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ABSTRACT

Prolonged cow-calf contact (CCC) is of growing im-
portance to the dairy sector due to increasing societal
interest, implementation of CCC on farms, and research
efforts. Incorporating CCC into dairy systems may be a
polarizing change for academics and farmers. However,
by considering the challenges with curiosity, including
those mutual to CCC and non-CCC systems, there may
be an opportunity to collectively improve the manage-
ment of dairy animals. The aim of this review was to
describe current issues and constraints in CCC, propose
opportunities to advance knowledge of CCC, and inspire
forward-thinking questions for dairy systems. There
are known challenges for CCC implementation, such as
research reproducibility (e.g., suitable controls, validity
types) and on-farm application (e.g., farmer perspectives,
policies, and corporate standards). To facilitate practical
solutions for farmers wanting to adopt CCC we need re-
search describing the effects of CCC systems on animal
health and behavior. Already researchers have begun to
explore cow and calf performance and health, methods
for decreasing stress at weaning and separation (e.g., du-
ration of contact, gradual weaning), foster cows, and op-
portunities for positive animal welfare in CCC systems
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(e.g., affiliative and play behavior). However, because
dairying takes place in a complex system, changes may
affect different facets of the system’s sustainability. We
suggest that the development of CCC systems should
happen in dialog with stakeholders. Cow-calf contact
is an uncommon practice in dairy systems and exists
in different contexts; thus, there are many questions to
address before advice can be given to interested dairy
stakeholders. Perhaps, these CCC-related questions are
an invitation to contemplate how we want dairy systems
to look like in 30 years.

Key words: sustainability, animal welfare, dairy systems,
cattle

INTRODUCTION

There is increasing societal interest in the welfare of
farm animals (Alonso et al., 2020), and a topic of grow-
ing importance in the dairy sector is prolonged cow-calf
contact (CCC). Many people unaffiliated with dairy
farming do not support the common practice of separat-
ing cows and calves at birth (Ventura et al., 2013; Busch
et al., 2017), perhaps because they find it unnatural
(Hotzel et al., 2017). To meet this concern, innovative
farmers and industry leaders are beginning to support
and implement various forms of CCC systems (e.g.,
Germany (Demeter HeuMilch Bauern [n.d.]: associa-
tion of 40 organic, CCC dairy farmers marketing milk
and meat according to IG Kalb und Kuh [n.d.], which is
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a nonprofit organization with a label for CCC on organic
farms), Switzerland (Cowpassion [n.d.]: association
promoting dam-calf contact systems, supported by a
specialized consultancy unit), and the Netherlands (Kal-
verliefde [n.d.]: organic dairy collaboration of 7 farm-
ers, heifer calf and cow together at least 2.5 mo, bull
calf and cow together at least 35 d, premium price for
milk and yogurt). One survey of 104 CCC farmers from
6 European countries reported that 34% of these farms
were dam rearing systems (i.e., physical contact and
behavioral interaction between dam and her own calf),
12% were foster cow systems (i.e., physical contact and
behavioral interaction between a cow and an alien calf or
calves), 28% used a combination of dam and foster cow
systems, and 23% used initial dam rearing followed by
artificial milk feeding (Eriksson et al., 2022; definitions
from Sirovnik et al., 2020). This survey also found that
farms varied in length of daily contact between cows and
preweaning calves (46% full-day CCC (contact except
during milking), 5% half-day (approximately 12 h/d)
CCC, and 36% contact only around milking; Eriksson
et al., 2022). With such different systems and limited
research, it is no surprise that there are currently no
common guidelines for farmers wanting to implement or
already managing CCC on their farms.

Given the growing development of CCC, a common
language, evidence-based solutions, and thoughtful
questions are needed to guide those interested in sys-
tem change. Sirovnik et al. (2020) developed common
terms and definitions for describing CCC systems;
these terms are used throughout this article and may be
useful for future systematic searches. Evidence-based
solutions for managing dairy cows and calves together
are beginning to emerge. Since 2019, there has been
an increase in CCC publications related to dairy ani-
mals (Aytemiz Danyer et al., 2024). This research has
explored topics such as responses to weaning (Wenker
et al., 2022a; Bertelsen and Jensen, 2023a; Vogt et al.,
2024), calf behavior (Wenker et al., 2021; Bailly-Cau-
mette et al., 2023; Bertelsen and Jensen, 2023b), milk
production (Barth, 2020; Churakov et al., 2023; Serby
et al., 2024b), and affective states of CCC animals
(Neave et al., 2023, 2024b). However, many questions
remain relating to biological functioning, weaning and
separation, opportunities for positive animal welfare,
and more broadly, CCC in the context of sustainability.

The development of societal, farmer, industry, and
research interest may be perceived as a call for substan-
tial change. Some stakeholders consider CCC as detri-
mental to animal welfare (e.g., Canadian dairy cattle
veterinarians; Sumner and von Keyserlingk, 2018; New
Zealand dairy farmers; Neave et al., 2022). Yet, when
asked to consider the perspective of the cow, farmers
have been reported to favor CCC systems (Mills et al.,
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2023). Perhaps the common practice of early separa-
tion is difficult for stakeholders to critique, and thus
easily considered acceptable (e.g., shifting baseline
syndrome; Mee, 2020). An overview of the challenges,
with attention to overlap between CCC and non-CCC
research movements, might allow us, as researchers and
stakeholders, to consider future directions with curios-
ity, and collectively find better ways to manage the ani-
mals in our care. Given recent progress in CCC-related
research, and the experience of the involved authors
conducting these studies, the aim of this review is to
describe current issues and constraints in CCC, propose
opportunities to advance knowledge of CCC, and in-
spire forward-thinking questions for dairy systems.

METHODS

This narrative review originated from 2 in-person,
CCC research meetings, held in December 2023 and
April 2024. The first was a 2-d seminar in Norway cel-
ebrating the end of a 3-year CCC research project (The
Research Council of Norway: project number 3107248
[SUCCEED]) with a day of presentations, followed by
a future-oriented discussion about CCC with research
partners. The second was the fourth roundtable confer-
ence on CCC at the Thiinen Institute of Organic Farming,
Germany. This 3-d meeting consisted of short presenta-
tions of ongoing research in CCC and a reflection session
on future research directions. All participants agreed that
the effort invested and ideas proposed in the discussions
would be useful to the broader scientific community.
Thus, notes from the meetings were sent to all partici-
pants, and everyone was invited to contribute to this re-
view article. The authors of this manuscript have attended
at least 1 of the in-person meetings, attended follow-up
online meetings to work on the manuscript, and followed
the Vancouver Convention’s right to authorship. We did
not conduct systematic literature searches; thus, we may
have missed some relevant articles.

Qualitative researchers often present reflexivity state-
ments in their manuscripts to address their positionality
(Jamieson et al., 2023). Given that societal concerns
and values inspire CCC research, and our perspective
and narrative approach to this manuscript, we felt that
such a statement would bring greater transparency to
our review. We are academics, ethologists, veterinarians,
social and human scientists, animal scientists, physiolo-
gists, teachers, and mentors employed as graduate stu-
dents, junior, or senior scientists at research institutions
or organic organizations in Europe and North America.
We are interested in different aspects of One Health and
One Welfare; animal health, production, and behavior;
sustainability; and agricultural systems. All of us have
experience in different facets of CCC research. We con-
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tributed to this review to continue enriching discussions,
advance creative ideas for CCC in dairy systems, and
ultimately make changes leading to a better world for
humans, animals, and the environment.

CURRENT CHALLENGES IN CCC RESEARCH
AND SYSTEM CHANGE ON-FARM

Research Reproducibility

Several ongoing challenges in dairy cattle research
affect reproducibility. Here, we highlight 2 (i.e., use
of suitable controls and validation) that deserve dialog
beyond this review to find solutions that will improve
research design. Though CCC is the theme, we caution
that these challenges are applicable to research questions
in dairy systems in general.

Suitable Controls. Many studies in extensive systems
where cows and calves are managed together have been
observational (e.g., Reinhardt and Reinhardt, 1981;
Vitale et al., 1986). Not only are such studies difficult
to reproduce (e.g., Voelkl et al., 2020), but they also
may not be relevant for dairy animals with high genetic
merit for milk production. For example, the early CCC
articles followed beef cattle (e.g., Lidfors and Jensen,
1988), feral or semi-wild cattle (e.g., Vitale et al., 1986),
or extensively managed zebu cattle (e.g., Reinhardt and
Reinhardt, 1981). While these earlier studies provide
fundamental information on cow-calf attachment, we
also need research encompassing more intensive man-
agement systems, different housing or pasturing systems
(or both), daily milking routines, and the continuation of
lactation after weaning to better understand the effects of
CCC on dairy animals.

Despite limitations for dairy management, the early
studies highlighted unique social interactions between
dam and calf (Vitale et al., 1986; Lidfors and Jensen,
1988; Veissier et al., 1990) and behaviors at weaning (Re-
inhardt and Reinhardt, 1981) that may be thwarted in most
artificial rearing systems. To help contextualize these de-
scriptive results for dairy cows, more recent studies have
explored if cows value the opportunity to perform these
behaviors by using preference and motivation tests. For
example, dairy cows managed with their calves would
push high weights to reunite with their calves (Wenker et
al., 2020; Jensen et al., 2024a), illustrating a high motiva-
tion of dairy cows to access their calves.

Currently, CCC is commonly compared with artificial
rearing systems, where dam and calf are separated at birth
and managed in different environments. In such study
designs, it is difficult to disentangle confounding fac-
tors such as space allowance and feeding management.
For example, compared with calves separated from their
dam, CCC calves could have different durations of play
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either due to the presence of their dam or the presence
of more space (Waiblinger et al., 2020). As another ex-
ample, though it is difficult to calculate how much milk
calves will suckle from cows, when provided ad libitum
milk, calves may consume 15 L/d (Borderas et al., 2009).
Thus, results suggesting growth differences between
calves raised in whole-day CCC systems compared with
calves fed limited milk allowances (e.g., 10.5 L/d with
either no or partial cow contact; Wenker et al. 2022b)
should be viewed in the context of this limitation. As
a final example, the social bonds between the dam and
calf are different in familiarity type and function com-
pared to bonds between peer calves, which may affect
the level of social support provided (see review: Rault,
2012); perhaps the social behaviors calves perform are
qualitatively different when in CCC systems versus when
housed with peers. Therefore, system comparisons may
be more appropriate for CCC studies than controlled
experiments testing a single factor. Cow-calf contact re-
search could progress to design studies where the control
is also managed as a CCC system (e.g., full- vs. part-time
CCC; Bertelsen and Jensen, 2023a; Jensen et al., 2024c¢).

Validity. Mason (2023) asks animal welfare research
to become more rigorous by critically considering inter-
nal (ability to replicate), external (relevant to different
contexts), and construct validity (avoiding circular rea-
soning by starting with a known indicator or a known
situation). Cow-calf contact research to date can be
critiqued for all of these validity types. First, the timing
of observations can affect behavioral (e.g., vocalizations,
time spent suckling; Bertelsen and Jensen, 2023b) and
cognitive (e.g., judgment bias; Neave et al., 2024b) mea-
sures. Perhaps future work could record behaviors over
multiple days (Xiao et al., 2022) to assess differences
more reliably. Second, many published CCC studies have
taken place in controlled clinical trials in Europe (e.g.,
Hellstrom et al., 2023; Jensen et al., 2024a; Serby et al.,
2024b). To be externally reliable, by attending to differ-
ent farming practices and practical challenges, future
studies may consider replicating published aims in com-
mercial settings in different regions. Indeed, calf health
research (Beaver et al., 2019) requires many animals (to
ensure internal validity) and thus may need to take place
on commercial farms over multiple years to ensure ex-
ternal validity (Dohoo et al., 2009). Additionally, some
published CCC studies have included only a few groups
(e.g., 2 groups, Johnsen et al., 2021; 4 batches, Serby
et al., 2024b; 4 groups, Johanssen et al., 2024); these
sample sizes may limit our statistical inferences beyond
these small populations. Though we should be cautious
of small group sizes, we do see power in using them as
hypotheses generators for future research if type II errors
are considered. Third, when proposing a welfare claim,
it should be evident from the start of the study that either
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the valence of the indicator (e.g., allogrooming; Keel-
ing et al., 2021) or the preference or motivation for the
situation (e.g., cows are motivated to attain calf contact;
Wenker et al., 2020; Jensen et al., 2024a) has been vali-
dated to avoid circular reasoning.

Given these prerequisites for validity, it can be time
consuming (e.g., scoring behaviors) and costly (e.g.,
space needed for a CCC study) to capture valid data.
There is ongoing development of automated systems
(e.g., on-animal sensors, video recognition software,
and sound detection tools) to monitor dairy cattle health
(reviewed by Rutten et al., 2013) and welfare (reviewed
by Costa et al., 2021; Stygar et al., 2021). Use of sensors
could reduce the labor needed for the detailed monitoring
of cow and calf activity, vocalizations, location, social
proximity, and feeding behavior. However, these tools
must be validated for precision and accuracy. Currently
few sensors are externally validated for dairy cattle (14%
in 2020), and we lack a common methodology for valida-
tion studies (Stygar et al., 2021). Also, even with valid
sensors, we do not know if human observations may still
be important for examining animals.

On-Farm Application

Incorporating CCC on-farm is not a simple task. Each
farm system is influenced by the regional climate (e.g.,
average temperature and rainfall), environmental condi-
tions (e.g., topography, space available), local traditions
(e.g., areas known for cheese making, breeds commonly
used), and country (e.g., issues raised in political dis-
course, economic and societal expectations for farming).
These factors are largely out of an individual farmer’s
control. However, the farmer’s attitude, knowledge seek-
ing, willingness to implement change, and relationships
with other stakeholders (e.g., veterinarians, nutritionists)
are likely quite central to the success of system change.

Farmer and Veterinarian Perspectives. Farmers may
perceive CCC differently depending on whether or not
they already practice CCC. Non-CCC dairy farmers in
New Zealand expressed concerns that CCC systems may
cause challenges for mastitis management and colos-
trum intake, while also increasing workload (Neave et
al., 2022). In contrast, existing CCC farmers perceived
benefits to cow health and calf growth (Eriksson et al.,
2022) with little concern for colostrum intake (Neave et
al., 2022; Johanssen et al., 2023). Cow-calf contact farm-
ers in Europe have also acknowledged that they spend
less time feeding calves, and have even described a high
work satisfaction (Eriksson et al., 2022; Johanssen et
al., 2023). Non-CCC farmers have suggested that calves
may become “wild” if not milk-fed by humans (Neave et
al., 2022). Yet, CCC farmers observed their calves to be
more calm, confident, and social (Johanssen et al., 2023).
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These conflicting views regarding health, workload, and
animal behavior might be related to context and indi-
vidual preferences. Future work could clarify which pair-
ings of contexts (e.g., space available) and management
practices (e.g., milking system) allow for successful CCC
implementation. Although one Canadian study found that
the participating veterinarians believed that cow-calf
separation helped to maintain calf health (Sumner and
von Keyserlingk, 2018), we know little about how dif-
ferent agricultural stakeholders view CCC. We encourage
future studies to describe these perspectives, as the social
context may also play a role in CCC implementation.

Policy and Corporate Standards to Consider. Differ-
ent jurisdictions approach standards of care for animals
differently (Sandee et al., 2023). Indeed, animal wel-
fare and protection laws vary such that some countries
have no or few codified regulations, and others only
prohibit cruelty (Robertson and Sparks, 2022); thus, it
is not surprising that there are few standards or laws
regarding CCC. For example, the World Organisation
for Animal Health (now WOAH, previously OIE; 182
member states; WOAH, 2024) acknowledges that cow-
calf separation is stressful for all animals involved, and
the European Food Safety Authority (EFSA) recom-
mended in 2023 that calves and dams remain together 24
h postpartum and suggested that prolonged CCC should
be increasingly implemented (Nielsen et al., 2023). To
our knowledge, globally, there are no other industrial or
legal regulations relating to CCC, and none requiring
CCC during the milk-feeding period.

Without requirements or encouragements in terms of
premium prices, farmers may only view CCC as costly.
For example, as long as there is no minimum milk al-
lowance for all calves, irrespective of system, feeding
CCC calves might be considered more expensive than
calves raised without cows. As previously described,
calves may drink up to 15 L/d of milk when provided
ad libitum access (Borderas et al., 2009), yet, in many
countries, calves are fed 4 L/d of milk despite the nu-
merous benefits of feeding calves a high milk allowance
(reviewed by Welk et al., 2023). Although it is unclear
how future legislation and corporate codes will adapt to
incorporate these systems, we stress the need to learn
from stakeholders and animals to facilitate and support
evidence-based and feasible solutions for dairy farmers
wanting to adopt CCC. In the following sections, we will
suggest opportunities to advance our knowledge of CCC.

FUTURE RESEARCH DIRECTIONS IN CCC
Biological Functioning

Milk Yield and Udder Health. Machine milk yield is
the most emphasized dairy cow performance variable,
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and often salable milk, and thus profits, are deemed
“lost” in a CCC system. We propose a few opportuni-
ties for further research. First, given that the milk suck-
led by calves in CCC systems is difficult to quantify,
we need better models to encapsulate the CCC cow’s
performance. For example, delaying the first milk re-
cording until after separation of the cow and calf can
enable more reliable estimations of breeding values
based on milk yield in CCC systems. However, this
recording must be made by 95 DIM limiting the time
of CCC (Spengler Neff et al., 2022). Also, given the
potential carryover effect of an increased preweaning
calf gain on future performance (Welk et al., 2023), a
multifaceted metric incorporating both machine milk
yield and calf growth may provide a more holistic
overview of performance in the system. Different chal-
lenges may arise also with this performance measure;
for example, in cases of illness affecting growth in the
same manner as mastitis may affect milk yield (e.g.,
Costa et al., 2025). Furthermore, the transition to lacta-
tion is a well-known challenge in the life of dairy cows,
which is associated with many production diseases in
cows (Ingvartsen et al., 2003). Further research should
address the possible positive or negative effects of calf
contact on this period.

Second, as calves nurse approximately 8 times/d when
cows are not milked (Kour et al., 2021), it is likely that
CCC cows have milk removed more frequently than
the traditional 2 to 3 times/d in parlors, or 2.7 times/d
in robotic systems (Aerts et al., 2022). In early lacta-
tion, there is a positive relationship between milking
frequency and milk production (Bar-Peled et al., 1995),
and the effect may last throughout the lactation (Hale
et al., 2003; Wall and McFadden, 2007; Murney et al.,
2015). A few studies have begun to quantify machine
milk yield in the first 8 to 12 wk after calving (Wenker
et al., 2022b; Serby et al., 2024b), 100 d beyond calving
(Hanssen et al., 2024), or even the whole lactation (305
d, Barth, 2020; McPherson et al., 2024; Serby et al.,
2024a). The latter studies do not indicate the stimula-
tory effect of calf suckling on milk production in full
contact systems. In systems that are more restricted,
however, a stimulatory effect of calf suckling has been
identified (Bar-Peled et al., 1995; Froberg et al., 2007).
Future research should investigate if this discrepancy is
due to length of CCC, poor udder emptying, or other
factors (e.g., local or systemic regulation of milk syn-
thesis; reviewed by Wall and McFadden, 2012). There
have also been several reports of incomplete milk ejec-
tion to the milking machine in CCC systems (Zipp et al.,
2018; Johanssen et al., 2024; Rell et al., 2024) resulting
in milk stasis, which reduces the survival of secretory
cells in the mammary gland and thereby reduces milk
production in the long term (Lanct6t et al., 2024). Future
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CCC research could explore management opportunities
for poor milk ejection, the effect of udder fill before
machine milking on udder emptying and milk secretion,
and the effect of repeated lactations in a CCC system.
For example, CCC cows with low machine milk yields
may have a calf who is efficient at evacuating most of
the milk, rather than a poor milk ejection, and methods
are needed to distinguish these 2 cases from each other.
We need further research regarding which cow charac-
teristics (e.g., breed, individual differences in milk ejec-
tion) do well in CCC systems with machine milking.

Beyond milk yield, CCC may affect udder health. A
systematic review (Beaver et al., 2019) indicated that
CCC herds may have a lower risk of treating mastitis.
Indeed, farmers practicing CCC perceive udder health
benefits (Neave et al., 2022; Johanssen et al., 2023).
However, a case report presented contrasting results such
as calves spreading Staphylococcus aureus and Pasteu-
rella multocida in a foster cow system (Kdollmann et al.,
2021a). To address these contrasts, future CCC research
could include a meta-analysis of SCC and an on-farm
epidemiological study of udder health.

Calf Growth and Health. Research has begun to
describe the growth and health of dairy calves in CCC
systems during the milk-feeding period. Several stud-
ies have reported that dairy calves in CCC systems gain
over 1 kg/d (Johnsen et al., 2021; Wenker et al., 2022b;
Serby et al., 2024c). Similarly, a systematic review re-
ported that calves gain >1 kg/d when fed >12 L/d (Welk
et al., 2023). Although milk allowance may be the most
important contributor to ADG for the young dairy calf,
it is not known if there is a maximum amount of milk
a calf should receive. The literature is missing some
descriptions of calf development in CCC systems such
as rumen and microbiome development, skeletal growth,
and metabolic health. We might start by exploring the
methodologies used to describe how human neonatal
growth rates during different periods in early life affect
health outcomes (Kim et al., 2021).

Given the number of experimental animals needed
for disease-related questions, little is known about the
effects of CCC on calf health. Wenker et al. (2022b) re-
ported that CCC poses a challenge for calf health, though
CCC farmers perceive their calves to be healthier (Eriks-
son et al., 2022; Hansen et al., 2023). One opportunity
for future animal health research is to take advantage of
jurisdictions where individual animal health events are
recorded. For example, in Norway a recording mobile
phone app is being trialed on 10 CCC farms. The data
from this app can be used for cohort studies and survival
analysis to understand the causal relationship between
CCC and calf health, and to answer questions such as,
how does CCC affect cow health (e.g., udder health) and
calf performance (e.g., feed intake, future fertility)?
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Weaning and Separation

Both CCC and non-CCC farmers acknowledge that
weaning and separation are considerable challenges in
CCC systems (Eriksson et al., 2022; Hansen et al., 2023).
Indeed, a Norwegian study reported that animal stress
associated with separation after prolonged CCC was the
most common reason (54%) given by 213 farmers who
had chosen to discontinue the practice (Hansen et al.,
2023). Recommended weaning and separation strategies
are needed for CCC to be a success.

The formation of the bond between the cow and calf
begins within minutes of the calf’s birth (Hudson and
Mullord, 1977) due in part to neuroendocrine activity at
this time (Mota-Rojas et al., 2024). In CCC systems with
prolonged contact, the calf must go through the stressful
processes of transitioning from milk to solid feed and
achieving social independence from the cow (Weary
et al., 2008). Behavioral indicators may be useful for
understanding the stress. Vocalizations may facilitate
social reinstatement between the calf and cow (Watts
and Stookey, 2000) and communicate hunger (De Paula
Vieira et al., 2008), or social dependence (Newberry and
Swanson, 2008). For example, calves that could access
milk from automated feeders after weaning showed re-
duced vocalizations compared with calves without sup-
plementary milk, suggesting vocalizations may primar-
ily indicate hunger (Johnsen et al., 2015a). Additional
reported measures suggestive of a weaning program that
promotes social independence include reduced search-
ing behaviors of cows and greater distance between cow
and calf (Johnsen et al., 2024; Neave et al., 2024a; Vogt
et al., 2025). An overlooked calf behavioral response to
weaning is solid feed intake. A few CCC studies have
indirectly measured feeding time (Bertelsen and Jensen,
2023b; Vogt et al., 2024) or concentrate intake (John-
sen et al., 2021; Johanssen et al., 2024) and compared
these to vocalizations to understand stress at weaning.
However, these studies have not described the feeding
development of CCC calves such as changes in solid
feed and milk intake.

To date, a few approaches have been described for re-
ducing weaning and separation stress of cows and calves
in CCC systems, and each will be discussed in the fol-
lowing sections. These have been inspired by beef cattle
research (see review: Enriquez et al., 2011), and include
(1) the duration of daily contact before weaning is ini-
tiated (e.g., part-time vs. whole-day CCC), (2) gradual
weaning or “2-step” methods that first remove milk, then
the mother (e.g., reduction of dam-calf contact, fence-
line contact, nose flap), and (3) weaning age and duration
(e.g., later vs. earlier, longer vs. shorter).

Duration of Daily CCC During Rearing. Duration of
daily CCC during the rearing period affects social and
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nutritional dependence between cow and calf, likely af-
fecting future weaning and separation responses (Meagh-
eretal., 2019). Cows with part-time CCC (10 h/d) exhib-
ited less searching behavior and had greater lying time
on the day of separation and 24 h later compared with
whole-day CCC cows (23 h/d), but the vocal response to
separation was similar (Neave et al., 2024a). However,
calves with part-time CCC had a greater vocal response
24 h after separation compared with whole-day CCC,
suggesting they may have experienced greater hunger
after separation. A similar study (23 vs. 10 h/d of CCC)
found no differences in the vocal and activity response of
calves to weaning and separation (Bertelsen and Jensen,
2023a). In another study, Wenker et al. (2022a) found
that calves with 7 wk of whole-day dam contact showed
more activity and less rumination before and shortly after
weaning and separation than calves with partial dam-calf
contact (physical contact, but suckling was never permit-
ted). In all 3 of these studies, the calves were permitted
to suckle preweaning, and had a behavioral response to
weaning and separation. Though daily contact time may
affect the stress at weaning and separation, there may be
further methods to reduce this stress, which we highlight
in the following sections.

Gradual Weaning and Separation Methods. Gradual
weaning in CCC systems should encourage calves to
increase their solid feed intake before complete milk
removal. Although all weaning and separation methods
create stress, abrupt weaning and separation after pro-
longed CCC is highly stressful for both cow and calf.
Gradual weaning separates in time the removal of milk,
nursing opportunity, and cow-calf physical contact. In
contrast, in abrupt weaning all of these resources are
simultaneously removed.

One approach to weaning and separation is the gradu-
al reduction of both CCC and milk intake; an example is
reducing or restricting suckling to certain periods of the
day (e.g., morning only) or a restricted number of hours
(e.g., 2 h/d; Neave et al., 2024a; Serby et al., 2024c;
Vogt et al., 2024). Three publications compared this ap-
proach with another (abrupt weaning in Neave et al.,
2024a; nose flap weaning in Vogt et al., 2024, 2025),
and found that vocalization frequency and searching
behaviors were either greater or not different in the
animals that experienced gradual reduction in dam-calf
contact time. However, reducing the daily contact does
not necessarily decrease daily calf milk intake (de Pas-
sillé et al., 2008). For example, when calves were re-
stricted to 2 h/d of dam access, there was no difference
in suckling time compared with calves with 10 h/d of
dam access (Jensen et al., 2024c).

A second approach is abrupt removal of milk, while
maintaining full CCC; examples include nose flaps for
calves (Wenker et al., 2022a; Vogt et al., 2024) or ud-
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der nets for cows. The 2 studies examining weaning re-
sponses when using nose flaps found that calves showed
reduced growth after weaning compared with calves who
were weaned by a gradual reduction in dam contact time
or by fence-line approaches. There is also some early
evidence that nose flaps may lead to injuries in the nose
of beef calves (Valente et al., 2022; Kirk and Tucker,
2023) and thus should be avoided. Though some stud-
ies have managed CCC with udder nets (e.g., Johnsen et
al., 2015a; Wenker et al., 2020), to our knowledge, no
study has tested the use of udder nets to prevent nursing
at weaning. This could be a noninvasive alternative, but
is currently labor intensive (as milking systems currently
do not accommodate udder nets).

Another approach involves abrupt removal of milk,
while maintaining partial contact between cow-calf
pairs; an example is the 2-step fence-line method (John-
sen et al., 2015b; Wenker et al., 2022a; Bertelsen and
Jensen, 2023a). It is difficult to find a consensus as the
comparison method differed across all studies. However,
fence-line weaned calves generally showed reduced
stress indicators compared with the comparison group
(abrupt weaning in Bertelsen and Jensen, 2023a; nose
flap weaning in Wenker et al., 2022a; fence-line weaning
with only auditory dam contact in Johnsen et al., 2015b).

A reverse approach involves maintaining milk intake
via alternative sources after removal of CCC (Johnsen
et al., 2015a; Serby et al., 2024c). However, supple-
mentary milk access may only convey a performance
benefit at weaning for calves with access to supple-
mentary milk throughout the rearing period (Johnsen et
al., 2015a), perhaps because they are less nutritionally
dependent upon the dam. An advantage of calves drink-
ing from an automated feeder before weaning is that
milk reduction is more controlled, which may be an op-
portunity to use individualized concentrate-dependent
weaning (Neave et al., 2019).

Weaning Age and Duration. In CCC systems, calf
age at weaning initiation and completion varies greatly
among countries and between conventional and organic
systems (Eriksson et al., 2022). To our knowledge, only
2 articles, from one system, have explored the effect of
weaning duration (which was by design accompanied by
different ages of weaning initiation; Johnsen et al., 2024;
Serby et al., 2024c). The authors tested weaning initia-
tion at 4 wk of age over a 4 wk duration or initiation at
6.5 wk of age over a 10 d duration. The authors found
that calves showed a more pronounced stress reaction
(e.g., time spent near the separation barrier, vocalization
frequency) to the 10 d compared with the 4 wk weaning
duration, with no difference in the behavioral responses
of cows (Johnsen et al., 2024) or the growth rate of calves
(Serby et al., 2024c). Future CCC studies could assess
the behavior and performance of animals when weaning
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finishes at different ages. Additionally, ethical inquiries
could clarify if it is better to have intense stress for a
short duration, or medium stress for a longer duration.
In conclusion, further research is necessary to best
guide how weaning and separation should be done in
CCC systems. The beef literature (Enriquez et al., 2011)
and the systematic review of positive effects of different
weaning methods in artificially reared calves (Welk et al.,
2024) could serve as guides for strategically designing
gradual weaning methods in CCC systems. For instance,
weaning based on concentrate and roughage intake of the
calf, rather than a fixed age, might benefit calf growth
and reduce behavioral responses to weaning. The age at
initiation of weaning, as well as the weaning duration that
is optimal in terms of stress reduction, health, cow (re)
production, and calf growth, warrants further research.

Foster Cows

In a sample of 104 European farmers, foster cow sys-
tems were used in combination with dam contact (28%),
or as the only CCC system (12%) a farmer used (Eriks-
son et al., 2022). In Denmark, farmers may choose foster
systems due to the increase in salable milk, use of un-
desirable cows (e.g., those with lameness or high SCC),
and minimal infrastructure changes needed (Bertelsen
and Vaarst, 2023). Similarly, some French farmers found
that foster cow systems are a profitable option that may
easily map onto pasture-based farms (Constancis et al.,
2023). Put simply, foster cow systems may be a feasible
approach to incorporate CCC into a farm (Bertelsen and
Vaarst, 2023). However, even with limited research,
there are challenges in foster cow systems. First, al-
losuckling (i.e., suckling of cows other than the foster
dam) is an inherent behavior in this system, perhaps due
to weak bond formation (Rosecrans and Hohenboken,
1982), especially if the foster cow was separated from
her own calf months ago (Loberg and Lidfors, 2001). Al-
losuckling may transmit pathogens (including common
respiratory pathogens), even if udder health may improve
(Kollmann et al., 2021Db).

As has been described, weaning and separation are
challenging for CCC systems. Two studies have explored
this topic in foster cow systems. Loberg et al. (2008)
compared calves fitted with nose flaps for 2 wk before
separation with calves who were abruptly weaned and
separated. These authors found that calves weaned with
nose flaps reacted less (i.e., fewer vocalizations and
walking, and lower heart rate) at separation than the
calves abruptly weaned and separated. Another approach
for foster cow systems is to wean calves by removing
foster cows, one at a time, from the cow-calf group.
However, Jensen et al. (2024d) found that as each cow
was removed, calves continued to suckle the same total
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duration, and subsequently competition and aggression
increased in the group. Weaning and separation in foster
cow systems may thus be particularly challenging for the
smallest calves in the group (e.g., difficulties competing
with larger pen mates wanting to suckle), and the cows
remaining in the group (e.g., increasing calves/cow to
nurse may lead to calves aggressively suckling and butt-
ing the udder).

In addition to the challenges described with the limited
evidence available, we caution that foster cow systems
may not be viewed as publicly acceptable (Sirovica
et al., 2022). A survey of North Americans found that
people were negative toward systems involving dam-calf
separation, regardless of whether the calves were housed
individually, in groups, or with foster cows (Sirovica et
al., 2022). Given the ethical reasoning underlying CCC-
related choices (Ventura et al., 2013; Hotzel et al., 2017),
we encourage further work in social science and philoso-
phy to clarify decisions related to the future role of foster
cows before we invest too much time and money.

Positive Animal Welfare with CCC as a Model

Meagher et al. (2019) identified reduced abnormal
behavior and improved growth as the clearest benefits
of CCC for calves. However, there has been a growing
interest in describing positive experiences in cattle. Al-
though negative experiences are inevitable, minimizing
negative experiences and enabling animals to experience
predominantly positive affective states are key to pro-
moting positive animal welfare (Rault et al., 2025). Play,
exploratory, social affiliative, and grooming behaviors
are proposed to be rewarding for the animal (Boissy et
al., 2007). A well-managed CCC system may facilitate
these behavioral opportunities.

Affiliative Social Interactions. In addition to the
provision of nourishment and protection, an important
aspect of maternal behavior is affiliative behavior
(Wenker et al., 2021), including grooming and main-
taining close proximity (Newberry and Swanson, 2008),
which may benefit both the cow and calf. A few studies
have used these affiliative behaviors to better under-
stand the importance of daily CCC duration. Part-time
CCC systems are seen as more feasible due to more
salable milk than full-time cow-calf systems (Wenker
et al., 2022b), but an important question is whether this
management reduces the benefits for cows and calves.
Bertelsen and Jensen (2023b) compared part-time (10
h/24 h) and whole-day (23 h/24 h) dam-calf contact and
found that part-time contact calves received less ma-
ternal care (spent less time suckling and received less
maternal grooming) compared with whole-day calves.
Similarly, Jensen et al. (2024c) found that, compared
with whole-day cows, part-time cows spent less time
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nursing and grooming their own calf. Therefore, recent
studies indicate that reducing the daily duration of CCC
may reduce the benefits of the maternal contact for the
calves, but more research is needed to determine the
length of daily contact time and duration of CCC that
accommodates affiliative social behaviors.

Maternal Bond. The bond between the dam and her
calf appears to be valued by the cow, regardless of the
amount of time the 2 are together. One study suggested
that the lack of difference in the amount of nursing in the
inverse parallel position (suggesting a bond has formed;
Waltl et al., 1995), and the probability of a cow nurs-
ing a calf other than her own meant that dam-calf bonds
were similar in the whole-day and part-time systems
(Jensen et al., 2024c). In support, there was no differ-
ence in maternal motivation 40 d postpartum (Jensen et
al., 2024b), and when daily calf contact was reduced at
10 wk postpartum, the cows’ motivation for full physical
contact with their calf increased (Jensen et al., 2024a).
Though one study suggested that the maternal bond was
established even in the absence of nursing (Johnsen et
al., 2015c¢), other groups have also reported nursing may
be an important behavior for the dam as assessed with
motivation tests (Wenker et al., 2020). We do not know
how long the bond lasts, and future work may consider
describing any changes in the maternal bond when pairs
go from full contact to physical contact but no nursing,
or no contact at all.

Play Behavior in Calves and Cows. 1t is unclear if
CCC alone positively contributes to increased play be-
havior in calves. Waiblinger et al. (2020) reported that
calves reared by the dam performed more locomotor
play than artificially reared calves; however, dam-calf
contact was confounded with more space, which is
likely the cause of increased locomotor play. The im-
portance of space for locomotor play behavior was also
evident in a study by Bailly-Caumette et al. (2023),
where all calves played more when the dams left the
pen to be milked. Interestingly, Bailly-Caumette et al.
(2023) also found that in addition to peers, the dams
served as social play partners (social play defined as
frontal pushing), whereas social play was never per-
formed with an alien cow. Play, specifically mock
fighting, between dam and calf has been described as
an uncommon behavior in Boran cattle (Reinhardt and
Reinhardt, 1982), but there is to the best of our knowl-
edge only one other description of this in dairy cattle
(Jensen, 2011). Future work on play behavior in CCC
calves should thus take note of the role of the dam as a
potential social play partner that may provide benefits
beyond playing only with peers.

Development of Competences and Resilience. It has
often been suggested that CCC calves are more socially
competent than artificially reared calves, but there is
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little evidence to support this claim. An older study
found that calves reared by the dam for the first 3 mo of
life achieved higher social dominance than artificially
reared calves (Le Neindre and Sourd, 1984). Waiblinger
et al. (2020) found that dam-reared calves initiated
agonistic interactions more often and were receivers of
interactions more often than artificially reared calves.
Dam-reared calves received most of these agonistic in-
teractions from cows other than the dam. In line with
this, dam-reared calves (Buchli et al., 2017) displayed
more submissive behavior toward an unfamiliar adult
cow in a standard test, and dam-reared heifers tended
(not statistically significant) to display more submissive
behavior when introduced to the dairy herd (Wagner et
al., 2012). Both studies above interpreted this as more
appropriate social behavior. Studies investigating a
broader range of behaviors in the home-environment
(like the recent study on long-term effects of early social
contact to peers; Clein et al., 2024) are warranted.

In a series of studies, Broucek and colleagues compared
the learning ability of calves allowed restricted suckling
of dam (after 3 d with dam, 3 x 10 min/d suckling until
d 21), foster-reared calves (after 3 d with dam, reared by
foster cows in group) and artificially reared calves (after
24 h with dam, separated and fed milk in teat bucket).
When tested at 12 mo of age, foster calves were fastest
to complete a labyrinth test (Hebb-Williams closed field
test), artificially reared were slowest, and dam-reared
were intermediate (Uhrincat et al., 2022). Cow-calf con-
tact type and duration of contact were confounded, but
this study suggests that learning ability in yearlings was
superior in animals that had experienced extended con-
tact, which in this study was foster cow contact. When
the animals were retested in first lactation, these effects
were not confirmed (Broucek et al., 2021a,b), highlight-
ing the need to establish evidence of long-term effects of
early cow contact on cognitive capacities.

Collectively, there are burgeoning efforts to docu-
ment aspects of positive animal welfare in CCC systems.
Future studies could disentangle the confounding fac-
tors outlined in this broader section, as well as develop
methods to understand the emotional valence associated
with the described behaviors. As we progress our un-
derstanding of CCC as a system, we may also develop
new indicators of positive states. Finally, we proposed
a few opportunities to develop our understanding of the
longer-term effects of CCC. As research in this area de-
velops, these longer-term studies may help clarify if and
how cows may experience the longer-term positive state,
happiness, proposed by Webb et al. (2019). In essence, a
good CCC system may be a step toward understanding
what it is like to be a cow (e.g., Nagel, 1974) so that we
may better accommodate their natural behaviors, as both
calves and dams.
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CCC IN THE CONTEXT OF SUSTAINABILITY

As described, there are animal-based research oppor-
tunities for us to work through before we can give advice
for on-farm application of CCC. However, dairying takes
place in a complex context where the physical environ-
ment, farmers’ skills and dedication, and social expecta-
tions and regulations affect the practices employed. One
approach to go beyond animal-based concerns could
be to consider the sustainability of the system, that is,
evaluating if the system meets today’s needs without
compromising the ability of future generations to meet
their own needs (United Nations, 1987).

We will describe sustainability using the Food and
Agriculture Organization’s (FAO, 2011) 4 pillars (Gov-
ernance, Social, Economy, and Environment) in Sustain-
ability Assessment of Food and Agriculture Systems
(SAFA). Sustainable governance relates, among others,
to corporate ethics, full-cost accounting, and planning
for sustainable futures. These themes will often include
levels higher than farm level (e.g., industry level), such
as a dairy company establishing CCC systems to develop
their vision and economic model. Full-cost accounting
could also be achieved by considering both the potential
income from milk, and meat from nonreplacement calves,
either at industry or farm level, as also addressed in later
discussion of economic sustainability. Other themes in
this pillar are educated and informed employees and
transparent practices, which can be ensured at all levels
(i.e., from farm to industry). The care and management of
a CCC system require training and knowledge on animal
health, behavior, and human-animal relations (Johans-
sen et al., 2023). However, educational opportunities on
CCC systems for farm staff are limited, and we encour-
age human research (e.g., anthropology, ethnography,
agricultural education) to address this concern. Transpar-
ency regarding the type of CCC system used, and the
length of time cows and calves spend together, may also
be relevant to the sustainability of CCC systems.

Social sustainability focuses on human and societal
concerns, and is related to a dairy’s social license to
operate. It is worth noting that the subtheme “quality
of life” presented in this pillar could be translated to
animals, too (e.g., performing motivated behaviors, such
as maternal care of calves). Improving the well-being of
animals may simultaneously improve the well-being of
the humans who care for them (Yeates and Main, 2008).
For example, there is some evidence that humans who
begin working in CCC systems recognize the animals
engaging in natural behaviors (Neave et al., 2022; Ber-
telsen and Vaarst, 2023; Johanssen et al., 2023). In addi-
tion, a higher acceptability of the system and its products
contributes to the social sustainability of CCC systems,
though acceptability may sometimes conflict between the
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Table 1. These questions reflect key knowledge gaps related to both dairy systems in general, and to cow-calf contact in particular, as identified

throughout this review'

Questions related to dairy systems in 10 and 30 yr:

1. Can on-farm technologies (e.g., animal-mounted sensors) be advanced to assess the welfare, behavior, and performance of animals,

or will human observations still be important?

2. What will farm staff development look like (e.g., education, participation in decisions, accommodating disabilities)?
3. How can the dairy sector and farmer create more integrated systems in the short (e.g., calves as beef) and long term (e.g., ecosystem services)?

4. What do we want dairy systems to look like?

5. How do we balance the interests between the cow, calf, farmer, consumer, citizen, and environment?

Questions specific to cow-calf contact in 10 and 30 yr:

1. What are suitable controls for CCC treatments in controlled experiments?

2. What could a well-managed CCC system look like in commercial settings in different regions?
3. Which contexts (i.e., both farm infrastructure and stakeholders involved) and management practices (e.g., milking system) allow

for successful CCC implementation?
. How will future legislation and corporate standards incorporate CCC?
. How can we better model a CCC cow’s performance?

©oo oL

aspects of positive animal welfare potentially contributing to happiness)?
10. What, if any, is the future role for the foster cow system?

. Which cattle characteristics excel in a sustainable CCC system (e.g., variation in milk ejection, breeds)?

How does CCC affect cow health (e.g., udder health) and calf performance (e.g., feed intake, body composition, future fertility)?

How can weaning and separation be refined to reduce separation stress and accommodate individual differences in calves’ solid feed intakes?
How can we account for an animal’s longer-term well-being (e.g., intense stress for a shorter duration versus medium stress for a longer duration;

11. How do the behavior (e.g., affiliative and play), bond, competence, and resilience develop when cows and calves are managed together?
12. Which systems can incorporate CCC (e.g., agroforestry, grazing systems, regenerative farming)?
13. How can CCC effects be incorporated across the value chain (e.g., one that takes into account male calves)?

These questions are invitations for us, the stakeholders (i.e., farmers, veterinarians, researchers, advisors, teachers, and community members), to

contemplate.

consumer (price of the products) and citizen (norms and
values) perspective (Verbeke, 2009). The social sustain-
ability of CCC systems may be strengthened by incorpo-
rating attributes valued by citizens. For example, citizens
value pasture access for cows (Hotzel et al., 2017); thus,
implementation of this practice may relate to social sus-
tainability. Several groups have studied pasture-based
CCC (Field et al., 2023; Johanssen et al., 2024; Sinnott
et al., 2024). Calves born in cold and wet conditions
(e.g., an Irish spring; Sinnott et al., 2024) are exposed to
health risks, yet there may be behavioral benefits to rais-
ing calves in complex physical and social environments
(Field et al., 2023). The effect of pasture access on the
social sustainability of the CCC system may depend on
weather conditions affecting animal health. As another
example, CCC dairy farms could extend lactations to
avoid early separation, and reduce the number of calves
born (Bolton and von Keyserlingk, 2021). Such a prac-
tice may increase the salable milk produced on a CCC
dairy farm (e.g., economic sustainability), and reduce the
number of calves that may be transported off the farm to
become veal (e.g., social sustainability). Though these
examples address citizen concerns, future research may
consider how other stakeholders (e.g., veterinarians) view
the social sustainability of CCC systems. Additionally, to
our knowledge, we lack instructive resources to guide
farmers wishing to make system changes in the short and
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long term, nor do we know which systems can incorpo-
rate CCC (e.g., pasture access, agroforestry, ecosystem
services) to better contribute to social sustainability.

Economic sustainability entails operations supporting
long-term economic viability of the farm without com-
promising the social and environmental sustainability of
the system (Elliott, 2005). More specifically, economic
sustainability of CCC farms is the ability of the farm
to maintain solvency. The purpose of dairy farms is to
produce salable milk, thus a calf in a CCC system is
in competition with this goal. Additionally, there may
be costs associated with changes in workload and barn
infrastructure, although many farmers report very mod-
est investment (Hansen et al., 2023) and workload. One
modeling study predicted that CCC systems are 1% to
5% more costly to run than an equivalent organic farm
(Alvésen et al., 2023). However, CCC systems may also
offer economic benefits (Asheim et al., 2016) that war-
rant further study and modeling. Key areas for further
study include animal health, calf growth, reproduction,
future milk production, and premiums for CCC products
(i.e., both milk and meat) to better understand their ef-
fect on the value chain.

Finally, environmental sustainability comprises as-
pects of emissions, energy, use of natural resources, bio-
diversity, and animal health and food safety (Hoffmann,
2011). Life cycle assessments assess the ratio of the
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system’s usable output (e.g., milk and meat produced) to
the amount of GHG produced. These quantitative models
have limitations because they do not take into account
feed-food-fuel competition, and they poorly reflect the
consequences of a system for animal welfare and society.
Yet, these models may help us understand important as-
pects of the environmental impact. One simulated model
indicated that dairy CCC systems are 5% to 9% more
environmentally challenging than nonsuckling systems
due to the reduced usable output (Mogensen et al., 2022).
Similarly, extensive beef systems (i.e., pasture-based
with CCC) may also emit more carbon per kilogram
of output than intensive beef systems (Beauchemin et
al., 2011). However, these calculations do not account
for potential health benefits for CCC cows and calves,
water use, management efficiency, or effects on biodi-
versity. Indeed, improved weaning weight and udder
health can reduce GHG emissions (Ozkan Giilzari et
al., 2018; Mostert et al., 2019; Lancaster and Larson,
2022), and optimal grassland management can absorb
carbon (Beauchemin et al., 2011). Taking into account
the “beef from dairy” systems, which may lead to better
calf growth and health than current suckler beef models,
will also be beneficial. Additionally, similar to our pro-
posal in the section regarding milk yield, we encourage
models to be developed to include calf weaning age and
reduction of salable milk yield (if conventional metrics
are used), while fairly comparing environmental effects
with conventional dairy systems.

CONCLUDING REMARKS AND QUESTIONS
FOR FUTURE DAIRY FARMING SYSTEMS

Currently, CCC systems will not work for everyone.
As with any change, the farm staff must be interested
and invested in a change for it to be a success. With that
acknowledged, we see CCC as an invitation for dairy
farms to re-imagine themselves. The farming practices
used to raise cows and calves together will continue to
be as diverse as the farmers who use them. As we look
forward, we, the stakeholders (i.e., farmers, veterinar-
ians, researchers, advisors, teachers, and community
members) have a creative opportunity to dream of what
these farms could look like to better care for the environ-
ment, people, and animals that exist on a given farm. We
anticipate that farms in 30 years (2055) will look very
different from farms of today due to changes in technolo-
gy, environmental regulation, food production (e.g., syn-
thetic milk produced in bioreactors by fermenting grass
or other plants), consumer preferences, citizen attitudes,
and animal health management, to name a few. These
changes will raise important questions about balancing
the interests of cows, calves, farmers, consumers, citi-
zens, and the environment. Deliberative, broad-minded,
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cross-disciplinary work will be needed to develop sus-
tainable farming goals, which incorporates CCC systems.

Exactly what dairy farms of the future will look like or
how CCC might be managed are unknown. However, we
do know that there are important questions to research
and discuss, regardless of CCC implementation, so that
there are many evidence-based solutions for future dairy
farms. We propose a series of questions (Table 1) that
might be useful guides for those contemplating the future
of dairy systems.

CONCLUSIONS

Our review highlights the challenges and opportunities
present in the study and implementation of CCC systems.
Those studying CCC should provide clear reasoning for
their choice of “control” conditions and critically evalu-
ate the validity of the methods. Those who promote CCC
must continue to be in dialog with farmers (both in sup-
port of and against CCC), and be aware of the changing
political and economic incentives for different manage-
ment practices. To support any future CCC farmers, we
need research relating to health and performance, wean-
ing and separation, foster cows, opportunities for posi-
tive animal welfare, and the 4 pillars (i.e., governance,
social, economy, and environment) of sustainability.
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