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ARTICLE INFO ABSTRACT

Keywords: Horses (Equus caballus) are prone to acute and chronic stress, particularly in equestrian sports, raising significant
Cognition welfare concerns. We investigated whether and how play can mitigate acute acoustic stress and enhance
Decision-making decision-making in horses. We studied horses in two different stabling and working conditions (intensively vs.
Ic_)lgjr:: play behaviour extensively managed) and recorded their behaviours in a Y maze for a food reward in three sequential treat-
Stress ments: baseline (no stressor), stress (exposure to a short-term acoustic stressor) and solitary object play with a
Stressor large ball (exposure to the stressor followed by play). We recorded behavioural diversity, latency to approach the

decision point (before choice) and food reward arm, behaviours associated with positive and negative emotional
state and overall choices made (decisions) in the maze. Decision-making was significantly better in the play
treatment than in both the baseline and stress treatments. Horses in the stress treatment exhibited a greater
diversity of behaviours associated with negative emotional states and poorer decision-making compared to the
play and baseline treatments. Additionally, intensively managed horses under more constrained conditions, were
more stressed than those extensively managed. Our findings suggest that play can effectively reduce stress and
improve decision-making in horses, depending on their housing conditions, and highlight the importance of play
for equine welfare.

1. Introduction

Stress is the suite of behavioural and physiological responses an
animal mounts when a stressor (i.e. any internal or external challenge)
threatens (or is perceived to threaten) homeostasis (Selye, 1936; Sap-
olsky, 2002). When the stressor is judged to be dangerous, the sym-
pathetic-adreno-medullary ‘fight-or-flight’ cascade releases
catecholamines and glucocorticoids such as cortisol (Mostl and Palme,
2002; Bartolomé and Cockram, 2016). The immediate affective output is
an emotional response (i.e. a transient state defined by valence and
arousal); across repeated episodes, these moments accumulate into a
longer-term emotional state (Mendl et al., 2010). Briefly, predictable
stressors can induce eustress (positive stress) and focus attention (Yerkes
and Dodson, 1908; Lupien et al., 2007) and, in rodents, enhanced hip-
pocampal plasticity and remote memory (Kirby et al., 2013). For
example, before a race, thoroughbred racehorses experience short-term
or eustress due to the release of stress hormones and can show enhanced
performance (reviewed in Bartolomé and Cockram, 2016). Prolonged or
unpredictable HPA activation, by contrast, promotes
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immunosuppression, stereotypy and hippocampal dysfunction (McEwen
and Sapolsky, 1995; Mostl and Palme, 2002). Because glucocorticoids
modulate synaptic plasticity in hippocampal-pre-frontal circuits, deci-
sion making quality can shift within minutes of stress onset
(Dias-Ferreira et al., 2009). Buffering such transient cognitive disrup-
tions is critical for equine welfare in modern yards where sudden
stressors, such as loud machinery, are common.

Cognition entails integrating environmental information and
selecting appropriate actions (Shettleworth, 2001; Sandi, 2013). In
mammals, the hippocampal-pre-frontal loops that support spatial
memory and behavioural flexibility are especially sensitive to stress
hormones (Sigurdsson and Duvarci, 2016). Persistent glucocorticoid
elevation therefore impairs learning and flexible choice (Bowman et al.,
2003; Mika et al., 2012), whereas performance peaks under mild arousal
(Yerkes and Dodson, 1908). Management strategies must thus
down-regulate distress without dampening persistent alertness.

Attempts to relieve stress in captive or domesticated animals typi-
cally focus either on removing the stressor (e.g. improving housing
stability) or on providing environmental enrichment that boosts
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physical activity (e.g. turnout, exercise) and mental stimulation (e.g.
puzzle feeders — for horses, slow-release hay nets and salt-lick blocks are
widely used examples), thereby reducing boredom and enhancing
cognition (Coleman and Novak, 2017). Recent work shows that
enrichment can also promote positive affect: short, daily interventions
increased play and ‘relaxed’ postures in riding-school horses (Bini de
Lima et al., 2023). Such interventions can be implemented in the
short-term to deflect acute stressors or sustained in the long-term to
mitigate chronic stress (Shepherdson, 1994).

Play, particularly object play, is a rapid, handler-independent
enrichment that can reverse acute stress effects. For example, adult
horses manipulate balls or barrels more when natural foraging and so-
cial outlets are restricted (Hausberger et al., 2012; Christensen et al.,
2011); play frequency is inversely correlated with hair-cortisol (Mazzola
et al.,, 2021), and in several species, play recruits parasympathetic
pathways linked to affective recovery (Held and Spinka, 2011). Across
mammals and birds, brief play bouts have been shown to reduce
behavioural and neuro-endocrine stress indices (rats: van den Berg et al.,
1999; chickens: Lundén et al., 2022), while in children play therapy
accelerates cortisol recovery after acute stress (Potasz et al., 2013). For
ungulates housed in barren boxes, object play may substitute for graz-
ing, sparring and locomotion, providing a behavioural release valve that
restores affective balance (Meehan and Mench, 2007; Hausberger et al.,
2012). Play is also linked to enhanced synaptic plasticity and faster
reversal learning in several mammals, suggesting a plausible cognitive
‘reset’ mechanism that could translate into more accurate
decision-making (Pellis and Pellis, 2013; Held and Spinka, 2011).

Horses are often subjected to stress because of routine practices in
the equestrian industry. Riding-school horses, for instance, may expe-
rience chronic stress from frequent riding by multiple riders, leading to
compromised welfare and an increase in play behaviour as a form of
escape (Hausberger et al., 2012). Likewise, horses kept for leisure or for
sports such as dressage, show-jumping and racing can face significant
stress owing to their demanding roles (Bartolomé and Cockram, 2016;
Becker-Birck et al., 2013; Esch et al., 2019). Yet, no study has tested
whether a brief bout of object play can modify decision-making in horses
after an acute anthropogenic stressor.

We aimed to establish whether object play could improve decision-
making accuracy and emotional state following a short acoustic
stressor. Horses from two contrasting management systems (i.e. an
intensively managed riding school and an extensively managed pasture
operation) were exposed to a 30-s acoustic stressor and then tested in a
Y-maze offering a food versus a non-food choice. Horses can discrimi-
nate quantities and negotiate detour problems, demonstrating complex
cognitive abilities (Hanggi, 2003; Savin and Randle, 2013; Valenchon
et al., 2013). In a second treatment, each horse interacted with a familiar
1-m diameter play ball for two minutes immediately after the stressor
before being retested in the maze. We predicted that (i) object play
would improve Y-maze decision accuracy and produce a more positive
emotional state relative to the stressor-only condition, and (ii) decision
accuracy would be lower and emotion more negative in
pasture-managed horses because these animals encounter anthropo-
genic noise less frequently and therefore show stronger startle and
cortisol responses (Christensen et al., 2006) than in their riding-school
counterparts.

2. Materials and method
2.1. Study sites

Horses at two sites were selected for study, located 54 km apart in the
Gauteng Province, South Africa. The first site, denoted as Centre A, was a
private farm with few houses in the vicinity. The second site, was a horse
farm open to the public and was surrounded by houses, denoted as
Centre B. Centre A had extensive, pasture-based management, whereas
Centre B adopted an intensive, riding-school management. We obtained
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ethics approval for our study from the University of the Witwatersrand
Animal Research and Ethics Committee; clearance number AREC23-03-
018B.

2.2. Study subjects

Twenty horses were selected for study, ten from Centre A and ten
from Centre B. Three horses died during the study: two from Centre A
due to African Horse Sickness and one from Centre B which was
euthanised following a fractured leg that became septic. The data for
these horses were excluded from the final analyses. All remaining horses
completed the full experimental protocol. Centre A (Extensive) horses
averaged 10.5 + 4.9 years (range 5-16) and were all Boer ponies (6
geldings, 2 mares) working an estimated 1-2 h per week for fence-line
patrol and cattle herding. They lived in a 24-h mixed herd on pasture,
with grazing ad libitum and a maize supplement every few days in
winter. They were unshod, their hooves were trimmed twice a year, and
veterinary care was on call. Formal back-health screening was not un-
dertaken, but no back-pain was noted during handling or testing.

Centre B (Intensive) horses averaged 14.4 + 5.4 years (range 7-24)
and comprised of five Thoroughbreds, three cross-breeds and one
Clydesdale (6 geldings, 3 mares). They worked an estimated 8-10 h per
week in lessons, were housed overnight in 3 x 3 m box stalls bedded
with wood shavings (changed every second day) and turned out to
pasture for 6 h daily. Feeding consisted of three concentrate meals plus
hay nets refreshed twice daily and pasture grazing during turnout. Social
contact was provided via adjacent stalls and partial group turnout.
Veterinary checks were done monthly; hooves were shod and reset every
six weeks. No back-pain was detected during the pre-study check. The
horses would normally be removed from work at any sign of back
discomfort, which was not detected in this study.

We conducted ad libitum observations of the horses in their paddocks
before the start of the experiments at each location to construct an
ethogram for behaviours.

2.3. Food choice test

Prior to experiments, each horse underwent a food choice test. Each
horse was individually presented with one cup (250 ml) each of three
food types, carrots, apples and horse lucerne pellets (considered treats
for horses) in separate plastic feeding bowls (25 cm by 15 cm by 10 cm).
The feeding bowls comprised of different colours randomly assigned for
each food test and were placed one metre apart. Each horse was allowed
10 min to sample the three food types. The food type that was consumed
and finished first was regarded as the most preferred food type that for
each horse, which was then used as the incentive during the decision-
making tests later.

2.4. Habituation to the experimental set-up

Before any of the experiments, the horses were exposed individually
to a Y-maze set up (Clark and Smith, 2013; Rama et al., 2016) that was
used later for decision-making (see below). The Y-maze consisted of
eleven wooden poles (1.5 m in height) and three lengths of rope (2 of
6 m in length, 2 of 3.7 m in length and 2 of 3 m in length) (Fig. 1). The
wooden poles were sunk into the ground and the ropes were secured to
the tops of the wooden poles with metal rings. A horse was individually
led into the maze from the bottom of the “Y” and was then left to move
forward by itself. This was done once a day for fifteen minutes per horse
for two weeks before the start of the experiments to acclimate the horses
to the maze (Christensen et al., 2011; Leiner and Fendt, 2011). Each
horse was also individually exposed to the 1 m diameter ball that was
later used in the play treatment. Horses were exposed to the ball during
four 15-min sessions per day over a two-week period in a round pen
(16 m in diameter) to ensure familiarity and to prevent novelty re-
sponses during the actual play trials. All horses interacted with the ball
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Fig. 1. Schematic diagrams of the Y-maze within a round pen used in tests. The horse entered the maze at the bottom and moved toward the orange dot. The orange
dot represents the decision point where the horse had to decide to move to exit 1 or 2.

freely during these sessions without prompting.

2.5. Treatments

Each horse underwent three treatments, namely baseline, stress and
play. Each horse was tested twice in the treatments, with a minimum of
one week between repeat experimental treatments (Supplementary
Figure 1). On each of the experimental days, the horses first underwent a
baseline treatment before undergoing the stress or play treatments. The
stress and play treatments were randomly assigned to each horse with a
minimum of two days between each treatment. The horse’s behaviours
were recorded using a smartphone (Samsung Galaxy A50) in each
treatment.

Each horse completed two experimental blocks, separated by at least
seven days; each block comprised two test days, Day 1 (Baseline fol-
lowed by Stress) and Day 2 (Baseline followed by Play). This fixed
sequence, Stress first, then Play, was essential because the study aimed
to ascertain whether object play could buffer a previously induced stress
response; reversing the order would have confounded that question.
Baseline trials were always run first on each test day to obtain a same-
day reference, and a minimum interval of 48 h (twice the 24-h base-
line recovery in behaviour) separated the Stress and Play days, mini-
mising carry-over effects (timeline illustrated in Supplementary Fig. 1).
All sessions were video-recorded with a Samsung Galaxy A50 positioned
4 m from the maze. To check for any week-to-week sequence artefact,
decision accuracy was re-analysed in a linear mixed model with “Block”
(first vs. second) as a fixed factor and horse ID as a random effect; Block
had no effect (F1,%¢ = 0.42, p = 0.530), confirming that the 48-h buffer
and between-block interval were sufficient to eliminate sequence bias.

2.6. Baseline treatment

Each horse was placed in a round pen (16 m in diameter) with the Y-
maze, in which one arm had each horse’s preferred food type and the
other arm contained the rocks. The position of the food bowl vs. the rock
bowl was randomly assigned for each trial. The test arena was large and
open, making it unlikely that horses could simply detect the reward by
olfactory cues from a distance without actively investigating the bowls.
Nonetheless, our study focused on whether horses’ decision-making
following an acute stressor or play event would alter their approach to
the decision task, in a familiar context where the reward and bowl cues
were already known. The rocks were used in the feeding bowl of one of

the arms as a neutral scent and not an incentive.

Using an electronic stopwatch we measured initial latency (maze
entry to the decision point) and final latency (decision point to reaching
a bowl). Decisions were scored “yes” when the horse chose the arm with
its preferred food and “no” when it chose the rock-filled arm. From the
video recordings, JAH recorded every posture change continuously and
later collapsed the data into 10-s bins, recording eight mutually-
exclusive postures for analysis (Table 2) and, for completeness, contin-
uously noted overt behaviours (snort, paw, buck, rear, kick, freeze),
although these were not included in the valence metric. We recorded
postures, rather than grouping behaviours into functional categories, to
avoid biasing the classification of emotional states.

Each horse was observed for three 5 min periods (pre-maze, in-maze,
post-maze), yielding 30 bins per period. Behavioural diversity was
calculated as the count of distinct posture states in the bins before the
decision point and in the bins from the decision point to the end of the
maze. Emotional valence followed the ear—eye-neck coding of Torcivia
and McDonnell (2021) and Waring (2003). With 30 scans per 5-min
period, a summed score of +10 indicated that the horse displayed pos-
itive ear-eye-neck cues in >20 scans (> 67 %), whereas a score of —10
indicated the same proportion of negative cues. This two-thirds-majority
threshold strikes a balance between sensitivity and reliability—high
enough to minimise misclassification due to momentary postural shifts,
yet not so strict as to obscure genuine affective changes. Emotional state
was assigned for the full maze travel. A decision was deemed successful
when the horse chose the preferred-food arm at both the initial
head-position decision point (Fig. 1) and the final bowl.

2.7. Stress treatment

Five minutes after the baseline test, two 5-s anthropogenic sounds
were broadcast consecutively, motorbike followed by drone, for a total
exposure of 10-s. The motorbike stimulus was a 125 cc two-stroke trail
bike accelerating, recorded at a distance of 3 m with a Zoom H4n
recorder (44.1 kHz, 16-bit; dominant frequency band 120-450 Hz). The
drone stimulus was a DJI Mavic Air hovering, recorded 30 cm beneath
the rotors with the same recorder (dominant band 2-3 kHz). Both clips
were replayed through a Volkano Bluetooth speaker positioned 1 m
outside the round pen and facing inward; peak A-weighted sound-
pressure levels measured at horse-ear height (1.6 m) were 83 + 2 dB
for the motorbike and 76 + 2 dB for the drone. The paired stimuli
mirrored common show-ground noise and provide complementary low-
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and mid-frequency energy. Pilot trials confirmed salience: horses
showed a startle response (ear-flick, head-raise) without panic. Imme-
diately after exposure, each horse entered the decision-making maze,
and latency, posture diversity, emotional valence and initial and final
choices were recorded as described above.

2.8. Play treatment

After the baseline treatment in the round pen, the recorded motor-
bike and drone sounds were played from a smartphone as described
above. The ball (described above) was then placed in the round pen. The
horse was allowed to play with the ball, unaided, for 5 min, and its
behaviour was recorded. Thereafter, the horse underwent the decision-
making test, as mentioned above. Each horse’s behaviours were recor-
ded during the experiment and then continuously after the experiment
for 5min (Table 1). The latency, behavioural frequency, emotional
states, initial decision and final decision were calculated, as described
above.

Immediately after the sound exposure, the familiar ball (see Habit-
uation to the Experimental Set-up) was placed in the round pen. Each
horse was then allowed to play with the ball, unaided, for 5 min, and its
behaviour was recorded. Horses typically engaged with the ball by
nosing, pushing and pawing, consistent with object-directed play. The
horses were consistently assessed as being relaxed based on our pre-
defined emotional state criteria, and no stress-related behaviours (e.g.
galloping, tail-flagging, snorting) were observed. Each horse’s behav-
iours were recorded throughout the experiment and for 5 min after the
experiment (see Table 1). We acknowledge that our study did not
include a separate sham-delay control to rule out the potential influence
of the 5-min time gap alone. We recorded latency, behavioural fre-
quency, emotional state, initial decision and final decision as described
above.

2.9. Data analysis

The video-recordings were scored manually onto datasheets by JAH,
and a randomly selected 15 % subset was independently scored by an
observer naive to treatment (inter-observer B = 0.98 — 0.99). All ana-
lyses were conducted in R 4.3.1 (2023-06-16 ucrt), using data from

Table 1
The dependent variables recorded in these and the method of calculation.

Dependent Method of calculation

variables

Behavioural The number of unique behaviours per 10 s from postures listed
diversity in Table 2, that the horse displayed in the maze. From this, the

behavioural diversity was grouped into diversity of behaviours
before the decision point in the maze and diversity of
behaviours from the decision point to the end point of the maze
so that initial and final decision success were more easily
distinguished.

Time taken from the point where the horse entered the maze to
the point where the horse exited the maze. From this, the
latency was divided into latency from the start of the maze to
the decision point and the latency from the decision point to the
end point of the maze so that initial and final decision success
were more easily distinguished.

Positive and negative were calculated as per Table 2. A horse
was said to be in a particular state using the criteria described
in text and in Table 2).

An initial decision was recorded as successful when the arm of
the maze with the preferred food type was selected or
unsuccessful when the arm of the maze with the rocks in the
feeding bowl was selected, depending on the position of the
head.

A final decision was recorded as successful when the arm of the
maze with the preferred food type was selected or unsuccessful
when the arm of the maze with the rocks in the feeding bowl
was selected.

Latency (seconds)

Emotional states

Initial decision

Final decision
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Table 2
Validated posture ethogram used for 10-s scan sampling and emotional-valence
scoring (after Torcivia and McDonnell, 2021 = 1 and Waring, 2003 = 2).

Posture Positive criterion Negative criterion Reference
Ears Tips > 30° forward Flat back 1
Eyes Lids soft, pupils normal Wide, pupils dilated 1
Nostrils Relaxed, no flare Flared, rapid breathing 1
Head-neck Level or slightly down High/tense or snaking 1
Tail Hanging or gently swishing  Clamped or lashing 1
Trunk Aligned with neck Twisted/away 2
Gait Walk/trot, relaxed cadence Stiff, high stepping 2
Muscle tone  Soft Rigid 2

both replicate runs of each treatment. Normality was assessed with
Shapiro-Wilk tests; no variable was normally distributed (p < 0.050).
Outcome distributions were inspected visually (histograms, Q-Q plots)
and with DHARMa simulation. Latency and behavioural-frequency
variables were strongly right-skewed and were best modelled with a
Gamma family and log link, whereas emotional-state counts followed a
Poisson family (dispersion = 0.97). Alternative families (log-normal for
latency; negative-binomial for counts) yielded higher AIC values, and
DHARMa residual diagnostics showed no over-dispersion (all p > 0.20)
and no zero-inflation. Final models were fitted with the glmmTMB and
Ime4 packages, residuals checked with DHARMa, and Wald y* tests
computed with the car package. In addition to null-hypothesis testing,
we report paired-samples Hedges’ g (small-sample corrected) with 95 %
CIs for all treatment contrasts, and we ran a post hoc sensitivity analysis
(G*Power 3.1) to confirm the study’s detectable effect size given the
within-subject design (a = 0.05) (Faul et al., 2007).

Separate GLMMs were fitted for latency (pre- and post-decision),
behavioural frequency (pre- and post-decision), and emotional-state
counts; significant fixed effects were assessed with Tukey-adjusted
pairwise contrasts of estimated marginal means using emmeans. Horse
identity (HorseID) was fitted as a random intercept, and each base-
line-treatment pair was assigned a unique SessionID nested within
HorseID (random structure 1 | HorseID/SessionID) to account for
repeated measures. The SessionID term explained <3 % of total variance
(median SD = 0.07), and likelihood-ratio tests showed that its removal
did not alter fixed-effect estimates (all p > 0.50); it was therefore
retained for completeness. In addition, preliminary models that added
Calendar Day or Repeat Number as additional random factors produced
singular fits and accounted for <2 % of variance, so the more parsi-
monious random-effects structure was adopted.

Fixed effects were Treatment, Centre (intensive vs. extensive) and
Sex, plus their a priori interactions Treatment x Centre and Treatment x
Sex. The first interaction tested whether the acoustic-stress and object-
play manipulations differed between intensively managed riding-
school horses and extensively managed pasture horses, given contrast-
ing baseline arousal and habituation to handling. The second addressed
documented sex-specific stress responses and cognitive styles in horses
(Wulf et al., 2013). Although neither interaction reached statistical
significance (see Results), both were retained to avoid inflated type-I
error rates (Zuur et al., 2009).

An initial decision was deemed successful (Y) if the horse chose the
maze arm containing its preferred food and unsuccessful (N) if it chose
the arm containing rocks; the same criterion was applied to the final
decision. Because initial and final choices within a run were structurally
dependent (YY, NN, YN, NY) and the resulting 2 x 2 table is sparse (68
paired observations), decision-success combinations were analysed with
two-tailed Fisher’s exact tests, which are robust for sparse data; odds
ratios are reported where significant (Agresti, 2013).
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3. Results
3.1. Behavioural diversity

Treatment was a significant predictor of behavioural diversity before
the decision point (GLMM: y2 = 7.36, df = 2, p = 0.025). Post hoc tests
showed that the behavioural diversity was highest in the stress treat-
ment, followed by the play treatment (Fig. 2a). Stable had a significant
effect on the behavioural diversity before the decision point (GLMM: y2
=18.80, df = 1, p < 0.001). Post hoc tests showed that the behavioural
diversity of horses at the Centre B (intensively managed) was greater
than those on the Centre A (extensively managed) Fig. 2b). There was a
significant effect of sex on behavioural diversity before the decision
point (GLMM: x2 =9.44, df = 1, p = 0.002), with behavioural diversity
being greater in the males than females (Fig. 2c). The interaction be-
tween treatment and stable was a significant predictor of behavioural
diversity before the decision point (GLMM: y? = 9.52, df = 2,
p = 0.009). Post hoc tests showed that the behavioural diversity of the
horses at the Centre B was greater than those of the horses at the Centre
A in the baseline, stress and play treatments (Fig. 2d). There was no
significant effect between treatment and sex on behavioural diversity
(GLMM: ¥% = 0.53, df = 2, p = 0.765).

Centre had a significant effect on the behavioural diversity after the
decision point (GLMM: X2 = 10.02, df = 1, p < 0.001). Post hoc tests
showed that the behavioural diversity of the horses at Centre B was
greater than those at Centre A (Fig. 3a). The interaction between
treatment and Centre was also significant predictor of behavioural di-
versity after the decision point (GLMM: y* = 13.05, df = 2, p = 0.001).
Post hoc tests showed that the behavioural diversity of the horses at the
Centre B was greater than those of the horses at the Centre A in the stress
and play treatments (Fig. 3b). Treatment GLMM: XZ =1.81, df =2,
p = 0.405), sex (GLMM: X2 = 1.10, df = 2, p = 0.295) and the interac-
tion between treatment and sex (GLMM: y? = 4.16, df = 2, p = 0.125)
were not a significant predictor of behavioural diversity after the deci-
sion point. A Spearman Rank regression showed a significant positive
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relationship (R = 0.45, p < 0.001) between behavioural diversity before
and after the decision point, indicating that the behavioural diversity of
the horses was consistent when they entered and exited the maze.

3.2. Latency

Treatment was a significant predictor of latency to the decision point
(GLMM: Xz = 8.15, df = 2, p =0.017), being shorter in the stress
treatment than the play treatment (post hoc tests) (Fig. 4a). (post-hoc
tests; Fig. 4a). Importantly, this shorter latency was not accompanied by
better performance; rather, it reflected an impulsive, escape-motivated
response that often resulted in an incorrect arm choice (i.e. shorter la-
tency but poorer decision-making—quicker movement coupled with a
higher error rate; see decision-success analysis below). Centre also had a
significant effect on the latency before the decision point (GLMM: y* =
6.80, df = 1, p = 0.009), with horses on the Centre A reaching the de-
cision point slower than that of the horses at the Centre B (Fig. 4b).
There was no significant effect of sex (GLMM: y? = 2.98, df = 1,
p = 0.084), the interaction between treatment and Centre (GLMM: Xz =
5.33, df = 2, p=10.070) and interaction between treatment and sex
(GLMM: y2 = 1.53, df = 2, p = 0.466) on latency before the decision
point.

Centre had a significant influence on the latency after the decision to
end of the maze (GLMM: % = 12.50, df = 1, p < 0.001); the latency of
horses at the Centre B was shorter than those on the Centre A. The
interaction between treatment and stable was a significant predictor of
the latency after the decision point (GLMM: y* = 14.40, df = 2,
p < 0.001). Post hoc tests showed that the latency of the horses at the
Centre B was shorter than those at the Centre A in the stress treatment.
There was no significant effect of treatment (GLMM: y2 = 1.31, df = 2,
p = 0.519), sex (GLMM: X2 = 0.33, df = 1, p = 0.565), the interaction
between treatment and sex (GLMM: XZ =2.33,df =2, p = 0.312) on the
latency after the decision point.

Overall, there was a positive relationship between the latency before
and after the decision point (R = 0.38, p < 0.001), indicating that the
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between female and male horses, d). d) interaction between treatment and stable. Boxplots indicate the median (central dark line), the 1st and 3rd interquartiles
(boxes), minimum and maximum scores (whiskers) and outliers (dots). Bars with the same alphabets are not significantly different.
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latency of the horses was consistent when to the decision point and from
the decision point to the exit of an arm.

3.3. Emotional states

Using the ear-eye-neck valence index, Treatment was a significant
predictor of positive emotional state (GLMM: X2 = 9.03, df = 2,
p = 0.011), with positive emotional states occurring more frequently in
the play treatment than the stress and treatment (Fig. 5a). There was no
significant effect of stable (GLMM: Xz = 2.57,df = 1, p=0.109), sex
(GLMM: Xz = 0.06, df = 1, p = 0.805), the interaction between treat-
ment and Centre (GLMM: X2 = 0.74, df = 2, p = 0.690) and the inter-
action between treatment and sex (GLMM: X2 =2.87,df =2,p = 0.238)
on positive emotional state.

Treatment was a significant predictor of negative emotional state
(GLMM: Xz = 20.15, df = 2, p < 0.001). Post hoc tests showed that the
negative emotional state in the stress treatment was greater than those
in the baseline and play treatment (Fig. 5b). A significant effect was
observed of Centre on negative emotional state (GLMM: x2 = 4.46, df =
1, p = 0.035). The horses at the Centre B showed a greater level of
negative emotional states than the than those on the Centre A (Fig. 5¢).
There was no significant effect of sex (GLMM: X2 = 0.01, df = 1,
p = 0.942), the interaction between treatment and Centre (GLMM: X2 =
3.72, df = 2, p = 0.155) and the interaction between treatment and sex
(GLMM: 2 = 1.37, df = 2, p = 0.503) on negative emotional states.

3.4. Initial decision success and final decision success

An initial decision (Y = arm with preferred food; N = arm with

rocks) was recorded based on the horse’s head position at the decision
point; a final decision was scored in the same way. Across the four de-
cision trajectories (Y-Y, Y-N, N-Y, N-N), there was no departure from
chance in either the baseline or stress treatments: in the baseline con-
dition horses chose Y-Y in 11 of 32 trials (34.4 %), Y-N in 10 of 32
(31.3 %), N-Y in 5 of 32 (15.6 %) and N-N in 6 of 32 (18.8 %); Fisher’s
exact test, p = 0.260), while under stress the corresponding frequencies
were 2 of 31 (6.5 %), 8of 31 (25.8 %), 10 of 31 (32.3 %) and 11 of 31
(35.5 %; p = 0.283). In contrast, the play treatment produced a highly
skewed distribution: horses selected the preferred-food arm on both the
initial and final decision in 21 of 22 trials (95.5 %) and switched from a
correct to an incorrect arm in only one trial (4.5 %), with no N-Y or N-N
outcomes, yielding a highly significant Fisher’s exact test (p < 0.001);
the odds of a consistent correct choice (Y-Y) were therefore 29.4 times
greater than the odds of a correct-then-incorrect choice (Y-N).

3.5. Overadll effect sizes and sensitivity

Beyond the model test statistics reported for each outcome, we
examined effect sizes to gauge practical importance. For the primary
endpoint (decision accuracy), the play-stress contrast for the initial
choice yielded a moderate paired-samples Hedges’ g = 0.58 (95 % CI:
0.15 - 1.02). A post hoc sensitivity analysis (G*Power 3.1, « = 0.05,
repeated-measures design) indicated 87 % power to detect an effect of
this magnitude with 17 horses. The corresponding effect for final success
was smaller and non-significant (Hedges’ g = 0.23, 95 % CI: -0.04 -
0.49). For the GLMM outcomes, behavioural diversity, latency, and
emotional state, the marginal R* (Nakagawa and Schielzeth, 2013)
attributable to treatment ranged from 0.24 to 0.40, denoting
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medium-to-large effects, whereas interaction terms contributed less
than 0.06. Taken together, these estimates showed that the observed
treatment effects are statistically significant and behaviourally mean-
ingful, despite the modest cohort size.

4. Discussion

We studied whether play buffers stress and improves decision-
making in horses. We found support for our predictions that play im-
proves emotional state and decision-making following a stressor. Con-
trary to our prediction, Centre A (extensively managed) horses were less
affected by stressors compared to Centre B (intensively managed)
horses.

When animals are exposed to new or stressful conditions, they may
exhibit a wider range of behaviours to cope with these challenges. For
example, Koolhaas et al. (1999) found that male rats displayed a wider
variety of aggressive behaviours when given a mild shock. Similarly,
Réale et al. (2007) found that some animals were bolder or more
aggressive, displaying a wide range of behaviours in stressful situations.
Based on these findings, the greater behavioural diversity in the stress
treatment in our study indicates that the horses experienced a negative
situation or stimulus, because behavioural diversity scores increased
significantly from the baseline to the stress treatment. This outcome
supports our initial assumption of greater behavioural diversity indi-
cating a coping response to stress (Wechsler, 1995; Hall et al., 2018;
Anderson et al., 2020). Moreover, the reduction of behavioural diversity
in the play treatment, matching the baseline treatment, suggests that
play buffers stress.

We used behavioural diversity scores to assess the range and vari-
ability of horse behaviours before the decision point in a Y maze. There
is ongoing debate in the literature about whether behavioural diversity
is a positive indicator of animal welfare. On one hand, low behavioural
diversity indicates animal boredom or habitual behaviour (Rabin, 2003;
Miller et al., 2020). On the other hand, higher behavioural diversity has
been considered an indicator of good animal welfare, suggesting a

stimulating or enriched environment (Miller et al., 2020; Hall et al.,
2021; Hall et al., 2018). For instance, bottlenose dolphins (Tursiops
truncatus) with higher behavioural diversity had lower faecal cortisol
levels, indicating reduced stress (Miller et al., 2021). However, our
findings support the negative interpretation, showing that horses
exhibited greater behavioural diversity under stress, likely as a coping
response to negative stimuli, consistent with studies on rats and other
animals (Koolhaas et al., 1999; Réale et al., 2007; Wechsler, 1995; Hall
et al,, 2018; Anderson et al., 2020). Conversely, the reduction of
behavioural diversity during play treatment, returning to baseline
levels, suggests that play alleviates stress, further complicating the
interpretation of behavioural diversity as a welfare indicator.

The positive association of behavioural diversity before and after the
decision point in the maze indicates that the horses did not change their
responses within the maze. Behavioural consistency in a maze often
reflects sequential temporal carry-over effects (i.e., initial behaviours
are repeated later). For example, Wistar male rats exposed to an elevated
plus-maze continuously displayed a similar array of behaviours within
the first 24 h in the maze (Andrade et al., 2003).

The horses moved to the decision point significantly faster in the
stress treatment compared to the play treatment. Animals respond to
stress in various ways. Some may slow down or speed up their move-
ments and behaviours in a stressful situation (Baragli et al., 2014; Pellis
and Pellis, 2013; Esch et al., 2019). For example, laboratory rats had a
slower latency to enter a compartment when stressed (Metz et al., 2001).
In contrast, stressed Arctic ground squirrels (Urocitellus parryii) sped up
their movements in relation to a stressor (Boonstra, 2004). In our study,
the horses responded more quickly in the stress treatment, possibly to
distance themselves from a stressful situation. However, the responses in
the baseline treatment were similar to the stress treatment. This may be
because the baseline session was each horse’s first exposure to the maze,
and novelty is known to raise arousal in horses (Visser et al., 2002);
unfamiliar settings and procedures can therefore induce a mild stress
response that diminishes once the animals become accustomed to the
test environment. In contrast, the horses did not move as quickly
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through the maze in the play treatment.

A positive emotional state was significantly more common in the
play treatment compared to the stress treatment, whereas a negative
emotional state was significantly more prevalent in the stress treatment
compared to the baseline and play treatments. Similarly, domesticated
pigs (Sus scrofa) showed a positive emotional state associated with play
behaviour and a negative emotional state associated with a stressful or
unfamiliar environment (Murphy et al., 2004). Lowland or spotted paca
(Cuniculus paca) also displayed a positive emotional state during object
play (Lima et al., 2024).

Our data showed that, using several behavioural metrics, the horses
displayed heightened responses to the stressor. During the stress treat-
ment, the horses displayed behaviours that could be considered as
fearful or anxious (skittish movements, faster movements, freezing,
wide eyes, head raised on alert). They most likely viewed the auditory
stressor as a threat (Sapolsky, 2002; Bartolomé and Cockram, 2016).
When a stimulus is perceived as a threat, a neuroendocrine response
occurs via the HPA axis which causes the release of adrenocorticotrophic
hormone (ACTH) (Kang and Lee, 2016). This stimulates the release of
cortisol from the adrenal cortex into the blood stream (Koolhaas et al.,
2011; Bartolomé and Cockram, 2016; Kang and Lee, 2016). Whether
such a neuroendocrine stress response occurred in the stress treatment
requires testing.

Play behaviours can enhance a stress response, as seen during social
play in horses experiencing chronic stress (Hausberger et al., 2012). In
contrast, play can reduce the stress response, as seen in laboratory rats
(Pellis and Pellis, 2017). Neurobiologically, play can activate certain
brain signalling pathways, one of which is the transmission of norepi-
nephrine, the neurotransmitter of epinephrine, which plays a role in
stress signalling pathways, buffering the effect of a stressor (DeVries
et al.,, 2003; Wang and Aamodt, 2012). Whether object play similarly
reduces stress is not known, but our study suggests that it might do so.
Our data support the idea that brief object play can act as a coping
strategy that rapidly down-regulates sympathetic arousal and facilitates
parasympathetic recovery (Held and Spinka, 2011). Similar
stress-buffering effects have been documented in adult horses engaging
in self-soothing behaviours (Lesimple et al., 2010) and for foals offered
manipulable enrichment items (Merkies and Franzin, 2021) and leisure
horses managed in richer environments that exhibit lower hair-cortisol
loads seasonally (Mazzola et al., 2021). The convergence of these
studies suggests that allowing goal-free object interaction may be an
efficient, low-cost method to restore cognitive flexibility after acute
stress.

We tested the decision-making of the horses in the maze. In the play
treatment, the horses made the correct initial and final decisions 29.4
times more often than the incorrect final decision. These values were
significantly better than in the baseline and stress treatments. Stress can
influence decision-making in animals physiologically. There is a link
between the dysregulation of the HPA axis and cognitive bias, as seen in
merino sheep (Ovis aries) (Verbeek et al., 2019). Stress also leads to
animals making rash and incorrect or potentially harmful decisions
(Starcke Brand, 2012; Barrett, 2015). This interpretation is supported by
the shorter latency to the decision point shown by horses in the stress
treatment: rapid movement through the maze appears to reflect
impulsive, escape-motivated behaviour rather than superior cognition,
and these rash choices frequently led to selection of the non-rewarded
arm, lowering decision accuracy (Starcke Brand, 2012). By contrast,
the modestly longer latencies recorded after play likely represent
deliberative exploration; the extra sampling time allowed horses to
gather more information and thereby improve accuracy (Chittka et al.,
2009).

The association did not hold true for the baseline treatment, how-
ever, where latency was longer, but decision-making was poorer. The
greatest success in decision-making by the horses was in the play
treatment, where there was a significant association between the initial
and final decisions. This success could be explained by the Yerkes-
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Dodson law, which states that an animal will perform at its best cogni-
tively at an optimal level of stress (Yerkes-Dodson, 1908). This law could
also explain why the horses did not perform optimally during the
baseline treatment, possibly because they were not experiencing any
form of stress (Yerkes-Dodson, 1908). During the play treatment, the
horses were exposed to a stressor initially and then allowed to interact
and play with a ball. This means that while the horses showed similar
behavioural responses in the play and baseline treatments, they were
better able to make decisions.

The horses at Centre B (riding school) showed significantly greater
behavioural diversity and shorter latencies both before and after the
decision point than horses at Centre A (pasture managed), indicating
higher arousal and stress reactivity in the more intensively managed
environment. Consistent with this, Centre B horses also spent more time
in a negative emotional state, possibly linked to their more frequent
riding and confinement. Previous work also reports lower stress in
horses kept under naturalistic conditions (Yarnell et al., 2015) and
chronic stress in animals ridden daily by multiple riders (Hausberger
et al., 2012). Confinement itself can increase boredom-related stress
(Hausberger et al., 2012; Yarnell et al., 2015; Esch et al., 2019). The
rapid latencies under the acoustic-stress treatment likely represent
impulsive, escape-motivated movements whereas the slightly longer
latencies recorded after object play probably reflect this additional
sampling time improved accuracy, echoing classical speed-accuracy
theory, as described above. Nevertheless, overall decision-making did
not differ by housing system: there was no evidence that the
less-constrained Centre A horses chose more accurately than the
more-constrained Centre B horses.

Because breed identity was confounded with housing location and
sample sizes were small, we could not include breed as an independent
factor without over-fitting the models. Consequently, we cannot rule out
that some differences in behavioural diversity or emotional reactivity
reflected inherent breed or personality traits rather than stable man-
agement conditions. Future studies should use larger, within-breed
samples or crossover designs to disentangle genetic and environmental
influences.

Males in our study showed a broader behavioural repertoire during
the 30 s that preceded the choice point than did mares. If behavioural
diversity is interpreted as heightened arousal, this would suggest that
males were the more-aroused sex. However, published evidence on sex
differences in equine cognition is mixed. In a controlled battery of
visual-discrimination and visuo-spatial tasks, Murphy et al. (2004)
found that mares learned a colour cue faster than males, whereas
geldings outperformed mares in one spatial-navigation test, indicating
that the direction of the sex effect depends on the cognitive domain
assessed. By contrast, large-scale survey data on ridden behaviour
showed little support for sex-based stereotypes: mares were no more
reactive than geldings across a range of ridden contexts (Aune et al.,
2020). Consistent with that field observation, we detected no advantage
for either sex in the accuracy of the final maze choice, suggesting that
the transiently higher pre-decision arousal observed in geldings did not
translate into enhanced or reduced decision-making once play had been
introduced.

5. Conclusion

Our study demonstrated that play significantly improves the
emotional state and decision-making abilities of horses following
exposure to an acute stressor. This finding underscores the potential of
play as a practical intervention to mitigate stress in horses, particularly
those in high-stress environments such as riding schools. The observed
stress responses to novel sounds confirm that horses perceive such
stimuli as threats, triggering known stress behaviours. Importantly, the
ability of play to return horses to a reduced stress state and enhance their
decision-making suggests that incorporating play into their routine
could be a valuable strategy for improving their welfare. The differences
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in stress levels between horses from riding schools and those from pas-
tures highlight the impact of stabling conditions on equine welfare.
Horses in more constrained environments exhibited higher stress levels,
indicating a need for better management practices in such settings.
Overall, our findings advocate for the inclusion of play or other forms of
enrichment in the management of horses to reduce stress and enhance
cognitive function. By understanding and addressing the factors that
contribute to stress in horses, we can improve their welfare and per-
formance in various equestrian activities. Future studies should (i) add a
brief sham-delay control to confirm that the effect is attributable to play
rather than spontaneous recovery; (ii) validate the posture-based
valence index with physiological measures (e.g. heart-rate variability,
salivary cortisol) to strengthen objectivity; and (iii) recruit a larger,
balanced, multi-centre sample to refine effect-size estimates and test
breed-specific generality. Investigating longer-term mechanisms, such
as parasympathetic activation or synaptic plasticity, would further
illuminate how object play buffers acute stress.
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