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Environmental enrichment
during yard weaning alters the
performance of calves in an
attention bias and a novel
object recognition test
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tAgriculture and Food, Commonwealth Scientific and Industrial Research Organisation (CSIRO),
Armidale, NSW, Australia, 2School of Environmental and Rural Science, University of New England,
Armidale, NSW, Australia

The weaning of beef calves in yards places multiple stressors on the animals, and
environmental enrichment may help mitigate some of these stressors and
improve animal welfare. This trial assessed the impacts of enrichment provision
to beef calves during yard weaning using measures of biological functioning,
behaviour, and affective state. Overall, calves utilised the brush more than the
other provided enrichments, which were a hanging rope and a ball. Enrichment
influenced the behaviours of calves during both an attention bias test, with
enriched calves exhibiting behaviours associated with greater anxiety, and a
novel object recognition test, with enriched calves spending less time interacting
with objects. In their home pens, enriched calves performed more drinking and
grooming behaviours. However, no significant differences were seen between
treatments for body weight, faecal cortisol metabolites, and internal body
temperature. Enrichment also did not influence any longer-term
measurements of body weight, flight speed, or crush score. The study design
was impacted by mud, requiring the regrouping of the animals. Thus, some
results should be interpreted with caution. Overall, this study demonstrates that
further work is required into the assessment of affective states for these animals
as it could not be confirmed whether the results seen indicate that calf welfare
was improved or impaired through enrichment provision.
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1 Introduction

Environmental enrichment has been defined as a modification
to a captive animal’s environment resulting in an improvement in
its biological functioning. This can be indicated by improved
physical health, which is a prerequisite for other measures of
biological functioning such as increased lifetime reproductive
success and inclusive fitness (Newberry, 1995). Effective
enrichment also aims to increase the range of species-specific
behavioural expression and the animal’s ability to cope with
behavioural and physiological challenges (Shepherdson, 2003;
Young, 2003; Riber et al., 2018). Across a production cycle for
livestock animals, there may be periods of adversity where
enrichment provision could be a management strategy to
facilitate adaptability. In cattle, weaning from the mother is an
example of a significant challenge experienced by young calves. In
dairy cattle, separation from the mother typically occurs within
hours of birth, with calves often housed individually before later
being weaned from milk (Weary et al., 2008). In contrast, beef cattle
are typically weaned at 5-8 months of age (Meat and Livestock
Australia, 2020), both separation from the mother and weaning
from milk occur simultaneously, and they are weaned as a group
and housed together. Therefore, weaning is a multifactorial stressor
on beef calves that includes social, nutritional, physical, and
psychological stressors (Weary et al., 2008; Lynch et al, 2019).
Enrichment provision during this period may help mitigate some of
these stressors.

There have been multiple studies on the effects of
environmental enrichments for dairy calves around weaning.
However, as many dairy calves are individually housed, much of
this research is focused on social enrichment. Calves are motivated
for full physical contact with conspecifics (Ede et al., 2022). When
housed in pairs or groups, they display fewer vocalisations during
weaning, spend more time at a feeder, and display improved social
skills and ability to cope with environmental stressors compared to
single-housed calves, potentially due to greater cognitive
development (reviewed in Mandel et al., 2016). When provided
with physical enrichments such as brushes, chains, dry teats, and
balls, dairy calves display reduced vocalisations following weaning
(da Silva et al., 2022), less non-nutritive and cross-sucking (Zhang
et al., 2021), reduced time being inactive (Velasquez-Munoz et al.,
2019; Miranda et al., 2023), and more time playing (Pempek et al.,
2017) compared to control calves. However, the impacts of these
enrichments on other measures have been inconclusive, with
reports of enrichment resulting in more time eating (Velasquez-
Munoz et al., 2019; Miranda et al., 2023), reduced feed intake (da
Silva et al., 2022), and no impact on starter feed intake (Pempek
et al,, 2017). The impacts of enrichment on biological functioning
are also inconclusive for dairy calves, with studies showing both
increased average daily gain (Pempek et al., 2017; Zhang et al., 2021)
and no impact on weight gain (da Silva et al., 2022). However,
enriched calves have shown higher plasma oxytocin levels than
those unenriched (Miranda et al, 2023). Calves provided with
physical enrichments also showed no differences compared to
controls in the responses to novel environments and objects
(Pempek et al,, 2017; Zhang et al., 2021); however, enriched veal
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calves had a lower chance of avoiding an unfamiliar human,
indicating reduced fear (Leruste et al, 2012). These inconsistent
findings on the impacts of enrichment could be due to many factors.
For example, mice have also shown contradictory outcomes of
enrichment, which have been associated with strain, age, gender,
and other housing attributes (reviewed in Bayne, 2018). Therefore,
in cattle, the inconsistent findings could similarly be related to
breed, age, gender, enrichment type (i.e., rotating brushes are
preferred over stationary brushes: Strappini et al, 2021), and
location (i.e., higher use if located close to feed: Foris et al., 2023).

To the best of the authors” knowledge, while there have been
studies looking at enrichment in beef cattle, no research has been
specifically done during the weaning period. When presented with
four different enrichments in a paddock environment, beef cattle
performed either grooming behaviours or oral manipulations on
each enrichment, indicating that these may be rewarding
behaviours and can be stimulated through enrichment (Dickson
et al,, 2022). In addition, the loss of a grooming brush can impair
the welfare of beef cattle (Dickson et al., 2024). Research to date has
shown that enriched beef calves and steers display more playing and
social behaviours (Bulens et al., 2014), reduced agonistic behaviour
(Ninomiya and Sato, 2009; Park et al., 2020), stereotypic behaviour
(Park et al., 2020), and time inactive, whilst also displaying
increased affiliative behaviour (Ninomiya and Sato, 2009) and
exploratory behaviours (Bruno et al., 2020) than control animals.
Similar to studies on dairy calves, beef cattle have shown no impact
on dry matter intake (Bruno et al., 2020), weight gain (Ninomiya
and Sato, 2009; Ninomiya, 2019; Park et al., 2020), or hair cortisol
concentrations (Park et al., 2020) when provided with enrichments.
However, these studies were performed on weaned cattle in a pen or
feedlot environment (Ninomiya, 2019; Bruno et al., 2020; Park et al.,
2020) or on young calves, but not specifically during the weaning
period (Ninomiya and Sato, 2009; Bulens et al., 2014). Overall,
variable effects of enrichment have been observed in both dairy and
beef, and further investigation is warranted regarding the benefits of
enrichment for young beef calves weaned in groups.

The early-life environment influences the development of
animals, which can have an impact on coping behaviours and
adaptability, resulting in individuals that are functional within their
environment. For example, individuals reared in an ‘unsafe’
environment are more likely to respond to unexpected or novel
stimuli by freezing or finding cover, whilst individuals reared in a
‘safe’ environment may gain greater benefit from engaging in new
situations and stimuli (Langenhof and Komdeur, 2018). The
influence of early environmental enrichment on brain
development has been extensively studied in rodents, with
neuroanatomical changes observed in enriched animals, along
with improvements in memory and learning and increased
exploratory activity (reviewed in van Praag et al., 2000;
Nithianantharajah and Hannan, 2006). In other animals, early-life
enrichment has had conflicting results. For example, in pigs, early
enrichment has impacted agonistic behaviours in later life by
reducing (Munsterhjelm et al., 2009), increasing (Melotti et al,
2011), or having no effect (Statham et al., 2011) on their incidence
and both reducing (sensitivity to reward loss: Luo et al., 2020) and
not impacting (attention bias test: Luo et al., 2019) signs of anxiety.
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However, dairy calves enriched prior to weaning had improved
recognition memory and were more likely to explore a novel object
than a familiar object following weaning (Zhang et al., 2022).
Compared to beef calves weaned in a paddock, calves weaned in
yards show increased average daily weight gain and reduced
morbidity when moved to a feedlot later in life (Fell et al., 1998).
Despite this, it is unknown whether long-term impacts of
enrichment will be seen at weaning for beef calves as weaning
typically occurs later in life than in dairy calves and environmental
enrichments may be less effective if implemented after specific
preferences and behaviours have developed (Newberry, 1995).

The aim of the current study was to determine the impacts of
environmental enrichment on the behaviour and welfare of beef
calves during yard weaning, which involves weaning calves onto
forage or other feed whilst housed in yards away from their
mothers. It was predicted that the impacts on physiological
functioning, namely, body temperature, weight, and faecal
cortisol, would be small based on what previous studies on dairy
calves and adult beef cattle have found. However, the provision of
enrichments was expected to alter pen behaviours, specifically by
decreasing agonistic and increasing affiliative interactions. If
enrichment was successful at reducing stress, this would be
reflected through improved temperament as measured by the
crush score and flight speed, reduced anxiety in an attention bias
test, along with reduced neophobia and improved cognition and
memory, as assessed using a novel object recognition test.

2 Materials and methods

2.1 Ethical statement

The protocol and conduct of the study were approved by the
CSIRO Agriculture Animal Ethics Committee (Armidale) under the
New South Wales Animal Research Act 1985 (Animal Research
Authority 22-07).

2.2 Animals and housing

2.2.1 Animals and treatments

A total of 48 mixed-sex Angus calves (approximately 7 months
old) were used in the study. Calves were sorted into eight groups
(six per group) balanced for sex, sire, weight, crush score, and flight
speed (see Section 2.3.3 for a description of the crush score and
flight speed assessments). Half of the groups were enriched and the
other half non-enriched (control).

The enrichments chosen included a cattle brush (Redpath,
Palmerston North, New Zealand) mounted with bottom bristles
1.1 m from the ground. A three-strand twisted sisal rope 10 mm
thick and 5 m long was also used in enriched pens. The rope hung
horizontally for approximately 2-2.5 m, adjacent to a 1-m length
hung vertically with four knots down the length. Finally, a 25-in.
Jolly Mega Horse Ball’ (Horsemen’s Pride Inc., Streetsboro, OH,
USA) with a blue and red soccer print cover was placed in each
enriched pen. A photograph of each enrichment used is shown in
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Figure 1C. The brush was chosen as it is the preferred enrichment of
beef steers (Dickson et al., 2022), the rope was chosen to potentially
satisfy a suckling motivation of the young calves (De Passille, 2001;
Zobel et al, 2017), and the ball was chosen to encourage play
behaviour (Bulens et al., 2014).

2.2.2 Facilities

The experiment was undertaken at CSIRO, FD McMaster
Laboratory (Chiswick, Armidale, NSW, Australia) in April and
May 2022, with follow-up testing done in September 2022.

The animal groups were housed in separate pens with all the
behavioural testing facilities located adjacent to the home pens.
Each pen was 27.5 m? in size (5.5 X 5 m) (Figure 1A), which was
sufficient as per the recommended guidelines of at least 4 m* per
animal (NSW Department of Primary Industries, n.d). Rubber
matting (Andromeda Engineering, Moonbi, NSW, Australia)
lined the panels between adjacent pens to prevent cattle
physically interacting with other groups; however, calves could
still see groups in pens across from them. All pens were
constructed on pasture as, in Australia, weaning typically occurs
outside with exposure to the elements.

The testing arena was accessed from the yard facilities and
holding pens. This area was a dodecagon made using 2.2-m panels
with rubber matting (Andromeda Engineering, Moonbi, NSW,
Australia) surrounding the sides (Figure 1B).

Video cameras (Hikvision EXIR turret network camera DS-
2CD2365G1-1) were installed above each home pen to record home
pen behaviours (Figure 1A) and were connected to a network video
recorder (Hikvision DS-7732NI-14/16P NVR). Two GoPros (Hero5
Black and Hero7 Black) were installed on opposite sides above the
testing arena (Figure 1B).

2.3 Experimental protocol

2.3.1 Regrouping

On day 10 of the experiment, all animals had to be removed
from their original home pens due to unexpected excessive mud in
these areas resulting from the wet weather. There was concern that
the muddy pen substrate would prevent adequate lying. All control
animals were grouped together, with all enriched animals also
grouped together. The new pens were located next to the original
home pens in nearby yards with gravel- and sand-based flooring,
and enriched animals had access to the same enrichments as
previously (Figure 2). However, all enrichments were supplied at
a slightly reduced density (i.e., one enrichment/six cattle pre-mixing
vs. one enrichment/eight cattle post-mixing) due to limited suitable
locations to install the grooming brushes.

Due to this regrouping event, the experiment was divided into
two stages: stage 1, which occurred before regrouping, and stage 2,
which occurred following regrouping (Table 1).

2.3.2 Order of events

On day 1 of the experiment, all calves were separated from their
mothers and brought into the yards. They had previously been
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FIGURE 1

(A) Diagram of the home pens, including the locations of the water and feed troughs, cameras, and enrichments (i.e., brush, ball, and rope).
(B) Diagram of the arena used for the attention bias (AB) and novel object recognition (NO) tests showing the entry and exit gates, the placement of
the hay, and the flap where the dog was presented. (C) Photographs of the brush, rope, and ball used for the enriched groups. Diagrams are not

to scale.

housed at pasture as grazing herds. Mothers were then housed in a
separate paddock and were out of both visual and auditory range
from the calves. The calves were blood sampled (for an alternate
experiment), vaccinated with Ultravac® 7-in-1 (Zoetis Australia
Pty Ltd, Rhodes, NSW, Australia) in the race, weighed using walk-
over weigh scales, then held in a crush for the crush score and flight
speed tests as they exited the crush (Ramage Engineering, Guyra,
NSW, Australia) (further details on these measures are provided in
Section 2.3.3). These measurements were used to sort calves into
groups balanced approximately for sex, sire, weight, crush score,
and flight speed. The calves were then brought into the crush again
approximately 2 h later to be fitted with iButton temperature
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loggers (iButton DS1921H-F5; Embedded Data Systems,
Lawrenceburg, KY, USA) in order to measure core body
temperature. The iButtons were attached as described by Lea
et al. (2008), in which the logger was attached using heat shrink
plastic to a PVC rod (18 mm length x 8 mm diameter), which was
fitted to a 120-mm length of a high-pressure rubber hose and
attached to the tail with vet wrap. Temperature was recorded at 5-
min intervals from 1400 hours on day 1 until 1635 hours on day 8 of
the experiment. Individuals within each group were also marked on
their side with the numbers 1-6 using livestock paint (Leader
Products Pty Ltd, Craigieburn, VIC, Australia) before being
drafted into their groups and moved to the experimental pens.
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Diagram of the new home pens following regrouping as a result of unexpected mud, including placement of the food and water troughs and the
enrichment items (i.e., brush, ball, and rope). Control calves were located in the larger pen on the left, whilst enriched calves had access to both
smaller yards on the right. Note that the gate depicted in red remained open at all times. Diagram not to scale.

Paint was reapplied as needed when animals were brought through
the crush (days 3, 7, 8, 9, and 11). In stage 1, a single group was
brought through the crush at a time in order of pen number (which
alternated enriched and control calves). In stage 2, enriched calves
were all brought through the crush and tested, followed by the
control calves. A total of approximately 2-3 h was required for all
events involving animals travelling through the race (i.e., faecal
sampling, iButton fitting/removal, and weight, crush score, and
flight speed measurements). Table 1 provides a description of the
daily activities and the climate data during weaning and at the
follow-up assessment approximately 5 months later.

All groups were fed the same amount twice daily, which
consisted of hay and ‘starter’ pellets at ratios predetermined by
farm staff, at approximately 0800-0900 and 1600-1700 hours.
Water was provided ad libitum.

2.3.3 Crush score and flight speed

The crush score was determined by one trained researcher. The
calf was held in the crush for approximately 10 s with the back ‘kick’
gate shut, but with the head free of the head bail, and scored on a 1-
5 scale. The scoring system used was modified from Grandin (1993)
and was as follows:

1: Very calm and still, may take one or two steps;

1.5: Slightly agitated (stepping, leaning back, or tail swishing),
but settles;

2: Slightly agitated, but does not settle;

2.5: Agitated, crate may occasionally shake;

3: Agitated/restless, moving back and forth, shaking crate;
4: Continuous, very vigorous movement, chute shaking; and

5: Rearing, struggling violently, body twisting.

The flight speed was measured as the time taken to pass through
two pairs of electric eyes (FarmTek Electronic Timers, Wylie, TX,
USA) 1.8 m apart. The first pair of eyes was located approximately
0.9 m from the head bail.
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TABLE 1 Daily activities and weather data recorded during weaning and
during follow-up experimental days.

e
(mL)

Day

Activity Average
temp.

(°C)

Weaning stage 1

26/ 1 Vaccination, weight, crush 11.8 0
04/22 score, and flight speed;

iButtons fitted; calves enter

home pens (enriched

or control)
27/ 2 Pen behaviours 13.3 0
04/22
28/ 3 Faecal sampling 15.3 0
04/22
29/ 4 Pen behaviours 14.8 0
04/22
30/ 5 Pen behaviours 12.6 0.8
04/22
1/ 6 Pen behaviours 11.5 0
05/22
2/ 7 Weight, crush score, and 12.2 0.2
05/22 flight speed
3/ 8 iButtons removed and 11.5 0
05/22 faecal sampling
4/ 9 Health check in race 114 0
05/22

Weaning stage 2
5/ 10 All calves relocated 12.7 0
05/22
6/ 11 Faecal sampling 10.8 0.2
05/22
7/ 12 Attention bias test 4.8 0.6
05/22
(Continued)
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TABLE 1 Continued

Date Rainfall

(mL)

Day

Activity Average
temp.

(°C)

Weaning stage 2

8/ 13 Novel object recognition 7.0 6.8
05/22 —familiarisation
9/ 14 Novel object recognition— 8.7 0
05/22 testing day 1
10/ 15 Novel object recognition— 10.3 0
05/22 testing day 2
11/ 16 Weight, crush score, and 113 5.8
05/22 flight speed
Follow-up

28/ ~5 Heifers weight, crush score, =~ 8.5 0.2
09/22 months | and flight speed
29/ ~5 Heifers novel object 10.5 0
09/22 months | recognition—testing day 3;

steers weight, crush score,

and flight speed
30/ ~5 Steers novel object 9.7 0.2
09/22 months | recognition—testing day 3

Faecal sampling, iButton fitting/removal, and the weight, crush score, and flight speed
measurements required animals to travel through the race. Data collection was divided into
stage 1 and stage 2 given the requirement to regroup based on unexpected mud in the home
pens (see Section 2.3.1 for details).

2.3.4 Faecal samples

Faecal samples were collected opportunistically if an animal was
noticed defecating whilst in the yards; otherwise, these were
collected manually whilst the animal was in the race. The samples
were placed into a mobile freezer upon collection (approximately
-18°C) and stored until completely frozen. They were then dried in
a drying oven at 60°C before being ground using a Retsch ZM 200
Ultra Centrifugal Mill with a 1-mm sieve. The samples were further
processed for cortisol metabolites at the University of Western
Australia using the method described by Campbell et al. (2019). A
total of 2-3 h was required to collect all faecal samples each
collection day, which amounted to approximately 15-20 min that
each group was removed from their home pens.

2.3.5 Pen behaviours

Pen behaviours were analysed by a single observer using video
recordings from the cameras depicted in Figure 1 A. Days 2, 4, 5, and
9 were analysed between 0600 and 1800 hours using scan sampling
every 15 min. Up to 10 s at each time period was observed to
determine the predominant behaviour of each animal. Behaviours
are presented in Table 2. Standing, lying, and locomotion were
mutually exclusive events; however, a calf could also be engaged in
another activity whilst performing one of these behaviours (e.g.,
lying and self-grooming).

2.3.6 Attention bias test

In animals, the housing environment and management
practices influence the behaviours seen in an attention bias test
(Luo et al,, 2019; Verbeek et al., 2019). This is expected to be related
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TABLE 2 Ethogram of behaviours used during the attention bias test,
novel object recognition test, and for pen behaviours, comparing beef
calves in an enriched vs. a control environment.

Test Behaviour Description
Attention bias test Looking at Head is oriented towards the dog,
dog (s) must not be eating (for 10 s while
the dog is present)
Looking at Head is oriented towards the flap,
flap (s) must not be eating (after the dog

flap is closed)

Eating hay (s) Taking hay into mouth and/or

chewing with head below withers

Eating grass (s) Taking grass into mouth and/or

chewing with head below withers

Chewing (head
up) (s)

Chewing with head above withers

Head above withers (line of neck
parallel or >90° to ground)

Vigilance (s)

Wall Sniffs, touches, licks, and chews
exploration (s) on the walls of the arena (or the

gap directly underneath)
Locomotion
Stationary (s) Standing, all four legs stationary

Movement (s) Walking, trotting, or running

Location
Far (s) 50% of body behind hay furthest
from flap
Near (s) 50% of body in front of hay
closest to flap, but further than
one-body length away from flap
Flap (s) Within one body-length of flap

Ear posture

Forwards (s) Both tips of ear forwards more

than 30% from perpendicular

Backwards (s) Both tips of ears backwards more

than 30% from perpendicular

Axial (s) Both tips of ears less than 30%

from perpendicular

Asymmetrical (s) | Ears are directed in opposite
directions (one ear backwards,

one ear forwards)

Single/point events

Head shake (n) | Head is rapidly moved side

to side

Tail Tail moves side to side quickly
swishing ()

Urinations (n) Number of urinations

Defecations (1) Number of defecations

Vocalisations (1) Number of open- or closed-

mouth vocalisations

(Continued)
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TABLE 2 Continued

Test Behaviour
Novel object Activity
recognition test '
(familiarisation and Looking at
testing stages) object (s)

Sniff object (s)

Description

Head is oriented towards specific
object, must not be eating/grazing

Nose/muzzle close (within one
muzzle length) to object, but
not touching

Head
interaction (s)

Other
interaction (s)

Part of head touches object (e.g.,
mouth or poll)

Other interactions with object
(e.g., rubbing body/grooming, or
pushing object over)

Novel object Arena

recognition test exploration (s)

(familiarisation
stage only) Dog flap
look (s)
Dog flap

exploration (s)

Eat/graze (s)

Locomotion

Stationary

Sniffing or otherwise interacting
with arena wall

Head is oriented towards dog
flap, must not be eating/grazing

Sniffing or otherwise interacting
with dog flap

Taking hay or grass into mouth
and/or chewing with head
below withers

Standing, all four legs stationary

Movement
Single/point events
Urinations (n)
Defecations (1)

Vocalisations (11)

Pen behaviours Locomotion

Standing

Walking, trotting, or running

Number of urinations
Number of defecations

Number of open- or closed-
mouth vocalisations

Animal is standing, but may be
interacting with objects/others
with head

Lying

Locomotion
Other

Eating

Drinking

Agonistic

Allogrooming

Animal is laying on the ground,
or in the process of transitioning
to/from standing/lying

Walking or running

Eating from feed trough or
directly underneath

Head is in water trough

Any attempt to displace another
calf (i.e., headbutting, chasing)

Licking or rubbing head on
another calf

Other social

Self-grooming

Any other interaction between
calves (i.e., mounting or sniffing)

Grooming self with tongue
or hoof
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TABLE 2 Continued

Test Behaviour Description
Other Any other grooming event
grooming excluding brush use (i.e., rubbing
head or rump on gate or
feed trough)
Enrichment Any interaction with
interaction an enrichment
Other Interacting with walls, gate, feed
pen interaction or water trough (i.e., sniffing)—
excluding grooming

Additional behaviours were recorded during the familiarisation stage of the novel object
recognition test as this was the day following the attention bias test and the threat of the dog
may have impacted vigilance and explorative behaviours.

to affective states such as anxiety (Lee et al., 2018; Monk et al., 2020),
but could also be dependent on the personality of an individual
(Luo et al,, 2019). The attention bias protocol used in the current
study was based on a pharmacologically validated test by Lee et al.
(2018), who showed that cattle in an increased state of anxiety
demonstrate increased attention towards a threat, in this case a dog.
The dog was an unfamiliar Border Collie, and calves had no prior
experience with dogs. Prior to the testing days, the grass of the arena
was mown as short as possible, but grass was still present.
Animals were fed a half feed ration on the morning of testing and
received the remainder of the feed once all the animals had been
tested. Calves were fed 1 h prior to the start of testing, and testing
lasted approximately 4 h. Groups of five to six animals were moved by
familiar personnel into nearby holding yards, with the enriched and
control animals kept separately. As the arena was located close to the
holding yards, vocal but not visual contact was possible; however, no
excessive noise was noted throughout the testing period, and all
individuals were exposed to a similar level of noise. Enriched and
control animals were tested in an alternating fashion, with the calves
to be tested at specific time points randomly chosen.
Approximately 2 kg of hay was located in the centre of the arena
(Figure 1B) and was refreshed as necessary between animals. The
animals entered the arena individually, and once the entry gate was
shut behind them, a flap in the rubber matting was opened to reveal
the dog. A timer began and the test commenced once the calf made
visual contact with the dog (i.e., the head was orientated directly
towards the dog). From this point, the dog was visible for 10 s before
the flap was lowered and the dog removed. The dog used for testing
has been previously used in attention bias tests for livestock (both
cattle and sheep) and was calm throughout testing. The dog barked
on only one occasion and was otherwise silent. It was possible that
the dog could be smelled by the calf. The test lasted 3 min, after
which the calf was removed from the arena. All animals were held in
nearby grassed areas to avoid mixing with the untested animals and
requiring further handling. They were returned to their home pens
after the completion of all testing, which totaled approximately 4 h.
Behaviours were later collated from video footage using The
Observer XT (Noldus) by a single individual who was blind to the
treatments. The behaviours recorded are described in Table 2.
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2.3.7 Novel object recognition test

The novel object recognition test provides a measure of
cognitive function, notably learning and memory, and compares
the time spent exploring a novel versus a familiar object (Antunes
and Biala, 2012). Animals tend to show a preference for novel
objects, suggesting that the animal remembered the familiar object.
The novel object recognition test requires both a familiarisation
stage and a testing stage (Antunes and Biala, 2012).

For the familiarisation stage and the first 2 days of novel object
recognition testing, the calves entered the holding pens and arena in
the same fashion as for the attention bias test on each day. For the
follow-up test, the testing order was random as the enriched and
control animals were housed together following weaning. Each test
lasted 7 min commencing from the time the entry gate was shut
behind the animal. After the completion of the test, the calf was
removed from the arena, housed in a nearby pastured area, and
returned to their home pen after all the animals were tested. Each
day required approximately 7-7.5 h to test all animals.

For the familiarisation stage, two orange traffic cones (75 cm
tall) were used for all calves. For the testing stage, the procedures
were the same as for the familiarisation stage, except two different
objects were used. On testing day 1, one traffic cone (‘familiar’) and
one white plastic chair (‘novel’) (California Comfort Resin Chair -
White, Marquee, 555 x 840 x 580 mm) were used. The sides of the
arena on which these objects were presented were switched every
two animals. On testing day 2, the objects used were the cone
(‘familiar’) and a black plastic planter box (‘novel’) (Charcoal Raised
Garden Bed, Fountain Products, 700 x 375 x 655 mm). On this day,
the cone was presented to individual calves on the opposite side to
which it was shown the previous day.

For the follow-up test 5 months later (testing day 3), the cone
was again used as the familiar object, and the novel object was a
standing drink tray (Cooler Party Tub, Marquee, 400 x 770 X
400 mm). Steers and heifers from both the control and enriched
groups were tested on separate days as, prior to this final test, all
heifers were housed as a single group and all steers were also housed
as a single group, both at pasture. The side on which the novel
object was presented was randomly assigned for all animals.

Behaviours were later collated using The Observer XT (Noldus)
and are described in Table 2. On all days, behaviours related to
objects were measured (i.e., look or sniff object, and head or other
interactions). On all testing days, each object was defined as either
novel or familiar and either left or right based on their position
when the calf first entered the arena. The familiarisation day also
measured the time looking at and exploring the dog flap, exploring
the arena, and eating/grazing and the time spent moving versus
stationary. This was because this was the day following the attention
bias test and the threat of the dog may have impacted vigilance and
explorative behaviours. Each day was analysed by a single individual
who was blind to the treatments.

2.4 Climate

Climate data (daily average temperature and rainfall) during
weaning were recorded from a nearby onsite MEA weather station
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(Green Brain, Magill, SA, Australia) and are presented in Table 1.
The average daily temperature during weaning was 11.2°C and daily
rainfall was 0.9 mL. During the follow up testing, the average
temperature was 9.6°C and rainfall was 0.1 mL.

2.5 Data and statistical analysis

All data analyses were performed in ‘R’ (R Core Team, 2022).
Main effects were considered significant at p < 0.05 and trends at an
alpha level of 0.05< p< 0.10. Prior to model fitting, all interaction
plots were visually examined; however, as none were significant,
these were not included in later models. For all models, all logical
two-way interactions were initially fit and tested, but only those that
reached significance are presented.

2.5.1 Flight speed, crush score, and body weight

As calves were required to be regrouped on day 10, the flight
speed, crush score, and body weight data were analysed in two stages:
before and after regrouping. For both stages, the individual was the
experimental unit. Linear mixed-effects models (LMMs) were fit for
flight speed and body weight data using the lme4” package (Bates
et al,, 2015), whilst camulative link mixed models (CLMMs) were fit
for crush score using the ‘ordinal’ package (Christensen, 2022). Two
flight speed scores on day 16 were removed from the analysis as the
calves stopped before crossing the second pair of electric eyes and
were thus outliers (both enriched). The weight of one animal also
failed to be collected at follow-up testing (enriched).

Stage 1 fit data before regrouping and included the measurement
on day 7 as the dependent variable and treatment (enriched vs.
control), sex, and each individual’s original measure of crush score or
flight speed on day 1 as the fixed effects, with random error of pen
number (n = 8). Stage 2 fit data following regrouping, with the fixed
effects as described for stage 1, in addition to day (day 16 vs. follow-
up), and random effect of the individual. Model assumptions were
checked using a visual assessment of Q-Q and residuals relative to the
fitted values plots. Flight speed required log transformation to meet
normality assumptions. Significance testing of the fixed effects for
both stages was conducted using the ‘dropl’ function, with a
likelihood ratio test.

2.5.2 Faecal cortisol metabolites

A total of seven faecal samples were not included in the analyses
(day 8: one failed to be collected, one outlier; day 11: three failed to
be collected, two outliers). Outliers were believed to be a result of
processing error rather than natural individual variation. Faecal
cortisol was also analysed in two stages due to regrouping, with
individual as the experimental unit. Stage 1 was analysed using an
LMM, with treatment, sex, and day (day 3 vs. day 8) as the fixed
effects and individual nested within pen as the random effect. Model
assumptions were checked as above (Section 2.5.1), as well as
significance testing of the fixed effects. For stage 2 (day 11), the
Mann-Whitney U test was utilised to compare treatment groups as
the data were not normally distributed.
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2.5.3 Body temperature

Data from four iButtons failed to import (two enriched, two
control). In addition, on three occasions, an iButton became
dislodged and therefore was excluded from the analysis during
this time period. The average daily temperature was calculated for
each individual and used as the response variable. An LMM was fit
for temperature data, with fixed effects of treatment, sex, and day.
The random effect was individual nested within pen, with individual
as the experimental unit. The model diagnostics and testing of the
fixed effects were performed as previously described in Section 2.5.1.

2.5.4 Pen behaviours

Data for standing, locomotion, and lying were expressed as a
percentage of daily observations and analysed using an LMM, with
pen as the experimental unit. The fixed effects were treatment and
day number, with pen as the random effect. Locomotion required
log transformation to meet normality assumptions. Other pen
behaviours (see Table 2) were each analysed with separate
Poisson generalised linear mixed models (GLMMs) using the
same fixed and random effects as for locomotor activities. The use
of enrichments was also analysed with a GLMM, with fixed effects
of enrichment type (i.e., brush, rope, or ball) and day and random
effect of pen. Only the enriched groups were included in this
analysis. The model diagnostics and the testing of fixed effects
were conducted as previously described in Section 2.5.1.

2.5.5 Attention bias test

Latency to become non-vigilant was analysed using a generalised
linear model (GLM) with a log-transformed response variable as the
residuals did not meet normality assumptions. The fixed effects
included treatment, sex, and test order and were analysed as
previously stated. Test order was included as a variable to account
for responses that may be influenced by time, such as calf hunger and
dog behaviour. As some cattle failed to move/step and eat hay, these
latencies were analysed with Cox’s proportional hazards model
through survival analysis using the ‘survival’ package (Therneau,
2022). Animals that failed to perform the behaviour within 180 s were
treated as censored results, with fixed effects of treatment, sex, and
test order.

The duration data (i.e., looking at threat, eating hay, vigilance,
wall exploration, movement, ear position, and position in arena
relative to flap) were analysed using linear models (LMs), with
treatment, sex, and test order as fixed effects. Model diagnostics
occurred as previously described in Section 2.5.1, whilst the testing of
fixed effects was conducted using the ‘drop1’ function, with an F-test.
Data for wall exploration, time at dog flap, and time on far side
required square root transformation to meet normality assumptions.

A Fisher’s exact test was conducted for tail shaking data.
However, only one instance of head shaking and vocalisations
occurred, whilst there were no instances of escape attempts,
urinations, or defecations; therefore, these behaviours were not
included in statistical analyses.

2.5.6 Novel object recognition test

Data for the familiarisation day and testing phases (days 1 and 2
and follow-up) were analysed separately. A discrimination ratio (DR)
was calculated for each animal on each day of the testing phase and
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reflects the duration of exploration of the novel compared to the
familiar object, proportional to the time exploring both objects
(Sivakumaran et al., 2018). The DR was calculated as:

DR = Tnovel - Tfamiliar

Tmtal exploration

Separate LMs were fitted for behaviours on the familiarisation
day (i.e., exploring arena, exploring dog flap, looking at dog flap,
eating/grazing, movement, looking at objects, and exploring
objects). The fixed effects were treatment, sex, and test order, as
well as object side for time spent looking and exploring objects.
‘Dog flap exploration’ required square root transformation to meet
normality assumptions. Model diagnostics occurred as previously
described (Section 2.5.1), whilst fixed effects were tested using the
‘drop1’ function, with an F-test.

For the testing phases, LMMs were fit for time spent looking at
and exploring objects. For the purposes of analysis, the behaviours
‘sniff object’, head interaction’, and ‘other interaction’ (Table 2) were
combined into the behaviour ‘object exploration’. The fixed effects
were treatment, day, object (familiar vs. novel), sex, test order, and
object side, with the random effect of the individual. A square root
transformation was required to meet normality assumptions for time
spent looking at and exploring objects. DR was also fit with an LMM,
with treatment, sex, day, and test order as fixed effects and individual
as random effect. If an individual did not interact with either object, it
was given a DR of “0” on that day (testing day 1: three enriched, one
control; testing day 2: one enriched, two control). The model
diagnostics and the testing of fixed effects were performed as
previously described in Section 2.5.1. Calves were excluded from
these analyses if they failed to interact with objects for a minimum of
4 s during the familiarisation phase. This was done to ensure that the
individuals were familiar with this object. A similar criterion has also
been used in novel object recognition tests for other species (e.g.,
Lueptow, 2017). A Fisher’s exact test was conducted to analyse the
number of calves in each treatment that failed this criterion.

3 Results
3.1 Body weight

Treatment did not impact bodyweight gain (stage 1 model before
regrouping: x*, = 0.57, p = 0.450; stage 2 model after regrouping:
11 = 121, p = 0.272) (Figure 3A). The body weight on day 1 of
weaning was positively correlated with the individual’s weight on
subsequent measurement days (stage 1 model: estimate + SE = 0.67 +
0.10, ){21 =32.04, p< 0.001; stage 2 model: estimate + SE = 0.75 £ 0.09,
2’1 = 44.37, p< 0.001). Unsurprisingly, cattle were heavier during the
follow-up testing than at the end of weaning on day 16 (stage 2
model: ){21 =182.78, p< 0.001), whilst steers were heavier than heifers
during the early stages of weaning (stage 1 model: y*, = 5.69,
p = 0.017; stage 2 model: y* = 3.57, p = 0.059) (Figure 3A).

3.2 Flight speed

Treatment only influenced flight speed on day 7, with enriched
animals being faster than the controls (stage 1 model: y*; = 4.44,
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(A-D) Raw data for body weight (A), flight speed (B), crush score (C), and faecal cortisol metabolites (D) of the enriched versus control beef calves
during yard weaning and at follow-up testing 2 months later (A—C). A faster flight speed is associated with a smaller value. Calves were regrouped
on day 10 due to unforeseen mud, with all the enriched calves grouped together and all the controls also grouped together. An asterisk indicates a
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p = 0.035; stage 2 model: x>, = 0.02, p = 0.880) (Figure 3B). However,
the flight speed on day 1 of weaning was positively correlated with the
individual’s speed on subsequent days (stage 1 model: estimate + SE =
0.59 +0.14, )(21 =16.29, p< 0.001; stage 2 model: estimate + SE = 0.43
+0.19, %1 = 5.05, p = 0.025). Sex did not impact flight speed (stage 1
model: y*; = 0.01, p = 0.938; stage 2 model: x*, = 0.79, p = 0.374), and
animals had a faster flight speed at the follow-up testing than at the
end of weaning on day 16 (stage 2 model: y*, = 9.22, p =
0.002) (Figure 3B).

3.3 Crush score

The crush score was not influenced by treatment (stage 1 model:
21 =3.08, p=0.079; stage 2 model: y*, = 1.05, p = 0.306), sex (stage
1 model: y*; = 0.02, p = 0.886; stage 2 model: y*; = 0.23, p = 0.633),
or the individual’s original score on day 1 (stage 1 model: 3, = 5.98,
p = 0.050; stage 2 model: y*; = 2.13, p = 0.344). However, calves had
a lower crush score at the follow-up testing than at the end of
weaning (stage 2 model: *, = 5.19, p = 0.023) (Figure 3C).
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3.4 Faecal cortisol metabolites

Treatment had no impact on faecal cortisol metabolites (stage 1
model: y%; = 1.12, p = 0.290; stage 2 model: Mann-Whitney U test =
200.5, p = 0.624). However, day 8 had lower cortisol metabolite
concentrations than day 3 (stage 1 model: estimate + SE = —46.05 +
548, x*, = 52.08, p< 0.001) regardless of sex (stage 1 model: x>, = 0.45,
p = 0.503) (Figure 3D).

3.5 Body temperature

Time decreased the internal body temperature (estimate + SE =
—0.09 + 0.01, x*; = 159.03, p< 0.001) regardless of treatment
(1 = 0.14, p = 0.712) and sex (y*; = 1.06, p = 0.304).

3.6 Pen behaviours

There was a significant interaction between treatment and day
number, with enriched calves observed performing more
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allogrooming as time increased (p = 0.050) (Table 3; Figure 4A).
Enrichment tended to increase drinking (p = 0.071) and ‘other’
grooming (e.g., grooming on pen fixtures) (p = 0.072), which also
increased with time (p< 0.001) (Table 3; Figure 4B).

Agonistic interactions decreased as the day number increased
regardless of treatment group. Other social interactions, self-
grooming, and eating also increased with time, but treatment was
not significant. Calves displayed increased time spent lying and
decreased locomotion following day 2 regardless of treatment group
(Figure 4C; Table 3).

Interactions with pen fixtures (excluding enrichments) were not
impacted by either treatment or day (both p > 0.05) (Table 3). The
brush was the enrichment most commonly observed being used
()(22 = 262.12, p< 0.001) (Figure 4D), but day was not significant
(*1 = 0.51, p = 0.475).

3.7 Attention bias test

Treatment did not impact latency to become non-vigilant
()(21 = 0.09, p = 0.770); however, steers were slower than heifers
(estimate + SE = —0.56 + 0.27, x*; = 4.16, p = 0.041) (Figure 5A). The
animals tested first had a longer latency to become non-vigilant than
those tested last (estimate + SE = —0.02 + 0.01, ¥*; = 4.01, p=0.045).

Enriched calves were less likely to eat than control calves
[hazard ratio (HR) = 0.32, 95% CI = 0.16-0.65, z = —-3.16,
p = 0.002], steers had a shorter latency than heifers (HR = 2.81,
95% CI = 1.43-5.54, z = 2.99, p = 0.003), and animals tested later
had a shorter latency to eat than those tested earlier (HR = 1.05,
95% CI = 1.02-1.07, z = 3.41, p< 0.001) (Figure 5B). Latency to
move tended to be impacted by treatment (HR = 1.73, 95%
CI = 0.92-3.24, z = 1.71, p = 0.087), but not sex (z = -1.05,
p =0.292) or test order (z = —1.04, p = 0.297) (Figure 5C).

Enriched and control calves did not differ in the time spent
looking at the threat (i.e., dog and dog flap); ears backwards,
asymmetrical, and axial; or the number of animals that tail
swished (all p > 0.05) (Table 4). However, enriched animals spent

TABLE 3 Average frequency of behaviours performed per pen of six calves.

Behaviour Enriched Control

Standing (%) 65.96 (+1.70) 65.58 (£1.21)

Locomotion (%) 6.51 (£1.24) 8.40 (£1.55)

p-value for treatment
71 =002, p=0879

21 =201, p=0157

10.3389/fanim.2024.1364259

longer being vigilant, having ears forward, exploring the arena, and
walking and spent more time at the dog flap and on the far side of
the arena. Conversely, control calves had longer durations of eating
the hay, and this was also influenced by test order, with calves tested
later spending longer time eating (estimate = SE = 0.84 + 0.39,
p = 0.035). However, the interaction between treatment and test
order was not significant (F;, 43 = 3.17, p = 0.082). Steers spent less
time with ears asymmetrical (estimate + SE = —-4.60 * 1.76,
p = 0.009), but sex did not have an impact on any of the other
measured behaviours (all p > 0.05) (Table 4).

3.8 Novel object recognition test

During the familiarisation phase, treatment influenced the
amount of time spent exploring (sniffing + interacting) the objects,
with enriched calves performing less exploring (3 + SE = —3.28 + 1.59,
Fy, 44 = 4.26, p = 0.042) (Figure 6A), but did not influence the time
spent looking at the objects (F;, 44 = 2.18, p = 0.144) (Figure 6B). The
test order, side on which the objects were presented, and the sex of
the calves did not influence either time spent looking at (F;, 44 = 0.02,
p =0890; F 44 = 0.77, p = 0.381; and F; 44 = 0.13, p = 0.719,
respectively) or time exploring objects (F; 44 = 0.53, p = 0.468,
Fi, 44 = 1.63, p = 0.205; and F; 44 = 0.02, p = 0.890, respectively).

During the familiarisation stage, treatment did not significantly
impact behaviours that were not directly related to the objects
during the test (all p > 0.05) (Supplementary Table SI). Steers
tended to graze (8 + SE = 50.42 + 27.37, F, 44 = 3.39, p = 0.072) and
be stationary (8 + SE = —30.54 £ 15.41, F, 44 = 3.86, p = 0.054) more
than heifers during the first day of testing. Time spent exploring the
arena also tended to increase with test order (8 + SE = 1.53 + 0.77,
Fy, 44 = 3.95, p = 0.053).

Significantly more enriched than control calves were excluded
from the analysis during the testing phase as they failed to meet the
criterion of 4 s of interaction with objects during the familiarisation
phase (nine enriched, two control; p = 0.036).

p-value for day
71 =135 p=0245

1 = 34.03, p< 0.001

Lying (%) 27.52 (+2.33) 26.02 (2.21) 21 =032, p=0572 21 = 1822, p< 0.001

Eating 43.56 (+3.17) 45.00 (+2.90) 21 =037, p=0541 Estimate + SE = 0.12 + 0.02, x%; = 41.06, p< 0.001
Drinking 4.19 (+0.41) 2.75 (£0.40) 21 =3.25p=0.071 2’1 =004, p=0835

Agonistic 1.19 (+0.33) 1.38 (+0.41) 21 =005 p=0825 Estimate + SE = ~0.27 = 0.10, 3%, = 6.84, p = 0.009
Allogrooming 0.94 (+0.40) 0.44 (+0.13) Treatment*day: y*; = 6.24, p = 0.012

Other social 1.06 (£0.43) 1.13 (0.26) 21 =0.03, p = 0.867 Estimate + SE = 0.48 + 0.15, y% = 12.79, p< 0.001
Self-grooming 2.31 (+0.49) 3.31 (0.60) 21 =210, p=0147 Estimate + SE = 0.28 + 0.08, x*, = 13.41, p< 0.001
Other grooming 3.19 (+0.60) 4.44 (+0.77) X1 =325 p=0072 Estimate + SE = 0.25 + 0.07, *, = 15.15, p< 0.001

Pen interaction 13.63 (+1.77) 17.26 (£1.79)

21 =165 p=0199

71 =129, p=0256

Pens were scan sampled every 15 min between 0600 and 1800 hours. Raw mean + SE values are presented for the enriched and control groups. Bold font indicates statistical significance.
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(A-D) Average frequency of the behaviours performed per pen of six calves. The pens were scan sampled every 15 min, between 0600 and 1800

hours. Mean + SE values are presented for the enriched and control grou

ps. Behaviours included allogrooming (A); other grooming (on pen fixtures

excluding the brush) (B); locomotion, standing, and lying (C); and use of enrichments (enriched treatment only) (D). Note the different scales used

for individual graphs.

During the testing phase, enriched calves interacted with objects
less than the controls (B + SE = —0.75 + 0.37, y*; = 4.41, p = 0.036)
(Figures 6C, D), but treatment did not influence the time looking at
objects (3% = 0.78, p = 0.378). Novel objects were looked at and
interacted with more than the familiar objects regardless of
treatment (8 + SE = 1.00 + 0.19, )(21 = 25.86, p< 0.001; B + SE =
2.38 + 0.29, x*; = 59.24, p< 0.001, respectively). Calves interacted
with objects on day 2 and follow-up testing more than on day 1
()(22 = 9.76, p = 0.008) (Figures 6C, D), and the day number
similarly influenced the time looking at objects (¥, = 6.55, p =
0.038). Steers also looked at and interacted with objects more than
heifers (8 + SE = 0.55 + 0.21, y*; = 6.57, p = 0.010; B+ SE = 0.81 +
0.36, le = 5.11, p = 0.024, respectively), and animals increased
object exploration (f + SE = 0.03 £ 0.01, ){21 =6.48, p =0.011), but
not looking at objects (y*; = 0.10, p = 0.757), with ascending test
order, but the side on which the object was presented was not
significant for either looking at or exploring objects (y*; = 0.08, p =
0.772; %1 = 1.71, p = 0.190, respectively).

There was no significant effect of treatment (y*, = 0.73, p =
0.394), test day (3%, = 0.97, p = 0.616), or test order (y*, = 0.43, p =
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0.512) on the DR (Figure 6E). However, sex was significant, with
steers having a higher DR than heifers (8 + SE = 0.23 £ 0.12,
1 = 3.85, p = 0.050), particularly at follow-up testing (Figure 6F).

4 Discussion

This study aimed to determine the impacts of environmental
enrichment on the behaviour and welfare of beef calves during yard
weaning. No significant impacts of enrichment on body
temperature, weight, faecal cortisol metabolites, or crush score
were observed. However, the unavoidable limitation of regrouping
partway through weaning potentially impacted the results. In
addition, it is possible that the relatively short weaning period
was not long enough to have a greater impact on the chosen
measures. However, control calves tended to groom more on pen
fixtures, whilst enriched calves performed more allogrooming with
time. Differences in behaviour were observed in both the attention
bias and novel object recognition tests.
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(A—C) Kaplan—Meier curves for the latency to first become non-vigilant (A), eat hay (B), and move (C) during the attention bias test by the enriched
versus control beef calves. Note the different x-axis scales for latency to become non-vigilant.

TABLE 4 Behaviours exhibited during the attention bias test comparing beef calves housed in either an enriched or a control environment during

yard weaning.

Behaviour Enriched Control Treatment Sex Test order
Looking at threat (s) 33.0 (£29) 29.6 (+2.9) 0.439 0.543 0.416
Fating hay (s) 283 (£ 6.0) 783 (+9.4) <0.001 0.334 0.035
Vigilance (s) 39.8 (+4.2) 18.5 (£ 3.9) <0.001 0.806 0.179
Wall exploration (s) 23.6 (+4.3) 7.3 (£ 3.8) <0.001 0471 0.125
Movement (s) 482 (+5.9) 18.0 (£ 6.1) <0.001 0.533 0.201
Time at flap (%) 59 (+1.6) 0.6 (+0.5) <0.001 0.594 0.153
Time on flap side (%) 60.1 (+5.3) 78.0 (£ 6.8) 0.048 0.973 0.599
Time on far side (%) 34.0 (£ 5.4) 214 (+6.5) 0.043 0.699 0.976
Ears forwards (s) 49.0 (+4.92) 26.2 (+3.52) <0.001 0.806 0.055
Ears backwards (s) 81.6 (+6.71) 97.2 (+7.99) 0.127 0.366 0.718
Ears asymmetrical (s) 10.2 ( + 1.33) 7.87 (+ 1.30) 0.170 0.009 0.581
Ears axial (s) 39.2 (+4.87) 487 (£6.17) 0.198 0.662 0.065
Tail swishing (no. of animals) 10 6 0.359 NA NA
Vocalisations (no. of animals) 1 0 NA NA NA
Head shake (no. of animals) 1 0 NA NA NA

Generalised linear models were used to analyse all data, excluding tail swishing, which was analysed with a Fisher’s exact test, and vocalisations and head shaking, which were not formally

analysed due to their low occurrence. Bold font indicates statistical significance, bold italicized font indicates a trend to significance.
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during yard weaning. The discrimination ratio (mean + SE) compared the
were yard weaned, calculated as the duration of exploration of the novel
both objects.

4.1 Crush score and flight speed

The crush score and flight speed were examined in the current
study as it was hypothesised that appropriate environmental
enrichment could reduce fearfulness, as has been observed in
other species such as chickens (Campbell et al., 2021; Dumontier
et al., 2022). Cattle with high crush scores and flight speed are
associated with higher physiological measures of stress (Curley
et al,, 2006; Lees et al., 2020) and are thought to be more fearful
(Grandin, 2019). On day 7, enriched animals had a faster flight
speed than the controls. This is contrary to predictions of
enrichments reducing fearfulness and also contrasts with previous
work revealing that veal calves housed in an enriched environment
show reduced fear of humans (Leruste et al., 2012). In support of
this finding, enriched goats exhibit increased fearfulness by
maintaining a further distance from handlers than the controls
and emitting more vocalisations during handling compared to the
controls (Miranda-de la Lama et al,, 2013). Enriched calves also
showed more variation in flight speed at the end of weaning on day
16 compared to control calves (Figure 3B). This might be due to
differing impacts of the regrouping and enrichment based on an
individual’s personality type. This has been seen in chickens, in
which enriched hens show fewer correlations in personality testing
over time, suggesting a more adaptable personality type (Campbell
et al., 2021). However, no lasting significant impact of treatment
was seen for either crush score or flight speed. This may be because
all calves were handled regularly throughout the weaning period,
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enriched and control (E) and the steers and heifers (F) of beef calves that
compared to the familiar object proportional to the time exploring

and repeated handling can improve the temperament and handling
ability of cattle (Ceballos et al., 2016; Parham et al,, 2019).

4.2 Biological measures (cortisol, body
weight, and body temperature)

Although it was hypothesised that the impact of enrichment on
the measures of biological functioning would be small, no
significant effect of treatment on faecal cortisol metabolites, body
weight, and internal body temperature was found. This is in line
with previous studies showing no impact of grooming brush access
on the cortisol concentrations (Ishiwata et al., 2006; Matkovic et al.,
2020; Park et al, 2020) and weight gain (Ishiwata et al., 20065
Ninomiya, 2019; Park et al., 2020) of cattle. It is possible that the
stress induced by weaning masked any potential impacts of
enrichment on these biological measures as weaning causes
physiological responses such as increased cortisol, protein, and
urea concentrations and neutrophil/lymphocyte ratio in calves,
which are reduced with time (Kim et al, 2011; Lynch et al,
2011). This is reflected in the current study, with both body
temperature and faecal cortisol metabolites reducing with time
regardless of treatment. In addition to the stress of weaning,
calves were also exposed to regrouping and increased handling
for sampling purposes. As these are known to be stressful to cattle
(regrouping: Bouissou et al., 2001; von Keyserlingk et al., 2008;
handling: Grandin, 1997), they could have acted as additional
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stressors and might have masked any benefits of enrichments on
these biological measures.

4.3 Pen behaviours

The brush was used five to six times more than either the rope
or ball, and the ball appeared to be the least favoured enrichment.
Previous studies reported conflicting preferences between a brush
and a hanging rope, with beef steers at pasture utilising a brush
more (Dickson et al, 2022), weaned group-housed dairy calves
preferring a rope (Strappini et al., 2021), and pair-housed dairy
calves using both enrichments for similar total durations (Zobel
et al,, 2017). However, these differences might be due to the age of
the calves as younger calves may have a stronger motivation to
suckle and therefore utilise a rope allowing for oral manipulation.

Control calves groomed on pen structures more than enriched
calves, but only by a small amount (3.19 vs. 4.44 daily average
observations), potentially because the brush provided an additional
opportunity for enriched calves to groom. Allogrooming was also
impacted by the provision of enrichment, with enriched calves
displaying more allogrooming with increasing day number in the
first week of weaning. Previous studies reported conflicting results,
with a brush or other grooming objects increasing social behaviours
(Bulens et al.,, 2014), decreasing (Park et al., 2020; Meneses et al.,
2021), or not impacting (Kohari et al., 2007; Horvath and Miller-
Cushon, 2019) allogrooming behaviours. However, the use of
brushes is thought to trigger allogrooming in horses (Lansade
et al, 2022). This link between brush use and allogrooming is
worth exploring as allogrooming is thought to be a beneficial
behaviour that establishes and maintains social relationships,
supports herd stability (Sato et al., 1993; Sarova et al,, 2016), and
is associated with a positive affective state (Laister et al., 2011).

Unexpectedly, enriched calves were observed drinking water
more than the control calves. However, the volume of water
consumed per pen was not recorded, and thus it cannot be
confirmed whether this difference is biologically relevant. This
same result was not seen for eating behaviours. However, feed
was delivered twice daily rather than supplied ad libitum and
therefore was relatively quickly consumed. It is possible that the
enrichments provided in the current study encouraged
consummatory behaviours, manifested as increased drinking, but
the underlying mechanisms are unknown as the study was not
designed to specifically address this.

A major limitation of the analysis of pen behaviours is that the
experimental unit was the pen, in order to avoid pseudoreplication;
therefore, increasing the number of replicates might show greater
behavioural differences between the enriched and control calves. A
more complete analysis of pen behaviours was also limited by the
number of days of observations as calves were frequently handled and
were away from their home pens, which might have disrupted diurnal
behavioural patterns when returned. Furthermore, cameras were not
installed in the pens the calves were moved to on day 10, so it is
unknown whether the impacts of enrichment continued past this point.
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4.4 Attention bias test

Contrary to the hypothesis that enrichment would reduce anxiety
as measured using an attention bias test, the results from the current
study indicate that enriched calves displayed more anxiety during
testing. This was evidenced by the longer latency to eat, as well as less
time spent eating, more time being vigilant, and more time moving.
Other studies on beef cattle (Lee et al., 2018; Somarriba et al., 2019),
dairy heifers (Kremer et al., 2021), and sheep (Monk et al., 2018,
2020) support this interpretation of less eating, greater vigilance, and
a higher amount of locomotion representing more anxious animals.
This could be due to the enrichments causing increased competition
within the home pens as a valued resource. Alternatively, it is possible
that the enriched calves experienced a negative contrast by
transitioning from their enriched environment to the relatively bare
testing arena, whilst control calves may have encountered greater
novelty. This theory is supported by studies in a range of species in
which control animals showed a more positive affective state during
an attention bias test (pigs: Luo et al., 2019) or operant conditioning
tasks (mice: Mitchell et al., 2012) than the enriched animals.
Similarly, control mink paid greater attention towards a range of
stimuli than the enriched mink, suggesting that the non-enriched
animals were bored (Meagher et al., 2017). Overall, these results
indicate that enriched calves were experiencing greater anxiety during
the attention bias test. However, it is unknown whether this is due to
control calves experiencing a more positive state during testing due to
the novelty involved (i.e., they were in a more negative state in their
home pens) or due to the enrichments having a negative impact on
the affective states of calves that persisted during testing (e.g.,
increased competition in the home pens).

Enriched calves spent longer exploring the walls of the arena
during the attention bias test, which could reflect increased
curiosity. Alternatively, it could be due to increased motivation to
reunite with herd mates as ‘social’ dairy heifers had contact with the
arena walls during an attention bias test more than ‘non-social’
calves (Kremer et al,, 2021). The same study also looked at positive
and negative housing conditions, but treatment did not significantly
impact wall contacts (Kremer et al, 2021). As treatment was
significant in the current study, it is possible that enrichment
improved social bonds. This is supported by the increased
allogrooming in the pen environment for enriched calves only, as
previously discussed. Enriched calves were also located within one
body length of the dog flap for an average of five times longer than
the control calves. Along with increased curiosity, as previously
discussed, this could also signify reduced levels of fear.

Enriched calves spent longer with ears in the forward position
than the controls, but no difference was seen between treatments for
the backwards, axial, or asymmetrical ear postures. This conflicts
with a previous study, in which cattle treated with the anxiogenic
drug m-chlorophenylpiperazine (m-CPP), and therefore presumed
to be anxious, spent more time with their ears in a backwards
posture (Lee et al,, 2018). Alternatively, backwards ear postures are
also thought to be indicative of a positive affective state in dairy
cattle, although the treatment in this study was gentle stroking
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(Proctor and Carder, 2014), and this ear posture did not differ
between treatment groups in the current study. It is possible that
enriched calves displayed more forward ear postures simply due to
increased vigilance. However, in sheep, a forward ear posture has
been associated with negative affect resulting from social separation
(Reefmann et al.,, 2009). This supports the previous statement of
increased wall explorations indicating a stronger motivation to
reunite with herd mates.

Overall, there have been inconsistencies in the findings of
previous attention bias tests, which limits the interpretation of the
current study. A review on the effectiveness of the attention bias test
to assess affective states in sheep suggests that this could be due to not
only differences in the test methodology but also the interactions
between emotions (short-term states), moods (longer term), and
personality (Monlk et al., 2023). The current attention bias testing
methodology did discriminate between enriched and control calves,
albeit contrary to the initial hypothesis, supporting its potential for
future use in assessing affective states following refinement.

4.5 Novel object recognition test

Although relatively understudied in cattle, the novel object
recognition test shows promise in identifying differences in the
cognitive abilities of beef calves. As hypothesised, novel objects
were interacted with by the calves significantly more than familiar
objects during the testing stages, indicating familiar object
recognition. Enrichment reduced the amount of time calves spent
interacting with objects throughout the novel object recognition test.
This conflicts with previous reports of no differences in the responses
to novel objects and environments seen between enriched and control
calves (Pempek et al., 2017; Zhang et al., 2021), as well as the duration
exploring novel objects between enriched and control pigs
(Krugmann et al., 2019). Moreover, significantly more enriched
than control calves were excluded from the analysis during the
testing stages of the novel object recognition test as they failed to
meet the requirements of interacting with the objects for a minimum
of 4 s during the familiarisation stage. Although this might limit the
interpretation of the data from the testing days, previous literature
has shown that enriched parrots explored novel objects presented in
their home pens less than the control parrots (Meehan and Mench,
2002), and enriched mink similarly explored a range of stimuli less
than the control mink (Meagher et al, 2017). This suggests that
control animals may be bored, which aligns with the theory of control
calves experiencing boredom in their home pens.

4.6 General discussion

It is possible that the enrichments used in the current study
were not appropriate. Both the brush and rope have been used in
previous studies (e.g., Zobel et al., 2017; Strappini et al., 2021) and
were used by calves during the first 9 days of weaning. However, the
ball was observed as being used very infrequently (a total of eight
instances over the observation days) and anecdotally appeared to be
bumped into more than directly played with. This might be due to
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the ball being not as biologically relevant to the calves as the other
enrichments. A brush allows for grooming, which may allow the
calves to stay clean by removing dirt and ectoparasites, and has also
been suggested as a method of de-arousal (Spruijt et al., 1992). As
calves are weaned, they may experience a strong suckling
motivation (De Passille, 2001), which may be satisfied through
the provision of a hanging rope. In contrast, the ball was chosen to
encourage play behaviour (e.g., hanging balls used by Bulens et al.,
2014), as has been anecdotally observed. Play behaviours have been
shown to reduce during weaning for beef calves (Enriquez et al,
2010) and other stressful time periods for a range of animals (e.g.,
castration in lambs: Thornton and Waterman-Pearson, 2002; cold
weather in pigs: Newberry et al., 1988; insufficient food in deer
fawns: Muller-Schwarze et al., 1982). However, as the balls used in
the current study were brightly coloured and were not fixed in
position and could be moved by wind or other calves, it is possible
that these balls were perceived by calves as an additional stressor
due to sudden movements. In addition, the calves were initially
housed under relatively high stocking densities (approximately 4.5
m? per calf), which could have decreased play behaviours (Jensen
and Kyhn, 2000) and the ability to interact with the ball. Therefore,
it might be beneficial to study the impacts of providing single forms
of enrichment to calves at weaning under different stocking
densities to determine which enrichments are most beneficial and
whether this changes with space allowance.

It is also possible that, as the yard environment itself was novel,
the addition of novel enrichments created an environment that was
too stimulating. This means that the enrichments may have added
an extra stressor instead of reducing stressors. It is possible that this
novelty could be reduced by presenting the enrichments to calves in
their paddocks, either from birth or in the weeks leading up to
weaning. It is unknown whether this would increase the utilisation
of the enrichments and enhance any potential benefits, which poses
an interesting avenue for exploration. An additional source of stress
could be the competition over the enrichment resources, which may
have been made worse following the regrouping event as the calves
were required to establish a new social hierarchy. However,
competition over enrichments such as brushes is relatively low,
with a displacement occurring less than once per hour for dairy
calves (Reyes et al. 2022), although a higher ratio of bushes to calves
was provided by Reyes et al. (2022) than in the current study.

5 Conclusion

Overall, the provision of environmental enrichments during
yard weaning altered the behaviours of beef calves during both a
novel object recognition test, with enriched animals exploring the
objects less than the controls, and an attention bias test, with
enriched animals eating less, but spending more time vigilant,
exploring the arena, moving, and with ears forwards. Enrichment
also increased the drinking and allogrooming behaviours in home
pens in comparison to control calves. Although there were
no identified differences in biological functioning between groups,
the results of the current study highlight the difficulties in the
assessment of affective states in animals as multiple interpretations
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could be reached with regard to the behavioural test results. More
investigation into which enrichments were responsible for these
changes would be valuable and could confirm whether the overall
welfare of the calves was improved or impaired through enrichment
provision. Finally, it is possible that the stress experienced by the
calves during both weaning and regrouping may have overruled any
positive enrichment effects.
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