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We aimed to assess the impact of early life housing and play experiences on
neonatal and weaned calves play behavior. A total of 96 female dairy calves
were recruited from four Scottish dairy farms and assigned to individual (n = 48),
paired (n = 24) or group (n = 24) housing at birth. Play behavior was measured
using lceTag accelerometers (Peacock Technology, UK) during two experimental
periods in the same cohort of calves, at neonatal and weaned stages. A mixed-
effects negative binomial regression analysis was used to assess how early social
housing influences the play behavior of neonatal and weaned calves. The analysis
also considered the impact of early play on the play behavior of weaned calves.
Calves housed in paired or group pens from birth performed significantly more
neonatal play compared to calves housed individually from birth. No lasting effect
of early life housing on weaned calf play behavior was observed. There was no
correlation between counts of neonatal and weaned calf play. Calves with lower
neonatal playfulness showed a numerical increase in play behavior after weaning
compared to those with higher neonatal playfulness. These findings add to the
growing body of literature indicating that early life social housing provides a more
positive welfare experience for pre-weaned dairy calves. The study also highlights
the need for future research to understand the impact of rearing experiences and
different management systems on play behavior in weaned calves.
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1 Introduction

The early life housing experience of dairy calves impacts their development, health, and
welfare. Research has demonstrated the importance of early life socialization of calves and
links social housing, where calves are reared in pairs or groups, to improvements in growth,
feed intake and cognitive development (1). However, despite the growing body of evidence
supporting social housing, individual housing remains the most prevalent type of housing for
newborn dairy calves in the United Kingdom (2), the USA (3) and in several European
countries (4-6).

Newborn dairy calves have traditionally been housed in individual pens due to the
perceived benefits of controlling respiratory and enteric pathogens (4) with health concerns
commonly found to be the main limiting factor for producers adopting social housing (2).
However, data supporting these hypotheses are conflicting, with some authors reporting an
increased risk of diseases including bovine respiratory disease (BRD) and neonatal calf
diarrhea (7, 8) in socially housed calves; while others report no difference (9) or even
improvements in health parameters in socially housed calves (10). Cross-suckling, where

01 frontiersin.org


https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fvets.2025.1683861&domain=pdf&date_stamp=2025-09-08
https://www.frontiersin.org/articles/10.3389/fvets.2025.1683861/full
https://www.frontiersin.org/articles/10.3389/fvets.2025.1683861/full
https://www.frontiersin.org/articles/10.3389/fvets.2025.1683861/full
mailto:ciara.mckay@glasgow.ac.uk
https://doi.org/10.3389/fvets.2025.1683861
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://www.frontiersin.org/journals/veterinary-science#editorial-board
https://doi.org/10.3389/fvets.2025.1683861

McKay et al.

calves suckle on each other, is often seen as a negative behavior
associated with paired and group housing (2, 3). However, because it’s
driven by hunger and motivation to suckle (11), it may be reduced by
increasing milk volumes, using teats instead of open buckets, and
providing enrichment like dummy teats or scented hay (12, 13).

Another suggested advantage of individual housing is to allow
individualized feeding regimes (14). Some producers cite concern
over the monitoring of individual calf feeding habits as a drawback to
social housing (2). The growing popularity of automated calf feeders
has overcome these concerns as they allow producers to create
individualized feed plans and monitoring systems in group-housed
calves (15). Moreover, social housing facilitates learning of feeding
behaviors and can lead to increased starter feed intakes compared to
individually housed calves (16-18). Improved feed consumption in
socially housed calves can have a positive impact on growth, and
multiple studies have shown increased daily liveweight gain over the
pre-weaning period in calves housed in pairs or groups compared to
individually housed calves (16, 19).

Social housing can improve cognitive and behavioral development
in dairy calves. Pair-housed calves are reported to have more bold and
competitive personality traits than individually housed calves (20).
Compared with calves reared individually from birth, calves raised in
group and pair settings are more accepting of changes to their
management including the introduction of new feedstuffs (21), new
environments (22) and meeting unfamiliar calves (23). Additionally,
calves reared in social settings form bonds with their pen-mates and
show a preference to interact with familiar calves over other pen-mates
(24, 25). Social bonds formed early in life provide emotional support
that may allow calves to better cope with stressful events such as
weaning or mixing of social groups (26).

The long-term benefits of early life housing on calf development and
the influence of early social experience on adult cattle is a topic of
growing interest. When subjected to behavioral testing at 6 months old,
calves reared in social settings, either with their dam or with other calves,
display more social behaviors toward other calves and have a shorter
latency to enter an open arena compared to individually reared calves
(27). It has been shown that the social behaviors learned early in life aid
calves with the transition into the mature dairy herd, where socially
reared calves are more dominant later in life, adapt better to competition
in cubicle housing and are more likely to remain in the herd past the first
lactation than individually reared calves (28, 29). However, even with
these improved adult social skills, studies have failed to find a link
between early life socialization and improved production parameters
such as fertility or milk yield (29, 30). Despite knowing the short-term
welfare benefits and long-term developmental benefits of early life social
housing, the lasting impact of early life housing on calf welfare,
specifically the impact on play behavior, has not been investigated.

The welfare impact of different calf housing types can be measured
using behavioral monitoring. Play behavior is performed by calves
when they feel free from stress or threats to their wellbeing and is
widely recognized as an indicator of positive animal welfare (31). The
role of play in calf development is not fully understood, however it has
been suggested that play may be important for building social skills and
preparing calves to cope within a mature herd setting (32). Variability
in playfulness, both at an individual and group level, may be related to
welfare-relevant factors such as health or environmental challenges
which negatively influence the animal’s affective state (31). The welfare
impact of different calf management systems can be assessed using
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play, where increased play behavior would indicate that an environment
provides a more positive welfare experience. It is widely reported that
calves housed socially from birth are more active and display more play
behavior than calves housed individually throughout the whole
pre-weaning period (10, 33-35). Though several authors have shown
the association between social housing and increased play behavior,
most studies record play using direct visual behavioral observations
which can be labor intensive and are often not practical in an on-farm
setting (36). Play can also be monitored using wearable accelerometer
devices, and over the past decade, different devices have been validated
to measure play in dairy calves of varying ages in the pre- and post-
weaning periods (37-41). Despite technological advances to monitor
calf play behavior, no studies to date have used direct accelerometer
outputs to measure calf play behavior to compare the welfare states
across multiple different on-farm early life housing conditions.

Across two sampling periods, we examined the impact of early life
housing on neonatal and weaned dairy calf play behavior. In Period 1,
leg mounted accelerometer technology was used to measure play
behavior in calves across individual, pair and group housing from
birth. We hypothesized that calves in social housing types would play
more than calves in individual pens. In Period 2, the same leg mounted
accelerometer technology was used to measure play behavior in the
same cohort of calves post-weaning, to determine if early life housing
and early life play experiences influence play in older calves.
We hypothesized that calves housed socially pre-weaning would play
more post-weaning than individually housed calves and that,
regardless of housing type, calves categorized as more playful early in
life would remain more playful after weaning.

2 Materials and methods
2.1 Calf recruitment

A total of 96 Holstein, Friesian and Holstein-Friesian cross calves
were recruited at birth from four commercial year-round calving dairy
herds in central and southwest Scotland. Only female calves subject to
unassisted birth were eligible for recruitment. Data were collected over
a 26-month period from March 2022 to May 2024. Farms were
recruited based on their current calf housing practices and a willingness
to adopt an additional method of housing for a proportion of calves for
the duration of the study. Herd size ranged from 170 to 850 milking
cows. A priori a sample size of 24 calves per farm was selected based
on similar previous work comparing play between housing types (33—
35) together with practical consideration. For Period 1, 12 neonatal
calves per farm were assigned to housing in individual pens (Farms 1,
2,3 &4) and 12 neonatal calves per farm were assigned to housing in
paired (Farms 1 & 4) or group pens (Farms 2 & 3).

2.2 Calf management

Calf management practices varied between farms and are
summarized in Table 1. All calves had their umbilici dipped with an
iodine solution and were fitted with an identification ear tag immediately
after birth, following UK animal identification regulations. On all farms,
calves received colostrum within 4-6 hours of birth and were removed
from the dam soon after (< 8 h after birth). Two farms housed calves
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TABLE 1 Summary of pre- and post-weaning calf housing and nutritional management.

Management Farm1

characteristic

Milking herd size 430 170 850 240

Calf breed Holstein Friesian Holstein Holstein Friesian
Calf birthweight 39kg 43 kg 39kg 50 kg

(mean; range) (28-49 kg) (37-51kg) (29-53 kg) (38-58 kg)
Colostrum 4 L via stomach tube 3 L via stomach tube 4 L via bottle 4 L via bottle
management

Pre-weaning Straw-bedded individual or paired

housing hutches with an outside run from

birth to 6 days old birth to weaning

Straw-bedded individual or

group pens of 4-5 calves from

Straw-bedded individual or group pens Straw-bedded individual or

of 5-6 calves from birth to 10 days old paired pens from birth to

14 days old

Pre-weaning pen Individual: 1.5mx 1.Imx 1.2 m
hutch & 1.4 m x 1.1 m run

Paired: 2.2 m x 1.2 m x 1.5 m hutch

dimensions

& 1.6 mx 1.2 mrun

Individual: 1.6 m x 0.95 m
Group: 3.1 mx 2.1 m

Individual: 1.5 m x 0.92 m Individual: .8 mx 1.2 m

Group: 3.0 mx 3.0 m Paired: 1.8 mx 1.8 m

Pre-weaning space Individual: 3.19m? /calf (total)

Individual: 1.52m? /calf

Individual: 1.38m? /calf Individual: 2.16m? /calf

allowance Paired: 2.28m? /calf (total) Group: 1.30-1.62m” /calf Group: 1.50-1.80m” /calf Paired: 1.62m” /calf
Milk feeding 3 L milk replacer twice daily via teat | 3 L milk replacer twice daily via | 3 L transition milk twice daily via teat 3 L milk replacer twice daily
management bucket open bucket bottle until 3 days old, then 3 L milk via open bucket
replacer twice daily via teat bucket

Milk replacer 24% crude protein (whey), 24% crude protein (whey), 23% crude protein (skim), 23% crude protein (whey),
composition 20% crude fat, 20% crude fat, 25.5% crude fat, 18% crude fat,

0% crude fiber, 0% crude fiber, < 0.05% crude fiber, 0% crude fiber,

7.5% crude ash 7.5% crude ash 7% crude ash 7.5% crude ash
Weaning 7-day milk volume reduction to 5-day milk volume reduction to | 5-day milk volume reduction to wean by = 5-day milk volume
management wean by 56 days old wean by 70 days old 65 days old reduction to wean at 60 days

old

Post-weaning Igloo with straw-bedded group pen

Straw-bedded group pen of up

Straw-bedded group pen of up to 30 Straw-bedded group pen of

allowance

housing of up to 10 calves to 10 calves calves up to 20 calves
Post-weaning pen 39mx44mx22migloo&51m | 84mx49m 54x18.1m 14.0 x 10.5m
dimensions x 5.1 m pen

Post-weaning space 4.32m? /calf (total) 4.12m? /calf 3.26m? /calf 7.35m? /calf

both individually and in pairs, with one farm using straw-bedded calf
pens and the other using straw-bedded hutches. The remaining two
farms housed calves both individually and in groups in straw-bedded
calf pens accommodating four to six calves per group. All housing types
met, or exceeded, the minimum standards for housing calves according
to the European Council Directive 2008/119/EC. Milk feeding was
provided twice daily from a teat or an open bucket. Three farms provided
a commercial milk replacer product immediately after colostrum
feeding, while one farm provided cow’s transition milk for 3 days before
feeding commercial milk replacer (Table 1). Calves on all farms had ad
libitum access to water, roughage and concentrates starting from birth.
Age of weaning and weaning protocols varied between farms (Table 1).
All calves were housed in straw-bedded group pens following weaning.

2.3 Period 1: data collection on neonatal
calf play behavior

Following birth, calves were assigned by farm staff to a housing
group depending on pen availability on the farm. Within 24 h of birth,
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calves were fitted with a tri-axial accelerometer (IceTag, Peacock
Technology Ltd., UK) on the lateral hindlimb following the protocol
described by Gladden et al. (39). The data output from this
accelerometer, specifically the metric termed “motion index” (MI),
which is a measure of overall animal activity, has been validated for
measuring play behavior in neonatal dairy calves (39). Motion index
is a proprietary metric generated by the IceTag which takes into
account the duration and forces applied during movement to provide
an overall indication of animal activity (39).

At the time of IceTag application, calves were weighed to establish
birth weight using either an electronic scale or weigh band placed
around the girth behind the forelimb. Additionally, calves were
visually examined by a veterinarian from the Scottish Center for
Production Animal Health & Food Safety (SCPAHES) to assess health
status before IceTag application. IceTags were attached to measure
neonatal calf play behavior over a 48-h recording period from 24 to
72 h old. In paired pens, IceTags were attached to one calf only, with
the other calf in the pair acting as a companion animal. In group pens,
IceTags were attached to a maximum of two calves at any one time,
with all other calves in the pen acting as companion animals. IceTags
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were removed at the end of the recording period and the data were
downloaded using an IceReader device and IceManager software
(Peacock Technology Ltd., UK). Data were output as 1-min sampling
intervals and the presence or absence of play in each interval was
recorded using a MI threshold of > 3 (39). Complete IceTag datasets
were available for 85 out of the 96 recruited calves, as 11 calves had
missing data due to the accelerometer malfunction.

2.4 Period 2: data collection on weaned
calf play behavior

Play behavior was measured in the same cohort of calves following
weaning when the calves were aged 3-5 months old (mean 139 d,
SD + 16 d). IceTags were fitted to the lateral hindlimb of each calf for
a 48-h recording period following the protocol described by McKay
etal. (41). Data collection was performed over a two-week period on
each farm individually, with staggered recording periods that meant
IceTags were fitted to a maximum of six calves per pen at any one time.
Farm medicine records were consulted at the time of IceTag
application to record any treatment or disease events, including
diarrhea, bovine respiratory disease, bloat and omphalitis, occurring
between birth and the second data collection period. IceTags were
removed at the end of the recording period and the data were
downloaded as for the neonatal calves. Data were output as 15-min
sampling intervals and the presence or absence of play in each interval
was recorded using a MI threshold of > 69 (41). Complete IceTag
datasets were available for 74 out of the 85 calves with full neonatal
datasets either due to accelerometer malfunction (# = 6) or mortality
(n=5).

2.5 Ethics statement

Ethical approval for the study was obtained from the University of
Glasgow School of Veterinary Medicine Research Ethics Committee
(ref EA15/22).

2.6 Statistical analysis

Data were organized and summarized in Microsoft Excel (Version
2,411, Microsoft Corporation, USA) and exported to Stata 18 (Release
18, StataCorp LLC, USA) for analysis. Data were examined for
normality by the visual appraisal of histograms and the Shapiro Wilks
tests of normality. Descriptive statistics were calculated for each
recording period (neonatal and weaned) to establish the percentage of
IceTag output intervals in which calves were engaged in play. Boxplots
were constructed to visually assess the factors influencing counts of
neonatal and weaned play.

Cumulative incidence of disease was 33.8% (27.0% [20/74]
pneumonia; 1.4% [1/74] diarrhea; 2.7% [2/74] bloat; 2.7% [2/74]
omphalitis). Due to a low incidence of individual diseases within the
dataset, any recording of disease was dichotomised within a “health
event” (yes/no) variable. To establish if calves remain more playful
over time, calves were categorized into a “play quartile” based,
regardless of housing type, on their count of neonatal play with Q1
calves being the least playful and Q4 calves being the most playful. All
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other data including housing type, dam parity and farm were analyzed
as categorical variables.

To determine if calves housed socially play more than calves
housed individually in Period 1, a multilevel mixed effects negative
binomial regression model was used to analyze the impact of early life
housing on count of neonatal play behavior, using neonatal housing
type and dam parity as fixed effects. To determine if early life housing
and early life playfulness influence play in older calves during Period
2, a second multilevel mixed effects negative binomial regression
model was used to analyze the impact of early life experience on count
of weaned play behavior, using neonatal housing type, dam parity,
health event and neonatal play quartile as fixed effects. For both
models, farm and calf ID were included as random effects, with calf
ID nested within farm. Stepwise regression using Akaike Information
Criterion (AIC) was conducted to find the best model significance
and fit. Post-hoc pairwise comparison was used to assess differences
in incidence rate ratio (IRR) for categorical variables with three or
more levels. Results were considered statistically significant at
p<0.05.

3 Results

3.1 Period 1: observed influences on
neonatal calf play behavior

Regardless of housing type, across the 48-h recording period the
mean percentage of all 1-min IceTag intervals in which neonatal calves
were found to be playing was 10% (292/2880) and ranged from 4%
(110/2880) for the least playful calf, to 22% (635/2880) for the most
playful calf. The mean percentage of intervals playing differed between
housing types with individually housed calves playing in 9%
(247/2880) of intervals, pair-housed calves playing in 11% (322/2880)
of intervals and group-housed calves playing in 12% (353/2880)
of intervals.

Eighty-five calves were included in the final analysis of neonatal
play behavior (Table 2). Compared to calves housed individually, pair-
housed calves had a 1.29 times higher rate of play (p = 0.002) while
group-housed calves had a 1.43 times higher rate of play (p < 0.001).
Post hoc pairwise comparison of group-housed calves versus pair-
housed calves found no significant difference in play between the two
housing types (IRR = 1.11; p = 0.334). There was no difference in
neonatal play between calves born to multiparous compared to
primiparous dams (IRR = 1.10; p = 0.170).

3.2 Period 2: observed influences on
weaned calf play behavior

Regardless of housing type, across the 48-h recording period the
mean percentage of 15-min IceTag intervals in which weaned calves
were found to be playing was 23% (45/192) and ranged from 5%
(10/192) for the least playful calf to 44% (84/192) for the most playful
calf. The mean percentage intervals of playing differed between
housing types with previously individually housed calves playing in
23% (44/192) of intervals, previously pair-housed calves playing in
26% (49/192) of intervals and previously group-housed calves playing
in 23% (44/192) of intervals.
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TABLE 2 Final multilevel mixed effects negative binomial regression model of count of neonatal calf play behavior.

Variable Incidence rate ratio Standard error z p>|z| 95% confidence
interval

Early life housing

Individual Reference

Paired 1.29 0.11 3.04 0.002 1.10-1.53

Group 1.43 0.11 4.77 <0.001 1.24-1.66

Dam parity

Primiparous Reference

Multiparous 1.10 0.08 1.37 0.170 0.96-1.27

Seventy-four calves were included in the final analysis of weaned
play behavior (Table 3). No effect of early life housing on weaned calf
play behavior was detected, with no significant difference in weaned
play between paired versus individually reared calves (IRR = 1.21;
p=0.381); group versus individually reared calves (IRR =1.03;
p =0.789) or group versus pair reared calves (IRR = 0.91; p = 0.599).
Dam parity also had no significant impact on weaned calf play
(IRR = 1.03; p = 0.801). The presence of a health event between the
two experimental periods (IRR = 1.06; p = 0.534) had no significant
impact on weaned calf play.

No correlation between the count of neonatal play and the count
of weaned play was identified (Figure 1). There was no difference in
weaned play between calves in different neonatal play quartiles,
though compared to calves in the highest neonatal play quartile (Q4),
all calves in the lower quartile of play displayed numerically more play
when weaned (Q4 versus Q3 IRR = 1.22; p = 0.143; Q4 versus Q2
IRR = 1.15; p = 0.260; Q4 versus Q1 IRR = 1.09; p = 0.555).

4 Discussion

We found that calves housed in either paired or group pens from
birth engaged in more neonatal play behavior than calves housed
individually. This finding agrees with other studies reporting increased
play in calves housed in pairs (34) or groups (33, 35) from birth. Given
that play is an indicator of positive animal welfare, our results suggest
that social housing from birth provides calves with a better early life
experience. Moreover, play is believed to support somatic
development, build fitness and enhance physical and emotional skills
that may be required later in life (31). The improved play experience
observed in socially housed calves may therefore provide them with a
longer term developmental advantage over less playful individually
housed calves. Interestingly, we found no difference in neonatal play
between pair-housed and group-housed calves. Given the known
relationship between increased space allowance and increased calf
play behavior (42), it is possible that the lower space allowance per calf
in the group pens reduced their ability to perform unrestricted play.
Alternatively, these findings may indicate that the presence of social
companionship, regardless of group size, promotes play and improved
calf welfare. Though no previous studies have compared pair and
group housing, Lv et al. (35) similarly found no difference in play
between calves housed in groups of three, six or twelve. The contagious
nature of play, where it becomes more likely for pen-mates to start
playing after an individual play bout is started (31), likely contributes
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to an increase in this behavior and an improvement in affective state
in socially housed calves. This finding is important for producers
looking to implement social housing, as a housing type can be selected
based on factors such as ease of management or space availability
since all social housing types, regardless of group size, increase play
and improve early life welfare.

Recent work assessing calf vigor in beef suckler herds has shown
that calves born from primiparous cows are less vigorous and take
more time to stand following birth than calves born from multiparous
cows (43). We therefore hypothesized that calves born to primiparous
dams may be less active and display less play behavior in the neonatal
recording period; however, we found no dam parity effect on neonatal
play. This finding may be explained by our calf recruitment protocol
where only calves born from unassisted calvings were eligible for
inclusion in the study. Primiparous cows are three times more likely
to experience dystocia compared to multiparous cows (44) and
assisted calving has been associated with reduced play behavior in
newborn dairy calves in the first 48 h of life (45). Additionally,
primiparous cows display reduced motivation to attend to their
offspring immediately after calving which may reduce calf vigor and
latency to stand (46) though in our study, calves were separated from
the dam immediately after birth so poorer mothering by primiparous
animals was less likely to impact calf activity.

The impact of early life housing on calf development is an area of
growing interest, and multiple previous studies have found early social
housing to have a positive long-term impact on calf behavior. Studies
have indicated that personality traits such as boldness or social
behaviors such as exploration of novel environments and interaction
with new pen-mates are influenced by early life housing, with
individually housed calves being characterized as less bold and more
reactive to social novelty (23, 47). The negative impact of early life
individual housing on calf behavior appears to carry forward and has
been shown to negatively impact calves’ adaptation to new
environments and social groups at key management stages such as
after weaning (48), at 6 months old (27) and when introduced to the
adult herd prior to first calving (28). We found no lasting impact of
early life housing on play behavior in weaned calves, suggesting that
play may not be a learned behavior or personality type which is
influenced by early life housing. If play is a behavioral response to
positive welfare conditions rather than a developed personality trait,
these findings suggest that a reduced early life play experience can
be overcome. This finding is particularly important for systems such
as those buying in replacement heifers or calf finishing units where
calf management is not controlled by the final producer. As play is a
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TABLE 3 Final multilevel mixed effects negative binomial regression model of count of weaned calf play behavior.

Variable Incidence rate ratio Standard error p > |z| 95% confidence interval
Early life housing
Individual Reference
Paired 1.12 0.15 0.88 0.381 0.87-1.45
Group 1.03 0.12 0.27 0.789 0.82-1.30
Dam parity
Primiparous Reference
Multiparous 1.03 0.11 0.25 0.801 0.84-1.25
Health event
No Reference
Yes 1.06 0.10 0.62 0.534 0.88-1.28
Play quartile
Q4 Reference
Q3 1.22 0.16 1.46 0.143 0.94-1.58
Q2 1.15 0.15 1.13 0.260 0.90-1.48
Q1 1.09 0.16 0.59 0.555 0.82-1.45
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FIGURE 1
Scatterplot and regression line demonstrating the correlation between count of neonatal and weaned calf play behavior by housing type.

dynamic behavior that is highly influenced by current housing and
management factors such as space allowance, social contact and food
availability (19, 24, 42), producers may potentially reverse poor early
life experiences and improve immediate welfare states by providing
enriched, comfortable environments to facilitate play after weaning.
While early life play experience is believed to strengthen an
animal’s physical and mental capabilities to allow them to perform
more play later in life (31), we found no difference in weaned play
between calves characterized as more or less playful early in life — a
contrast to our original hypothesis. We found that compared to the
most playful neonatal calves (Q4), calves characterized as less playful
in the neonatal period displayed numerically more play events in the
weaned play recording period. Although no significant relationship
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was found, this difference could be linked to a long-term rebound
effect of restricted early life play. While no studies have shown that
motivation to play builds over a prolonged period, previous work has
described a short-term impact of restricted play: pre-weaned calves
deprived of the ability to play in individual pens will build motivation
to play and will display increased play behavior compared to socially
reared calves when exposed to an environment with ample space
allowance (49, 50).

A limitation of our study is the variation in weaned calf housing,
particularly space allowance, across the four farms in Period 2. While
the effect of space allowance on weaned calf play behavior has not been
studied, it is well understood that increased space allowance is associated
with increased play in the home pen of pre-weaned dairy calves (42, 51).
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Low space allowance does not prevent play behavior but restricts the
capacity of multiple calves to perform it simultaneously (52). Given that
accelerometers were used to measure play in up to six weaned calves
during each recording period, it is possible that some calves on the farms
with lower space allowance were unable to express play at all times.
Additionally, social structure and familiarity of pen mates may have
influenced expression of play in the weaned calf recording period as it
is known that calves form social bonds early in life which can carry
forward to promote more positive social behavioral interactions after
weaning (53). Findings regarding the impact of early life experience on
weaned calf play are potentially confounded by management and may
vary across different farms depending on with different space allowances
and social structures. To investigate this relationship further, future work
studying a greater number of farms and husbandry systems is warranted.

When assessed using visual observations, calf play behavior has
been reported to decline with increasing age (52, 54). Similar effects
(comparing play in the neonatal and post-weaning periods) could not
be assessed in this study due to the nature of accelerometer data
recording which defines only the presence or absence of play within a
given period but does not describe the exact count, duration and
nature of play. Several authors have reported restrictions in the ability
of accelerometer technology to accurately describe the nature of
specific calf behaviors including play (39-41, 55). At this time, the use
of IceTags to measure play behavior is limited to a research setting as
these devices have become commercially unavailable since the
completion of this study. An unavoidable limitation of using
accelerometer technology as an alternative to visual observation in the
study of calf play behavior is the need for validation which is specific
to the device and management system studied. Various commercially
available accelerometers exist as wearable devices for calves (15), and
it is recommended that this technology is validated to measure play in
order to be used for real-time, on-farm welfare assessment.

Given the limitations of using accelerometer technology to
monitor calf play behavior, it is recommended that future work should
also focus on validating alternative forms of commercially available
technology for on-fam behavioral analysis and welfare assessment.
Recent work by Vazquez-Diosdado et al. (56) used location data
provided by ultra-wideband sensors to monitor calf play behavior over
18 weeks. Unlike accelerometers, this technology allowed constant
and detailed reporting of play behavior and may be the future of both
research-based and on-farm sensor-driven measurement of calf play
behavior. Computer vision (CV), which uses cameras and machine
learning techniques to analyze the behavior of farm animals, can
provide useful insights into calf health and welfare by tracking changes
in animal posture, activity and behavioral patterns (57). While this
technology is not currently validated to measure play in calves, it may
have the potential to offer a fully automated, non-invasive method of
measuring play, and thus positive welfare states, in calves.

5 Conclusion

This study provides valuable insights into the impact of early life
housing and play experiences on the behavior of dairy calves. Our
findings show that calves housed in paired or group pens from birth
perform more neonatal play than calves housed individually and
confirms that social housing from birth should be promoted on farms in
order to improve early life welfare. Contrary to our hypothesis, we found
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no lasting impact of early life housing or early life playfulness on post-
weaning play behavior. These findings suggest that the welfare impacts
of early life housing, both positive and negative, do not carry forward
into later stages of development and that negative early life experiences
can potentially be compensated for with improved management
conditions after weaning. Although early play experience is believed to
strengthen an animal’s future capability to play, our findings suggest that
play is more of a dynamic positive behavioral response influenced by
current management and environmental factors. The results of our study
indicate that future work is required to understand the balance between
behavioral development and management factors which influence play
behavior in weaned calves. It is recommended to implement social
housing from birth in order to improve neonatal calf well-being, with
ongoing awareness of the importance of adapting post-weaning
management to maintain these benefits.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The animal studies were approved by University of Glasgow
School of Veterinary Medicine Research Ethics Committee. The
studies were conducted in accordance with the local legislation and
institutional requirements. Written informed consent was obtained
from the owners for the participation of their animals in this study.

Author contributions

CM: Writing - original draft, Data curation, Formal analysis,
Conceptualization, Writing - review & editing, Investigation,
Methodology. KE: Conceptualization, Writing — review & editing,
Supervision, Methodology. MH: Supervision, Writing - review &
editing, Methodology, Conceptualization. NG: Conceptualization,
Supervision, Methodology, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work forms part of
CM’s Master of Veterinary Medicine (MVM) research which is partly
funded by the Hannah Dairy Research Foundation. Scotland’s Rural
College (SRUC) receives funding from the Rural and Environment
Science and Analytical Services Division (RESAS), Scottish
Government.

Acknowledgments

The authors would like to thank the participating farm staff and
Catriona Fergusson for their invaluable assistance during the data
collection period.

frontiersin.org


https://doi.org/10.3389/fvets.2025.1683861
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

McKay et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial

References

1. Costa JHC, von Keyserlingk MAG, Weary DM. Invited review: effects of group
housing of dairy calves on behavior, cognition, performance, and health. ] Dairy Sci.
(2016) 99:2453-67. doi: 10.3168/jds.2015-10144

2. Mahendran SA, Wathes DC, Booth RE, Blackie N. A survey of calf management
practices and farmer perceptions of calf housing in UK dairy herds. J Dairy Sci. (2022)
105:409-23. doi: 10.3168/jds.2021-20638

3. Doyle SB, Wickens CL, Van Os JMC, Miller-Cushon EK. Producer perceptions of
dairy calf management, behavior, and welfare. J Dairy Sci. (2024) 107:6131-47. doi:
10.3168/jds.2023-24363

4. Marcé C, Guatteo R, Bareille N, Fourichon C. Dairy calf housing systems across
Europe and risk for calf infectious diseases. Animal. (2010) 4:1588-96. doi:
10.1017/S1751731110000650

5. Stanék S, Zink V;, Dolezal O, Stolc L. Survey of preweaning dairy calf-rearing
practices in Czech dairy herds. J Dairy Sci. (2014) 97:3973-81. doi: 10.3168/jds.2013-7325

6. Klein-Jobstl D, Arnholdt T, Sturmlechner E Iwersen M, Drillich M. Results of an
online questionnaire to survey calf management practices on dairy cattle breeding farms
in Austria and to estimate differences in disease incidences depending on farm structure
and management practices. Acta Vet Scand. (2015) 57:44-10. doi:
10.1186/s13028-015-0134-y

7. Cobb CJ, Obeidat BS, Sellers MD, Pepper-Yowell AR, Ballou MA. Group housing
of Holstein calves in a poor indoor environment increases respiratory disease but does
not influence performance or leukocyte responses. J Dairy Sci. (2014) 97:3099-109. doi:
10.3168/jds.2013-7823

8. Curtis GC, Argo CM, Jones D, Grove-White DH. Impact of feeding and housing
systems on disease incidence in dairy calves. Vet Rec. (2016) 179:512-2. doi:
10.1136/vr.103895

9. Abdelfattah EM, Aly SS, Lehenbauer TW, Karle BM. Effects of simplified group
housing on behavior, welfare, growth performance, and health of preweaned dairy calves
on a California dairy. J Dairy Sci. (2024) 107:3927-40. doi: 10.3168/jds.2023-23820

10. Mahendran SA, Wathes DC, Booth RE, Baker N, Blackie N. Effects of individual
and pair housing of calves on short-term health and behaviour on a UK commercial
dairy farm. Animals. (2023) 13:2140. doi: 10.3390/ani13132140

11. Jensen MB. The effects of feeding method, milk allowance and social factors on
milk feeding behaviour and cross-sucking in group housed dairy calves. Appl Anim
Behav Sci. (2003) 80:191-206. doi: 10.1016/S0168-1591(02)00216-2

12. Reipurth M, Klausen SK, Denwood M, Forkman B, Houe H. The effect of age when
group housed and other management factors on playing and non-nutritive sucking
behaviour in dairy calves: a cross sectional observational study. Acta Vet Scand. (2020)
62:63. doi: 10.1186/s13028-020-00562-y

13. Zhang C, Juniper DT, Meagher RK. Effects of physical enrichment items and social
housing on calves’ growth, behaviour and response to novelty. Appl Anim Behav Sci.
(2021) 237:105295. doi: 10.1016/j.applanim.2021.105295

14. Hulbert LE, Moisa S]J. Stress, immunity, and the management of calves. ] Dairy Sci.
(2016) 99:3199-216. doi: 10.3168/jds.2015-10198

15. Costa JHC, Cantor MC, Neave HW. Symposium review: precision technologies
for dairy calves and management applications. J Dairy Sci. (2021) 104:1203-19. doi:
10.3168/jds.2019-17885

16. Costa JHC, Meagher RK, von Keyserlingk MAG, Weary DM. Early pair housing
increases solid feed intake and weight gains in dairy calves. ] Dairy Sci. (2015) 98:6381-6.
doi: 10.3168/jds.2015-9395

17. Mahendran SA, Claire Wathes D, Booth RE, Blackie N. The health and behavioural
effects of individual versus pair housing of calves at different ages on a UK commercial
dairy farm. Animals. (2021) 11:1-15. doi: 10.3390/ani11030612

Frontiers in Veterinary Science

10.3389/fvets.2025.1683861

intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

18. Ahmadi F, Ghasemi E, Alikhani M, Akbarian-Tefaghi M, Hosseini Ghaffari M.
Effects of group housing and incremental hay supplementation in calf starters at
different ages on growth performance, behavior, and health. Sci Rep. (2022) 12:3190. doi:
10.1038/541598-022-07210-7

19.Jensen MB, Duve LR, Weary DM. Pair housing and enhanced milk allowance
increase play behavior and improve performance in dairy calves. J Dairy Sci. (2015)
98:2568-75. doi: 10.3168/jds.2014-8272

20. Suchon M, Ede T, Vandresen B, von Keyserlingk MAG. Social housing improves
dairy calves’ performance in a competition test. JDS Commun. (2023) 4:479-83. doi:
10.3168/jdsc.2023-0378

21. Costa JHC, Daros RR, von Keyserlingk MAG, Weary DM. Complex social housing
reduces food neophobia in dairy calves. ] Dairy Sci. (2014) 97:7804-10. doi:
10.3168/jds.2014-8392

22.Duve LR, Jensen MB. Social behavior of young dairy calves housed with limited
or full social contact with a peer. J Dairy Sci. (2012) 95:5936-45. doi:
10.3168/jds.2012-5428 1

23.De Paula Vieira A, de Passillé AM, Weary DM. Effects of the early social
environment on behavioral responses of dairy calves to novel events. ] Dairy Sci. (2012)
95:5149-55. doi: 10.3168/jds.2011-5073

24.Duve LR, Jensen MB. The level of social contact affects social behaviour in pre-
weaned dairy calves. Appl Anim Behav Sci. (2011) 135:34-43. doi:
10.1016/j.applanim.2011.08.014

25. Lindner EE, Gingerich KN, Burke KC, Doyle SB, Miller-Cushon EK. Effects of social
housing on dairy calf social bonding. Animals. (2022) 12:821. doi: 10.3390/ani12070821

26. de Paula Vieira A, von Keyserlingk MAG, Weary DM. Effects of pair versus single
housing on performance and behavior of dairy calves before and after weaning from
milk. J Dairy Sci. (2010) 93:3079-85. doi: 10.3168/jds.2009-2516

27. Jensen MB, Munksgaard L, Mogensen L, Krohn CC. Effects of housing in different
social environments on open-field and social responses of female dairy calves. Acta Agric
Scand. (1999) 49:113-20. doi: 10.1080/090647099424178

28. Clein DA, Lindner EE, Bonney-King J, Miller-Cushon EK. Long-term effects of
preweaning social housing on response to a social and housing transition in pregnant
heifers. J Dairy Sci. (2024) 107:11524-35. doi: 10.3168/jds.2024-25179

29. Mahendran SA, Wathes DC, Booth RE, Blackie N. Effects of the individual and
pair housing of calves on long-term heifer production on a UK commercial dairy farm.
Animals. (2024) 14:125. doi: 10.3390/ani14010125

30. Valni¢kové B, Sarova R, Spinka M. Early social experiences do not affect first
lactation production traits, longevity or locomotion reaction to group change in female
dairy cattle. Appl Anim Behav Sci. (2020) 230:105015. doi: 10.1016/j.applanim.2020.10501

31.Held SDE, Spinka M. Animal play and animal welfare. Anim Behav. (2011)
81:891-9. doi: 10.1016/j.anbehav.2011.01.007

32. Whalin L, Weary DM, von Keyserlingk MAG. Understanding behavioural
development of calves in natural settings to inform calf management. Animals. (2021)
11:2446. doi: 10.3390/anil11082446

33. Babu LK, Pandey HN, Sahoo A. Effect of individual versus group rearing on
ethological and physiological responses of crossbred calves. Appl Anim Behav Sci. (2004)
87:177-91. doi: 10.1016/j.applanim.2004.01.006

34. Duve LR, Weary DM, Halekoh U, Jensen MB. The effects of social contact and milk
allowance on responses to handling, play, and social behavior in young dairy calves. J
Dairy Sci. (2012) 95:6571-81. doi: 10.3168/jds.2011-5170

35.Lv ], Zhao XW, Su H, Wang ZP, Wang C, Li JH, et al. Effects of group size on the

behaviour, heart rate, immunity, and growth of Holstein dairy calves. Appl Anim Behav
Sci. (2021) 241:105378. doi: 10.1016/j.applanim.2021.105378

frontiersin.org


https://doi.org/10.3389/fvets.2025.1683861
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.3168/jds.2015-10144
https://doi.org/10.3168/jds.2021-20638
https://doi.org/10.3168/jds.2023-24363
https://doi.org/10.1017/S1751731110000650
https://doi.org/10.3168/jds.2013-7325
https://doi.org/10.1186/s13028-015-0134-y
https://doi.org/10.3168/jds.2013-7823
https://doi.org/10.1136/vr.103895
https://doi.org/10.3168/jds.2023-23820
https://doi.org/10.3390/ani13132140
https://doi.org/10.1016/S0168-1591(02)00216-2
https://doi.org/10.1186/s13028-020-00562-y
https://doi.org/10.1016/j.applanim.2021.105295
https://doi.org/10.3168/jds.2015-10198
https://doi.org/10.3168/jds.2019-17885
https://doi.org/10.3168/jds.2015-9395
https://doi.org/10.3390/ani11030612
https://doi.org/10.1038/s41598-022-07210-7
https://doi.org/10.3168/jds.2014-8272
https://doi.org/10.3168/jdsc.2023-0378
https://doi.org/10.3168/jds.2014-8392
https://doi.org/10.3168/jds.2012-5428
https://doi.org/10.3168/jds.2011-5073
https://doi.org/10.1016/j.applanim.2011.08.014
https://doi.org/10.3390/ani12070821
https://doi.org/10.3168/jds.2009-2516
https://doi.org/10.1080/090647099424178
https://doi.org/10.3168/jds.2024-25179
https://doi.org/10.3390/ani14010125
https://doi.org/10.1016/j.applanim.2020.10501
https://doi.org/10.1016/j.anbehav.2011.01.007
https://doi.org/10.3390/ani11082446
https://doi.org/10.1016/j.applanim.2004.01.006
https://doi.org/10.3168/jds.2011-5170
https://doi.org/10.1016/j.applanim.2021.105378

McKay et al.

36. Bateson M, Martin P. Recording methods In: M Bateson and P Martin, editors.
Measuring behaviour: an introductory guide. Cambridge: Cambridge University Press
(2021). 94-109.

37. Rushen J, de Passillé AM. Automated measurement of acceleration can detect
effects of age, dehorning and weaning on locomotor play of calves. Appl Anim Behav Sci.
(2012) 139:169-74. doi: 10.1016/j.applanim.2012.04.011

38. Luu J, Johnsen JE Passillé AMde, Rushen J. Which measures of acceleration best
estimate the duration of locomotor play by dairy calves? Appl Anim Behav Sci (2013)
148:21-27. doi: 10.1016/j.applanim.2013.07.004

39. Gladden N, Cuthbert E, Ellis K, McKeegan D. Use of a tri-axial accelerometer can
reliably detect play behaviour in newborn calves. Animals. (2020) 10:1-19. doi:
10.3390/anil10071137

40. Grofibacher V, Bu¢kova K, Lawrence AB, Spinka M, Winckler C. Discriminating
spontaneous locomotor play of dairy calves using accelerometers. J Dairy Sci. (2020)
103:1866-73. doi: 10.3168/jds.2019-17005

41. McKay C, Ellis K, Haskell MJ, Cousar H, Gladden N. Detecting play behaviour in
weaned dairy calves using accelerometer data. ] Dairy Res. (2024) 91:286-92. doi:
10.1017/S0022029924000542

42. Jensen MB, Vestergaard KS, Krohn CC. Play behaviour in dairy calves kept in pens:
the effect of social contact and space allowance. Appl Anim Behav Sci. (1998) 56:97-108.
doi: 10.1016/50168-1591(97)00106-8

43. Brereton N, McGee M, Beltman M, Byrne CJ, Meredith D, Earley B. Effect of
suckler cow breed type and parity on the development of the cow-calf bond post-partum
and calf passive immunity. Ir Vet J. (2024) 77:13-2. doi: 10.1186/s13620-024-00276-x

44, Tsaousioti A, Basioura A, Praxitelous A, Tsousis G. Dystocia in dairy cows and
heifers: a review with a focus on future perspectives. Dairy. (2024) 5:655-71. doi:
10.3390/dairy5040049

45. Gladden N, Ellis K, Martin J, Viora L, McKeegan D. A single dose of ketoprofen in the
immediate postpartum period has the potential to improve dairy calf welfare in the first 48 h
of life. Appl Anim Behav Sci. (2019) 212:19-29. doi: 10.1016/j.applanim.2019.01.007

46. Campler M, Munksgaard L, Jensen MB. The effect of housing on calving behavior
and calf vitality in Holstein and Jersey dairy cows. ] Dairy Sci. (2015) 98:1797-804. doi:
10.3168/jds.2014-8726

Frontiers in Veterinary Science

09

10.3389/fvets.2025.1683861

47.Neave HW, Costa JHC, Weary DM, von Keyserlingk MAG. Long-term
consistency of personality traits of cattle. R Soc Open Sci. (2020) 7:191849. doi:
10.1098/rs50s.191849

48. Lyu J, Wang C, Zhao X, Peng WZ, Xu Y, Juan BX, et al. Effect of group size and
regrouping on physiological stress and behavior of dairy calves. J Integr Agric. (2023)
22:844-52. doi: 10.1016/j.jia.2022.08.073

49. Jensen MB. Effects of confinement on rebounds of locomotor behaviour of calves
and heifers, and the spatial preferences of calves. Appl Anim Behav Sci. (1999) 62:43-56.
doi: 10.1016/S0168-1591(98)00208-1

50. Bertelsen M, Jensen MB. Does dairy calves’ motivation for social play behaviour
build up over time? Appl Anim Behav Sci. (2019) 214:18-24. doi:
10.1016/j.applanim.2019.02.017

51. Tapki, Sahin A, Onal AG. Effect of space allowance on behaviour of newborn milk-fed
dairy calves. Appl Anim Behav Sci. (2006) 99:12-20. doi: 10.1016/j.applanim.2005.09.006

52. Jensen MB, Kyhn R. Play behaviour in group-housed dairy calves, the effect of space
allowance. Appl Anim Behav Sci. (2000) 67:35-46. doi: 10.1016/S0168-1591(99)00113-6

53. Feerevik G, Andersen IL, Jensen MB, Bge KE. Increased group size reduces
conflicts and strengthens the preference for familiar group mates after regrouping of
weaned dairy calves (Bos taurus). Appl Anim Behav Sci. (2007) 108:215-28. doi:
10.1016/j.applanim.2007.01.010

54. Krachun C, Rushen J, de Passillé AM. Play behaviour in dairy calves is reduced by
weaning and by a low energy intake. Appl Anim Behav Sci. (2010) 122:71-6. doi:
10.1016/j.applanim.2009.12.002

55.Trénel P, Jensen MB, Decker EL, Skjoth F. Technical note: quantifying and
characterizing behavior in dairy calves using the IceTag automatic recording device. J
Dairy Sci. (2009) 92:3397-401. doi: 10.3168/jds.2009-2040

56. Vazquez-Diosdado JA, Doidge C, Bushby EV, Occhiuto F, Kaler J. Quantification
of play behaviour in calves using automated ultra-wideband location data and its
association with age, weaning and health status. Sci Rep. (2024) 14:8872. doi:
10.1038/541598-024-59142-z

57.Bhujel A, Wang Y, Lu Y, Morris D, Dangol M. A systematic survey of public
computer vision datasets for precision livestock farming. Comput Electron Agric. (2025)
229:109718. doi: 10.1016/j.compag.2024.109718

frontiersin.org


https://doi.org/10.3389/fvets.2025.1683861
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1016/j.applanim.2012.04.011
https://doi.org/10.1016/j.applanim.2013.07.004
https://doi.org/10.3390/ani10071137
https://doi.org/10.3168/jds.2019-17005
https://doi.org/10.1017/S0022029924000542
https://doi.org/10.1016/S0168-1591(97)00106-8
https://doi.org/10.1186/s13620-024-00276-x
https://doi.org/10.3390/dairy5040049
https://doi.org/10.1016/j.applanim.2019.01.007
https://doi.org/10.3168/jds.2014-8726
https://doi.org/10.1098/rsos.191849
https://doi.org/10.1016/j.jia.2022.08.073
https://doi.org/10.1016/S0168-1591(98)00208-1
https://doi.org/10.1016/j.applanim.2019.02.017
https://doi.org/10.1016/j.applanim.2005.09.006
https://doi.org/10.1016/S0168-1591(99)00113-6
https://doi.org/10.1016/j.applanim.2007.01.010
https://doi.org/10.1016/j.applanim.2009.12.002
https://doi.org/10.3168/jds.2009-2040
https://doi.org/10.1038/s41598-024-59142-z
https://doi.org/10.1016/j.compag.2024.109718

	Impact of early social housing on the play behavior of neonatal and post-weaning dairy calves
	1 Introduction
	2 Materials and methods
	2.1 Calf recruitment
	2.2 Calf management
	2.3 Period 1: data collection on neonatal calf play behavior
	2.4 Period 2: data collection on weaned calf play behavior
	2.5 Ethics statement
	2.6 Statistical analysis

	3 Results
	3.1 Period 1: observed influences on neonatal calf play behavior
	3.2 Period 2: observed influences on weaned calf play behavior

	4 Discussion
	5 Conclusion

	References

