 
at during and after calving. 

Some of the farmers talked about how they had to 
handle the animals differently, behave differently, and 
read the animals more closely, as farmer 3W noted:

If a cow thinks her calf is threatened, she will run 
straight at you. Then, you do not have a chance. 
And this, this is something that you really must 
be aware of. You must handle the animals in a 
different way because the calf is there with the 
cow, which has not been there before. And it does 
not need to be you threatening the calf; it might 
just as well be the neighboring cow. But it is just 
that you are standing there.

However, the interviewed farmers were also aware that 
even though they themselves had developed a good, 
trusting relationship with the animals, the risk of ag-
gression toward other people was higher. Farmer 5M 
gave the example that the cows seemed to feel very 
safe having him around, but especially children whom 
the cows did not know well were more vulnerable to 
aggressive behavior. Farmer 10M mentioned that it was 
safer for employees to work with the cows when the 
calves were artificially reared compared with when the 
cows were together with their calves that they wanted 
to protect. He said: 

If you have a lot of employees whom the animals 
do not know, then it will be much easier to take 
the calf from the cow immediately, milk the cow, 
and give milk to the calf. You must think about 
the health risk for the employee. If you, as an em-
ployee, are there when cow and calf are together, 
make sure the calf is suckling. Be present and pay 
a lot of attention to them. This can be a bigger 
challenge, maybe the biggest.

Some farmers perceived calves in CCC systems as dif-
ferent from artificially reared calves, as explained by 
farmer 10M: 

Most of the calves that are together with their 
mothers are not very interested in having contact 
with you. They will accept that you pet them a 

bit and that, but they will not come towards you 
and let you do whatever you want with them as 
they would if it was you who was giving them the 
milk from day one, the whole time. They are two 
different calves [the calves with their dams versus 
calves artificially milk fed by humans].

Other farmers perceived their calves being just as tame 
now as they had been before when they were artificially 
reared, or even that the relationship between farmer 
and calf had become more pleasant, as farmer 2W ex-
plained: 

I think it is a lot nicer now to be around the 
calves. They come to me when I am milking the 
cows as well. People say that they do not form 
any attachment with me now, but that is not true, 
because now, they do not associate me with food. 
They come to me when they want to be cuddled, 
and that is a lot nicer compared to standing there 
being pushed, chewed on, and butted because 
they are not getting their food.

Some, such as farmer 9M, talked about individual dif-
ferences among the calves:

If you are good at cuddling them, especially during 
the first period in the calving pen—that is, during 
the colostrum period—then you can imprint them 
well with that. But it is very individual as well. 
Some calves will stand up and run away once they 
see you, and others will come and meet you. And 
this is how it will be when they are in a separate 
calf pen as well. But then you will not notice it 
in the same way because then there will be many 
together in a small area, but when you have six 
calves together with 40 cows, then you will see it 
right away if that one calf is a bit skeptical. 

In relation to observing individual differences, some 
farmers had also experienced that the calves copied 
their mothers’ behavior, so a shy cow would transfer 
this attitude to her calf and her calf also became shy. 
This could incentivize the practice of consciously choos-
ing the calmer cows and calves to keep and, in this way, 
breeding for a good temperament.

Farmers from farm 1 had realized that they had to 
spend more time handling calves, as 1W explained: 

The first calves we weaned, they were so wild, 
they were not used to being handled, you know. 
It is something completely different when you are 
standing there, and the calf knows it is you who 
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is giving the food. But here, you are kind of the 
enemy when you are out there [on the pasture]. 
So, we had to do something about that; we had 
to start socializing them. It was our veterinarian 
who gave us advice that we could make a sort of 
a calf creep out there, where they could get some 
hay and concentrates, a teat, and some water, and 
then we could take them in there and sort of force 
them to get cuddled. 

Farmer 1M noted “Two times a day, we handle them.”

Milking of Cows During the CCC Period

Through the CCC period, farmers found that less 
milk was delivered from the cows while the calves were 
suckling. Some farmers had also experienced problems 
with milk let-down during milking, but this seemed to 
be most common with primiparous cows and mostly 
during the first days after calving.

Farmer 2W described solutions for this challenge: 

Some cows do not let down their milk unless their 
calf is present. If the calf is present all the time, 
I will also not get any milk from her. So, then 
it happens that I must take away the calf, even 
though the calf is newborn. I have to take away 
the calf around an hour before milking, and then I 
will bring it back when I am going to milk because 
then she will let down the milk. It mostly works. 
And when the calves are bigger, then it happens 
that I put on the milking cluster, then take it off 
one teat, get the calf, then she will look at her 
calf and start to let down the milk when she sees 
her calf.

Farmer 2W also talked about how she thought some 
CCC farmers may believe that the calves are drinking 
more milk than they actually are, because of poor milk 
let-down in CCC cows during milking. Farmer 10M 
thought it could be hard to know when the udders were 
full or empty, even after more than 20 yr of experience 
with CCC systems, and he stated: “You must let go of 
controlling everything. You can’t be a person who wants 
to control everything. The cow should also contribute 
to control a little. But the udder, it behaves differently 
when the calf is working with it.” Farmer 8W said she 
had no problems with milk let-down and referred to the 
fact that cows and calves were together full time, which 
she thought made them more relaxed.

Some farmers had AMS, including a separate area 
which they called the “welfare area,” where they could 

keep a closer eye on newly calved cows and their calves. 
As farmer 7M said: 

One of the reasons we have them in the welfare 
area is so we can get them into the milking robot 
manually morning and evening, when we are in 
the barn cleaning and feeding and so on. If they 
are together with the others, there can be some 
that do not have enough milk. There can be a lot 
of incorrect milkings, and I do not think that is 
good for their udders.

Farmer 3W talked about doing this mostly with the 
primiparous cows because they are more often empty 
in one or more quarters after their calves have been 
suckling, and mostly in the beginning after calving.

Calves Learning in the CCC Systems

Almost all the farmers talked about the positive 
effects of calves learning from cows in CCC systems, 
while also mentioning individual differences and the fact 
that calves also learned from other calves. They talked 
mostly about this in connection to eating behavior, 
emphasizing that the calves learned to eat roughage, 
concentrates, and silage, and that they learned how to 
graze and drink water. In addition, some talked about 
how the calves learned how to live as cows. Farmer 9M 
said: 

So, the calves learn all the automatics in the barn 
from day one. They know where everything is, and 
how everything works. The mother has kind of 
taught them this. Such a simple thing like learn-
ing to lie down in the lying cubicles. If I buy heif-
ers that have been in a tiestall before, then I can 
have heifers that for a whole week will lie down 
on the slatted floor. Now I do not need to think 
about that [when the calves have grown up]. They 
will understand this because they have been lying 
on the mattresses from day one. 

This impression was also backed up by farmer 2W, who 
stated: 

It is the most natural thing; the calf is together 
with the mother and learns from the mother and 
learns how to behave. And if you have a nice, calm 
cow, you will get a nice, calm calf. It is easy to see 
that, if there is some handling of animals, and calf 
and cow are together, then the calf is calm. If you 
have a nervous cow, then the calf will be stressed 
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and will stay very close to the mother, so it can be 
both positive and negative.

Housing Systems for CCC

As shown in Table 2, the farmers in this study had 
different housing and milking systems. They generally 
experienced that dairy cow areas were not built to ac-
commodate CCC and therefore were not adapted for 
small calves. Several farmers experienced calves access-
ing places in the barn where they should not be, such 
as on the cows’ feeding table, leading to a greater need 
to clean and more waste of feed. Others did not see this 
as a problem. Farmer 9M said the calves learned where 
they should go: 

Sometimes you get some calves that think it is 
nice lying [on the feeding table], but, if you are a 
bit determined… I also have camera surveillance, 
so if you are good at taking them away from there 
in the beginning, they will understand that this is 
not the place to be.

Farmers also talked about “childproofing” the barn 
by putting up planks and gates around areas that the 
farmers did not want the calves to enter. Farmer 5W 
talked about the calves living in a more dangerous en-
vironment and said: 

Compared to a squared pen, that is completely 
safe. Now they are kind of everywhere [in the 
barn]. But you can compare it with kids. You can 
lock them inside so they are safe, but you have to 
let them out to experience the world as well.

Some farmers thought that freestalls were more suitable 
and worked better for CCC than tiestalls, as farmer 2W 
said: 

When the cow is loose, she gets control. Now 
when she is tied, she does not have control. And 
the calves are like kids; they have full control over 
their mothers. And then some cows can get very 
stressed. So, I think this will work better when the 
cow is loose because then she can more naturally 
control her calf better.

Interviewees generally agreed that sufficient space for 
the animals to move around in the housing system 
and free access to resources such as roughage were 
important to have calm animals, especially when hav-
ing small calves with the cows. It was also seen as 
important to have areas, such as calf creeps, where the 
calves could get away from the cows as needed. They 

also experienced calves lying between, in, or in front of 
the cubicles, and sometimes taking up a whole cubicle, 
which the cows seemed to accept.

CCC on Pasture or Not?

On 7 of the farms, cows and calves were together 
outside on pasture in the grazing season, which usually 
lasted from between May and June until between Sep-
tember and October. On one of these farms, farm 10, 
cows and calves could go outside almost all year round. 
Two farmers wanted to have the CCC on pasture, but 
felt that it was challenging, and 2 other farmers did not 
want to have cows and calves together on pasture be-
cause they used forest and mountain pastures. Farmer 
7M explained: “Just the combination of cow and calf 
in the forest I think is a bad combination. These areas 
are not suitable for small calves, and a little calf will 
not be able to walk that far.” Farmer 5W had similar 
concerns: 

If the small calves run far up in the mountains 
as well, then they would not come back in the 
evening ever again. The cow would have no reason 
to come back in the evening. She could just stay 
in the mountains with the calf. Ah, no. …[…]… 
no, we have not tried that, but for now we are 
trying to steer away from that. We are trying to 
keep it as simple as possible in the summer.

Some of the farmers who had CCC on pasture preferred 
to have cows calve outside and to have CCC on pas-
ture. They had several reasons for this, such as it being 
more natural, more space being available, the risk of 
infection and injuries being reduced, and the workload 
being lessened. Farmer 6S said: 

The advantage of having calving in the autumn is 
that then they can be outside and calve outside on 
pasture. I want to have as much calving outside as 
possible. When they calve outside, the animals are 
much faster, or healthier and fitter. 

His father, farmer 6F, added: 

I really like to have the animals outside on pasture 
as long as possible. Before, the calves stayed in-
side while the cows were outside, but now it is no 
problem, and we do not need extra fences for the 
calves, because they are together with their mums 
that are taking care of them.

Several farmers with cows and calves together on pas-
ture talked about how calves could escape the pasture 
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by slipping under the electric fence. However, they did 
not see this as a problem because the calves did not go 
far, and they would come back when the cows called 
them or went inside. Farmer 10M said: 

All mothers are amazing. The cows are very kind 
and very good mothers—like most mothers, re-
gardless of species. And if you thrive at home, you 
will always come back home. It is like that with the 
calves as well. The calves can be away exploring 
on their own when they are outside, but they will 
always come back home. So that is not a problem. 
But many people call me, saying, “There are some 
calves here….” It would be a problem if they went 
out onto the big road or the railway track or some-
thing like that, but they have never done that.

Some talked about how difficult it could sometimes be 
to find newly calved calves outside. They would hide 
during the first few days after calving, and had to be 
searched for and found, or, as approached by farmer 
1M: “When a cow has calved it can take two to three 
days before we see the calf because it is lying down 
and hiding. We just have to wait until the calf shows 
up, and it does show up.” Farmer 1W said, “Yes, they 
behave like wild deer.” During the first year with this 
system, they spent a lot of time searching until real-
izing that the calf would turn up eventually.

Separation of Cow and Calf and Weaning

The farmers approached weaning differently, as can 
be seen from Table 3. Some experienced the strongest 
reactions to separation from the calves, such as farmer 
11W, whereas others experienced that the cow reacted 
more than the calf. Some farmers experienced the cows 
vocalizing for some days after separation. For example, 
farmer 5M said: “The cow will vocalize for two days, and 
she does that if you take away the calf from day three 
or week three. She will stand and vocalize for two days.” 
Farmer 8W said that when the cows vocalize, they stop 
because they lost their voice, and farmer 10M said he 
thought they stopped vocalizing because they gave up.

Farmer 8W thought that many cows do not react 
much because they are tired of the calves by the time 
they are separated. As farmer 12M explained: 

When cows are taken away from their calf, there 
can be heart-breaking sounds for a couple of days. 
We do not have that. There is a bit of noise when 
we take them away if they have been together for 
80 or 90 days, but it is mostly the calf that still 
wants access to dessert. The cow, she does not 
care much anymore.

However, several farmers talked about individual varia-
tions in reaction to separation, both between cows and 
between calves. As farmer 7M said: 

It is very varied. Some do not. Most cows vocal-
ize on the first day—some more, some less. All 
react a little, but as long as the calf is full and 
satisfied and knows where the mother is, it will 
lie down, rest, and sleep with its friends. It is the 
mother who is most stressed. But we have also 
had a couple where it just seems like it was nice, 
no reaction.

Two out of 12 farms (farms 7 and 10) continued giving 
milk to the calves after separation from the cows, and 
the farmers talked about how it could be challenging 
to get the calf to drink from a teat bucket or bottle 
after being used to suckling from a cow. Farmer 7M 
said: 

I manage to do it with strength and power. The 
calves are enormously huge, so it is not easy. I 
manage to do it, but my father does not manage 
it. I must grab the calf, and the calf needs to be a 
bit hungry. Often, a clever method is to separate 
them in the morning and try giving them milk in 
the afternoon.

Some farmers had identified some ways of separating 
and weaning that worked well for both cows and calves. 
Farmer 1W experienced that separating more cow-calf 
pairs at the same time helped, and farmer 11W said: 

It can be a bit noisy at weaning, but it has to do 
with how you do it. I have found a method that 
actually works quite well. For the calf it is not 
a problem, but the mum… Some mothers can 
make a little noise for a day or something, but 
now I do it successfully. [The cows] are so tired of 
those bullies that are fooling around with them by 
the time [the calves] are three months old, so they 
are happy to get rid of them. They can [still] see 
them. They pass them and sniff them every day.

Some compared this late separation with previous ex-
perience with early separation. Farmer 8W remembered 
that the cows did not react and the calves did not care 
when they were separated early; however, farmer 10M 
had a different experience: 

If we let [the cows] lick [the calves after calving], 
for five minutes, or half an hour, or an hour more 
or less, they just got sad. The easiest thing for 
them was just when we took the calf away im-
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mediately after calving. Then they would stand 
there quietly. They were actually apathetic is how 
I would describe my cows.

Being a Farmer Working in a CCC System

Compared with when the farmers had artificially 
reared calves, half thought that they spent less time 
working and the other half thought that they spent 
as much or more time working with CCC systems. All 
agreed that they spent less time on calf feeding. Several 
talked about the work being more flexible, especially 
when having AMS and no longer having to go to the 
barn at certain time points for calf feeding. Several also 
talked about that they used the time differently, for 
example, by spending more time on observing, moving 
animals, making adjustments to the barn, and cleaning 
up after the calves. The interviewees generally agreed 
that they needed to be more observant and alert. 
Farmer 3W explained: 

You must keep an eye on that calf and how it 
behaves and things like that to a much greater 
extent. There is more herd focus now. Also on an 
individual level, so you try to keep a certain clue 
on who is the mother of whom, so you can control 
and check on them.

All the interviewed farmers talked about their own 
sense of well-being in relation to having CCC. They 
talked about it being pleasant and cozy; it felt good; 
they felt proud, satisfied, and had a good conscience; 
they were happy with it; it was motivating; it gave 
a nicer environment in the barn; it was very interest-
ing, very exciting, and great fun; and they had faith in 
CCC.

Farmer 11W said: “I think it is pleasant, it is nice to 
see, they have a good interaction. Instead of having to 
stand holding the bottle for the calf, I can stand and 
watch them enjoy themselves together.” Farmer 10M 
said: “A farmer wants to see healthy and clean animals 
that thrive and grow. When you see that in your barn 
because cow and calf are together, it is a factor that 
makes you think it is fun working there.” A similar 
perception was described by farmer 1M: 

It is very interesting, and it is fun. This is much 
better than having a routine job because you can 
produce milk and only produce milk, but it is a lot 
more fun to make milk and to do it more on [the 
animals’] terms.

Some talked about how it promotes well-being for the 
cow, the calf, and the farmer. Several talked about how 
important it is to thrive in a workplace, and therefore, 
it was important for farmers to thrive when they were 
working in the barn. Farmer 2W said: “Sometimes I 
think that there are certain things that are more im-
portant than the economy. One should thrive in one’s 
workplace. I am out here [in the barn] for many hours 
per day.”

Several farmers seemed to appreciate CCC because 
its naturalness enabled the animals to express their 
natural behaviors, which in turn was seen to confer 
better animal welfare. Farmer 7M said: 

We think it is better animal welfare when the 
calf is together with the cow. This is our way of 
interpreting animal welfare. Because it is a bit like 
a loose concept. The cow can get to express her 
natural needs because it is a natural need. When 
you see how they handle the calf, after calving 
and how they follow it in the freestall, calling for 
it and it comes and suckles from its mother, it is a 
natural instinct, a need that is being covered, that 
mothering role. So that is what we think good 
animal welfare is. But it does not mean that we 
think it is poor animal welfare to separate them 
early. 

Others, such as farmer 5W, were not so sure: “I feel like 
animal welfare has increased. Or, I do not know, they 
had very good welfare when we separated them early 
as well.”

Overall, animal welfare was important to the farm-
ers. Farmer 7W, who was also educated as a veterinar-
ian, talked about wanting to be a good example as one 
reason for keeping a cow and her calf together. She also 
saw their CCC system as a continuation of the farm 
history with a focus on good animal welfare: 

[Farmer 7M’s] grandmother was known for tak-
ing very good care of her calves, and this [focus 
on] animal welfare has been like the mainstay of 
the farm history. So, we wanted to continue, and 
to try something that might provide even better 
animal welfare. 

Farmer 5W thought it was also important that the 
animals’ welfare did not come at the expense of the 
family’s own welfare: 

We have [realized] that we have to think about 
what is good enough. We can work [in the barn] 
all day, and make sure the animals are doing opti-
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mally, but then our kids and our own health will 
be negatively affected, so this must be balanced.

DISCUSSION

The current study aimed to explore and analyze how 
Norwegian dairy farmers applied CCC systems on their 
farms and how they experienced and perceived the in-
terrelationships between cows, calves, and humans in 
these systems.

CCC Systems Were Widely Different

Our results showed that interrelationships between 
cows, calves, and farmers were perceived differently, 
and the farmers were practicing their CCC systems dif-
ferently, which has also been shown in previous studies 
(Vaarst et al., 2020; Lehmann et al., 2021; Eriksson et 
al., 2022). It was highlighted that the current housing 
systems were not suited for these systems, which can 
partly explain why farmers found individual and farm-
specific solutions for housing and grazing.

The farmers had different management practices 
around ensuring sufficient colostrum for the calves. 
Neave et al. (2022) showed that CCC farmers were not 
worried about calves’ colostrum intake, while farm-
ers practicing early separation were worried about it 
regarding CCC systems. Likewise, the experiences re-
garding separation and weaning and methods for them 
varied. Berge and Langseth’s (2022) survey found that, 
among the 213 farmers who had tried having CCC but 
did not want to continue, the main reason among more 
than half (114) was stress in their animals after later 
separation.

The perceptions of farmers in our study of having 
cows and calves together on pasture ranged from think-
ing that the best and most natural way was to let them 
calve and be together outside to being wary of having 
small calves on pastures with the cows. Some farmers 
in a study by Vaarst et al. (2019) perceived that cow 
and calf were especially able to engage in natural be-
havior together on pasture. The farmers we interviewed 
who let cows calve outside talked about newborn calves 
hiding as a natural behavior and whether or not they 
spent time searching for these calves. In the study by 
Lehmann et al. (2021), one farmer viewed calves hiding 
on pasture as a challenge. Differences in management 
practice, such as searching for calves on pasture, may 
contribute to having a different degree of control and 
workload in CCC systems.

Calves from the CCC Systems

Our interviewed farmers agreed that handling of 
calves was important in CCC systems for the calves 
to become calm, tame animals. In the study by Vaarst 
et al. (2020), some interviewees said that calves that 
were together with their dams became calm and con-
fident adults, and they talked about how you could 
have contact with the calves regardless of milk feeding 
by being around them and talking to them. Neave et 
al. (2022) found from interviews that farmers who did 
not have CCC were concerned that the calves could be 
more independent and wild with CCC systems and as 
the heifers grew, handling them could be difficult and 
dangerous. However, the CCC farmers in that same 
study said the heifers were still quite friendly and did 
not become wild.

Some of the farmers in our study had experienced 
the calves being a bit wild or shy on pasture, but when 
they focused on handling them through this period or 
afterward, they had no problem. In the study by Vaarst 
et al. (2020), some farmers experienced calves being a 
bit wild when they were with the cows, and especially 
on pasture, but it was not a problem when the farmers 
spent time handling them.

Regardless of having CCC systems, research has 
shown that bigger farms have more fearful calves (Le-
ruste et al., 2012) and that the behavior and attitude of 
the people working with the calves are important influ-
ences on how the calves will react to people (Calderón-
Amor et al., 2020). If calves are handled only when 
they are exposed to something uncomfortable, they will 
try to avoid being handled at all, but if the farmers 
handle them with patience, cuddle them, and speak to 
them with calm voices, they will be easier to handle 
(Ellingsen et al., 2014).

Cows, Calves, and Farmers Learning and Being  
in CCC Systems

Several of the farmers we interviewed talked about 
how a cow and her calf being together was natural, 
and they generally saw this as good animal welfare, 
similar to what has been reported in other studies (e.g., 
Wagenaar and Langhout, 2007). The general public’s 
concept of animal welfare has been shown to often in-
volve allowing farm animals to express their natural 
behavior (Placzek et al., 2021). However, as shown 
in the results, farmers had different perceptions and 
feelings regarding how much they could leave to the 
cow and the calf and how much control they needed 
to have over the CCC systems. A clear need existed to 
find a balance and to learn to let the calves and cows 
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interact and have space and surroundings that encour-
aged natural behavior and play behavior and enabled 
cows to nurse their calves safely, while also developing 
a trusting relationship with humans.

This balance between “allowing naturalness” and 
“being in control” also related to how the farmers 
should ensure that the calves had sufficient amounts 
of colostrum and were nursed well. The farmers in this 
study generally perceived that most of their cows were 
good mothers. Most of the farmers who did not have 
CCC systems in the study by Neave et al. (2022) stated 
that modern dairy breeds did not always take proper 
care of their calves instinctively, and this ability might 
have been lost due to other breeding goals. Interviews 
by Vaarst et al. (2020) showed that CCC farmers expe-
rienced dairy cows as strongly motivated to nurse, pro-
tect, and care for their calves. The finding in this study 
that CCC farmers generally perceived calves’ colostrum 
intake as not being a challenge and dairy cows as being 
good mothers reveals several themes whereby farmers 
practicing early separation of cow and calf and farmers 
with CCC systems can have different perceptions.

Regarding animal welfare concerns, Neave et al. 
(2022) showed that the main concern about CCC 
systems by farmers practicing early separation  
(n = 63) was poor animal welfare due to a risk of 
mastitis, inadequate colostrum for the calf, increased 
stress from delayed separation, and lack of shelter for 
calves that were outdoors with cows. However, animal 
welfare was also important for the CCC farmers (n = 
4) in the same study, and they perceived that animal 
welfare was promoted in their CCC systems. According 
to the review by Beaver et al. (2019) about cow and 
calf health in CCC systems, letting calves suckle cows 
shows beneficial or no effects on mastitis.

Farmers experienced that calves were learning in the 
CCC systems. Previous research showed that calves 
that are reared alone have difficulties with learning 
(Gaillard et al., 2014; Meagher et al., 2015) and that 
offspring learn from their mothers (Newberry and 
Swanson, 2008; Mogi et al., 2011). Similar to our find-
ings, reports by Vaarst et al. (2020) and Lehmann et 
al. (2021) referred to farmers who also experienced that 
calves seemed to learn how to behave in the housing 
and grazing systems when they are with dams or other 
cows.

Supporters of early separation argue that the calves 
will be more trusting of people with artificial rearing 
(Neave et al., 2022). In addition, they argue that the 
farmer gets better supervision of the calves’ milk intake 
(Flower and Weary, 2003) when the calves are artifi-
cially milk fed, often in restricted amounts.

This was related to another experience when chang-
ing to CCC systems: When a calf is allowed to suckle 

freely, it can drink a lot of milk. Farmers in the study 
by Lehmann et al. (2021) estimated that calves could 
drink up to 15 to 16 L/d, and thus, another argument 
against having CCC is a smaller volume of saleable 
milk (Meagher et al., 2019). In many cases, a smaller 
volume would make the CCC system less profitable 
for the farmer, whose main income comes from selling 
milk. Some farmers in our study talked about problems 
with milk let-down in CCC cows and that it could be 
hard to know how much milk remained in the udder in 
cows being both suckled and milked. One farmer in the 
study by Lehmann et al. (2021) had decided to combine 
dam-rearing and nursing cows for their calves because 
of problems with milk let-down, while other farmers in 
the same study said they did not have any problems 
with milk let-down.

Although farmers in our study had widely different 
perceptions of how much time they spent working in 
their CCC systems compared with when they separated 
cow and calf early, they agreed that time on calf feeding 
was saved and that work was more flexible, especially 
when having an AMS. In a Norwegian survey, farmers 
with CCC also experienced increased flexibility (Berge 
and Langseth, 2022). The decreased workload was seen 
as a positive consequence of CCC in the same survey, 
but the survey also included 213 farmers who had tried 
having CCC but did not continue doing it. Eight of 
these farmers reported “higher workload” as the main 
reason for not continuing with CCC. Several of the 
farmers in our study said they used time differently, for 
instance dedicating more time to observing the animals. 
Farmers interviewed in the Vaarst et al. (2020) study 
also perceived that CCC systems required increased ob-
servation and evaluation of the animals. Farmers who 
did not have CCC systems in the study by Neave et al. 
(2022) talked about being worried that these systems 
would increase labor and stress on the staff working 
with the animals and thus compromise staff well-being. 
However, 3 of 4 farmers having CCC systems in the 
same study talked about it being a simple system and 
that they saved time from not having to feed the calves.

All interviewed farmers in our study seemed to agree 
that having CCC systems benefited their well-being. 
They used a range of positive words to describe how 
they felt about seeing cows and calves together on their 
farms. Farmers practicing early separation interviewed 
by Neave et al. (2022) were worried about the stress 
and mental health of the staff if they had CCC systems. 
Vaarst et al. (2020) interviewed CCC farmers who 
expressed satisfaction and joy as a strong motivation 
to continue with these systems. Studies by Berge and 
Langseth (2022) and Wagenaar and Langhout. (2006) 
found that having CCC increased the farmers’ own 
well-being. A Swedish study revealed similarities, in 
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that dairy farmers felt happy when they knew their 
cows were doing well (Hansson and Lagerkvist, 2016), 
and other studies have shown that farmers’ well-being 
was directly correlated with their animals’ welfare 
(Hansen and Østerås, 2019; King et al., 2021). This 
may be an important aspect of the emerging concept 
of “one-welfare,” as for example outlined by García 
Pinillos et al. (2016), as it might suggest constantly 
interwoven perspectives between humans and animals 
throughout the different stages of the calves’ lives. The 
perspectives from the cows and calves are their wel-
fare and well-being in terms of being allowed natural 
behavior, learning, freedom of choice for both cow and 
calf to move in the system, and the cow having fulfilled 
a strong motivation to protect and care for her calf. 
The farmers’ perspectives are about enjoying seeing 
this interaction, learning from and reacting to it, be-
ing challenged and gradually developing the system to 
suit CCC, and at the same time supporting their work 
satisfaction.

CONCLUSIONS

All the interviewed farmers in our study followed dif-
ferent practices in their CCC systems regarding having 
cows and calves together and methods for separation 
and weaning. We noted differences in their experiences 
and perceptions, but also similarities. They were gener-
ally not concerned about the colostrum intake. They 
seemed to agree that their dairy cows were generally 
good mothers that took good care of their calves. The 
farmers perceived that they had good interrelationships 
with both the cows and calves in their systems, but 
they also faced a risk of aggressive behavior from cows 
wanting to protect their calves. When the calves were 
not artificially reared, it was important for the farm-
ers to spend time handling them. The farmers agreed 
that calves learned a lot from being with their dams. 
Some found it best and most natural to have a cow 
and her calf together on pasture, while others felt that 
this situation would not be safe for the calves. Farmers 
experienced challenges with stressed animals after later 
separation, but several had found methods to minimize 
stress. The CCC systems can require more focus on 
observation and adjustment to the barn and milking 
routines. The farmers had different perceptions about 
the amount of work connected to the CCC systems, but 
they agreed that they spent less time on calf feeding. 
They were generally thriving with their CCC systems 
and experienced positive emotions seeing cows and 
calves together. Animal welfare and the animals’ natu-
ral behavior were important to the farmers. 
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Abstract 10 

Dairy calves are usually separated from their dams immediately post-partum and kept inside during the milk 11 

feeding period. Conversely - keeping them on pasture with their dams can promote natural behavior and be 12 

more accepted by the public. Our aim was to compare the behavior of dairy calves with or without their dams 13 

on pasture. Our pilot study included four groups of cow-calf pairs, 17 Norwegian Red (NRF) and three NRF x 14 

Holstein crossbreds allocated to each of two treatments: cow-calf contact (CC, n=10 pairs) and early 15 

separation (ES, n=10 pairs). The CC pairs were kept together on pasture for 6 weeks after calving with free 16 

suckling except during milking; calves were gradually weaned with part-time suckling in weeks 7-8 and were 17 

separated from the cows in week 9. The ES cows and calves were separated one to three hours after birth and 18 

kept on pastures without any contact; calves got access to 12-14 L milk/calf/day until week 6 and were 19 

gradually weaned in weeks 7-8. Observations of calf behavior were done once weekly in weeks 3, 6, and 9 and 20 

a food neophobia test was done in week 8. For the observations, the analyzed behaviors had a treatment*week 21 

interaction (P < 0.005). The CC calves used the calf hide less than the ES calves, but more so with increasing 22 

age. Before weaning, the CC calves played more and were lying less than the ES calves in week 3, and the CC 23 

calves played more and were lying less in week 3 than in week 6. The ES calves grazed more than the CC 24 
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calves in week 6, and unlike the CC calves, the ES calves grazed more in week 6 than in week 3. 25 

Allogrooming between peer calves was similar across the treatments. In week 9 (post-weaning), all calves 26 

increased their time spent grazing, and the CC calves spent less time lying and vocalized more than the ES 27 

calves. Descriptively, our food neophobia test showed numerically lower latencies to approach all buckets for 28 

the CC calves on the first test day. Our pilot study indicated that the calves behaved differently with and 29 

without their dams on pasture during our observations and that for most behaviors, the difference was 30 

dependent on age. However, the study was limited mainly by sample size and limited replication. Future 31 

studies should investigate how calf development may be affected through social facilitation by the cow.    32 

Keywords: Dam rearing, cow-calf contact, animal welfare 33 

1 Introduction  34 

Cow-calf contact (CCC) systems in dairy farming are receiving increased attention from different stakeholders 35 

(Sirovica et al., 2022; Vaarst et al., 2020; Ventura et al., 2013). In contrast to the early separation of cow and 36 

calf, this practice is more supported by the public (see review by Placzek et al., 2021). Also, farmers practicing 37 

CCC on pasture have reported several benefits, such as the calves and their dams having access to more space 38 

and thus being enabled to express their natural behavior (Johanssen et al., 2023). However, there is limited 39 

knowledge about how CCC affects dairy calves’ behavior on pasture.  40 

Natural behavior for a calf is to suckle 4-10 times per day depending on age, whereas a suckling bout will last 41 

for around 7-10 minutes (de Passillé, 2001). After a milk-feeding period, the transition to solid feed is 42 

considered a main stressor for both CCC and artificially reared calves (Weary et al., 2008). Yet there is a lack 43 

of studies comparing dairy calves’ behavior on pasture in response to weaning from suckling versus artificial 44 

milk feeding.  45 

Studies have shown that pastured cattle prefer to stay inside or seek shelter under certain environmental 46 

conditions, such as relatively low (Sawalhah et al., 2016) or high (Van Laer et al., 2015) ambient 47 
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temperatures, during windy conditions alone or in combination with precipitation (Smid et al., 2019). 48 

However, it is unknown how cow-calf contact affects calves' use of a calf shelter.  49 

When artificially milk-fed indoors, young calves spend most of their time lying down (17-18 h/d) (Bonk et al., 50 

2013; Duthie et al., 2021). A study with pastured Zebu calves kept with their dams found a somewhat lower 51 

lying time (14-15 h/d) and that the duration of “moving” was similar between the calves and their dams 52 

(Hutchison et al., 1962). Studies of calves both with (Mac et al., 2023) and without (Roy et al., 1955) their 53 

dams on pasture describe calves grazing in their first week of life. Grazing behavior in CCC calves has been 54 

shown to be determined by their dams after their first month of life (Hutchison et al., 1962). This social 55 

facilitation of moving and grazing with the mother may result in less time spent lying. Generally, calves spend 56 

less time lying (Kerr and Wood-Gush, 1987; Webster et al., 1985) and more time grazing with increased age 57 

(Hutchison et al., 1962)  58 

Food neophobia is defined as the avoidance of and reluctance to taste unfamiliar foods (Cooke et al., 2006) 59 

and might be problematic when animals refuse novel feeds provided by the farmer (Villalba et al., 2010). If 60 

cattle are cautious about eating novel feed, it can decrease food intake and productivity (Launchbaugh et al., 61 

1997). Costa et al. (2014) found that housing calves in a complex social group indoors reduced food 62 

neophobia, as individually housed calves showed more food neophobia than calves housed with their dams. 63 

Given that the management of dairy calves entails transit through different types of feeding, housing, and 64 

social groups, we need knowledge of how CCC affects food neophobia.  65 

Calf play behavior is known to be affected by age for calves kept on pasture (Das et al., 2000; Reinhardt et al., 66 

1978). It may also be affected by the presence of the dam, as shown for calves kept indoors in a study where 67 

CCC calves showed more solitary play than artificially milk-fed calves (Waiblinger et al., 2020). Play 68 

behavior has short durations and occurs sporadically throughout the day (Duve et al., 2012). Other factors that 69 

have been shown to affect play in calves kept indoors include available space (Jensen and Kyhn, 2000), social 70 

circumstances (Jensen et al., 2015; Lv et al., 2021), and hunger (Krachun et al., 2010). Since play may indicate 71 
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positive emotions (Boissy et al., 2007; Špinka et al., 2001), it is relevant to investigate how CCC affects play 72 

on pasture. 73 

Allogrooming is an important behavior that serves several functions for cattle (Reinhardt et al., 1986; Sato et 74 

al., 1991). It aids the formation of the bond between calf and dam after calving (Jensen, 2011), and is generally 75 

used to form and maintain social bonds in cattle, often between pairs close in age or between relatives (Sato et 76 

al., 1993). Calves reared artificially and indoors rarely groom each other (Horvath and Miller-Cushon, 2019), 77 

compared to calves and dams on pasture (Reinhardt et al., 1978), but while allogrooming between calves has 78 

been shown to increase with age, dam-calf allogrooming wanes with age (Kerr and Wood-Gush, 1987). 79 

Because of the importance of allogrooming for cattle, it is valuable to examine if pastured CCC calves 80 

experience most allogrooming because of the calf-dam interaction or if artificially reared calves show more 81 

allogrooming between calves to compensate for the lack of grooming between calf and dam.  82 

Most studies on dairy calf behavior focus on artificially reared calves kept indoors (see e.g., reviews by Costa 83 

et al., 2016; Miller-Cushon and Devries, 2015). Similarly, CCC calf behavior studies mostly refer to indoor 84 

conditions (e.g. Johnsen, 2015; Wenker, 2022). The comparison of CCC calves to artificially reared calves 85 

may be biased when artificially reared calves are fed restricted amounts of milk (e.g., Nabukalu, 2020). Calf 86 

behavior studies in a pasture-based setting are most often performed on beef cattle (e.g., Lidfors and Jensen, 87 

1988; Walker, 1962) or semi-wild cattle (e.g., Reinhardt and Reinhardt, 1982; Vitale et al., 1986). Although 88 

some recent CCC studies are carried out on pasture (Mac et al., 2023; Nicolao et al., 2020; Sinnott, 2023), they 89 

do not compare CCC calves and artificially reared calves during their milk-feeding period on pasture. Mac et 90 

al. (2023) described behavior in six dairy calves kept with their dams on pasture, and the study by Nicolao et 91 

al. (2022, 2020) as well as the Ph.D. thesis by Sinnott (2023) compared behavior in dairy calves having 92 

experienced different levels of CCC with artificially reared calves, but pasture access was not constant across 93 

the treatments. 94 

The aim of our pilot study was to compare behavior in pastured dairy calves kept with or without their dams 95 

by use of a calf hide (Figure 1), lying, grazing, playing, and allogrooming between peer calves. We also aimed 96 
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to describe indicators of food neophobia, sucking/suckling behavior, allogrooming between cow and calf, as 97 

well as the calves’ vocalizations after weaning. 98 

We hypothesized that the presence of the dam on pasture may lead to less use of a calf hide, less lying, more 99 

grazing, more play, and less allogrooming between calves, but the effects may be modulated by calf age and 100 

weaning.  101 

2 Materials and Methods 102 

This pilot study complied with the Norwegian Regulation on Animal Experimentation (Forsøksdyrforskriften, 103 

2015) under the Norwegian Animal Welfare Act (Dyrevelferdsloven, 2009). The study was conducted from 104 

May to August 2021 on a private commercial dairy farm (220 meters above sea level) with a free-stall barn 105 

and 80 dairy cows in Central Norway, including the farm’s summer pasture (17 km from the farm, 580 meters 106 

above sea level), where the farm usually grazed all lactating cows during summer (Figure 2). The farm had 107 

concentrated calving in three periods, with one period in May and June. 108 

2.1 Pilot Study Design 109 

In a parallel-group designed controlled pilot study, 20 cow-calf pairs were allocated to two treatments: cow-110 

calf contact (CC, n=10 pairs) and early separation (ES, n=10 pairs). Each treatment had two groups of five 111 

cow-calf pairs: CC: groups CC1 and CC2, ES: groups ES1 and ES2. Treatments were assigned to the groups 112 

in the following (non-random) order to account for pasture conditions (snow) at the summer pasture at the start 113 

of the study: ES, ES, CC, CC. All groups were let out on pasture (see details in 2.4) and the study period was 9 114 

weeks for each group (week 0 was defined by the average group calf birth week). More information about the 115 

two treatments is shown in Table 1. 116 

Table 1. Design of the pilot study with pastured dairy cows and calves in two treatments: Cow-calf contact 117 

(CC, n=10 pairs) and early separation (ES, n=10 pairs).  118 

Treatment Milk 

feeding 

Week 0-3 Week 4-6 Week 7 Week 8 Week 9 
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Cow 

contact 

(CC) 

Suckling 

allowance  

Free 

suckling 

except 

during 

milking 

Free 

suckling 

except 

during 

milking 

Fence line 

contact, except 

suckling after 

milking: 2 h 

morning, 2 h 

evening 

Fence line 

contact, except 

suckling after 

milking: 1 h 

morning, 1 h 

evening  

None (cows 

moved 120 

m away) 

Cow-

contact 

Whole 

day CC 

Whole 

day CC 

Partial CC Partial CC Total 

separation 

(auditory and 

visual 

contact) 

Early 

separation 

(ES) 

Milk 

allowance 

12 L 

/calf/day 

in four 

meals  

14 L 

/calf/day 

in four 

meals  

8 L/calf/day in 

two meals  

4 L/calf/day in 

two meals 

None   

Cow-

contact 

1-3 hours 

on 

calving 

day, then 

none 

None None None None 

 119 

The ES calves were fed tempered whole milk from teat buckets with one teat/calf (Figure 1) with feedings at 120 

06.30 AM, 10.30 AM, 04.00 PM, and 08.00 PM in weeks 0-6, and at 06.30 AM and 04.00 PM in weeks 7-8. 121 

The teat bucket (see Table 1 for details on milk allowance) were available at each meal until none of the calves 122 

within the group showed interest in the milk.  123 

2.2 Animals  124 

Seventeen of the cow-calf pairs included in the pilot study were Norwegian Red (NRF), and three pairs were 125 

NRF x Holstein crossbreds. The three-crossbreed cow-calf pairs were one CC pair and two ES pairs, but of 126 

these, one ES cow was excluded due to ketosis. The calves used in the study were born between 7th of May 127 

and 14th of June and we decided to assign the pairs’ treatment group based on calving date to minimize calf 128 

age variation in each group. Thus, it was not possible to additionally distribute the treatments evenly according 129 

to calf sex and cow parity. The calf age range was between 6 and 8 days per group. The calves’ birth weight 130 

ranged from 29.8 to 56.0 kg (average: 44.0 kg). The distribution of primiparous cows relative to multiparous 131 

cows in each group was: CC1: 2/5 and 3/5, CC2: 2/5 and 3/5, ES1: 1/4 and 3/4, and ES2: 0/5 and 5/5. Finally, 132 
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the distribution of bull versus heifer calves in each group was: CC1: 1/5 and 4/5, CC2: 1/5 and 4/5, ES1: 4/5 133 

and 1/5, and ES2: 2/5 and 3/5.  134 

2.3 Indoor management  135 

Before or shortly after calving, each cow was moved from the free stall area to an individual calving pen with 136 

a rubber mattress and saw-dust bedding (14.4 m2). Within the first three hours after calving, each cow was 137 

health checked, milked in the automatic milking system’s (AMS) milking robot (GEA Mione, GEA Group, 138 

Düsseldorf, Germany), and each calf was health checked and weighed. While all calves were offered 139 

colostrum at ad libitum from a teat bottle at their first feeding, the ES calves were tubed if voluntary intake of 140 

colostrum was < 4.5 L, according to the farm’s regular practice for artificially reared calves. The CC pairs 141 

were observed after birth to make sure the cows were taking care of their calves and that the calves suckled. 142 

Each CC pair stayed in the calving pen during the first three days after calving before being moved 143 

temporarily to the free-stall area. Once the fifth calf within a CC group was three to four days old, the whole 144 

group was let out on pasture (see details in 2.4). The ES calves were separated from their dams within one to 145 

three hours after birth and moved to individual straw-bedded pens (1.1 m2) for three days before they were 146 

temporarily moved to a group pen (35.0 m2). In the group pen, the calves had ad libitum access to silage, 147 

concentrates, and water. Once the fifth calf in an ES group was three days old, the whole calf group was let out 148 

on pasture (see details in 2.4).  149 

2.4 Pasture management 150 

Due to the calving order (explained in 2.2), the ES calves were first let out on pasture areas of 0.12 hectares 151 

per ES group on the farm. They were let out on 18th and 28th of May, at an average group calf age of 7.6 and 152 

7.4 days for the groups ES1 and ES2, respectively. Thereafter, the ES calves and the ES cows were transported 153 

separately to the summer pasture (Figure 2) on 7th of June, at an average group calf age of 27.6 and 17.6 days 154 

for ES1 and ES2, respectively. The ES pairs were let out on separate areas on the summer pasture without any 155 

contact between cows and calves (>130 m between them, and they could not see each other). The CC pair 156 

groups were transported directly from the barn to the summer pasture on 10th and 17th of June at an average 157 
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group calf age of 6.8 and 6.0 days for the groups CC1 and CC2, respectively. The cows were milked daily in a 158 

milking parlor by the summer pasture at 06.30 AM and 05.30 PM.  159 

Each calf group had access to what we have called a calf hide (Calf-O-Tel XL-5, VDK Products, the 160 

Netherlands) (10.9 m2) consisting of a hutch (5.8 m2) and a steel-fenced area outside the hutch (5.1 m2) (Figure 161 

1). The open gates to the calf hides were too small for the cows to enter, so that only the calves could use the 162 

calf hides. The hides contained straw bedding and provided ad libitum access to water and concentrates. The 163 

pasture areas for the CC pairs and the ES calves had electric net fences (DeLaval Premium, Sweden). 164 

Throughout the study, the groups were regularly moved to new areas on the summer pasture (Figure 2), 165 

depending on available forage plants, which were visually assessed by a nutrition researcher. The CC pair 166 

groups, and the ES calf groups were in 3-4 different areas (including the first area on the farm for the ES 167 

calves) for each group until week 9. The pasture yields on the summer pasture were measured before and after 168 

a group grazed a new area. The size of the pasture areas was determined by both the forage yields and the 169 

number and size of the animals. Pasture areas for each group were between 0.42 and 0.78 hectares for the CC 170 

pairs and 0.12 hectares for the ES calves.  171 

The botanical composition of the pastures was estimated using the dry-weight rank method (Mannetje and 172 

Haydock, 1963) modified by Jones and Hargreaves (1979). The average botanical composition of the pastures 173 

for the CC groups was 77 % timothy, 6 % other grasses, 5 % clover, and 12 % other herbs, while it was 42 % 174 

smooth meadow grass, 2 % other grasses, 4 % clover, and 52 % other herbs for the ES calf groups. Herbage 175 

samples were taken from each area before grazing. Dried and ground samples were analyzed by NIR 176 

spectroscopy (NIRS™ DS2500 F, FOSS, Hilleroed, Denmark) (Table 2).   177 

Table 2. Feed value and chemical composition (NIRS) (average ± SD) of herbage samples taken from summer 178 

pasture areas before grazing in a pilot study with the two treatments: Cow-calf contact (CC) and early 179 

separation (ES).  180 

 Number of pasture areas analysed per treatment (n) – Animals 

Analysed variable CC (n=13) – Pairs ES (n=8) – Calves 

NELMJ/kg of DM 6.6 ± 0.6 6.6 ± 0.4 
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Digestability, % of DM 76.6 ± 4.7 77.1 ± 3.4 

PBV, g/kg of DM 25.1 ± 30.2 10.0 ± 16.0 

AAT, g/kg of DM 86.7 ± 5.6 86.4 ± 3.8 

Crude protein, % of DM 17.5 ± 3.8 15.9 ± 2.2 

NDF, % of DM 50.9 ± 4.6 46.4 ± 4.8 

uNDF, % of NDF  13.8 ± 6.8 15.6 ± 3.1 

 181 

A weather station from Netatmo (Netatmo Smart Home Weather Station, Boulogne Billancourt, France) 182 

recorded the daily outdoor temperatures. The average temperature for the study period was 14.1 ℃, with an 183 

average variation from 6.6 to 22.2 ℃ per day. Average daily rainfall was 2.2 mm, with a variation from 0.0 to 184 

29.8 mm per day (53/88 days <0.5 mm and 5/88 days >10 mm). The average daily temperature was similar for 185 

both treatments. 186 

2.5 Direct behavioral observations  187 

Each calf group was observed directly on pasture one day per week in weeks 3, 6, and 9 after birth, by the first 188 

author. All calves in one group were observed simultaneously, while the behavior of each calf was registered 189 

individually. All observations except the week 3 observation for the ES1 group were carried out at the same 190 

place (summer pasture, Figure 2). The observations each day were done in two periods of four hours: from 191 

06.00-10.00 AM and from 04.00-08.00 PM. Time and limited project funding constrained our observation 192 

protocol. Hence, we chose to do the observations at two different ages pre-weaning (week 3 and 6), and once 193 

post-weaning (week 9). The periods during the morning and in the afternoon/evening were chosen due to 194 

results from other behavioral studies conducted on pasture in which cattle were found to have periods of 195 

grazing (Kilgour et al., 2012; Martins et al., 2017; Walker, 2012), suckling (Day et al., 1987; Odde et al., 196 

1985) playing (Das et al., 1999; Vitale et al., 1986) and grooming (Reinhardt et al., 1986). As the cows were 197 

milked at 06.30 AM and 05.30 PM, the observation periods in weeks 3 and 6 included periods in which the 198 

CC calves’ dams were away for milking. The times of when the CC cows left for and returned from milking 199 

(weeks 3 and 6) were noted in the scoring sheets. On average, they were away for 30 minutes/milking/group. 200 

To be able to observe the calves’ behavior properly on pastures, we decided to do direct observations where 201 

the observer followed the calves around by sitting, standing, and walking outside and inside the fences around 202 
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the pastures. The observer tried her best not to disturb the calves by being quiet, moving calmly and always 203 

keeping a distance of at least six meters from the calves. The calves seemed not to care about the observer’s 204 

presence. However, even if they may have been disturbed a bit by the observer, the same method was used for 205 

all groups and weeks.  206 

 Observations were never done on the same day or the day after a group was moved from one pasture to 207 

another. In case of rain, since weather conditions affect behavior (Sawalhah et al., 2016), observations were 208 

carried out on the nearest possible day. Twice, the observer had to observe two groups in the same calendar 209 

week (when group ES1 was in week 6 and 9, and group CC1 was in week 3 and 6 simultaneously). For these 210 

reasons, the observations could not be done on the same weekday each week for each group, but they were 211 

done on either Monday, Tuesday, or Wednesday. In week 9, after the calves had ingested their last milk on 212 

Sunday evening the week before, groups ES1 and CC1 were observed on Tuesday and groups ES2 and CC2 213 

were observed on Wednesday. Identification of individual calves was enabled by using colored neck collars.  214 

Sampling methods for different behaviors are explained in Table 3. Instantaneous sampling was done at 215 

intervals every second minute (120 registrations per calf within 4 hours). The behaviors “Lying”, 216 

“Standing/moving” and “Grazing” were mutually exclusive, while “In calf hide” could happen simultaneously. 217 

We decided not to include “Standing/moving” in the results because when the calves were not lying or 218 

grazing, they were either standing or moving, but we did not differentiate between standing and moving. One-219 

zero sampling was done at intervals of 30-second periods for 1.5 minutes followed by 30-second breaks for the 220 

instantaneous sampling, repeated every second minute (360 possible registrations per behavior per calf within 221 

4 hours). The one-zero behaviors were recorded as they happened or not during each 30-second period, and 222 

these behaviors could happen within the same 30-second period. Vocalizations were recorded by continuous 223 

sampling in the same 30-second periods as the one-zero sampling.  224 

The behaviors of suckling and sucking milk could not be compared between the treatments because the CC 225 

calves could suckle freely except when their dams were milked, while the ES calves did not have ad libitum 226 

access to milk. The ES calves got four meals per day where the teat buckets were available until none of the 227 



 
11 

calves showed interest in the milk, as described in Table 1. We recorded suckling and sucking milk, to 228 

describe suckling and sucking bout length among the ES and the CC calves, respectively.  229 

Table 3. Ethogram for the direct behavior observations of the pastured calves in the two treatments cow-calf 230 

contact (CC, n=10) and early separation (ES, n=10). For each behavior recorded, a description and method for 231 

recording as well as the week and reference are shown. 232 

Behavior Description Method for 

recording 

Week Reference 

In calf hide  The calf is inside the calf hutch or in the 

fenced area outside the hutch (if they are not 

in the calf hide, they are on the pasture) 

Instantaneous 3, 6 & 9 None 

Lying The calf is lying on the ground in any 

position. The whole body is in contact with 

the ground. The head may or may not be in 

contact with the ground 

Instantaneous 3, 6 & 9 Gladden et 

al., 2020 

Standing or 

moving 

Standing on all four feet or moving one or 

more extremities either in a forward or 

reverse motion, but not grazing 

Instantaneous 3, 6 & 9 Johnsen et 

al., 2015a, 

adapted 

Grazing The calf is grazing with its head down, 

while actively engaged in consuming and 

masticating grass; this can include forward 

movement, but it is clear that the calf is in 

the process of grazing 

Instantaneous 3, 6 & 9 Nickles, 

2019  

Suckling milk 

(CC) 

Standing in a suckling position, the neck is 

bent, the head is near an udder and a teat is 

enclosed within the calf’s mouth 

One-zero-

sampling 

3 & 6 None  

Sucking milk 

(ES) 

An artificial teat on the teat bucket is 

enclosed within the calf’s mouth 

One-zero-

sampling 

3 & 6 None 

Play Running equivalent to trotting (two-beat leg 

movements synchronized diagonally), 

cantering (three-beat gait in between a trot 

and a gallop), or galloping (four-beat gait 

with a phase where all legs are off the 

ground) and jumping (both forelegs lifted 

off the ground and body moves upwards), 

bucking (head is lowered, and rear legs are 

lifted off the ground), kicking with one or 

two legs, butting and/or mounting.  

One-zero-

sampling 

3, 6 & 9 Jensen et al., 

1998, 

adapted 

Allogrooming 

calf-calf 

Initiating or receiving licking (tongue 

touches calf)/sniffing (nose <5 cm from calf 

air is pulled through the nose) or rubbing 

(nose or other body part touches any other 

body part) 

One-zero-

sampling 

3, 6 & 9 Johnsen et 

al., 2015a, 

adapted 

Allogrooming 

cow-calf/calf-

cow (CC) 

Initiating or receiving licking (tongue 

touches cow/calf)/sniffing (nose <5 cm from 

cow/calf air is pulled through the nose) or 

One-zero-

sampling 

3 & 6 Johnsen et 

al., 2015a 



 
12 

rubbing (nose or other body part touches 

any other body part) 

Vocalizations 

high pitched 

Every single open-mouthed “muh” 

vocalization with inhalation between two 

occurrences 

Continuous 9  Johnsen et 

al., 2015b 

Vocalizations 

low pitched  

Every single closed-mouthed ‘mm’ type 

vocalization with inhalation between two 

occurrences 

Continuous 9  Johnsen et 

al., 2015b 

 233 

2.5.1 Food Neophobia Test   234 

To describe food neophobia in the calves from the two treatments, a test adapted from Costa et al. (2014, 235 

2020) was carried out on Tuesday, Wednesday, and Thursday in week 8 after birth (during weaning) for each 236 

group. Week 8 seemed most suitable for this test since the calves were likely to be more interested in food 237 

during weaning compared to earlier when they were younger and had an unrestricted suckling or high milk 238 

allowance. Additionally, they were less likely to be affected by stress during week 8 compared to the first 239 

week of weaning (week 7) or after weaning (week 9). Following Costa et at. (2014), we conducted the test for 240 

three consecutive days, each lasting 30 minutes. However, instead of being tested individually as in the study 241 

by Costa et al. (2014), our calves were tested in their groups as they were not used to being alone. We 242 

expected that the neophobic response in the calves would decline on days 2 and 3 of testing, and the chosen 243 

duration was to ensure ample time for the calves to decide to approach and eat novel feed. The tests in our 244 

study started at 01.00 PM each day. During each test, the calves were enclosed in a rectangular arena (36 m2) 245 

located on the pasture, immediately adjacent to the calf hide. This arena contained four 90 l black plastic 246 

buckets. Two buckets contained novel feed: hay (1.5 kg), and carrots (5.0 kg), one bucket contained familiar 247 

feed: concentrates (5.0 kg), and one bucket was empty. To make it possible for all five calves in one group to 248 

eat from the same bucket at the same time, the buckets were placed on each of the rectangle’s sides, one meter 249 

from the fence. The position of the buckets was chosen randomly and was changed each test day. The amounts 250 

of feed were weighed before and after each test to record the calves’ consumed feed at the group level. Two 251 

video cameras (GoPro Hero 4, California, US) were used for video recording, and one research technician 252 

used the videos to perform behavioral recordings of each calf according to an ethogram shown in Table 4.  253 
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Table 4. Ethogram describing the behaviors recorded during continuous behavioral observations from video 254 

recordings of the calves from the two treatments: cow-calf contact (CC, n=10) and early separation (ES, 255 

N=10) in the food neophobia test. The descriptions are adapted from Costa et al. 2014.  256 

Behavior Behavior description 

Latency to eat hay, carrots, or concentrates 

Latency to manipulate empty bucket 

Putting head/muzzle in the bucket for the first time in the test 

Licking, sniffing, or head/muzzle in the empty bucket for the 

first time in the test 

Start eating hay, carrots, or concentrates  

Start manipulating empty bucket 

Putting head/muzzle in the bucket  

Starts licking, sniffing, or putting head/muzzle in the empty 

bucket 

Stop eating hay, carrots, or concentrates  

 

Stop manipulating the empty bucket  

Taking head/muzzle out of the bucket and more than 5 

seconds before taking head/muzzle in the bucket again 

Stop licking, sniffing, or having head/muzzle in the empty 

bucket and more than 5 seconds before doing it again 

 257 

2.6 Statistical analysis 258 

Statistical analyses were conducted in Minitab 21 Statistical Software. The behaviors “In calf hide”, “Lying”, 259 

“Grazing”, “Play” and “Allogrooming calf-calf” were our main response variables, and each of these was 260 

analyzed separately using the Mixed Effects Model.  261 

For each response variable (y), we calculated the mean proportion of behavior in % of total sample points for 262 

each calf (n=20) in each period (morning and evening) for each week (weeks 3, 6, and 9) and used these 263 

numbers for the analysis. We first fitted the same model for each y, and the residual plot from the model fit 264 

was visually checked for normality and homogeneity of variance. Additionally, we did the normality tests 265 

Anderson Darling and Ryan-Joiner for each y and got suggestions for transformation by using the Box-Cox 266 

transformation methods. With guidance from a statistician we decided to transform the behavior “In calf hide” 267 

with “Calfhide* = ln(Calfhide + 1)” and the behavior “Play” with “Play* = (Play + 1)–0.5”. The other 268 

response variables met assumptions of normality without any transformations, while “Play” and “CalfHide” 269 

met assumptions of normality after the transformations.   270 

The full model for each y: y = intercept + treatment + group(treatment) + calf(treatment; Group) + week + 271 

period + sex + treatment*week + treatment*period + week*period + treatment*week*period  272 
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In this model, treatment was the main effect of treatment (fixed factor with two levels: CC, ES). 273 

Group(treatment) was the effect of the group within treatment (random factor) and calf(treatment; group) was 274 

the effect of calf within group within treatment (random factor). Week (fixed factor, three levels: weeks 3, 6, 275 

and 9), sex (fixed factor, two levels: male, female), and period (fixed factor, two levels: morning, evening) 276 

were main effects. The interactions were 2nd and 3rd order interactions between the relevant fixed factors. The 277 

first model was reduced for each y through guidance from the statistician by manually removing clearly non-278 

significant higher-order interactions. First interactions with P> 0.40 were moved, then interactions with 279 

P>0.10 were moved before reaching the final model used for analysis of each y. Subsequently, we ran post hoc 280 

analyses with Tukey pairwise comparison tests to examine the differences between each level of the factors 281 

and interactions having p-values less than 0.1. Significance was declared at P< 0.05; a tendency was declared 282 

at P< 0.10. 283 

To create graphs showing the results, we used Microsoft Office Excel and the numbers used were the least 284 

squares means ± standard errors (SE) from the analyses in Minitab. For the transformed results of the 285 

behaviors “In calf hide” and “Play” we used the back-transformed means for the lines, and the numbers for 286 

back-transformed confidence limits are shown in the graphs beside the letters for the significant differences.  287 

Suckling (CC) or sucking milk (ES) was considered a new bout if it was at least one minute without any 288 

suckling or sucking between the recordings. The variables “Allogrooming cow-calf” and “Suckling 289 

milk”/”Sucking milk” are shown descriptively as they could not be compared between the treatments. The 290 

vocalizations are shown descriptively as the number of vocalizations within each 30-second period had no 291 

limitation. Additionally, the behavior results from the food neophobia test are shown descriptively as the test 292 

should preferably have been done as an individual test but was done as a group test where calves might have 293 

influenced each other’s behavior with the buckets. The amount of the different feeds ingested during each test 294 

was recorded at the group level and is described accordingly.  295 

3 Results 296 

3.1 Suckling and sucking milk 297 
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The CC calves suckled in more frequent, but shorter bouts in week 3 compared to week 6: mean (range): 3.1 298 

(1-5) vs 1.7 (1-3) suckling bouts (from daily totals of 8 h/day) of 4.2 (0.5-13.0) vs 6.7 (0.5-13.5) minutes per 299 

calf, respectively. During the two observation periods for the ES calves, including two of their four meals per 300 

day, the number of sucking bouts for the two meals in total, and time per bout were similar in week 3 and 301 

week 6: 2.6 (2-4) vs 2.4 (2-3) sucking bouts of 7.3 (0.5-12.0) vs 7.7 (0.5-13.5) minutes per calf, respectively.  302 

3.2 Use of calf hide  303 

During the observation periods, the CC calves used the calf hide less than the ES calves in each of the three 304 

observation weeks, see Figure 3a (treatment*week: F2.00, 106.01 = 23.02, P < 0.001). The post hoc test showed 305 

that while the CC calves used the calf hide increasingly with age, there were no differences for the ES calves 306 

in the different weeks. 307 

3.3 Lying 308 

The CC calves were lying less than the ES calves during the observation periods in weeks 3 and 9 (post-309 

weaning) but with no difference in week 6, see Figure 3b (treatment*week: F2.00, 110.04 = 20.52, P < 0.001). The 310 

CC calves were lying most in week 6, less in week 3, and least in week 9, while the ES calves had similar 311 

lying times in weeks 3 and 6, but less in week 9. The calves were lying more in the evening than in the 312 

morning (58.9 ± 2.0% vs 49.5 ± 2.0%, respectively) (P<0.005). 313 

3.4 Grazing  314 

The CC calves grazed less than the ES calves in week 6, but there were no differences between the treatments 315 

in weeks 3 and 9 (post-weaning), see Figure 3c (treatment*week: F2.00, 92.99 = 8.89, P < 0.001). Both the CC and 316 

the ES calves grazed most in week 9. While the CC calves tended to be grazing more in week 3 compared to 317 

week 6, the ES calves grazed more in week 6 compared to week 3.  318 

3.5 Play 319 

The CC calves played more in week 3 compared to weeks 6 and 9 (post-weaning), and compared to the ES 320 

calves’ week 9, see Figure 4a (treatment*week: F2.00, 110.01 = 26.88, P < 0.001).  The ES calves played more in 321 
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week 6 compared to week 9. Referring to the comments about the CC cows’ absence during milking, we could 322 

see that the CC calves played more during these times in week 3 than in week 6. 323 

3.6 Allogrooming 324 

The CC calves showed more allogrooming between calves in week 9 (post-weaning) than in week 3, while the 325 

ES calves showed more allogrooming between calves in week 6 than in weeks 3 and 9, see Figure 4b 326 

(treatment*week: F2.00, 94.45 = 12.13, P < 0.001).  327 

Our descriptive data on allogrooming between CC cows and their calves indicate that the proportions were 328 

similar during the observation periods in weeks 3 and 6 (mean of sample points ± SD): 2.8 ± 4.0 % and 2.7 ± 329 

4.1 %, respectively.  330 

3.7 Vocalizations  331 

Descriptive statistics showed numerically more high-pitched vocalizations in the CC calves than the ES calves 332 

(mean frequency of vocalizations/hour ± SD: 61.68 ± 58.73 and 6.31 ± 13.1, respectively) in week 9 post-333 

weaning and separation. Low-pitched vocalizations were numerically low for both the CC and the ES calves 334 

(1.91 ± 2.49 and 1.79 ± 2.40, respectively).  335 

3.8 Food neophobia test  336 

During the food neophobia test in week 8 (gradual weaning), the CC calves had numerically shorter latency 337 

(median) to put their heads/muzzles in all the buckets compared to the ES calves on day 1, see Figure 5. The 338 

differences seemed to be smaller on day 2 and similar between the treatments on day 3. The calves in both 339 

treatments spent numerically the most time (median) in the buckets with novel feed, and somewhat more time 340 

with hay than with carrots. The CC calves spent numerically the most time with hay on day 1, while the ES 341 

calves spent the most time with hay on day 3. The CC calves ingested mostly hay, and more similar amounts 342 

of carrots and concentrates, while the ES calves ingested mostly carrots, then hay, and the least amounts of 343 

concentrates, see Table 5. When we look at the two ES groups, ES2 ingested more carrots than ES1. We 344 

observed large individual variations among the calves in each group for both latencies to approach the buckets 345 

and time spent with each bucket. For example, the ES calves had a latency between 58 and 1658 seconds to 346 
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approach the empty bucket on day 1, and spent between 0.0% and 38.3% of the test period on day 1 with the 347 

carrot bucket.  348 

Table 5. Results from weighing of feed for each group in the food neophobia test from before and after each 349 

test in week 8. Shown as intake of feed in grams at group level from the different buckets for each treatment 350 

and group; cow-calf contact (two groups: CC1 and CC2) and early separation (two groups: ES1 and ES2).  351 

Day  Group Hay Carrots Concentrates Group Hay Carrots Concentrates 

D1 CC1 500 180 60 ES1 60 20 120 

D1 CC2 380 40 100 ES2 280 400 40 

D2 CC1 120 80 100 ES1 120 120 220 

D2 CC2 200 80 60 ES2 220 580 160 

D3 CC1 240 60 140 ES1 260 60 20 

D3 CC2 180 60 0 ES2 380 720 120 

 352 

4 Discussion 353 

This pilot study is limited by a number of factors that should be acknowledged when interpreting its results. 354 

The number of study units and treatment replicates were low, and a potential effect of time (of birth) could not 355 

be prevented when allocating groups to the treatments. ES calves were exposed to pastures in different places 356 

(the farm and the summer pasture), which may have affected the registered behaviors, but not beyond week 3. 357 

Since the groups were observed different days according to their age, even though we avoided observing rainy 358 

days, other weather conditions, such as the amount of sun and wind has probably influenced the calves’ 359 

behavior.  360 

In our study, the CC calves could suckle freely except during the milking of their dams, while the ES calves 361 

were given four meals and up to 14 L of milk/calf/day. We originally planned to offer the ES calves up to 16 L 362 

milk/calf/day, as done in another study (Wormsbecher et al., 2017). However, when the calves got four meals 363 

per day from week 0 to week 6, they usually drank all the milk at their first and third meal, but left milk 364 

residuals of several liters at their second and fourth meal. To limit the amount of milk waste we therefore gave 365 

the amounts shown in Table 1. The suckling and sucking of milk could not be compared, but we found that 366 

both the CC and the ES calves spent up to around 13 min/suckling or sucking bout. Thus, we can assume that 367 
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the need to suck was satisfied in both treatments. The CC calves’ suckling bouts were numerically higher but 368 

of shorter duration in week 3 compared to week 6, which is consistent with what has been found in other 369 

studies where the number of suckling bouts decreases while the duration of suckling bouts increases with age 370 

(Das et al., 2000; Vitale et al., 1986). It would have been interesting to compare the suckling and sucking of 371 

milk between pastured calves with and without their dams, and this could have been done if the ES calves had 372 

ad libitum access to milk through automatic milk feeders. However, this was not practically or economically 373 

feasible in our study.  374 

The CC calves spent less time using their calf hides than the ES calves during the observation periods in our 375 

study. We could presume that all calves would use the calf hide to seek shelter (Sawalhah et al., 2016; Van 376 

Laer et al., 2015) and to lie on soft straw bedding, which has been shown to be a preferred bedding material by 377 

cattle (Lowe et al., 2001). There may be several reasons for why the CC calves used the calf hide less, and one 378 

is the social facilitation by their dams. The CC calves used the calf hide more with increased age, which may 379 

reflect that they spent more time near their dams when they were 3 weeks compared to 6 weeks of age. This 380 

agrees with other studies showing that time spent in close proximity between calf and dam decreases with age 381 

(Hirata et al., 2003; Vitale et al., 1986). Hutchison et al. (1962) showed that calves’ time spent on “moving” 382 

was similar to that of their dams, which indicates that calves follow their dams around on pasture. The larger 383 

area available for the CC pairs in our study might also have contributed to the CC calves having naturally 384 

spent more time further away from the calf hide, and thus used it less.  385 

The CC calves in our study were lying less than the ES calves in weeks 3 and 9. In an earlier study conducted 386 

indoors, it was found that calves with their dams were more active than calves separated immediately from 387 

their dams, but this was during the first four days after calving (Lidfors, 1996). In her thesis, Sinnott (2023)  388 

found no difference in lying behavior between calves with different levels of CCC or control (artificial milk-389 

fed), where only the full-time CCC calves were kept on pasture, although she found the CCC calves to be 390 

standing less but moving more than the control calves. Lying time did not decrease with age during the 391 

observation periods in our study (from weeks 3 to 6), as had been shown in other studies (Kerr and Wood-392 

Gush, 1987; Webster et al., 1985). During our observation periods, in contrast, the CC calves were lying 393 
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significantly less in week 3 than in week 6. This may have been affected by social facilitation while being with 394 

their dams, and the fact that the cows were temporarily separated from the calves for milking during the 395 

observation periods may have influenced this even more. We found the CC calves to be lying less around the 396 

time of their dams’ milking in week 3 than in week 6. Mac et al. (2023) observed cows and calves on pasture 397 

around milking and reported that the cows’ vocalizing and their attempts to get back to their calves decreased 398 

with calf age. If calves and their dams are more concerned about being with each other when the calves are, 399 

e.g., 3 weeks compared to 6 weeks, the calves might be more affected by their dams’ behavior at week 3 400 

versus week 6, as can be indicated by our results.  401 

From our observation periods, we found no differences in grazing behavior between the CC and the ES calves 402 

at 3 weeks after birth. Earlier studies have shown how restricted calf milk allowances influence calf behavior 403 

(De Paula Vieira et al., 2008; Rosenberger et al., 2017), and that hungry calves play less (Jensen et al., 2015; 404 

Krachun et al., 2010) and eat more solid feed at an early age (Fröberg et al., 2011; Miller-Cushon et al., 2013). 405 

Because the calves in both treatments in our study could drink close to ad libitum of milk, we did not expect 406 

hunger levels to differ between ES and CC calves. However, in contrast to the results, we initially thought that 407 

the CC calves would be grazing more than the ES calves at an early age if they copied their dams’ behavior. 408 

Other studies have reported that CCC calves learn from their dams how to graze (Nicolao et al., 2020; Vaarst 409 

et al., 2020), and calves around the age of one month showed grazing patterns determined by their dams in 410 

another study (Hutchison et al., 1962). During the observation periods in our study, only the ES calves grazed 411 

more with increased age, and they grazed more than the CC calves in week 6. The fact that the ES calves did 412 

not have ad libitum access to milk, even though they were given large amounts of milk, could have influenced 413 

their grazing time in weeks 3 and 6 as they might have spent totally less time ingesting milk than the CC 414 

calves. Other factors that may have affected grazing behavior is that the ES1 group was observed on another 415 

place (the farm) in week 3 while the other observations were done on the summer pasture. In the latter place, 416 

the botanical composition of the ES calves’ pasture areas was different, and the pasture quality was somewhat 417 

lower (Table 2) compared to the pasture areas grazed by the CC calves.  418 
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Our results showed that the CC calves played more than the ES calves in week 3. If the CC calves were able to 419 

fulfill their natural behavior to a higher degree by being on pasture with their dams, this could have made them 420 

show more play behavior, but other factors may also have affected this. For calves kept indoors, available 421 

space has been shown to affect play behavior (Jensen and Kyhn, 2000).  The CC calves in our study had 422 

access to more space than the ES calves. The different space allowances across our treatments may have 423 

influenced the results. However, since all the calves in our study had access to large areas for expressing 424 

natural behavior like playing, areas much larger than for most calves kept indoors, we believe that available 425 

space was not the reason why the CC calves played more than the ES calves in week 3. Waiblinger et al. 426 

(2020) video-recorded play behavior in CCC calves and artificially reared (but ad libitum fed) calves indoors 427 

and found that CCC calves performed more solitary play than artificially reared calves, which they suggested 428 

could indicate improved welfare. In her thesis, Sinnott (2023), did also not distinguish between different play 429 

behaviors and did not find differences in the amount of play between CCC calves, part-time CCC calves, and 430 

artificially milk-fed calves. We did not differentiate between play behaviors due to limitations associated with 431 

the (direct) observation method. Furthermore, when the behavior of running was included in play, it could also 432 

include calves running to follow their dams. Thus, it could be interesting to know if the difference in play 433 

between the CC and the ES calves in week 3 was due to the running behavior and if the CC calves showed 434 

more solitary play, as found by Waiblinger et al. (2020). We also saw that the CC calves were playing more 435 

around the CC cows' milking times in week 3 compared to week 6, which indicates that the cows' milking may 436 

have influenced the calves’ behavior. We could thus have gotten different results for both play and other 437 

behaviors if our observation protocol did not include milking hours. Bailly-Caumette et al. (2023) found cow 438 

milking to influence calves' play behavior indoors, where calves performed locomotor play more intensively 439 

after the cows had left for milking than during other periods.  440 

The time cow-calf pairs spent allogrooming in our study was numerically stable in the observation periods in 441 

weeks 3 and 6. In contrast to our findings, Kerr and Wood-Gush (1987) found that allogrooming between cow 442 

and calf decreased with age. Other studies indicate a peak in suckling bout frequency and allogrooming after 443 

calving (von Keyserlingk and Weary, 2007). The lack of any such difference in our study could be related to 444 
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the limitations of our study such as the low number of study units and treatment replicates. The allogrooming 445 

between calves was not different between the CC and the ES calves during the observation periods in our 446 

study, even though the between-calf allogrooming seemed to increase with age in the CC calves, but not in the 447 

ES calves. Webster et al. (1987; 1985) found calves on pasture with their dams to groom each other less than 448 

calves artificially reared and kept indoors. Kerr and Wood-Gush (1987) found that social behavior between 449 

calves increased with age. The CC calves in our study did perform more allogrooming between calves during 450 

the observation periods in week 9 (post-weaning) compared to week 3. Generally, we had few recordings on 451 

allogrooming, and there is a possibility that if the observations were done at other or for longer periods, we 452 

could have obtained other results. Before the study, we presumed that the ES calves would show more 453 

allogrooming between calves to compensate for the lack of opportunity to perform allogrooming with their 454 

dams. It is also possible that the ES calves performed more self-grooming than the CC calves to compensate 455 

for this, but we did not record self-grooming.  456 

During the observation periods in week 9 post-weaning, the CC calves were still using the calf hide less, and 457 

they were lying less and vocalizing more often than the ES calves, which indicates a higher stress response in 458 

the CC calves after separation from their dams. The other behaviors, however, were not different between 459 

treatments. In an indoor study, it was found that calves weaned from suckling showed a higher stress response 460 

early post-weaning, compared to calves weaned from artificial milk feeding (Fröberg et al., 2011). However, 461 

in the study by Fröberg et al. (2011), all calves were weaned abruptly, and it is known that abrupt weaning 462 

and/or separation is associated with lower intakes of solid feed and secondary weaning stress (Weary et al., 463 

2008). Hence, in our study we attempted to wean our calves gradually. The time spent grazing increased and 464 

was similar between the treatments, indicating that all calves transitioned well to eating more solid feed after 465 

being weaned off milk. The fact that the CC calves still used the calf hide less than the ES calves might have 466 

been affected by that the CC calves were also lying less and vocalizing more than the ES calves. The CC 467 

calves’ previous experience or habit of lying mostly on the pasture, instead of in the calf hide, may also have 468 

influenced their use of calf hide in week 9 The vocal behavior of the CC cows and calves may have been 469 

influenced by the ability for auditory contact between them (Julie Føske Johnsen et al., 2015b).  470 
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Costa et al. (2014) found that calves housed indoors with cows had both shorter latencies to eat novel feed and 471 

ate more of the novel feed during all three test days compared to calves kept individually. The study indicates 472 

that housing dairy calves in a complex social group reduces food neophobia and that this can enable calves to 473 

more easily transition to other changes in their environment. In our study, all calves were on pasture. The CC 474 

calves had a more complex social environment than the ES calves, but the ES calves were kept in groups and 475 

not individually. In our food neophobia test, we found the CC calves to have numerically shorter median 476 

latencies to eat from the buckets on test day 1. This could be seen as an indication of less food neophobia 477 

(Costa et al., 2014), but the results applied to both the buckets with novel feed (hay and carrots), the bucket 478 

with familiar feed (concentrates), as well as to putting their heads in the empty bucket. Because of this, we 479 

cannot say that the ES calves showed more food neophobia than the CC calves, as the artificially reared calves 480 

did in the study by Costa et al. (2014). Our test rather indicated that the ES calves were generally more 481 

cautious towards the buckets, and that the CC calves were more exploratory. However, the increased latencies 482 

towards the buckets by the ES calves did not affect their median time spent with the buckets, and the group 483 

intakes of novel feed. The median time spent with the buckets and the group intakes of novel feed were 484 

numerically more similar between the treatments, as well as the different test days. Furthermore, the calves’ 485 

intake of novel feed seemed to differ even more between different groups than between the two treatments. 486 

We also found a considerable individual variation among the calves’, and we can assume that the calves in 487 

each group affected each other as it was a group test. According to Neave et al. (2018), calves’ personalities 488 

often differ in level of exploration, and this has been shown to be associated with their feeding behavior. 489 

Perhaps, our CC calves were generally more exploratory on test day 1 than the ES calves, but it could also be 490 

that a few individual calves being more exploratory affected the others. If the CC calves were generally more 491 

exploratory and the ES calves more cautious or neophobic, the CC calves could be better adapted to cope with 492 

different changes in their environment. An explanation for this could be the extra protection and learning they 493 

experienced by being with their dams, unlike the ES calves. However, since the other variables, as well as day 494 

2 and 3 were more similar, it is improbable that the slight caution shown by the ES calves towards the buckets 495 

would influence their feed intake and production negatively if offered novel feeds later, as food neophobia 496 

might do (Launchbaugh et al., 1997). 497 



 
23 

Future studies should aim to increase knowledge about how calf development may be affected through social 498 

facilitation by the cow. Like what and how much calves learn from the cows, as Nawroth and Rørvang (2022) 499 

suggested, and about the importance of cows regarding learning and protection for the calves, as Whalin et al. 500 

(2021) suggested. This could, for example, be done by conducting tests to examine calves' responses to 501 

different novelty (like feeds, objects or unfamiliar animals or humans) and their cognitive skills. We suggest 502 

research using mobile milking robots for the milking of suckled cows on pasture, in order to study how the 503 

dams’ proximity to their calves during milking affects the calves’ behavior. The CC calves in our study 504 

showed behavior indicating more stress than for the ES calves after weaning and separation. Our CC cows and 505 

calves had fence-line contact in week 7-8, except for periods together after milking, before the cows were 506 

moved to another pasture 120 meters away where vocal and possibly visual contact were still possible. 507 

Various studies have shown different results regarding gradual weaning methods with for example fence-line 508 

(Enríquez et al., 2011). We suggest more research on methods for weaning and separation of dairy CCC cows 509 

and calves on pasture to minimize animal stress. A suggestion is that if we had let the cows and calves have 510 

fence-line contact without any suckling for a period of e.g., one week before moving the cows. Then, moved 511 

the cows further away from the calves (or vice versa) so that no contact was possible, this might have lessened 512 

the stress response. It could also be an option to teach CCC calves to drink milk from automatic milk feeders 513 

after separation from the cows so that they do not lose the milk and their dams simultaneously (Johnsen et al., 514 

2015). In that case, they could also be weaned more gradually from milk later, and more similar to artificially 515 

reared calves. Behavior could preferably have been observed for more days than in our pilot study, including 516 

the first days on pasture, days during and after weaning and separation, and more hours per day. More 517 

behaviors could preferably have been registered, including standing and moving separately, self-grooming, 518 

abnormal sucking as well as distinguishing between different play behaviors.  519 

5 Conclusion 520 

We found the pastured CC calves to behave differently from the ES calves during the observation periods in 521 

our study, and that most differences were dependent on age. The CC calves used the calf hide less than the ES 522 

calves, but more with increased age. The cows influenced the CC calves through more play and less lying time 523 
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in week 3 post-partum. The CC calves did not increase their time spent grazing pre-weaning from weeks 3 to 524 

6, as the ES calves did. The time spent allogrooming between cow and calf did not change from weeks 3 to 6, 525 

and allogrooming between calves was similar across the treatments. The CC calves had shorter latencies to 526 

approach the different buckets (with hay or carrots as novel feed, concentrates as familiar feed and empty 527 

bucket) in the food neophobia test on test day 1 but not after, which might indicate them being more cautious 528 

towards the buckets independent of novel feed. Post-weaning, all calves spent more time grazing, although the 529 

CC calves were lying less and vocalizing more than the ES calves, which might reflect their stress response 530 

due to the added stress of losing their dam. Our study provides valuable descriptions under pastured conditions 531 

and thus contributes to increased knowledge about dairy calves’ behavior with or without their dams on 532 

pasture. However, our pilot study was conducted on a commercial farm, and had several limitations, including 533 

a low number of study units and treatment replicates. Future studies should further investigate how calf 534 

development may be affected through social facilitation by the cow.    535 
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Figures: 760 

Fig. 1. Showing one of the calf hides with descriptions. This photo was taken with group ES1 on their pasture 761 

area on the farm in their second week.  762 

 763 

 764 

 765 

 766 

 767 

 768 

 769 
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Fig. 2. A map of the summer pasture with inserted descriptions on which areas the CC pairs, the ES cows and 770 

the ES calves were kept on, and where the milking parlor was located.   771 

 772 
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 777 
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Fig. 3.a-d. Calves use of calf hide, lying behavior, and grazing for the two treatments: Cow-calf contact (CC, 779 

n=10) and early separation (ES, n=10) in weeks 3 and 6 before and week 9 post-weaning. The behaviors are 780 

shown in % (mean ± SE) of total instantaneous sample points per period (4 hours). Means that do not share a 781 

letter are significantly different interactions between treatment and week (P < 0.005) For “In calf hide”, back-782 

transformed means are used for the lines, and back-transformed confidence limits are shown beside the letters.  783 
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Fig. 4.a-b. Calves play and allogrooming between calves for the two treatments: Cow-calf contact (CC, n=10) 798 

and early separation (ES, n=10) in weeks 3 and 6 before and week 9 post-weaning. The behaviors are shown 799 

in % (mean ± SE) of total one-zero sample points per period (4 hours). Means that do does not share a letter 800 

are significantly different interactions between treatment and week (P < 0.005). For “Play”, back-transformed 801 

means are used for the lines, and back-transformed confidence limits are shown beside the letters. 802 

 803 

 804 

0

1

2

3

4

5

Week 3 Week 6 Week 9

B
e

h
a

vi
o

r 
in

 %
 (

b
a

ck
-t

ra
n

sf
o

rm
e

d
 m

e
a

n
s 

[c
o

n
fi

d
e

n
ce

 l
im

it
s]

) 
o

f 
to

ta
l o

n
e

-z
e

ro
 s

a
m

p
le

 
p

o
in

ts
 p

e
r 

p
e

ri
o

d
 (

4
 h

 )
 

Calves' play behaviour

CC ES

BD

ABCD

AC

CD

AB

CD

0

1

2

3

4

5

Week 3 Week 6 Week 9

B
e

h
a

vi
o

r 
in

 %
 (

m
e

a
n

 ±
 S

E
) 

o
f 

to
ta

l 
in

st
a

n
ta

n
e

o
u

s 
sa

m
p

le
 p

o
in

ts
 p

e
r 

p
e

ri
o

d
 (

4
 h

) 

Allogrooming between calves 

CC ES

a) 

C [1.02, 38.19] 

BC [0.28, 8.02] 

AB [-0.02, 3.58] 

A [-0.11, 2.84] AB [-0.02, 3.58] 

ABC [0.08, 4.89] 

b) 



 
36 

Fig. 5.a-b. Results from the food neophobia group test shows median per calf for latency to approach each of 805 

the four buckets (hay, carrots, concentrates and empty) (in seconds per day) and time spent putting 806 

head/muzzle in each bucket (in % of test period of 30 minutes each day) for each treatment: cow-calf contact 807 

(CC, n=10) and early separation (ES, N=10) during three consecutive days (D1, D2 and D3) in week 8. 808 
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Abstract 10 

Interest in dairy cow-calf contact (CCC) systems is growing, but few CCC studies have been performed in a 11 

pasture setting. Our aim was to evaluate performance in pastured dairy cows and calves with or without CCC 12 

through machine milk yield and composition, and calf daily weight gain. Additionally, our aim was to describe 13 

cow body weight and condition, calf intake of concentrates, artificially reared calves’ milk intake, and cow 14 

and calf health. The study was conducted on a commercial dairy farm from May to August 2021 in Norway. 15 

Twenty cow-calf pairs, 17 Norwegian Red and three Norwegian Red  Holstein crossbreds, were allocated to 16 

one of two treatments: cow-calf contact (CC, n=10) or early separation (ES, n=10). Each treatment had two 17 

groups of five cow-calf pairs. The CC pairs were kept together on pasture with free suckling for 6 weeks 18 

postpartum and had part-time contact in weeks 7-8 (weaning). The ES pairs were separated one to three hours 19 

after birth and kept on separate pastures without contact between the ES cows and the ES calves. The ES 20 

calves’ daily milk allowance was 12-14 L during weeks 0 to 6 and was reduced to 8 L in week 7 and further to 21 

4 L in week 8. From week 9, all calves were denied access to any milk (ES) or cows (CC). In weeks 0-6, daily 22 

machine milk yield for CC cows was 23.7 kg lower per cow than for ES cows. Differences in machine milk 23 
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yield persisted during weaning and could be detected at least until weeks 10-11 postpartum. Fat and protein 24 

content in machine milk did not differ significantly with treatment, while lactose content was lower in the CC 25 

cows (week 5 postpartum). Inhibited milk ejection during machine milking was a challenge in CC cows 26 

throughout the study, and oxytocin injections were given to cows to prevent mastitis. The ES calves’ daily 27 

milk intake measured at group level was 10.7 L/calf from week 0 to week 6. ES calves consumed more 28 

concentrates than CC calves. The calves’ daily body weight gains were similar between the treatments and 29 

decreased for both treatments during weaning. Letting calves have full CCC or feeding them natural milk 30 

close to ad libitum can result in similar body weight gain in calves. Further research may aim to study 31 

strategies for enhancing milk ejection in pastured CCC cows. 32 

Keywords: Pastured dairy cattle, dam rearing, animal welfare, milk performance, calf weight gain 33 

1 Introduction 34 

A common practice in dairy farming is to separate the calf from the dam within the first day after calving 35 

(Abuelo et al., 2019; Hötzel et al., 2014; Pempek et al., 2017), and keep the calves indoors during the milk-36 

feeding period (Hötzel et al., 2017; USDA, 2016; Winder et al., 2018). However, different stakeholders show 37 

growing interest in cow-calf contact (CCC) systems (Sirovica et al., 2022; Vaarst et al., 2020; Ventura et al., 38 

2013). Surveys indicate that many consumers prefer cow and calf to be kept together (Hötzel et al., 2017; 39 

Ventura et al., 2013) and keeping cattle outdoors on pasture (Hötzel et al., 2017; Schuppli et al., 2014).  40 

A recent survey among 1038 Norwegian dairy farmers showed that 3 % utilized CCC systems, and that 15 % 41 

wanted or planned to implement such systems (Hansen et al., 2023). Furthermore, Norwegian regulations 42 

require to keep dairy cows on pasture for at least 8 (free stall barns) or 16 weeks (tie stall barns) during 43 

summer (Lovdata FOR-2004-04-22-665, 2004). Keeping cow and calf together on pasture may be a viable 44 

option for dairy farmers, but more knowledge is needed on how CCC affects the cow and the calf in a pasture 45 

setting.  46 

One main barrier for dairy farmers to adopt CCC systems is the expected lower profitability if the calves 47 

suckle large amounts of milk, hence decreasing milk volume for sale (Hansen et al., 2023; Meagher et al., 48 
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2019). It is obvious that free nursing dairy cows yield less machine milk. However, after the separation of cow 49 

and calf, the machine milk yields have been shown to become similar for free suckled compared to non-50 

suckled cows kept indoors (Flower and Weary, 2001; Metz, 1987; Wenker et al., 2022a).  51 

Studies have shown that machine milk from suckled cows contains less fat than that of non-suckled cows 52 

(Barth, 2020; Fröberg et al., 2007; Zipp, 2018). The effect of CCC on the contents of protein and lactose 53 

seems less clear. Whereas some studies found a higher protein (Barth, 2020) and lactose content (Boden and 54 

Leaver, 1994) in CCC cows’ machine milk, others found no differences (Carbonneau et al., 2012; Dymnicki et 55 

al., 2013). After separation from the calves, the composition of machine milk has been shown to become 56 

similar for suckled and non-suckled cows (Mendoza et al., 2010).   57 

Some studies have shown that cows that are both suckled and milked lose more weight than cows that only are 58 

milked (Bar-Peled et al., 1995; Margerison et al., 2002), while others did not find any difference (Junqueira et 59 

al., 2005; Thomas and Spiker, 1981). However, in these studies, the cows were restrictively suckled.  60 

Studies comparing artificial milk feeding versus suckling have found higher weight gains in suckling calves 61 

(e.g., Fröberg et al., 2011; Wenker et al., 2022b), but in most of such studies, the artificially reared calves have 62 

been provided restricted milk allowance (e.g., Bar-Peled et al., 1997; Flower and Weary, 2001; Roth et al., 63 

2009). Milk allowance has been shown to determine calves’ weight gain, especially during the first weeks, 64 

when an underdeveloped rumen function prevents digestion of solid feed (Khan et al., 2011). However, in a 65 

study by Krohn et al. (1999) calves that had been suckling their dams the first four days postpartum had higher 66 

weight gains than non-suckling calves, even though they had similar milk intakes.  67 

Farmers practicing early cow-calf separation in a study by Neave et al. (2022) were concerned about cow-calf 68 

health in CCC systems on pasture, while the CCC farmers in the same study actually experienced cow-calf 69 

health benefitting from CCC. A review by Beaver et al. (2019) showed that for cows’ udder health, there is 70 

either no difference or better udder health in nursing compared to non-nursing cows. For calf health, an 71 

argument in favor of early separation is the minimization of infection pressure for calves (Grøndahl, 2011; 72 

Relić et al., 2020). The review by Beaver et al. (2019) did, however, not find support for a recommendation of 73 
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early dairy cow-calf separation, on the basis of either cow or calf health. However, most studies in the review 74 

were from indoors conditions, and as pointed out by Neave et al. (2023), there might be differences in health 75 

issues for pasture based CCC that have not yet been determined.  76 

A recent study conducted in Australia described indicators of performance as cow machine milk yield and calf 77 

weight gain in six CCC pairs kept on pasture (Mac et al., 2023). However, limited knowledge is available on 78 

the causative relationship between CCC and performance in pasture systems. Sinnott (2023), in her Ph.D. 79 

thesis, and Nicolao et al. (2022), studied performance in CCC pairs in comparison to pairs without suckling 80 

opportunities, however the non-suckling calves were not fed milk to satiety and were not on pasture during the 81 

milk-feeding period.     82 

Our study aimed to evaluate performance in dairy cows and calves with or without CCC on pasture through 83 

measuring machine milk yield and composition, and calf daily weight gain. Additionally, the aim was to 84 

describe cow body weight and condition, calf intake of concentrates, artificially reared calves’ milk intake, and 85 

cow and calf health.  86 

We hypothesized that after weaning and separation are completed, the machine milk yield from both suckled 87 

and non-suckled cows would be similar. Likewise, we hypothesized that the milk fat content in the machine 88 

milk from suckled cows would be lower compared to that from non-suckling cows but would equalize after 89 

weaning and separation. Furthermore, we hypothesized that calves reared in a CCC system on pasture would 90 

exhibit higher weight gains compared to those fed natural milk close to ad libitum, but that this difference 91 

would disappear after weaning and separation.  92 

2 Materials and methods 93 

This study complied with the Norwegian Regulation on Animal Experimentation (Forsøksdyrforskriften, 94 

2015) under the Norwegian Animal Welfare Act (Dyrevelferdsloven, 2009). The study was conducted from 95 

May to August 2021 on a commercial dairy farm (220 meters above sea level) with a free-stall barn and 80 96 

dairy cows in central Norway and included the farm’s summer pasture (17 km from the farm, 580 meters 97 
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above sea level), where the farm usually grazed all lactating cows during summer. The farm had concentrated 98 

calving in three periods, with one period in May and June.  99 

2.1 Study design  100 

In a parallel-group designed pilot study, 20 cow-calf pairs were allocated to one of two treatments: cow-calf 101 

contact (CC, n=10 pairs) and early separation (ES, n=10 pairs). Each treatment had two groups of five cow-102 

calf pairs, namely for CC: groups CC1 and CC2, and for ES: groups ES1 and ES2. Treatments were assigned 103 

to the groups in the following (non-random) order to account for adverse pasture conditions (snow) on the 104 

summer pasture at the start of the study: ES, ES, CC, CC. All groups were let out on pasture (see details in 105 

2.4), and the study period was 9 weeks for each group (week 0 was defined as the average calf birth week). 106 

More information about the two treatments is shown in Table 1. 107 

Table 1. Description of the two treatments cow-calf contact (CC) and early separation (ES) in the pilot study 108 

with pastured dairy cows and calves. 109 

Treatment CC (n=10 pairs in two groups) ES (n=10 pairs in two groups) 

Weeks 

postpartum 

Cow-contact Suckling allowance Cow-contact Milk 

allowance 

0-3 Whole day Free, except during 

milking 

1-3 hours on calving 

day, then none 

12 L/calf/day 

(four meals) 

4-6 Whole day Free, except during 

milking 

None 14 L/calf/day 

(four meals) 

7 Partial (fence-line): 

20 h/d, full contact: 4 

h/d 

After milking: 2 h 

morning, 2 h evening 

None 8 L/calf/day 

(two meals) 

8 Partial (fence-line): 

22 h/d, full contact: 2 

h/d 

After milking: 1 h 

morning, 1 h evening  

None 4 L/calf/day 

(two meals) 

9 Total separation 

(audible and visible 

contact) 

None (cows moved 120 

m away) 

None None 

 110 

The ES calves were fed natural milk heated to 40 °C from milk bars with one artificial teat per calf (Figure 1), 111 

with feedings at 06.30 AM, 10.30 AM, 04.00 PM, and 08.00 PM in weeks 0-6, and at 06.30 AM and 04.00 112 

PM in weeks 7-8. The milk bars were accessible at each meal until empty or until none of the calves within the 113 

group showed interest in the residual milk.  114 
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2.2 Animals  115 

Seventeen of the cow-calf pairs included in the pilot study were of the breed Norwegian Red (NRF), and three 116 

pairs were NRF  Holstein crossbreds. One crossbred pair was allocated to the CC treatment and two were 117 

allocated to the ES treatment. One of the ES cows was excluded from the study due to serious ketosis. Before 118 

the experiment we decided on criteria for when to exclude animals, and these were; if a cow showed 119 

aggression towards her calf or humans, if a calf did not manage to suckle its dam, or if a cow or a calf got 120 

seriously ill or died. The calves used in the study were born between 7 May and 14 June, and we assigned the 121 

pairs to their groups based on calving date to minimize calf age variation in each group. Thus, it was not 122 

possible to additionally distribute the treatments evenly according to calf sex and cow parity. The calf age 123 

range was between 6 and 8 days per group. The calves’ birth weight ranged from 29.8 to 56.0 kg (average: 124 

44.0 kg). The distribution of primiparous cows relative to multiparous cows in each group was: CC1: 2/5 and 125 

3/5, CC2: 2/5 and 3/5, ES1: 1/4 and 3/4, and ES2: 0/5 and 5/5. Finally, the distribution of bull and heifer 126 

calves in each group was: CC1: 1/5 and 4/5, CC2: 1/5 and 4/5, ES1: 4/5 and 1/5, and ES2: 2/5 and 3/5.  127 

2.3 Management from birth to pasture release 128 

Before or within three hours after calving, each cow was moved from the free stall area to an individual 129 

calving pen with a rubber mattress and saw dust bedding (14.4 m2). Within the first three hours after calving, 130 

each cow was milked by the milking robot (GEA Mione, GEA Group, Düsseldorf, Germany), and all calves 131 

were offered colostrum ad libitum from a teat bottle at their first feeding within three hours after birth. The ES 132 

calves were tubed if voluntary intake of colostrum was < 4.5 L, according to the farm’s regular practice for 133 

artificially reared calves. The CC pairs were observed after birth to make sure the cows were taking care of 134 

their calves and that the calves suckled. Each CC pair stayed in the calving pen during the first three days after 135 

calving, before being temporarily moved to the free stall area. Once the fifth calf within a CC group was three 136 

to four days old, the whole group was transported to and let out on the summer pasture (see more details in 137 

2.4). The ES calves were separated from their dams within one to three hours after birth and moved to 138 

individual straw-bedded pens (1.1 m2) for three days before they were temporarily moved to a group pen (35.0 139 
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m2). In the group pen, the calves had ad libitum access to silage, concentrates, and water. Once the fifth calf in 140 

an ES group was three days old, the whole calf group was let out on a farm pasture (see more details in 2.4).  141 

When the cows were in the calving pens or the free stall at the farm, they were milked by the milking robot. 142 

Inside the barn, the cows were fed a total mixed ration (close to ad libitum) containing grass silage (average: 143 

89 % of weight on dry matter basis), concentrates (average: 11 %, DRØV Orkla 80 % Kåinn, Norgesfôr, 144 

Norway), and minerals. They also had ad libitum access to water and were fed concentrates in an automat 145 

during robotic milking (DRØV Energirik, Norgesfôr, Norway). When the CC calves were in the calving pen 146 

or the free stall area, they had no access to concentrates but access to the same silage as the cows.  147 

2.4 Grazing management 148 

Due to the calving order (explained in 2.2), the ES calves were the first to be let out on pasture areas of 0.12 149 

hectares per ES group on the farm. They were let out on 18 and 28 May, at an average group calf age of 7.6 150 

and 7.4 days for the groups ES1 and ES2, respectively. Thereafter, the ES calves and the ES cows were 151 

transported separately to the summer pasture on 7 June at an average group calf age of 27.6 and 17.6 days for 152 

ES1 and ES2, respectively. The ES pairs were let out on separate areas on the summer pasture without any 153 

contact between the ES cows and their calves. It was >130 m between them, and they could not see each other 154 

(Figure 2). The CC pair groups were transported directly from the barn to the summer pasture on 10 and 17 155 

June at an average group calf age of 6.8 and 6.0 days for the groups CC1 and CC2, respectively. While on 156 

pasture, the cows were milked and given concentrates twice daily in a herringbone milking parlor, at 06.30 157 

AM and 05.30 PM. From when they were let out on pasture and until week 9, the CC cows received an 158 

average (± SD) of 8.1 ± 2.2 kg and the ES cows 10.0 ± 1.7 kg of concentrates/cow/day (DRØV Energirik and 159 

DRØV Genial, Norgesfôr, Norway). The amount of concentrates provided was decided by the number of days 160 

post-calving and expected milk production for each cow. 161 

Rotational grazing was applied for CC pairs, ES cows and ES calves. Pasture areas and grazing duration were 162 

adapted to available herbage. Pasture areas were 0.42 to 0.78 ha for CC pairs, 0.45 to 0.78 ha for ES cows and 163 
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0.12 ha for ES calves. Electric net fences (DeLaval Premium, Sweden) (CC pairs and ES calves) and electric 164 

fences (ES cows) were used. After grazing, each area was chopped, and some areas were grazed twice.  165 

All cows and calves had ad libitum access to pasture and water, and the CC pairs and the ES cows had ad 166 

libitum access to silage throughout the study (from day four for the CC pairs and from day one for the ES 167 

cows). Each calf group had ad libitum access to concentrates (DRØV Intro, Norgesfôr, Norway) provided in a 168 

calf hide (Calf-O-Tel XL-5, VDK Products, the Netherlands) (10.9 m2). Each calf hide contained straw 169 

bedding and consisted of a hutch (5.8 m2) and a steel-fenced area outside the hutch (5.1 m2) (Figure 1). The 170 

open gates to the calf hides were too small for the cows to enter, so that only the calves could use them. 171 

The botanical composition of the pastures was estimated using the dry-weight rank method (Mannetje and 172 

Haydock, 1963), modified by Jones and Hargreaves (1979). The average botanical composition of the pastures 173 

for the CC cows and calves was 63 % timothy, 18 % other grasses, 6 % clover, and 14 % other herbs, while 174 

for the ES cows, it was 56 % timothy, 29 % other grasses, 5 % clover and 10% other herbs, and for the ES 175 

calves it was 42 % smooth meadow-grass, 2 % other grass, 4 % clover, and 52 % other herbs. Herbage 176 

samples were taken from each area before grazing. Dried and ground samples were analyzed by NIR 177 

spectroscopy (NIRS™ DS2500 F, FOSS, Hilleroed, Denmark) (Table 2).   178 

Table 2. Feed value and chemical composition (NIRS) (average ± SD) of herbage samples derived from 179 

pastures before grazing in the pilot study with the two treatments: Cow-calf contact (CC) and early separation 180 

(ES). 181 

  

Variable CC pasture ES-cows pasture ES-calves pasture 

n 13 8 8 

NELMJ/kg of DM1 6.6 ± 0.6 7.0 ± 0.6 6.6 ± 0.4 

Digestability, % of DM 76.6 ± 4.7 79.8 ± 4.3 77.1 ± 3.4 

PBV, g/kg of DM2 25.1 ± 30.2 30.4 ± 35.4 10.0 ± 16.0 

AAT, g/kg of DM3 86.7 ± 5.6 90.3 ± 5.9 86.4 ± 3.8 

Crude protein, % of DM 17.5 ± 3.8 18.6 ± 4.6 15.9 ± 2.2 

NDF, % of DM4 50.9 ± 4.6 51.5 ± 3.5 46.4 ± 4.8 

Indigestible NDF, % of NDF  13.8 ± 6.8 9.4 ± 4.7 15.6 ± 3.1 

 1 Net Energy Lactation (NEL), 2 Protein Balance in rumen (PBV), 3 Amino acids absorbed from the intestine 182 

(AAT), 4 Neutral detergent fiber (NDF) 183 
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Air temperature and rainfall were recorded every hour during the grazing period (Netatmo Smart Home 184 

Weather Station, Boulogne Billancourt, France). The average temperature for the study period was 14.1 ℃ 185 

with an average variation from 6.6 to 22.2 ℃ per day. Average daily rainfall was 2.2 mm with a variation 186 

from 0.0 to 29.8 mm per day (53/88 days <0.5 mm and 5/88 days >10 mm). The average daily temperature 187 

was similar for both treatments.  188 

2.5 Animal performance – Sampling and data collection 189 

Cow performance 190 

Throughout the 9 weeks of the pilot study, and for a post-treatment period in weeks 10 and 11, machine milk 191 

yields were recorded automatically for each cow and milking. Due to lasting challenges with low machine 192 

milk yields at the same time as a perceived high udder fill (hereafter referred to as “inhibited milk ejection”) in 193 

CC cows during milking, the veterinarian and the farmers were concerned about mastitis, and the farmers were 194 

also concerned about prolonged low milk yields. Hand massage of the udders before and during milking was 195 

tried without success, and oxytocin was injected intramuscularly (i.m.) in doses of 2 mL (see 2.6 for more 196 

details) as a necessary treatment. Milk recordings affected by oxytocin injections were excluded from the 197 

analysis (see section 2.6 Statistical analysis for details on how the data was handled).  198 

Aliquot milk samples for the gross composition of machine milk were collected from individual cows in 199 

weeks 5 and 9, preserved with Bronopol (2-Bromo-2-nitropane-1,3 diol, Broad Spectrum Microtabs® II), and 200 

stored chilled (4 °C) until analysis of fat, protein, lactose, urea, free fatty acids (FFA) and somatic cell count 201 

(SCC) using Fourier Transform Spectrometry (Bentley FCM and IBC, Chaska, US). Because the i.m. oxytocin 202 

injections affect milk composition, we decided not to include the machine milk samples from week 9, since 203 

eight of ten CC cows got injected once that day. Instead, we used machine milk samples from 16 cows (8 from 204 

each treatment), taken post-treatment in September (weeks 14-18 postpartum, depending on the group).   205 

Cows’ body weight and body condition score (BCS) were recorded on the first day on pasture and in week 9. 206 

The cows were weighed using a portable scale (Gallagher, Hamilton, New Zealand) connected to an enclosure 207 

designed for handling and weighing livestock (IAE Agriculture, Stoke-on Trent, United Kingdom). Body 208 
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condition scores were estimated visually by the method developed by Geno for NRF (Geno, 2020), which is 209 

based on the method of Edmonson et al. (1989) by using a 5-point scale (1 = emaciated to 5 = severely over-210 

conditioned). 211 

Calf performance  212 

Calves’ intakes of concentrates were recorded on group level by weigh out-weigh in (with Brecknell 213 

ElectroSamson, England) at 07.30 AM on four days each week. Milk amounts given to the ES calves were 214 

measured at each meal, and to record their milk intakes we also measured the milk residuals after each meal on 215 

four days each week. 216 

Each calf was weighed after birth (IAE Digital Lamb Weigher, United Kingdom). Then, all calves in a group 217 

were weighed in their study weeks 6 and 9, and again during post-treatment in December 2021 (calf age 218 

between 6 and 7 months, depending on the group), using the equipment described above.  219 

Cow and calf health  220 

Each cow was clinically examined and manually scored by a veterinarian on the first day on pasture and once 221 

in week 9, and each calf was examined on the calving day, the first day on pasture, once in week 6 and once in 222 

week 9, using a standardized health scoring system modified and supplemented with some extra investigations 223 

related to diseases that are more frequent on pasture (Table 3). Daily overall assessments, during which health 224 

deviations were recorded, were performed by the project staff. In case of fever, inappetence, lameness, 225 

mastitis, or udder injuries, the animal was subjected to veterinary examination, and diagnosis and treatment 226 

were noted.  227 

Table 3. Clinical health parameters examined by a veterinarian for cows and calves in the two treatments: 228 

Cow-calf contact (n=10 cows and 10 calves), and early separation (n=9 cows and 10 calves). Mastitis, cell 229 

count, and udder or teat injuries were only examined in the cows. 230 

Clinical 

parameter 

Score Reference 
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Fecal 

consistency 

1= 

Normal 

consistenc

y 

 

2 = Pasty, 

semi-

formed 

 

3 = Pasty with 

large amounts of 

water, content 

adhered in the 

perineum and 

tail 

4 = Liquid 

with fecal 

content 

adhered in the 

perineum and 

tail 

5 = 

Liquid 

with 

blood 

Hulsen, 

2005 

Coughing 1 = No 

cough 

 

2 = Single 

cough 

3 = Induced 

repeated coughs 

or occasional 

spontaneous 

coughs 

4 = Repeated 

spontaneous 

coughs 

 Adapted 

from  

Renaud et 

al., 2018 

Temperature <38 = 

Low 

38-39.5 = 

Normal 

>39.5 = Fever   Løken, 

2013 

Temperature, 

calf > 2 weeks 

<38.5 = 

Low 

38.5-40 = 

Normal 

> 40.0 Fever   Løken, 

2013 

Respiration Low Normal  High   Løken, 

2013 

Heart 

frequency 

Low Normal High   Løken, 

2013 

Lameness 1 = 

Normal 

2 = Mildly 

lame 

3 = Moderately 

lame 

4 = Lame            5 = 

Severely 

lame 

Sprecher et 

al., 1997 

Mastitis Normal  Subclinical 

mastitis 

Acute mastitis   Tine, 2017 

Cell count by 

Schalm test 

1 < 200 

000 

2 = 

150 000 – 

550 000 

3 = 400 000 – 

1.5 mill 

4 = 800 000 – 

5 mill  

5 > 5 

mill 

Whyte et 

al., 2005 

Teat or udder 

injuries 

0 = No 

wound/da

mage 

(complete

ly intact 

skin) 

1 = 

Wound/da

mage (any 

hair loss or 

damaged 

skin 

   Clin. 

Observatio

n, vet. 

 231 

In addition, quarter milk samples were taken for all cows in weeks 5 and 9 and from cows when they were 232 

diagnosed with mastitis, irrespective of week. The samples were taken according to the instructions of TINE 233 

SA’s (Norway’s largest producer, distributor, and exporter of dairy products) laboratory (TINE, 2019).  234 

2.6 Statistical analysis 235 

Statistical analyses were conducted in Minitab 21 Statistical Software. The response variables from the cow 236 

recordings were: “Milk per day” (daily machine milk yield/cow in kg), and for the composition of machine 237 

milk in week 5 and post-treatment (week 14-18) they were in %: “Fat”, “Protein”, “Lactose”, “Total solids”, in 238 

kg: “Energy corrected milk (ECM)”, and in mEq/L: “FFA”, mmol/l: “Urea” and 103/mL: “SCC”. The calf 239 
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response variable for statistical analysis was: “Weight gain” (daily gain/calf in grams calculated from the 240 

weighings). Each response variable was analyzed separately using Mixed Effects Models.  241 

Criteria for including and excluding data during the analysis were not established a priori. For the response 242 

variable “Milk per day” we excluded data from four days for four different CC cows (one day per cow; three 243 

days because only one milking was recorded, and one day because the recorded yield was considered 244 

erroneous). After this, we calculated milk per day by adding together the recorded milking for each day and 245 

each cow. Because of the use of i.m. oxytocin injections and its associated effects on machine milk yield 246 

(Bruckmaier, 2003), we then excluded the data from days with oxytocin injections and the following day, and 247 

if injected more than once, two consecutive days after the last injection. Thus, we removed on average 9 out of 248 

77 days with milk recordings per CC cow due to oxytocin injections.  249 

For milk yield and milk gross composition, the cow was considered the experimental unit as herd behaviour is 250 

considered to have minor effects on milk composition, as discussed by Dumont and Iason (2000).  251 

The full models were fitted for the different response variables, as shown below. For each of them, the residual 252 

plot from the model fit was visually checked for normality and homogeneity of variance. Additionally, we did 253 

the normality tests Anderson Darling and Ryan-Joiner for each Y. Due to failed normality tests, we 254 

transformed the contents in machine milk of “Urea” with Urea* = Urea-0.5 and “SCC” with SCC* = e(SCC+1), so 255 

that they met the normality assumptions after the transformations. The other variables met the normality 256 

assumptions without any transformations.  257 

The full models for the response variables (Y) were: 258 

1. Milk per day = intercept + treatment + group(treatment) + cow ID(group; treatment) + period + parity + 259 

treatment*period + period*parity + DIM + error 260 

2. Fat, Protein, Lactose, Total dry solids, ECM, FFA, Urea* or SCC* (week 5) = intercept + treatment + 261 

group(treatment) + cow ID(group; treatment) + parity + DIM + error 262 

3. Fat, Protein, Lactose, Total dry solids, ECM, FFA, Urea or SCC (week 14-18) = intercept + treatment + 263 

group(treatment) + parity + week + error 264 
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4. Weight gain = intercept + treatment + group(treatment) + calf ID(group; treatment) + sex + period + 265 

treatment*period + sex*period + birth weight + error 266 

In the models, treatment was the main effect of treatment (fixed factor with two levels: CC, ES). 267 

Group(treatment) was the effect of the group within treatment (random factor), calf(treatment; group) was the 268 

effect of calf within group within treatment (random factor). The other fixed factors were parity (two levels: 269 

primiparous and multiparous cows), sex (two levels: bull and heifer calves), period for “Milk per day” (three 270 

levels: weeks 7-8 (weaning), week 9 (full separation) and weeks 10-11 (after separation)), period for “Weight 271 

gain” (three levels: weeks 0-6, weeks 6-9 and week 9 till 6-7 months). The interactions were 2nd order 272 

interactions between the relevant fixed factors. We decided not to include interactions with parity and 273 

treatment or sex and treatment because we only had one primiparous cow among the ES cows and two bull 274 

calves among the CC calves. The full model was reduced for each Y by removing non-significant covariates 275 

and higher-order interactions, to have the final model we used for analysis for each Y. Subsequently, we ran 276 

post hoc analyses with Tukey pairwise comparison tests to examine the differences between each level of the 277 

factors and interactions having P-values less than 0.10. Significance was declared at P<0.05 and a tendency 278 

was declared at P<0.10. Because it is well known that machine milk yield will be lower for cows when they 279 

have free-suckling calves, we decided to analyze weeks 0-6 of machine milk yield (milk per day) only 280 

descriptively. Regarding covariates, for model no. 1 and 3 the covariate “DIM” was removed, for model no. 4 281 

the covariate “Week” was removed, and for model no. 5 the covariate “Birth weight" was removed (P<0.05).  282 

Other data shown descriptively are cows’ body condition scores, body weights and body weight decrease in 283 

g/day (calculated by dividing the weight decrease from the first day on pasture till week 9 by the number of 284 

days in this period for each cow, a similar method was used by Adler et al. (2013a)), calves’ intakes of 285 

concentrates, and ES calves’ intakes of milk. Individual intakes of concentrates (CC and ES calves) and milk 286 

(ES calves) were estimated by dividing the group’s daily intake by the number of calves in the group. 287 

Although we do not know the variations in intakes of concentrates and milk among the individual calves, as 288 

these variables were recorded at group level, we decided to show the results as average intakes/calf/day for 289 

each week and each group.  290 
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3 Results 291 

3.1 Machine milk yield  292 

During suckling, the average daily machine milk yield from week 0 till week 6 was (± SD) 10.8 ± 5.5 kg for 293 

the CC cows and 34.5 ± 6.8 kg for the ES cows (Figure 3). Lower machine milk yield in CC compared to ES 294 

cows continued during weaning (weeks 7-8), separation (week 9) and in the post-treatment period (weeks 10-295 

11).  (F2.00, 530.31 = 327.92, P < 0.001). The CC cows’ machine milk yield increased from weeks 7-8 to weeks 296 

10-11, while there was no difference in the ES cows’ machine milk yield between the different periods.  297 

3.2 Composition of machine milk  298 

In week 5, fat content in machine milk was numerically lower for the CC cows compared to the ES cows, 299 

however, the difference was not significant (Table 4a). We also found the CC cows to have a lower content of 300 

lactose in their machine milk compared to the ES cows in week 5 (P=0.005), and ECM was lower for the CC 301 

cows than for the ES cows (P=0.010). For the other variables protein, total solids, FFA, urea, or SCC in the 302 

cows’ machine milk, there were no differences between the treatments in week 5. Post-treatment, there were 303 

no differences between the treatments for any of the variables (P>0.05) (Table 4b).  304 

Table 4a & b. Composition of machine milk (mean ± SE) in a. week 5 postpartum and b. post-treatment 305 

(weeks 14-18 postpartum) for pastured cows with cow-calf contact (CC) and pastured cows with early 306 

separation from their calves (ES). Urea and SCC in week 5 are presented as back-transformed means with 307 

transformed means ± SE in brackets. 308 

 

a. Variable 

Treatment Test statistics for treatment  

CC (n=10) ES (n=9) DF Num, DF Den, F-

value 

P-value  

Fat, % 2.6 ± 0.2 3.3 ± 0.3 F1.00, 2.43 = 4.48 0.146 

Protein, % 3.2 ± 0.1 3.2 ± 0.1 F1.00, 2.70 = 0.26 0.647 

Lactose, % 4.5 ± 0.1 4.9 ± 0.1 F1.00, 16.00 = 10.88  0.005 

Total solids, % 10.3 ± 0.3 11.5 ± 0.3 F1.00, 2.26 = 6.52 0.111 

ECM, kg/day 7.8 ± 2.2 33.8 ± 2.4 F1.00, 2.18 = 72.32 0.010 

FFA, mEq/L 0.14 ± 0.06 0.12 ± 0.07 F1.00, 2.36 = 0.07  0.810 

Urea, mmol/L 2.2 (0.67 ± 0.04) 2.4 (0.65 ± 0.04) F1.00, 2.07 = 0.21 0.693 

SCC, 103/mL 24.4 (3.23 ± 0.46) 47.8 (3.89 ± 0.57) F1.00, 16.00 = 0.89 0.360 

b. Variable CC (n=8) ES (n=8)    
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Fat, % 3.9 ± 0.4 4.0 ± 0.4 F1.00, 1.98 = 0.01  0.944 

Protein, % 3.6 ± 0.1 3.6 ± 0.3 F1.00, 13.00 = 0.40 0.536 

Lactose, % 4.9 ± 0.2 4.8 ± 0.2 F1.00, 1.78 = 0.24 0.675 

Total solids, % 12.3 ± 0.5 12.4 ± 0.7 F1.00, 1.96 = 0.00 0.977 

ECM, kg/day 23.4 ± 4.4 28.4 ± 4.4 F1.00, 1.98 = 0.89 0.447 

FFA, mEq/L 0.5 ± 0.1 0.7 ± 0.4 F1.00, 13.00 = 1.64 0.222 

Urea, mmol/L 5.3 ± 0.4 5.9 ± 0.8 F1.00, 1.98 = 0.55 0.535 

SCC, 103/mL 47.5 ± 56.3 191.3 ± 315.8 F1.00, 13.00 = 1.10 0.313 

 309 

3.3 Cow body weight and body condition 310 

Both the CC and ES cows’ body weights and BCSs decreased numerically during the grazing period (Table 5). 311 

The decrease was numerically lower among the CC cows.   312 

Table 5. Body weight and body condition score/cow (BCS: 1=emaciated to 5=severely over-conditioned) 313 

(average ± SD) the first day on pasture and in week 9 postpartum, as well as body weight decrease in g/day for 314 

cows from the two treatments: Cow-calf contact (CC, 56 d between the two measurements) and early 315 

separation (ES, 37 and 45 days between the two measurements for the two ES groups respectively). 316 

  Treatment 

Item Time CC (n=10) ES (n=9) 

BCS, 1–5-point scale First pasture day 3.9 ± 0.6 3.7 ± 0.7 

Week 9 2.9 ± 0.4 2.5 ± 0.5 

Body weight, kg  First pasture day  657 ± 98 691 ± 47 

Week 9  603 ± 82 622 ± 50 

 Decrease in g/day 973 ± 462 1647 ± 552 

 317 

3.4 Calf intake of milk and concentrates  318 

The ES calves’ average milk intake was 10.7 L/calf/day from week 0 till week 6 (Figure 4) (10.1 L/calf/day in 319 

weeks 0-3 and 11.6 L/calf/day in weeks 4-6), which was lower than the offered milk allowance of 12 320 

L/calf/day in weeks 0-3 and 14 L/calf/day in weeks 4-6. ES calves started to eat concentrates earlier and they 321 

ate more concentrates than CC calves, however, group ES2 had a relatively low concentrate intake in weeks 5 322 

to 7 (Figure 4). The CC calves’ calculated average concentrate intake was 142 g/calf/day from week 0 till 9 323 



 
16 

(19 g/calf/day weeks 0-6 and 428 g/calf/day weeks 7-9) and the ES calves average concentrate intake was 340 324 

g/calf/day from week 0 till 9 (66 g/calf/day in week 0-6 and 980 g/calf/day in weeks 7-9).  325 

3.5 Calf body weight and daily weight gain 326 

Body weights for the CC and the ES calves increased similarly from birth till week 9 (Figure 5a). The results 327 

of the calves’ daily weight gains showed no main effect of treatment (mean ± SE: 1150 ± 30 vs 1110 ± 30 328 

g/calf/day for the CC and the ES calves, respectively) (F1.00, 52.00 = 0.68, P=0.413). However, there was an 329 

interaction between treatment and period (F2.00, 52.00 = 3.22, P=0.048; Figure 5b). Regardless of treatment, the 330 

calves had higher weight gains in weeks 0-6 (free suckling/high milk allowance) compared to weeks 6-9 331 

(including weaning). The CC calves also showed higher daily weight gains in the period from week 0 to 6 332 

compared to the period from week 9 to 6-7 months (after weaning and separation). The ES calves had higher 333 

daily weight gains in the period from week 9 to 6-7 months compared to the period from week 6 to 9.  334 

3.6 Cow and calf health  335 

Except for the challenges with inhibited milk ejection during milking in CC cows, the cow and calf health 336 

recordings (including detailed clinical examinations and daily recordings) obtained throughout the study do 337 

not indicate noticeable differences regarding health between the two treatments.  338 

Only the two oldest CC cows (lactation no. 5 and 6) were considered to have normal milk ejection throughout 339 

the study. The challenge with inhibited milk ejection was most prominent during weaning and separation, and 340 

with three of the four primiparous CC cows. The cows had no events of respiratory diseases or lameness, but 341 

diarrhea (score >3) was recorded in six of nine ES cows the first 2-3 days on pasture (Table 6). There were 342 

some challenges with mastitis, teat wounds, and udder injuries in both treatments. Fever was recorded only in 343 

cows with clinical mastitis.  344 

Diarrhea (score >3) was recorded in four of the 10 CC calves and all 10 ES calves for one or a few days in the 345 

study (Table 6). For the ES calves, this occurred during the weaning period. Coughing was recorded in three 346 

of the ES calves. None of the calves’ general condition was affected by the diarrhea or coughing. Some 347 
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hairless parts and small wounds on front knees were recorded in most of the CC calves, but they had no signs 348 

of arthritis, lameness, or affected condition.  349 

Table 6. Number of pastured cows and calves with clinical diagnosis in the two treatments: Cow-calf contact 350 

(group CC1 and CC2) and early separation (group ES1 and ES2), and oxytocin injections in number of 351 

treatments before weaning (weeks 0-6), as well as during weaning and separation (weeks 7-9). 352 

Health incident, cows  Item CC1 (n=5) CC2 (n=5) ES1 (n=4) ES2 (n=5) 

Fecal consistency > 3 No. cows 0 1 4 2 

Coughing score > 1 No. cows 0 0 0 0 

Lameness No. cows 0 0 0 0 

Mastitis, clinical1 No. cows 1 2 1 1 

Teat wounds/udder injuries No. cows 1 2 0 2 

Inhibited milk ejection No. cows 3 5 0 0 

Oxytocin in. week 0-6 No. of treatments 12 2 - - 

Oxytocin in. week 7-9 No. of treatments 26 26 - - 

Health incident, calves  CC1 (n=5) CC2 (n=5) ES1 (n=5) ES2 (n=5) 

Fecal consistency > 3 No. calves 1 3 5 5 

Coughing (scores 1-2) No. calves 0 0 0 4 

Lameness No. calves  0 0 0 0 

1 Detected bacteriae in mastitis diagnosis: Staphylococcus aureus, Staphylococcus epidermidis, Strepylococcus 353 
dysgalactiae; Staphylococcus warneri; Streptococcus agalactiae, Streptococcus uberis 354 

 355 

4 Discussion 356 

This study is limited by a number of factors, such as few study units and replicates, that should be 357 

acknowledged when interpreting the results. However, the study contributes with valuable results and more 358 

knowledge about CCC systems on pasture. 359 

It is obvious that dairy cows have lower machine milk yields while having free-suckling calves (e.g., Mac et 360 

al., 2023; Wenker et al., 2022; Zipp, 2018), and the CC cows in this study delivered on average 23.7 kg less 361 

milk/cow/day than the ES cows during weeks 0-6 postpartum. Our results showed a sustained lower yield 362 

during and after separation and weaning, when the CC calves’ suckling allowance was restricted to 1-2 hours 363 

after milking (weeks 7-8 postpartum) and after week 8 suckling was completely prevented. In another study in 364 

which calves suckled for limited periods after milking, the authors found that the machine milk yields in 365 

suckled versus non-suckled cows became similar within three weeks after weaning (Mendoza et al., 2010), 366 
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while several other studies found that suckled cows had similar machine milk yields as non-suckled cows 367 

within the first week after separation from their calves (de Passillé et al., 2008; Flower and Weary, 2001; 368 

Metz, 1987; Nicolao et al., 2022).  369 

A limitation of our study is the lack of longer-term data on machine milk yields, so we do not know how the 370 

yields would have developed throughout the cows’ full lactations. Except for being suckled or not, other 371 

factors may also affect cows’ machine milk yields, like parity (Hansen et al., 2006), and health (Deluyker et 372 

al., 1991). Regarding parity, it was a limitation in our study that the CC treatment had more primiparous cows 373 

than the ES treatment, as it is well-known that primiparous cows have lower milk yields than multiparous 374 

cows (Hansen et al., 2006). The imbalance in parity across treatments may explain some of the sustained lower 375 

machine milk yield beyond separation. Machine milk yields were also affected by inhibited milk ejection in 376 

CC cows.  377 

Although milk ejection of high-yielding Bos taurus cows is not conditioned on the presence of the calf as is 378 

the case for Bos Indicus (Akers and Lefcourt, 1982; Ryle and Orskov, 1990), it is established that suckling (vs. 379 

milking) is associated with a better milk ejection through higher oxytocin excretion (Bar-Peled et al., 1995; 380 

Lupoli et al., 2001). Thus, it is likely that oxytocin secretions in suckled cows in our study were too low to 381 

elicit a proper milk ejection in the milking parlor. A disturbed milk ejection during milking might specifically 382 

arise when cows leave their calves to be machine milked (Kälber and Barth, 2014; Krohn, 2001). As indicated 383 

in our study, inhibited milk ejection is more frequent in primiparous cows (Bruckmaier, 2005). Another factor 384 

is stress because of unfamiliar surroundings (Wellnitz and Bruckmaier, 2001), and in our study, the 385 

primiparous cows had no previous experience from the summer pasture, the milking parlor, or the routines 386 

there. Training the primiparous cows to the milking routines prepartum could have enhanced their milk 387 

ejection (Ujita et al., 2021). Hand massage of the udder has been shown to stimulate milk ejection 388 

(Kentjonowaty et al., 2021), and this was tried without any success in our study. However, we did not try 389 

tactile vaginal or cervical stimulation, which according to Bruckmaier (2013) is a potential method for when 390 

the response to udder stimulation is insufficient. This is however not a practical method for use in farming. 391 

The cows’ milk ejection could also have been enhanced if the calves had been suckling their dams for a few 392 
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seconds before milking (Mejia et al., 1998) and/or had been together with their calves during milking, as for 393 

tropical cattle breeds (Hernández et al., 2006; Junqueira et al., 2005). It is well known that cows also 394 

experience stress during separation from their calves (Newberry and Swanson, 2008), even when it happens 395 

gradually (Johnsen et al., 2015). Such a separation stress may have contributed to inhibited milk ejection being 396 

prominent during weaning and separation. 397 

In our study, the only significant differences in composition of machine milk between CC and ES cows was 398 

lactose content, where CC cows had a lower content. These findings diverge from what others have reported 399 

(Boden and Leaver, 1994; Dymnicki et al., 2013; Fröberg et al., 2007), but aligns with Wenker et al. (2022b), 400 

who found a tendency for lower lactose content in free nursing cows. They suggested that few cases of high 401 

SCC in free nursing cows could explain this, referring to Costa et al. (2019). Despite the lower mean SCC in 402 

CC cows in our study, the difference was not significant, and is not likely the cause of the lower lactose 403 

content in CC cows’ machine milk in our study. The mean fat content in our study was 0.7 % lower in CC 404 

cows than ES cows, yet this difference was not significant, contrasting with other studies conducted indoors 405 

(Barth, 2020; Zipp, 2018) and on pasture (Nicolao et al., 2022; Ospina Rios et al., 2023). The generally low fat 406 

contents observed in our study, which were below the Norwegian average of 4.4 % (Tine, 2023), may be 407 

attributed to grazing, as Adler et al. (2013b) found lower fat content in machine milk from Norwegian farms 408 

during the pasture periods compared to the indoor periods. Our limited sample size and greater variation in fat 409 

content, compared to e.g., lactose, might explain the lack of a significant difference.  410 

Choosing the appropriate concentrate amounts for CC cows presents a challenge, as it is difficult to determine 411 

the total milk production (machine milk + suckled milk) in nursing cows. Nevertheless, even though CC cows 412 

in our study got on average 2 kg less concentrates per cow per day compared to ES cows, the decrease in body 413 

weight and BCS was numerically lower for CC cows than for ES cows. A lower decrease in body weight and 414 

BCS in suckled cows differs from what has been found when cows were suckled restrictively (Bar-Peled et al., 415 

1995). In our study, this result might have been affected by the possibly higher milk yields and thus higher 416 

energy requirements in the ES cows compared to the CC cows. It is known that BCS becomes lower with 417 

higher parity (Harrison et al., 1990; Pryce et al., 2001), and the fact that we had more primiparous cows among 418 
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the CC cows in our study, makes the direct comparison between the two treatments more difficult. Studies 419 

examining cows' BCS in CCC systems are limited, but in a master thesis, Tufvesson (2021) had similar 420 

findings as us regarding BCS in suckled and non-suckled cows.  421 

Our descriptive data on calf concentrate intakes showed that the ES calves consumed concentrates earlier and 422 

in larger amounts than the CC calves. Fröberg et al. (2011) had similar findings in calves kept indoors. 423 

However, factors affecting concentrate intakes in our study may include that the ES calves were also milk fed 424 

in the calf hide and used the calf hide where the concentrates were located more than the CC calves (Johanssen 425 

et al., in review). Additionally, the CC calves had free access to milk through suckling (except during cows’ 426 

milking) in weeks 0-6, whereas the ES calves were fed four meals daily. The ES calves in our study had an 427 

average milk intake of 10.7 L/calf/day in weeks 0-6, when their milk allowance was close to ad libitum. Some 428 

studies with calves fed ad libitum of milk artificially also found calves’ milk intakes to be around 10 429 

L/calf/day (Appleby et al., 2001; Jasper and Weary, 2002; Welboren et al., 2019), while in other studies milk 430 

intakes were up to 13-14 L/calf/day (Miller-Cushon et al., 2013; Von Keyserlingk et al., 2004; Wormsbecher 431 

et al., 2017). It is possible that our ES calves would have drunk more milk if the meals had been more evenly 432 

distributed around the clock or with ad libitum access through an automatic milk feeder. Comparing the CC 433 

cows’ machine milk yield during the free suckling period with the period in weeks 10-11, the difference was 434 

12.2 kg/cow/day. This figure may more realistically correspond to the CC calves’ actual milk intake than the 435 

difference of 23.7 kg/cow/day in the CC versus the ES cows’ machine milk yields in weeks 0-6 since the 436 

calves’ daily weight gains were similar. 437 

The similar calf weight gain between the two treatments in our study can be compared to studies with free-438 

suckling calves versus studies with calves given ad libitum of milk artificially where similar weight gains also 439 

have been found. Free suckling: between 1.0 and 1.4 kg/calf/day (Flower and Weary, 2001; Grøndahl et al., 440 

2007; Johnsen et al., 2021; Mac et al., 2023), artificial milk-fed ad libitum: between 1.1 and 1.3 kg/calf/day 441 

(Miller-Cushon et al., 2013; Welboren et al., 2019). In our study, while CC and ES calves exhibited similar 442 

weight gains, there may have been variations in milk intake. Free suckling calves engage in 4-10 suckling 443 

bouts daily (de Passillé, 2001), with about half occurring at night (Ewbank, 1969). However, the ES calves in 444 
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our study lacked nighttime access to milk. Additionally, the ES calves had a higher energy intake through 445 

concentrates and perhaps also grazing, potentially compensating for a reduced milk intake. 446 

There were some health challenges with the cows during our study, but the calves were generally healthy. 447 

There were no obvious differences in cow or calf health between the two treatments, except for the challenges 448 

with inhibited milk ejection in the CC cows explained above. A recent study found that calf health could be a 449 

challenge when the calves were kept in the cows’ environment indoors (Wenker et al., 2022b). This can be due 450 

to a higher animal density and thus infection pressure indoors than on pasture, as well as hygiene and climate 451 

not being optimal for the calves in the cow area. In a recent interview study (Johanssen et al., 2023), some 452 

farmers preferred having CCC on pasture for reasons like a reduced risk of infection and injuries. Furthermore, 453 

interviewed farmers practicing CCC have mentioned better calf weight gain and health among the main 454 

benefits of applying these systems (Johanssen and Sørheim, 2021; Neave et al., 2022; Vaarst et al., 2020). The 455 

interviews included farmers practicing CCC both indoors and/or on pasture.  456 

Further research should aim to study methods for improved milk ejection in pastured dairy cows with CCC. 457 

This is crucial for ensuring the welfare of the cows, facilitating the farmers’ work, and reducing the risk of 458 

lower profitability when practicing CCC systems in dairy farming. Potential strategies include allowing calves 459 

to accompany cows to the milking parlors, if feasible, using mobile milking robots for milking CCC cows on 460 

pasture, and training primiparous cows in milking routines before calving. One should also examine how to 461 

enhance milk ejection in the stressful period around cow-calf separation, including more research on gradual 462 

separation methods on pasture to reduce stress.  463 

5 Conclusion 464 

In this study, the pastured CC cows’ machine milk yields were consistently low during free suckling (weeks 0-465 

6), weaning (weeks 7-8) and at least until weeks 10-11, past the point of full cow-calf separation in week 9. 466 

Calves that were separated from their dams within three hours after birth and offered up to 14 kg of milk per 467 

day had similar daily weight gain and health as calves suckling for 8 weeks. The main challenge identified in 468 
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this study was the inhibited milk ejection during milking of pastured CC cows in a milking parlor, and further 469 

research should aim to study methods to enhance milk ejection in pastured dairy cows with CCC.  470 
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Figure 1. One of the calf hides with descriptions. This photo was taken with group ES1 on their pasture area 732 

on the farm in their second week.733 
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Figure 2. A map of the summer pasture with inserted descriptions on which areas the CC pairs, the ES cows 742 

and the ES calves were kept on, and where the milking parlor was located. 743 
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Figure 3. Daily machine milk yield/cow in weeks 0-6 postpartum (free suckling period for CC pairs) (average 751 

± SD) and in weeks 7-8 (weaning), week 9 (full separation), and weeks 10-11 (after separation) (mean ± SE) 752 

for pastured cows from the two treatments: Cow-calf contact (CC) and early separation (ES). Means that do 753 

not share a letter are significantly different interactions between treatment and period (P<0.005). 754 
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Figure 4. Average individual calf milk intake (measured on group level, solid lines) in the early separation 764 

(ES) treatment (ES1 (n=5) and ES2 (n=5) with close to ad libitum milk allowance) and average individual 765 

concentrate intake (measured on group level, dashed lines) in both treatments: Cow-calf contact (CC, groups 766 

CC1 (n=5) and CC2 (n=5) and ES. Both treatments were kept on pasture during the study. 767 
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Figure 5a and b. a. Calf body weight (average ± SD) from birth till week 9 post-partum for pastured calves 776 

from the two treatments: Cow-calf contact (CC, n=10) and early separation (ES, n=10). b. Daily weight gain 777 

(mean ± SE) from birth till 6-7 months for the same treatments. Means that do not share a letter are 778 

significantly different interactions between treatment and period (P<0.005). 779 
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