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ABSTRACT ARTICLE HISTORY
Agility training promotes canine well-being but may also induce physiolo- Received 21 September
gical arousal. Training sessions, not just competitions, can impose signifi- 2025

cant physical and emotional demands on dogs. This study evaluated Accepted 9 March 2026
behavioral and physiological arousal responses during agility training, KEYWORDS

focusing on associations with training experience and breed function. Agility dogs; training
Nineteen owned dogs were assessed using salivary cortisol sampling and experience; salivary cortisol;
a species-specific ethogram. Behavioral data were recorded during training, behavioral stress indicators
and cortisol levels were measured at baseline (T0), before (T1), and after

training (T2). Baseline cortisol was significantly lower than T1 and T2, with

no differences between T1 and T2, suggesting sustained physiological

activation from anticipation through the post-training phase. Beginner

dogs showed higher frequencies of stress-related behaviors (e.g., licking,

panting), while Juniors displayed more arousal-related behaviors (e.g.,

jumping, vocalizing). Herding dogs exhibited consistently higher cortisol

levels across all time points without a corresponding increase in stress-

related behaviors, suggesting a breed-related coping tendency. A PCA

revealed distinct clustering for Beginners, while herding dogs showed a

homogeneous pattern driven by cortisol variables. These findings highlight

the value of combining behavioral and physiological measures to describe

arousal patterns during agility training.

Introduction

Dogs have been essential to human life and have been human companion since ancient times.
Initially, they were employed for hunting, herding, and guarding (Galibert et al., 2011). Over time,
their roles expanded to warfare and transportation and, today, they are heavily involved in search
and rescue operations, defense and security, and assisting in therapies for people with physical and
mental disabilities (Clark et al., 2019; Jarrett et al., 2022). This long-standing relationship has
significantly strengthened the bond between humans and dogs, transforming dogs into reliable
work companions and cherished life and play partners, thus playing a key social and emotional
role within the family unit (Amiot et al., 2016).

In recent decades, the focus on animal welfare and integrating dogs into sporting activities have
given rise to recreational disciplines such as agility trials. Agility is a sport open to all healthy and
physically fit dogs, where the dog must navigate a pre-set course of obstacles within a specified time
limit. Agility training is often recommended to keep dogs active and to nurture the human-dog
bond. The relationship between humans and dogs during agility training and competitions signifi-
cantly benefits to both parties, enhancing physical, mental, and emotional well-being. This sport
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strengthens the bond between humans and dogs and encourages physical activity among dog
owners, contributing to their overall fitness and health (Karvinen & Rhodes, 2021). The compat-
ibility in activity preferences, such as those required in agility, has been shown to improve the
human-dog relationship, leading to increased happiness and reduced stress for humans, as well as
better behavior and trainability in dogs (Gonzalez-Ramirez, 2019). However, it is also an activity that
can induce stress (Stafford, 2007). Previous studies have examined cortisol responses in companion
and working dogs in different performance or test situations, including agility and other sporting or
working activities, showing that arousal- and stress-related changes can be detected through salivary
cortisol (Buttner et al., 2015; Pastore et al., 2011). In agility dogs, for example, increases in salivary
cortisol have been reported before or after competition runs, suggesting activation of the HPA axis
associated with both excitement and potential stressors related to the trial environment (Buttner
et al., 2015; Pastore et al., 2011). Other studies in working and companion dogs exposed to training
or test situations have likewise documented context-dependent cortisol changes, often accompanied
by behavioral indicators of either eustress or distress (Arcuri et al., 2022; Wojtas et al., 2020). Stress,
however, is a natural and unavoidable aspect of life, serving an adaptive function that enables
organisms to cope with environmental challenges. Physiological stress responses are primarily
regulated through the hypothalamic-pituitary-adrenal (HPA) axis, leading to the release of gluco-
corticoids (Chmelikova et al.,, 2020; Ulrich-Lai & Herman, 2009). In dogs, cortisol is the most
biologically significant glucocorticoid and plays a key role in managing metabolic processes under
stress (Chmelikova et al., 2020; Palme et al., 2005). While elevated cortisol is often associated with
stress, it can also reflect eustress, arousal, or aerobic exercise. Cortisol levels in dogs can be measured
from several biological matrices, including saliva. Salivary cortisol is often preferred over plasma
measurements because it is less invasive and avoids the stress that might be caused by blood
sampling (Beerda et al.,, 1996; Chmelikova et al., 2020; DiNardo et al., 2016; Vincent & Michell,
1992). Studies have demonstrated a high correlation between salivary and plasma cortisol levels in
both humans and dogs (Beerda et al., 1996), making it an ideal indicator of physiological stress.
Saliva samples can be collected with minimal restraint, even from uncooperative dogs, reducing the
risk of cortisol elevation due to handling (Sandri et al., 2015). The cortisol concentration in saliva
represents 7% —12% of its plasma level, as only the free, biologically active fraction of cortisol, not
bound to proteins, is found in saliva (Beerda et al., 1996; Chmelikova et al., 2020).

While cortisol is a reliable physiological marker of stress, behavioral observations provide
a complementary and noninvasive way to assess an individual’s stress response. When dogs
experience acute stress, certain behaviors become more frequent, serving as indicators of their
emotional state (Lensen et al., 2019; Pastore et al., 2011). Stress responses can vary significantly
between individuals. Some dogs display pronounced behavioral responses that help mitigate phy-
siological stress, while others may exhibit minimal behavior but experience strong physiological
reactions. For this reason, it is crucial to assess both physiological and behavioral responses to gain
a complete understanding of an individual dog’s stress levels (Lensen et al.,, 2019; Pastore et al.,
2011). Combining behavioral and physiological assessments allows for a more comprehensive
evaluation of a dog’s adaptive response to stressors.

This study aims to investigate both behavioral and physiological stress responses in dogs during
agility training. While most previous studies have focused on stress evaluation during agility
competitions, less attention has been given to how dogs experience stress during regular training
sessions, even though training is a frequent and essential component of the sport. Our goal was to
assess how different factors, such as training experience and breed function (herding and non-
herding dogs), affect salivary cortisol levels and the frequency of stress-related behaviors. Although
empirical evidence on breed-related differences in cortisol responses in dogs is still limited, some
studies suggest that dogs from different functional groups, including herding breeds, may differ in
their coping style or reactivity to challenging situations. [CITAZIONI]. By evaluating cortisol as
a physiological marker alongside observable behavioral indicators, we seek to develop
a comprehensive understanding of the stress responses that agility training may evoke in dogs.



JOURNAL OF APPLIED ANIMAL WELFARE SCIENCE . 3

This approach will provide valuable insights into the relationship between training intensity and
breed characteristics, contributing to strategies that promote well-being and performance in canine
sports.

Materials and methods
Subjects

A total of 19 privately owned dogs (16 females and 3 males) were included in the study, ranging in
age from 1 year and 3 months to 10 years and 2 months. The dogs were categorized into three groups
according to their training experience: “Beginners” (n = 6), who had recently started agility training
and were working primarily on individual obstacles, defined as <6 months agility experience;
“Juniors” (n = 8), who had progressed beyond the beginner level and were training on more complex
sequences; and “Seniors” (n = 5), highly experienced dogs able to complete full courses and regularly
compete in advanced agility events. Dogs were also classified according to their functional breed
group as either herding (H; i.e., Border Collie, Australian Shepherd) or non-herding (NH; e.g., Jack
Russell Terrier, Boxer). This classification was based on the breeds’ historical working roles and their
prevalence in agility training, where herding dogs are commonly represented due to their trainability
and handler focus. Individual demographic data for each dog are reported in Supplementary
material (Table S1).

The study received ethical approval from the Bioethical Committee of the University of Turin
(Italy) (protocol # 0126664, 02/2025) and was conducted in compliance with the Animals (Scientific
Procedures) Act 1986, the EU Directive 2010/63 on the protection of animals used for scientific
purposes, and the ARRIVE guidelines for the reporting of animal research. All dogs enrolled in the
study were privately owned and regularly attended the Club Cinofilo Torinese in Grugliasco (Turin,
Italy). They were brought to the facility by their owners and participated in the agility sessions in
their presence. All participating owners provided written informed consent prior to the study, in
accordance with ethical guidelines for animal research. All enrolled dogs were accustomed to the
training location, as they regularly attended the Club. To ensure animal welfare, inclusion criteria
required that dogs were in good general health and free from musculoskeletal disorders or other
conditions (e.g., joint pain) that could impair mobility or compromise participation in agility
training. Owners confirmed these conditions at the time of enrollment. After each session, the
dogs returned home with their respective owners. Informed consent was obtained from all owners,
authorizing the collection of saliva samples and the video recording of their dogs.

Agility training

Agility is a structured recreational and sporting discipline designed for physically fit dogs. In this
activity, dogs must complete an obstacle course within a set time limit, following a predetermined
sequence and without prior rehearsal of the course layout. Agility training aims to progressively
refine the dogs’ ability to overcome various obstacles while minimizing stress and maximizing
coordination with their handler. For this study, during the training sessions, each dog-handler
pair trained individually, with exclusive access to the entire agility field. Once their turn began,
the handler removed the leash and initiated the session. Training content was adjusted according to
each dog’s experience and skill level. For instance, dogs in the “Junior” category focused on
mastering individual obstacles, while “Senior” dogs primarily practiced complete courses under
conditions that simulated real competitions. After each session, the dog was leashed again, and the
pair exited the field to rest and recover before their next turn. This alternating system allowed for
sufficient recovery time between runs, minimizing the risk of overtraining. The training sessions
were structured using official Federation Cynologique Internationale (FCI)-approved obstacles,
including various jumps, a collapsible tire, a wall, a dog walk, an A-frame, a seesaw, weave poles,
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a long jump, and tunnels. These obstacles were designed to challenge agility, speed, coordination,
and handler - dog communication. The aim was not only to improve agility performance but also to
develop the dogs’ ability to manage complex, timed tasks, mirroring actual competitive environ-
ments. Each dog participated in 4 to 6 recorded sessions, with session durations ranging from 0.44 to
31.17 minutes (mean + SD: 5.48 + 3.95 min). Between runs, dogs were leashed and allowed to rest
outside the field with their owners, ensuring adequate recovery periods and preventing overtraining.
The sessions were distributed across the study period (March - June 2023), in accordance with the
club’s regular training schedule, rather than being concentrated on a single day.

Behavioral assessments

Agility training sessions were recorded using a professional 4K video camera (Sony FDR-AX43A).
Each dog was continuously filmed from the moment it entered the training field until it was leashed
at the end of the session. Given the large variability in training duration, all behaviors were coded
and subsequently normalized. Specifically, the absolute number of occurrences of each behavior was
divided by the corresponding video duration (in minutes), resulting in a frequency per minute of
observation. This procedure allowed behavioral rates to be compared independently of session
length.

Prior to the formal behavioral analysis, two weeks of preliminary observations were conducted to
develop a species-specific ethogram tailored to the context of agility. The initial ethogram was
adapted from Pastore et al. (2011) and refined based on behaviors observed during this preliminary
phase. Actions difficult to detect reliably in an agility setting were excluded, while those occurring
frequently or previously identified in the literature as stress-related indicators were included. The
final ethogram consisted of 13 discrete behaviors, each with an operational definition suitable for the
agility context (Table 1). All behaviors were treated as point events rather than states and were
recorded accordingly. Video analysis was performed using B.O.R..S (Behavioral Observation
Research Interactive Software; Friard & Gamba, 2016). by one operator experienced in animal
behavior, with each behavioral event logged as a single instance.

Salivary cortisol evaluation

Cortisol sampling occurred between March and June 2023, in parallel with the behavioral video
recordings. The protocol included three standardized collection points: baseline (T0), before training
(T1), and after training (T2). TO was conducted in the dog’s home environment, unrelated to
training, under calm conditions. Owners were trained by the research team to collect three samples
on separate days, at the same time of day, at least one hour after feeding (13:00), and only when the
dog was calm and relaxed, in order to avoid food-related increases in cortisol levels. At TO, samples
were therefore collected directly by the owners, while T1 and T2 were collected on site by trained
researchers using the same standardized procedure. During training sessions, dogs were reinforced
according to their usual training routines; however, no food rewards were provided during saliva
sampling at either T1 or T2. The use of a minimally invasive Salivette® system, together with visual or
olfactory stimuli when needed to stimulate saliva production, ensured that the dogs tolerated the
procedure well and that additional stress related to sampling was minimized. This procedure
minimized the impact of circadian rhythms and food-induced cortisol variation. T1 referred to the
period immediately before training, from the dog’s arrival at the facility until entry into the agility
field. T2 indicated the post-training period, defined as 15 minutes after the end of the training
session, when the dog had been placed back on the leash and no food was present, to allow for the
expected peak in salivary cortisol following activity (Beerda et al., 1997). For each dog, a T2 sample
was collected after every recorded training session (4-6 in total), rather than only after the first
session or after all sessions combined. The mean interval between T1 and T2 was therefore
consistently 15 minutes, in accordance with the standardized sampling protocol. Saliva samples
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Table 1. Ethogram of behaviors observed during agility training sessions.

Behaviour Description Interpretation
Closing eyes Bringing the eyelids together May indicate appeasement or low-level stress
(Firnkes et al., 2017)
Inappropriate Defecation and urination occurred during the training Associated with high emotional arousal or
elimination session. distress (Hunt et al., 2023)
behaviours
Jumping High jumps, jumping on people, jumping over obstacles Linked to arousal, excitement or frustration
without instruction, or raising the front legs in a pre-jump  (Pfaller-Sadovsky et al., 2019)
posture.
Licking nose and Licking the snout, where part of the tongue moves along the Considered a mild stress or appeasement
lips upper lip and/or the nose. signal (Firnkes et al., 2017)
Panting Increased breathing frequency, often combined with an open Related to thermoregulation and stress
mouth. arousal (Beerda et al., 1997)
Raising paw Lifting a forepaw to a position of approximately 45 degrees. Indicative of appeasement or behavioural
uncertainty (Firnkes et al., 2017)
Scratching Rubbing the skin with the nails. Classified as displacement behaviour (Lensen
et al.,, 2019)
Shaking Vigorous shaking of the body. Observed after arousal; may indicate tension
release (Pastore et al., 2011)
Shivering Noticeable body shivering. Reflects fear or high emotional arousal
(Beerda et al., 1998)
Tail wagging Repetitive movements of the tail in a wagging motion. Associated with social signalling or arousal
(Quaranta et al., 2007)
Turning head Looking away from the handler or obstacles by turning the May serve as avoidance or appeasement
head. gesture (Firnkes et al., 2017)
Vocalizing Emitting sounds such as whining, barking, or low-frequency Linked to excitement, frustration or social
growling. engagement (Horowitz & Hecht, 2016;
Riemer et al., 2014)
Yawning A slow, deep inhalation involving involuntary mouth, jaw,  Associated with stress and self-regulation
and glottis opening, often with the tongue extended. (Beerda et al., 1997)

were collected by swabbing the dogs’ mouths using a cotton wool ball within a Salivette® system
(Sarstedt — Verona, Italy). Gloves were worn throughout the collection procedure to prevent
contamination by exogenous cortisol potentially present on the operator’s hands. Swabs were kept
in the dog’s mouth for 30 to 60 seconds, with visual or olfactory stimuli, such as food presence, used
when necessary to stimulate saliva production. After collection, each swab was returned to the tube
and immediately stored at —20°C.

Analyses were conducted in the Physiology Laboratory of the Department of Veterinary Sciences
at the University of Turin. Saliva cortisol levels were determined using a commercial enzyme
immunoassay (EIA) kit (DRG Salivary Cortisol ELISA - DRG Instruments GmbH, Germany),
validated for use with saliva samples. According to the manufacturer, the inter- and intra-assay
coefficients of variation were less than 10%, the kit exhibited the following cross-reactivities: 100%
with cortisol, 29% with corticosterone, 3% with cortisone, and <0.1% with 11-deoxycortisol. The
samples were analyzed in triplicates, and the results are reported as cortisol concentrations in saliva
(ng/mL).

Data analysis

All available sessions were included in the analysis to capture individual variability. The mean
frequency per minute of each behavior and the mean salivary cortisol concentrations at TO (base-
line), T1 (before training), and T2 (after training) were calculated and expressed as mean + standard
deviation for each training category (“Beginners,” “Juniors,” and “Seniors”) and breed function
(herding = H, non-herding = NH). Behavioral frequencies were normalized per minute of observa-
tion to account for variability in session duration. Normality of data distributions was assessed using
the Shapiro — Wilk test. To evaluate the effects of training category, breed function, age class, and
their interactions on behavioral and physiological parameters, a two-way analysis of variance
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(ANOVA) was performed. Multiple comparisons were conducted using Duncan’s post hoc test, and
the least significant difference (LSD) was calculated. No outliers were identified. A significance
threshold of p <0.05 was adopted for all statistical tests. Principal Component Analysis (PCA) was
performed as an exploratory tool to visualize behavioral patterns across sessions. This multivariate
method was used for descriptive purposes only and was not included in the inferential statistical
analysis. All analyses were performed in Python (v. 3.11.5).

Results
Behavioral assessments

The behavioral analysis revealed that training experience had a greater impact than breed function
on the frequency of behaviors observed during agility training. Several behaviors were significantly
affected by the dog’s training category, while fewer differences were associated with breed function
or its interaction with experience level (Table 2).

Closing the eyes showed significant effects of both training category (p<0.001) and breed
function (p < 0.001), with Beginners and non-herding dogs exhibiting this behavior more frequently
than the other groups. No significant interaction between category and breed was detected. Jumping
was significantly affected by training category (p < 0.001), with Juniors exhibiting this behavior more
frequently than both Beginners and Seniors. A significant interaction between category and breed
function was also observed (p<0.001), indicating that the pattern of jumping behavior across
experience levels varied depending on breed group. No main effect of breed was detected.

Licking nose and lips was significantly affected by training category (p < 0.001), with Beginners
displaying this behavior more frequently than both Juniors and Seniors. A significant interaction
between category and breed function was also found (p=0.017), suggesting that the impact of
training experience on this behavioral response differed between herding and non-herding dogs.
Panting was also significantly influenced by training category (p < 0.001), with Beginners exhibiting
this behavior more often than Juniors and Seniors. No significant effects of breed function or
category X breed interaction were detected. Vocalizing was significantly affected by training category
(p =0.007), with Juniors showing higher frequencies than both Beginners and Seniors. No significant
effects of breed function or interaction between category and breed were detected. Raising the paw
was significantly influenced by training category (p=0.019), with both Beginners and Juniors
performing this behavior more frequently than Seniors. No significant effects were found for
breed function or for the interaction between category and breed. Wagging the tail was significantly
affected by breed function (p <0.001), with non-herding dogs displaying this behavior more fre-
quently than herding dogs. No significant effects of training category or category x breed interaction
were observed. No significant effects of training category, breed function, or their interaction were
observed for several low-frequency behaviors, such as shivering, turning the head, shaking, yawning,
scratching, and inappropriate elimination.

Salivary cortisol evaluation

Salivary cortisol levels were measured at three distinct time points: T0, representing the basal cortisol
level assessed at a time unrelated to training; T1, measured immediately before the agility training
session; and T2, measured immediately after the training. Results of the two-way ANOVA analyses
for salivary cortisol concentrations are provided in the Supplementary material (Table S2). When
considering all dogs as a single group, regardless of breed or training experience, the analysis
revealed significant differences in cortisol levels between the three time points (p <0.001)
(Figure 1). Specifically, cortisol levels at TO were significantly lower than those at both T1 and T2
(p <0.001), while no significant difference was observed between T1 and T2 (Figure 1). The mean
cortisol level at TO was 1.240 ng/mL (+0.367), while at T1 it was 1.996 ng/mL (£0.709) and at T2 it
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Figure 1. Salivary cortisol levels (ng/mL) at TO (basal level), T1 (before the agility training session), and T2 (after the training) with
significant differences noted by ‘a’ and ‘b.’ The box and whisker plots illustrate the interquartile range, and the black lines indicate
the median. The error bars extend from the box to the highest and lowest values. The diamonds indicate the outliers data.

was 2.144 ng/mL (+0.863). When salivary cortisol levels were analyzed by training category and
breed function, additional differences emerged. In general, dogs in the Beginner category showed
lower cortisol concentrations, particularly at TO and T2, while herding dogs, namely Border Collies
and Australian Shepherds, consistently exhibited higher cortisol levels than non-herding breeds
across all time points.

At TO, representing the basal salivary cortisol level measured in a calm environment and
unrelated to training, significant differences were observed between categories (p < 0.001), breed
functions (p <0.001), and their interaction (p <0.001). Beginners had significantly lower cortisol
concentrations (0.98 +0.23 ng/mL) compared to Juniors (1.34 +0.29 ng/mL) and Seniors (1.50 +
0.44 ng/mL). Similarly, herding dogs showed higher cortisol levels (1.55+0.37 ng/mL) than non-
herding dogs (1.05 + 0.21 ng/mL) (Figure 2).

At T1, measured immediately before the agility training session, no significant differences in
salivary cortisol concentrations were observed between training categories. However, a significant
effect of breed function emerged (p < 0.001), with herding dogs showing higher cortisol levels (2.43
+0.66 ng/mL) compared to non-herding dogs (1.73 + 0.60 ng/mL) (Figure 3). A significant interac-
tion between category and breed was also found (p = 0.048), suggesting that the effect of breed may
vary across training experience levels.

At T2, measured 15 minutes after the end of the agility session, significant differences in salivary
cortisol levels were found across training categories (p = 0.001), breed functions (p < 0.001), and their
interaction (p=0.004). Beginners showed lower post-training cortisol levels (1.73 +0.73 ng/mL)
compared to both Juniors (2.27 + 0.63 ng/mL) and Seniors (2.64 + 1.25 ng/mL). Herding dogs also
exhibited higher cortisol concentrations (2.61 + 0.97 ng/mL) than non-herding dogs (1.86 + 0.65 ng/
mL) (Figure 4).
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Figure 2. Basal salivary cortisol levels (ng/mL) (T0) across training categories and breed function. The left panel displays cortisol
levels by training category (Beginners, Juniors, Seniors), and the right panel shows cortisol levels by breed function (H = herding
dogs, NH = non-herding dogs). Significant differences are indicated by different letters (‘a,’ ‘b’). Box and whisker plots illustrate the
interquartile range; black lines indicate the median, whiskers extend to the minimum and maximum values, and diamonds
represent outliers.
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Figure 3. Salivary cortisol levels (ng/mL) at T1 across training categories and breed function. The left panel displays cortisol levels
by training category (Beginners, Juniors, Seniors), and the right panel shows cortisol levels by breed function (H = herding dogs,
NH = non-herding dogs). Significant differences are indicated by different letters (‘a,’ ‘b’). Box and whisker plots illustrate the
interquartile range; black lines indicate the median, whiskers extend to the minimum and maximum values, and diamonds
represent outliers.

Physiological-behavioral patterns

To explore overall physiological — behavioral patterns, a principal component analysis (PCA) was
conducted using an integrated dataset including the most informative behavioral variables and
salivary cortisol levels across the three time points (T0, T1, T2). Low-frequency behaviors, specifi-
cally shivering, turning the head, shaking, yawning, scratching, and inappropriate elimination, were
excluded from the analysis due to their limited contribution to variance and their potential to distort
the dimensional structure.
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Figure 4. Salivary cortisol levels (ng/mL) at T2 across training categories and breed function. The left panel displays cortisol levels
by training category (Beginners, Juniors, Seniors), and the right panel shows cortisol levels by breed function (H = herding dogs,
NH = non-herding dogs). Significant differences are indicated by different letters (‘a,’ ‘b’). Box and whisker plots illustrate the
interquartile range; black lines indicate the median, whiskers extend to the minimum and maximum values, and diamonds
represent outliers.
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Figure 5. Principal component analysis (PCA) illustrating the distribution of dogs based on integrated behavioural and physiolo-
gical variables. The analysis includes the behavioural variables with higher frequency and salivary cortisol levels measured at three
time points (TO, T1, T2). The left panel shows the PCA plot coloured by training category (Beginners, Juniors, Seniors), while the
right panel shows the same PCA space coloured by breed function (H=herding dogs, NH = non-herding dogs). Vectors indicate
the contribution of individual variables to the two principal components.

As shown in Figure 5, the first two principal components (PC1 and PC2) explained 28% and 17%
of the total variance, respectively (45% cumulative). When visualized by training category, Beginners
tended to disperse in a somewhat different direction compared to Juniors and Seniors, although
a clear overlap and substantial within-group variability were observed. Behaviors such as closing the
eyes, wagging the tail, jumping, and vocalizing showed higher loadings on the first two components,
indicating their relevance in shaping the multivariate behavioral - physiological space. When
visualized by breed function, herding and non-herding dogs displayed partially overlapping but
distinguishable distributions, with herding dogs showing a more compact clustering along PCI.
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Examination of variable loadings indicated that PC1 was mainly driven by salivary cortisol variables
(To, T1, T2), together with tail wagging and closing the eyes, whereas jumping and vocalizing
contributed more strongly to PC2.

For additional exploration, separate principal component analyses were also conducted using only
behavioral variables (Figure S1) and only cortisol data (Figure S2), which are presented in the
Supplementary Material.

Discussion

The study’s findings underscored diverse behavioral and physiological responses among dogs
engaged in agility training, with variations influenced by factors such as training experience and
breed function. These findings offer valuable insights into stress management strategies within the
context of canine sport, in particular during the training sessions. Overall, in our analysis, behavioral
responses were found to be more strongly influenced by the dog’s training category than by breed
function. In contrast, breed function had a clearer impact on physiological parameters, with herding
dogs (i.e., Border Collies and Australian Shepherds) consistently exhibiting higher salivary cortisol
levels across different time points.

Previous research on stress in agility dogs has primarily focused on competitive environments,
where elevated arousal and environmental pressures may elicit marked endocrine and behavioral
changes. For instance, Pastore et al. (2011) reported increased salivary cortisol concentrations during
agility competitions, while Buttner et al. (2015) observed hormonal synchrony between dogs and
handlers, highlighting the emotional load experienced by both participants. However, training
sessions, although less studied, can also represent a relevant source of stress. Dogs undergoing
training are exposed to cognitive demands, novel stimuli, and performance expectations, all of which
may elicit measurable stress responses. The present study addressed this underexplored area by
assessing cortisol levels and behavioral indicators during routine training activities, providing
a better understanding of stress in agility dogs outside the competition context.

Regarding the behavioral responses, stress-related behaviors such as licking the nose and lips,
panting, closing the eyes, and raising the paw were more frequently observed in Beginner dogs,
highlighting the influence of limited experience on emotional regulation during training. These
behaviors are typically associated with mild stress or emotional conflict (Pastore et al., 2011) and are
commonly expressed in response to novel or uncertain situations. More specifically, licking the nose
and lips is widely recognized as a mild stress or appeasement signal (Firnkes et al., 2017), and its
increased frequency in Beginners may indicate uncertainty when approaching tasks or handlers.
Panting, although also related to thermoregulation, is commonly linked to emotional arousal and
stress (Beerda et al., 1997), and its higher frequency in less experienced dogs may reflect their
increased activation in novel training situations. Raising the paw has been interpreted as an
appeasement or conflict-related gesture, especially in socially challenging contexts (Firnkes et al.,
2017), while eye closing, though less frequently discussed in the literature, may serve as a subtle self-
regulatory signal in response to low-intensity stress (Firnkes et al., 2017). The prevalence of these
behaviors in Beginners supports the view that early-stage training may trigger both expressive and
inhibited coping strategies in dogs still developing emotional self-regulation. The Beginner group
also included the youngest dogs in the sample, suggesting that both age and lack of experience may
contribute to increased behavioral reactivity in early stages of training.

In contrast, Juniors, dogs with intermediate training experience, displayed higher frequencies
of jumping and vocalizing. These behaviors may reflect a transitional phase marked by increas-
ing confidence, elevated arousal, and the ongoing development of emotional regulation
(Horowitz & Hecht, 2016; Pfaller-Sadovsky et al., 2019). This is consistent with findings showing
that younger or less mature individuals tend to be more active and exploratory (Lenkei et al.,
2019; Wallis et al., 2020) and are also more prone to vocal expression in emotionally charged
contexts (Pfaller-Sadovsky et al., 2019; Riemer et al., 2014). According to Wallis et al. (2020),
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excitability declines with age, which may help explain the heightened reactivity observed in less
experienced dogs. Additionally, certain behaviors such as jumping may be reinforced by envir-
onmental contingencies, particularly owner attention or access to desired stimuli, highlighting
their learned and context-dependent nature (Pfaller-Sadovsky et al., 2019). Previous studies have
shown that early-life behavioral assessments can predict adult tendencies, such as persistent
vocalization or play-like behaviors (Lenkei et al., 2019; Riemer et al.,, 2014), which may help
explain the higher frequencies of vocalizing and jumping observed in Juniors in our study.
Senior dogs generally displayed fewer stress-related and arousal behaviors compared to less
experienced groups. This reduction may reflect greater behavioral stability and adaptation to the
training environment, possibly resulting from repeated exposure, higher predictability of tasks,
and more developed coping strategies.

When considering breed function, only two behaviors, tail wagging and eye closing as arousal/
appeasement signals, potentially reflecting eustress rather than distress (see Cobbs et al., 2025),
differed significantly between groups. Both were more frequently observed in non-herding dogs,
possibly indicating a more expressive or affiliative coping style. Tail wagging, in particular, has been
associated with emotional signaling and social intent, including affiliative motivations in certain
contexts (Quaranta et al, 2007). These subtle behavioral differences may reflect breed-specific
tendencies in emotional expression or stress management, although they appear less consistent
than the effects related to training experience. Additionally, two behaviors showed significant
interactions between training category and breed function. Licking the nose and lips, commonly
interpreted as a mild stress signal or appeasement gesture (Firnkes et al., 2017), varied across groups
depending on both experience level and breed type. Jumping also exhibited an interaction effect,
with Juniors from non-herding breeds displaying the highest frequencies. These findings suggest that
while breed alone may not be the primary driver of behavioral variation, its influence may become
more apparent in interaction with the dog’s training experience.

While behavioral observations provide valuable insights into canine stress responses, they may
not fully capture the internal physiological state of the animal. Therefore, integrating physiological
markers, such as salivary cortisol, is essential to achieve a more comprehensive assessment of arousal
and stress in dogs during training (Beerda et al., 1996). As in other animals, stress responses in dogs
can be measured through noninvasive methods such as salivary cortisol, which provides reliable
stress indicators without interfering with the animal’s natural state (DiNardo et al., 2016). Moreover,
increased cortisol levels during exercise is part of a broader physiological adaptation, as seen in
studies where physical activity led to increased adrenal corticosteroid secretion, further supporting
the link between physical activity and stress responses (Bermejo et al., 2022).

Our analysis of salivary cortisol levels revealed significant changes across the three time points,
highlighting the physiological responses of dogs to agility training. Overall, basal cortisol levels (T0)
were significantly lower compared to both T1 (before training) and T2 (after training), suggesting
that the agility training environment induces a measurable stress response. However, no significant
differences were found between T1 and T2, despite the slightly higher mean cortisol levels at T2.
This finding indicates that cortisol levels remained elevated from the anticipation phase (T1)
through the post-training period (T2), reflecting the sustained activation of the hypothalamic-
pituitary-adrenal (HPA) axis during agility training. It has been demonstrated that agility competi-
tions, which test both the dogs™ athleticism and their bond with handlers, can induce stress, as
evidenced by high cortisol levels measured in saliva during competitions (Pastore et al., 2011).

This physiological response is not exclusive to agility competitions but to other exercise forms. It’s
been previously reported that activities like endurance training, also activate the hypothalamic-
pituitary-adrenal axis, leading to an increase in cortisol levels, indicative of stress responses (Bermejo
et al., 2022). These findings further confirm that the increase in cortisol levels is a typical response to
physical exertion, as seen in most of the studies where dogs were subjected to intense physical
exercise, reflecting the body’s adaptation to stress (Dzhelebov et al, 2019). These preliminary
patterns warrant confirmation in larger samples controlling for additional covariates
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Furthermore, some authors highlight physiological changes observed during agility training, such
as increased red blood cell count and lactate concentrations, suggesting that exercise may induce
a stress response involving aerobic and anaerobic energy pathways (Rovira et al., 2007). Moreover,
since dogs are so connected to human life and agility training is a high bonding experience for both
the dog and its owner, it’s worth noting that increases in cortisol levels on therapy days compared to
control days have also been observed in dogs participating in animal-assisted activities, where the
activity required to the dog is more mental than physical, suggesting that the therapeutic work was
physiologically arousing for the dogs (Haubenhofer & Kirchengast, 2006).

Building on these results, we specifically assessed how training experience influenced cortisol
levels across time points. At T1, measured immediately before the training session, no significant
differences in cortisol levels were observed among the three experience-based categories (Beginners,
Juniors, and Seniors), indicating that the anticipation of training elicited a similar physiological state
across experience levels. However, at T2, measured after the training session, Juniors and Seniors,
representing dogs with greater training experience, displayed significantly higher cortisol levels
compared to Beginners. At first glimpse the results might seem controversial, with higher levels of
cortisol levels in experienced compared to beginner dogs. This could be explained by understanding
how the intensity and complexity of advanced training for experienced dogs could be more
demanding. Agility competitions are stressful for dogs, as indicated by the increase in salivary
cortisol levels, a key indicator of stress, measured before and after competitions (Pastore et al.,
2011). Experienced dogs may face higher expectations and pressures during competitions, potentially
increasing stress levels. Their familiarity with competitive routines may intensify anticipatory
arousal, leading to greater physiological activation (Carpenter et al., 2020). Moreover, these dogs
often undergo more frequent and intense training, a factor associated with hormonal changes in
previous studies (Katefina et al., 2024). The competition context itself, including the presence of an
audience and the competitive atmosphere, may also exacerbate stress responses in experienced dogs,
who may be more attuned to these environmental cues (Carpenter et al., 2020). Therefore, the higher
salivary cortisol levels in experienced agility dogs compared to beginners can be attributed to
a combination of higher expectations, training intensity, and greater sensitivity to the competitive
environment.

We found that across all three time points, herding dogs consistently exhibited higher salivary
cortisol levels compared to non-herding dogs. Interestingly, this elevated physiological activation was
not accompanied by a greater frequency of stress-related behaviors. This apparent dissociation
between physiological and behavioral indicators may reflect a breed-specific coping style shaped
by selective pressures. Herding breeds have been historically selected for close cooperation with
humans in working contexts, requiring sustained attention, emotional regulation, and responsiveness
to cues (Gdcsi et al., 2009). Their ability to exhibit minimal behavioral reactivity under elevated
arousal may represent an adaptive trait favoring performance under pressure. As a result, herding
dogs may internalize stress without overt behavioral expression, maintaining task focus despite high
endocrine activation. This coping profile is particularly relevant in agility, a discipline that demands
high levels of precision, coordination, and handler responsiveness. In this context, herding breeds
like the Border Collie, one of the most represented breeds in agility competitions, may be especially
prone to internalizing arousal.

The multivariate approach adopted in this study, through principal component analysis (PCA),
allowed us to examine the complex interplay between behavioral and physiological variables in
relation to both training experience and breed function. When examining the PCA results in relation
to training experience, dogs with lower experience levels (Beginners) showed a tendency to disperse
in a different direction compared to Juniors and Seniors. This pattern may reflect shared responses
to novelty, limited task familiarity, and lower coping flexibility. However, it should be emphasized
that there was still substantial overlap with the other groups and that dispersal was relatively large,
not indicating a fully distinct cluster. In our PCA, PC1 was primarily defined by endocrine variables
(cortisol at TO, T1, T2) together with subtle stress-related behaviors (tail wagging and closing the
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eyes), while overt arousal behaviors such as jumping and vocalizing were more closely related to
PC2. Accordingly, the clustering of herding dogs along higher PC1 values appears to be linked to
physiological activation and low-intensity behavioral responses, rather than to overt arousal. This
suggests that early stages of agility training elicit a more uniform stress profile, likely reflecting
a shared response to novelty, limited task familiarity, and lower coping flexibility. In contrast,
Juniors and Seniors exhibited greater variability in their combined behavioral and cortisol responses.
This dispersion may indicate that, as dogs gain experience, individual differences in emotional
regulation, arousal threshold, and motivational style become more pronounced. Juniors, in parti-
cular, were associated with variables such as vocalizing, jumping, and elevated cortisol, suggesting
a phase of elevated engagement but incomplete emotional self-regulation. Seniors, though physio-
logically reactive, expressed fewer overt behaviors, supporting the idea of more mature or inter-
nalized coping strategies. Considering breed function, herding dogs displayed a more consistent
physiological - behavioral profile compared to non-herding dogs. This uniformity was largely driven
by higher salivary cortisol levels, which were not matched by an increased expression of stress-
related behaviors. This supports the idea that herding breeds, such as Border Collies and Australian
Shepherds, may exhibit a stress response pattern characterized by elevated internal arousal and
behavioral composure. Conversely, non-herding dogs showed greater behavioral expressivity, such as
more tail wagging and eye closing, despite generally lower cortisol values. This contrast reinforces
the notion of different coping styles between breed groups, with herding dogs possibly relying on
internal regulation to maintain focus during training.

Despite the relevance of our findings, some limitations should be acknowledged. First, the
relatively small sample size limits the generalizability of the results and may have reduced the
statistical power to detect subtle effects, particularly in interaction terms. In addition, certain
methodological aspects may have influenced behavioral or physiological responses. For instance,
session duration and the need for recovery could affect behaviors such as panting, while location
familiarity and prior exposure to saliva sampling may have reduced stress responses. Although only
dogs in good health were included, subtle differences in condition or fitness level could still have
contributed to variability. Second, individual variability among dogs, including differences in
temperament, prior training history, and handler interaction style, may have influenced behavioral
and physiological responses in ways not fully captured by the categorical variables used.
Nevertheless, we believe this study represents a valuable starting point for investigating canine stress
responses not only during competition, where most of the literature is focused, but also in training
contexts. Covariates known to affect cortisol (e.g., body size, neuter status, owner sex) (Beerda et al.,
1998) were not included and may contribute to observed differences. Understanding how dogs cope
with the demands of structured physical activity during routine sessions is essential for improving
welfare and optimizing performance in canine sports.

Several limitations of the present study should be acknowledged. First, the relatively small
sample size and the unbalanced distribution of dogs across training categories and breed
functions reflect the exploratory and pilot nature of the study and limit the generalizability
of the findings. In particular, some category x breed combinations were represented by a very
limited number of individuals, reducing statistical power and constraining the possibility of
testing more complex models. Second, although the study focused on training experience and
breed function as primary explanatory factors, several covariates known to influence cortisol
secretion in dogs were not systematically recorded or included in the statistical analyses. These
include age, sex, neuter status, body size, physical fitness, handler-related characteristics, and
transport- or handling-related arousal. As a result, the potential confounding effects of these
variables cannot be ruled out, and alternative interpretations of the observed cortisol patterns
remain plausible. Third, the experimental design did not include a control condition in which
dogs underwent transportation and handling without participating in agility training.
Consequently, changes in salivary cortisol should not be interpreted as training-specific effects,
but rather as physiological responses associated with the broader training context, including



JOURNAL OF APPLIED ANIMAL WELFARE SCIENCE ‘ 15

anticipation, physical activity, and environmental stimulation. In addition, although repeated
saliva samples were collected from each dog across multiple training sessions, the limited
number of observations per individual did not allow for robust within-subject longitudinal
modeling. Therefore, analyses were conducted at the group level, and individual trajectories of
cortisol change over time could not be formally assessed. These limitations indicate that the
present results should be interpreted as descriptive and hypothesis-generating rather than
causal. Future studies based on larger and more balanced samples, incorporating relevant
covariates and appropriate control conditions, will be necessary to disentangle the relative
contribution of training experience, physical exercise, arousal, and individual characteristics to
behavioral and cortisol responses in agility dogs.

Conclusion

This study highlights the importance of integrating behavioral and physiological indicators
when evaluating arousal and stress-related responses in agility dogs. Our findings showed that
behavioral differences were primarily associated with training experience, with Beginner dogs
displaying more frequent stress- or uncertainty-related behaviors, while more experienced
individuals demonstrated greater behavioral stability and variability. In contrast, differences
in salivary cortisol levels were mainly associated with breed function, with herding dogs
consistently exhibiting higher physiological activation across time points.

However, these findings should be interpreted with caution. Given the exploratory nature
of the study, the limited and unbalanced sample size, and the absence of control for several
known confounding variables, the observed associations do not allow causal inferences regard-
ing stress or welfare outcomes. Elevated cortisol levels observed during agility training should
not be interpreted exclusively as indicators of negative affect, but rather as reflecting physio-
logical arousal resulting from a combination of anticipation, physical exercise, and cognitive
engagement. Accordingly, the present results should be considered descriptive and hypothesis-
generating, highlighting patterns of behavioral expression and endocrine activation that may
differ according to experience level and functional breed group. Further research based on
larger, balanced samples and controlled experimental designs will be necessary to disentangle
the relative contribution of training, arousal, exercise, and individual characteristics to cortisol
variation and behavioral responses in agility dogs. Understanding these mechanisms is essen-
tial for refining welfare-oriented training practices and for interpreting physiological indica-
tors within the appropriate behavioral and contextual framework.
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