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•

Pet dogs were tested in a brief separation test and filmed remotely using thermography

•

Temperature was analyzed from selected patches of both ear pinnae simultaneously

•

Social isolation was associated with a significant decrease in ear pinnae temperature

•

Temperature of the two ears did not differ significantly from each other

•

Long distance thermography is a useful tool in non-invasive stress monitoring
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Abstract
Infrared thermography can visualize changes in body surface temperature that result from

PT

stress-induced physiological changes and alterations of blood flow patterns. Here we explored
its use for remote stress monitoring (i.e. removing need for human presence) in a sample of

RI

six pet dogs. Dogs were tested in a brief separation test involving contact with their owner, a

SC

stranger, and social isolation for two one-minute-periods. Tests were filmed using a
thermographic camera set up in a corner of the room, around 7 metres from where the subjects

NU

spent most of the time. Temperature was measured from selected regions of both ear pinnae

MA

simultaneously. Temperature of both ear pinnae showed a pattern of decrease during
separation and increase when a person (either the owner or a stranger) was present, with no
lateralized temperature differences between the two ears. Long distance thermographic

TE

D

measurement is a promising technique for non-invasive remote stress assessment, although
there are some limitations related to dogs’ hair structure over the ears, making it unsuitable
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for some subjects.

ear temperature; infrared thermography; noninvasive stress monitoring; pet dogs Canis
familiaris; physiological stress responses; separation stress
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1. Introduction
Stressors and negative emotional arousal are associated with physiological changes and

PT

alterations of blood flow patterns, which manifest as changes in body surface temperature
([1]; reviewed in [2]). Infrared thermography represents a non-invasive way of measuring

RI

such changes, e.g. [3]. Thermographic cameras have infrared sensitive sensors that can

SC

perform radiometric (temperature) measurements while the camera records digital videos or
static images [4]. This methodology has high spatial and temperature accuracy, including over

NU

long distances, and is portable [5]. Among its uses in medicine and biology are diagnosis of

MA

diseases (e.g. [6,7]) and thermoregulation analysis [5]. In animal welfare science, its
applicability in the measurement of physiological stress responses has been explored, such as
via eye temperature in cattle [8,9] and horses [10], ear temperature in rabbits [11], and

TE

D

temperature of the comb and wattle in chickens [12], adding to the more conventional
methods of stress monitoring in non-human animals (including body posture, heart rate, heart

AC
CE
P

rate variability, and cortisol concentrations in saliva, plasma and urine [13–15]). Recently,
thermography has also been used in the assessment of positive affective states in animals
[16,17].

Fear and distress have been associated with a cooling of the extremities: tail and paw in rats
[18], nose, nasal mucosa, ears, hands, feet, and tail in pigtail monkeys [19], nasal skin in
rhesus macaques [20], and ear pinnae in sheep and rabbits [11,21]. Changes in eye
temperature in relation to stressful or painful procedures were found in horses [3,10], cattle
[8,9,21,22], and elk [23], although changes were not always in the same direction.
In domestic dogs, a pilot study found that eye temperature increased during a standardized
veterinary examination (a stressful experience for most dogs) compared with both preexamination and post-examination phases [25].

3
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However, a positive event (receiving treats) also led to an increase in eye temperature; thus
changes in eye temperature may simply reflect changes in arousal but not the emotional

PT

valence (i.e. positive vs negative affect) in this species [17]. Similarly, in chickens a drop in
comb temperature was noted both during a stressful situation [25] and when anticipating a

RI

positive event [26]. Also in cows a pleasant event was associated with a decrease in nasal

SC

temperature, as would be expected in conjunction with negative experiences, suggesting that a
positive emotional state may have the same effect on the peripheral temperatures as a negative

NU

state in this species too [16]. However, whether this is a more general phenomenon in

MA

mammals remains unknown.

One possibility for assessing valence might lie in the measurement of lateralized temperature

TE

D

differences. Lateralized differences in body temperature have been reported in relation to the
effects of lateralized cerebral blood flow, e.g. in the form of differences in temperature of the
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tympanic membrane [26–30]. Such differences have been found to be associated with stress in
several species (humans [32]; macaques [32]; cats [1]). Whether or not these differences are
also reflected in a lateralized temperature differences at the level of the ear pinnae has not
been investigated to date.
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Therefore the aim of the current study was to assess the use of infrared thermography for
monitoring negative and positive emotional reactions in dogs remotely via changes in

PT

temperature of the ear pinnae, including any evidence of a lateralized response. Specifically, a
sample of pet dogs participated in a separation test, which included relatively brief periods of

RI

contact with the owner, with a stranger, social isolation and reunion. The separation test was

SC

chosen as it has been established that it induces short-term distress in dogs [33], with reunion
being a positive experience. From an applied perspective, assessing physiological correlates

NU

of separation distress in dogs is highly relevant, since it is a common condition compromising

MA

dog welfare [33–37].

2. Methods

TE

D

2.1 Procedure

The study protocol was approved by the delegated Ethics Committee of the University of

AC
CE
P

Lincoln, with all owners giving informed consent for their dog’s inclusion in the study. In
accordance with the principle of the 3R’s concerning the use of animals in research [39], and
in the absence of a priori data on effect size and variability, the sample size was based on that
found to show a statistically significant effect when using another measure of welfare
(cognitive judgement bias) with dogs showing clinical separation anxiety [40].

5
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The behavioral test procedure was adapted from a section of the modified Ainsworth Strange
Situation Test used to assess attachment in dogs (e.g. [41,42]), which involves examining an

PT

individual’s behaviour in response to separation and reunion in association with a familiar and
unfamiliar individual, and when alone. This test is a well-established procedure which induces

RI

a reasonably reliable positional response in pet dogs when alone (most dogs spend a

SC

substantial time focused on the door), which facilitates remote monitoring of a specific area.
The test lasted approximately 20 minutes and consisted of separate sequences in which the

NU

dog received contact with either the owner, an unfamiliar female experimenter (SR), or was

MA

left alone (see Table 1). All owners of dogs included in the final sample were also female.

Tests were performed in the University of Lincoln’s animal behavior clinic, in a room

TE

D

measuring 6.9 x 5.3 m, which contained various items of furniture, including a desk, several
chairs, a sofa, a coffee table, several cabinets, a large wire dog crate, a veterinary dog scale,

AC
CE
P

and a bowl filled with water for the dog (Fig. 1). A thermographic imaging camera (FLIR
T420, FLIR Systems Inc., Wilsonville, OR) was set up in the corner of the room at a distance
of approximately 7 meters from the exit door so that it focused on the area in front of the door
(Fig. 2). This was not only the area where the dogs were most likely to be when left alone
[43,44], but also where activities with the owner or experimenter were undertaken, to keep the
dog in view. The aim was to obtain, as far as possible, simultaneous thermographic footage of
both ears to allow analysis not only of absolute changes in ear temperature depending on the
test sequence, but also a comparison between temperatures of the right and left ear.
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Throughout the test, the dog was off lead in the room and could behave without restriction
from the owner or experimenter, except that it was prevented from leaving the room when the

PT

people exited by closing the door. The owner and the experimenter behaved in a pre-defined
way (described in Appendix 1; Table 1). All dogs were tested in the same sequence order, i.e.,

RI

they were first with their owner, who alternated between ignoring and interacting with the dog

SC

for bouts of 30-60 seconds (having received instructions from the experimenter prior to the
start of test). Then the owner exited, leaving the dog alone in the room. After one minute, the

NU

experimenter entered, and after briefly greeting the dog, she performed the same sequence of

MA

ignoring/ interacting with the dog as the owner had done before. The dog was left alone for
another minute; this was followed by the return of the owner. After the owner had greeted the
dog, the test sequences were repeated once more (Appendix 1). Finally, the experimenter

AC
CE
P
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D

entered and gave the dog some treats as the test was terminated.
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Figure 1: Bird-eye view of part of the test room

8

MA

NU

SC

RI

PT

ACCEPTED MANUSCRIPT

D

Figure 2: Example of the view of the thermographic camera (settings at gray-scale for
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on the right)

TE

subsequent analysis; brighter colors correspond to higher temperatures as indicated on the bar
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2.2 Subjects
Subjects were privately owned pet dogs volunteered by their owners, recruited via the

PT

University of Lincoln’s PetsCanDo data base. All owners gave their written informed consent
to participate in the study with their dogs. Six adult dogs of various breeds were included in

RI

the final analysis (see Appendix 2 for demographic details). Two dogs (both Labradors) were

SC

excluded because not enough videos of both ears simultaneously were obtained during
periods when the owner was present. Three dogs (a German spitz, a Maltese x Shih Tzu x

NU

Yorkshire terrier x King Charles spaniel cross, and a working cocker spaniel) were also

MA

excluded on the basis of an unsuitable fur structure (ears too densely furred or unevenly
furred/ fluffy, causing high variability in measurements).

TE

D

2.3 Coding and analysis

Table 1 describes the test sequences used in the statistical analysis. Since interaction between

AC
CE
P

the dog and owner or physical movement could potentially interfere with temperature
measurements, only images from those times when the person behaved passively were used.
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Table 1: Names of episodes which were included in the statistical analysis of results
Name of

Description

Owner-Baseline

PT

Sequence
The owner ignores the dog 1) after entering the room (60 s), 2) after

RI

talking to/ petting the dog (30 s), 3) after playing with the dog

SC

(30s)(Phases Passive1, 2 and 3)

The owner has left the room; dog is alone (60 s).

Stranger

The experimenter ignores the dog 1) after entering the room (60 s), 2)

NU

Separation 1

MA

after talking to/ petting the dog (30 s), 3) after playing with the dog (30
s)( Phases Passive1, 2 and 3)

The experimenter has left the room; dog is alone (60 s).

Owner-Return

The owner ignores the dog 1) after entering the room and briefly

TE

D

Separation 2

greeting the dog (60 s), 2) after talking to/ petting the dog (30 s), 3)

AC
CE
P

after playing with the dog (30 s)(Phases Passive1, 2 and 3)
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To obtain still images from the thermographic videos when the dogs’ ears were in a position
suitable for analysis (i.e., ideally a straight shot from behind, with both ears at the same angle

PT

towards the camera), the videos were viewed in Solomon Coder (© András Péter,
http://solomoncoder.com), and screenshots were taken using Snipping tool (© Microsoft

RI

Windows 2009). A maximum of one screenshot per second was taken to minimize temporal

SC

biases within the data set. Only data from dogs with at least five data points per sequence
were retained in the subsequent analysis. Separation 2 was not included in the statistical

NU

analysis because sample size was not sufficient (<5 data points) in some subjects. This left on

MA

average 12.29 data points per dog in the other four sequences. Images were imported into
Matlab R2014a (Mathworks, Natick, MA). For each ear in each image, triangular patches
(due to the shapes of most dogs’ ears) were selected (Fig. 3) and the median temperature

AC
CE
P

TE

D

within each selected region was calculated using custom-written Matlab functions.
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Figure 3: Example of image analysis in Matlab (patch on the left ear selected for analysis)
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Inter-rater reliability was calculated on the basis of 34 randomly selected images coded by the
first and second authors. Cronbach’s alpha was very good at 0.964 for the temperature of the

PT

left ear and 0.862 for the temperature of the right ear.

RI

For descriptive presentation of the data, we first calculated the mean of all temperature

SC

measurements (which were made up from the median temperature across the ear patch) per
dog per sequence, and then the standard error of this mean for each dog. Separated by

NU

sequence, we subsequently calculated the means of the means and standard errors over all

MA

subjects.

For one subject, only data from the left ear were available in the second separation period, as
the dog’s right ear was turned inside out throughout this sequence. Given a lack of significant

TE

D

differences between temperatures of the two ears, for the purpose of visual presentation and
descriptive statistics, we replaced these missing values with those obtained from the left ear,

AC
CE
P

since leaving them out completely would have caused bias due to inter-individual differences
(with some individuals generally having higher ear temperatures in all sequences than others).
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Statistical modelling was performed in R 3.1.1 (R Development Core Team 2014). Data met
the requirements for parametric statistical analysis. General linear mixed models (GLMMs,

PT

package nlme ([45], function lme) were calculated separately for the dependent variables left
ear temperature and right ear temperature. Sequence was included as a fixed factor and dog

RI

ID nested within sequence as a random factor. Within-model comparisons yielded a

SC

comparison of temperature of the first sequence (Owner-Baseline) against all other sequences.
To test for differences in ear temperature between adjacent sequences and between all

NU

sequences when a person was present, separate GLMMS were calculated post-hoc, with the

MA

settings enabling within model comparisons of Separation 1, Stranger and Owner-Return,
respectively, against the other phases of the test. There was insufficient data for statistical

TE

D

analysis of Separation 2; therefore these data are presented for descriptive purposes only.

To specifically test whether there were any lateralized differences in ear temperature in any of

AC
CE
P

the sequences, separate GLMMs were used for each sequence, with ear temperature as a
dependent variable, side (left/ right) as fixed factor, and ID nested in side (left/ right) as a
random factor.

3. Results

Temperature of both the left ear (F3, 15=10.430, p=0.0006) and the right ear (F3, 15
=8.341, p=0.0017) differed highly significantly between the sequences; specifically, ear
temperature was significantly lower during separation compared to when a person was in the
room (Fig 4). Average median temperature of the left and right ears, respectively, varied from
a minimum of 27.8° and 27.9° during Separation 1 and a maximum of 29.1° and 29.0° during
the presence of the Stranger (Table 2).
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Figure 4: Mean ± SEM of temperatures of the left and right ears during the five test sequences.
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See Table 1 for definition of each phase of the separation test.
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Table 2: Means of median temperatures (°C) of the right and left ears, respectively, during

28.016

28.131

Separation 1

27.439

27.484

Stranger

28.717

28.656

Separation 2

27.859

27.837

Owner-Return

28.440

28.447

RI

Owner-Baseline

SC

Right ear

NU

Left ear

D

MA

Sequence

PT

five phases of the separation test.

TE

Post-hoc within-model comparisons demonstrated a significant decrease in temperature
between Owner-Baseline and Separation 1 for both ears (left ear: t15= -2.324, p=0.035; right

AC
CE
P

ear, t15= -2.542, p=0.022; as well as a significant temperature increase between Separation 1
and the presence of the Stranger (left ear: t15=5.233, p=0.0001; right ear: t15 =4.659,
p=0.0003). As mentioned above, Separation 2 could not be included in the models due to a
lack of data points for some dogs, but the numerical data indicate a likely recurrence of the
temperature decrease during this second separation (as occurred during the first separation),
which is followed by an increase as the owner returns (Fig. 4, Table 2). Ear temperature
during the presence of the Stranger was not only much higher than during Separation 1 (see
above), but, somewhat surprisingly, ear temperature was also higher than during OwnerBaseline (left ear: t15=-2.908, p=0.011; right ear: t15 =-2.117, p=0.051). In contrast, there was
no significant difference between the presence of the Stranger and the Owner-Return (left ear:
t15=-1.149, p=0.268; right ear: t15=-0.810, p=0.431). No evidence of significant lateralized
temperature differences were found in any of the sequences (Table 3).
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numDF denDF F

P

Owner-Baseline

1

5

1.077

0.347

Separation 1

1

5

0.418

0.546

Stranger

1

5

0.692

0.444

Owner-Return

1

5

0.102

PT

Sequence

RI

Table 3: GLMMs testing for temperature differences between the left and the right ears

MA

NU

SC

0.762

4. Discussion

TE

D

Temperature of the ear pinnae in pet dogs showed a pattern of decrease during separation and
increase when a person (either the owner or a stranger) was present, indicating that isolation

AC
CE
P

stress is associated with reduced ear temperature. This is in line with the prediction that the
stress response through activation of the sympathetic nervous system results in peripheral
vasoconstriction [46,47] leading to a decrease in surface temperature of the extremities. The
findings add to previous studies demonstrating a reduction in the ear temperature of other
species in stressful situations (macaques [19]; rabbits [11]) and support the notion that dogs
are disturbed by isolation, at least in an unfamiliar environment [44].
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Evidence from other physiological measures (heart rate, cortisol) has similarly shown that
separation in an unfamiliar room constitutes a stressful experience for pet dogs [33,44,49].

PT

Apart from an initial increase in heart rate during the first separation compared to resting heart
rate at baseline, [33] and [44] found that social isolation was associated with a reduction in

RI

heart rate compared to when a person was present (but see [43]). This could be explained by

SC

dogs’ higher activity during the person’s presence; or the lowered heart rate during isolation
might reflect episodes of parasympathetic rebound to sympathetic activation [44] or a

NU

depressive like response. As in our study regarding ear temperature, these studies found no

MA

clear distinction in cardiac responses depending on the identity of the person present (owner/
stranger [33,44]). Taken together, these results might suggest that short-term isolation may
typically induce a depressive type of response. This is consistent with the findings from tests

TE

D

of cognitive bias (a putative measure of affective state in animals [50]) of dogs with

AC
CE
P

separation related problems [40].

Neither heart rate nor ear temperature appear to clearly differentiate between owner and
stranger presence in a predictable manner. Although dogs show differential behavioral
responses towards owners and strangers in the modified Ainsworth Strange Situation Test,
indicating that a stranger is not an attachment figure [41,42], it is possible that the stranger
can still provide social support that buffers against the distress of isolation as opposed to the
owner’s absence ([51–53]). It might also be that these physiological measures are indicative
of arousal in general and do not allow distinction between positive and negative affective
states associated with this level of arousal (see also [33]).While it may seem surprising that
the ear temperature was higher in the presence of stranger than in the presence of the owner at
baseline, this might reflect increased arousal as the study progressed, but it might also indicate
that the alleviation of isolation results in a more intense emotional response than simply being
with the owner, i.e. some form of rebound effect.
19
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The results show that it is important to pay attention to temperature changes relative to the

PT

previous sequence, and not to focus solely on absolute values, as temperature during both the
stranger’s presence and the owner’s return, as well as temperature in the second separation

RI

episode, were higher than during the corresponding baseline and first separation episodes. It is

SC

possible that just being exposed to the novel environment constituted a stressor for the dogs,
and this too could account for the relatively low baseline temperature. Alternatively, as

NU

mentioned above, the higher ear temperatures during the experimenter’s presence and

MA

following the owner’s return may reflect a post-stress rebound effect.

The degree of temperature increase following a stressful situation has been suggested to be

TE

D

linked to the intensity of the stress response [12]. For instance, in a study on chickens, two
different stressful experiences (cradling and side-pinning) were associated with a reduction in

AC
CE
P

temperature of the wattle and comb; however, only the more stressful situation (side-pinning,
associated with a greater temperature reduction) led to a post-stressor increase in temperature
above baseline. This suggests differential effects of stressors of different intensity on
temperature not only during exposure, but also after removal of the stressor [12]. Accordingly,
the increase in temperature following the separation could indicate that the stress due to
isolation response in the dog was profound enough to cause a post-stress temperature increase.
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Moreover, it should be considered that the separation test likely induced both negative
(separation distress) and positive emotions (reunion with a person). It is thus possible that the

PT

baseline temperature indeed reflected a relatively ‘neutral’ state while the higher temperature
during the experimenter’s presence and following reunion with the owner might reflect the

RI

positive affect elicited by the possibility for social contact (but see [17]). Further studies are

SC

required to investigate dogs’ ear temperature in relation to positive affect (without the prior

NU

induction of a negative affective state).

MA

While it was hypothesized that differences in temperature of the left and right ear pinnae
might occur that reflect lateralized brain activity and thus emotional valence, this was not
apparent in this study: temperature of the two ears did not differ significantly between the two

TE

D

ears in any part of the test. Since the accuracy (across measurements) and reliability (across
coders) of the temperature measurements was very high, this lack of an effect is unlikely to be

AC
CE
P

due to imprecise measurements; however, we acknowledge that the sample size is small, and
it might be different in dogs who show a profound reaction to being isolated (separation
related problems), or if separation is prolonged, when the initial sympathetic response may be
supplanted by the effect of the prolonged affective state (mood).
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The results are encouraging regarding the applicability of a thermographic camera set-up for
remote stress monitoring via ear pinnae temperature. Since there was no significant effect of

PT

any part of the test on lateralized temperature differences, it appears to be sufficient to
measure temperature of just one ear, which would make data collection less restrictive and

RI

enable a greater number of valid data points. The method employed has several advantages;

SC

no restraint is required at any time (c.f. heart rate monitor), data are collected in real time
(compared to a slow cortisol response), and there is no need for a person to be present (unlike

NU

in previous studies on thermographic responses in animals). Unlike in Travain et al. [24], who

MA

used a thermographic camera to measure changes in eye temperature from a short distance in
dogs at a veterinary clinic, dogs in the current study did not appear to be stressed by the

TE

D

camera, possibly because it was placed at a larger distance and did not ‘follow’ them.

There are, however, several limitations to the set-up. These include the relatively large

AC
CE
P

distance of the camera from the animal (varying from around 5-8 m), such that measurement
of eye [17,22,23,25,53] or nose temperature [2,16,19], as has been done in studies on affective
state in other animals, would not be possible. Additionally, the method works only for dogs
with a certain hair structure (i.e. not too irregular or fluffy ear covering)(see also [54]) –
although this problem could be solved by shaving parts of dogs’ ears in an experimental setup,
this may not be acceptable to many owners. Furthermore, at least for the potential assessment
of lateralized temperature differences it is paramount to obtain shots from the correct angle,
which is dependent on the animal’s position as well as the form of their ears (dogs with
upright ears tend to yield more simultaneous captures of both ears than floppy-eared dogs);
but this is not an issue when analyzing the temperature changes of just one ear.
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5. Conclusions
To our knowledge this is the first study using ‘long distance’ measurement of temperature in

PT

selected areas of animals’ bodies as a method for gauging physiological stress responses. The
results suggest that the method can be used for measuring dynamic changes in ear pinnae

RI

temperature in the assessment of physiological stress responses in dogs. However, there are

SC

some limitations based on breed/type (hair structure and to a lesser extent ear shape) with the
methods employed. In the future, obtaining correlations with heart rate, cortisol levels and

MA

NU

behavior will be of interest to further validate the methodology.

Acknowledgements

TE

D

This research project was funded by Ceva Santé Animale, Libourne, France. The funder did
not have any influence on the study design, collection, analysis and interpretation of data; on

AC
CE
P

the writing of the report; or on the decision to submit the article for publication. We thank all
dog owners who participated with their dogs in either piloting or the main experiment. The
authors declare that they have no conflict of interest.

23

ACCEPTED MANUSCRIPT
REFERENCES
[1]

G.A. Mazzotti, V. Boere, The right ear but not the left ear temperature is related to

PT

stress-induced cortisolaemia in the domestic cat (Felis catus), Laterality. 14 (2009)
196–204.

K. Nakayama, S. Goto, K. Kuraoka, K. Nakamura, Decrease in nasal temperature of

RI

[2]

SC

rhesus monkeys (Macaca mulatta) in negative emotional state, Physiol. Behav. 84
(2005) 783–790.

K. Yarnell, C. Hall, E. Billett, An assessment of the aversive nature of an animal

NU

[3]

MA

management procedure (clipping) using behavioral and physiological measures,
Physiol. Behav. 118 (2013) 32–39.
[4]

S. Jenkins, R. Brown, N. Rutterford, Comparing thermographic, EEG, and subjective

(2009).

D.J. McCafferty, Applications of thermal imaging in avian science, Ibis (Lond. 1859).

AC
CE
P

[5]

TE

D

measures of affective experience during simulated product interactions, Int. J. Des. 3

155 (2013) 4–15.
[6]

A.L. Eddy, L.M. Van Hoogmoed, J.R. Snyder, The role of thermography in the
management of equine lameness, Vet. J. 162 (2001) 172–181.

[7]

K. Nishide, T. Nagase, M. Oba, M. Oe, Y. Ohashi, S. Iizaka, G. Nakagami, T.
Kadowaki, H. Sanada, Ultrasonographic and thermographic screening for latent
inflammation in diabetic foot callus, Diabetes Res. Clin. Pract. 85 (2009) 304–309.

[8]

M. Stewart, J.R. Webster, G.A. Verkerk, A.L. Schaefer, J.J. Colyn, K.J. Stafford, Noninvasive measurement of stress in dairy cows using infrared thermography, Physiol.
Behav. 92 (2007) 520–525.

[9]

M. Stewart, K.J. Stafford, S.K. Dowling, A.L. Schaefer, J.R. Webster, Eye temperature
and heart rate variability of calves disbudded with or without local anaesthetic, Physiol.
Behav. 93 (2008) 789–797.
24

ACCEPTED MANUSCRIPT
[10] E. Bartolomé, M.J. Sánchez, A. Molina, A.L. Schaefer, I. Cervantes, M. Valera, Using
eye temperature and heart rate for stress assessment in young horses competing in

PT

jumping competitions and its possible influence on sport performance, Anim. an Int. J.
Anim. Biosci. 7 (2013) 2044.

RI

[11] N. Ludwig, M. Gargano, F. Luzi, C. Carenzi, M. Verga, Technical note: Applicability

SC

of infrared thermography as a non invasive measurements of stress in rabbit, World
Rabbit Sci. 15 (2010) p–199.

NU

[12] K.A. Herborn, J.L. Graves, P. Jerem, N.P. Evans, R. Nager, D.J. McCafferty, D.E.F.

MA

McKeegan, Skin temperature reveals the intensity of acute stress, Physiol. Behav. 152
(2015) 225–230.

[13] B. Beerda, M.B.H. Schilder, J.A. van Hooff, H.W. de Vries, J.A. Mol, Behavioural,

TE

D

saliva cortisol and heart rate responses to different types of stimuli in dogs, Appl. Anim.
Behav. Sci. 58 (1998) 365–381.

AC
CE
P

[14] P. Mormède, S. Andanson, B. Aupérin, B. Beerda, D. Guémené, J. Malmkvist, X.
Manteca, G. Manteuffel, P. Prunet, C.G. van Reenen, others, Exploration of the
hypothalamic--pituitary--adrenal function as a tool to evaluate animal welfare, Physiol.
Behav. 92 (2007) 317–339.
[15] E. von Borell, J. Langbein, G. Després, S. Hansen, C. Leterrier, J. Marchant-Forde, R.
Marchant-Forde, M. Minero, E. Mohr, A. Prunier, D. Valance, I. Veissier, Heart rate
variability as a measure of autonomic regulation of cardiac activity for assessing stress
and welfare in farm animals -- a review, Physiol. Behav. 92 (2007) 293–316.
doi:10.1016/j.physbeh.2007.01.007.
[16] H.S. Proctor, G. Carder, Nasal temperatures in dairy cows are influenced by positive
emotional state, Physiol. Behav. 138 (2015) 340–344.
[17] T. Travain, E.S. Colombo, L.C. Grandi, E. Heinzl, A. Pelosi, E.P. Previde, P. Valsecchi,
How good is this food? A study on dogs’ emotional responses to a potentially pleasant
25

ACCEPTED MANUSCRIPT
event using infrared thermography, Physiol. Behav. 159 (2016) 80–87.
[18] D.M.L. Vianna, P. Carrive, Changes in cutaneous and body temperature during and

PT

after conditioned fear to context in the rat, Eur. J. Neurosci. 21 (2005) 2505–2512.
[19] M.A. Baker, M.J. Cronin, D.G. Mountjoy, Variability of skin temperature in the

RI

waking monkey, Am. J. Physiol. Content. 230 (1976) 449–455.

SC

[20] T.E. Lowe, C.J. Cook, J.R. Ingram, P.J. Harris, Changes in ear-pinna temperature as a
useful measure of stress in sheep (Ovis aries), Anim. Welf. 14 (2005) 35–42.

NU

[21] M. Stewart, J.R. Webster, A. Schaeder, others, Infrared thermography and heart rate

MA

variability for non-invasive assessment of animal welfare, ANZCCART Hum. Sci.
News. 21 (2008) 1–4.

[22] M. Stewart, A.L. Schaefer, D.B. Haley, J. Colyn, N.J. Cook, K.J. Stafford, J.R.

TE

D

Webster, Infrared thermography as a non-invasive method for detecting fear-related
responses of cattle to handling procedures, Anim. Welf. 17 (2008) 387–393.

AC
CE
P

[23] N.J. Cook, A.L. Schaefer, J.S. Church, Nutritional therapy modulates stress responses
of elk (Cervus elaphus Canadensis) to removal of velvet antler, Online J Vet Res. 10
(2006) 20–25.

[24] T. Travain, E.S. Colombo, E. Heinzl, D. Bellucci, E.P. Previde, P. Valsecchi, Hot dogs:
Thermography in the assessment of stress in dogs (Canis familiaris)—A pilot study, J.
Vet. Behav. Clin. Appl. Res. 10 (2015) 17–23.
[25] J.L. Edgar, C.J. Nicol, C.A. Pugh, E.S. Paul, Surface temperature changes in response
to handling in domestic chickens, Physiol. Behav. 119 (2013) 195–200.
[26] R.O. Moe, S.M. Stubsjøen, J. Bohlin, A. Flø, M. Bakken, Peripheral temperature drop
in response to anticipation and consumption of a signaled palatable reward in laying
hens (Gallus domesticus), Physiol. Behav. 106 (2012) 527–533.
[27] M.L. Meiners, J.M. Dabbs Jr, Ear temperature and brain blood flow: Laterality effects,
Bull. Psychon. Soc. 10 (1977) 194–196.
26

ACCEPTED MANUSCRIPT
[28] Z. Mariak, J. Lewko, J. Luczaj, B. Polocki, M.D. White, The relationship between
directly measured human cerebral and tympanic temperatures during changes in brain

PT

temperatures, Eur. J. Appl. Physiol. Occup. Physiol. 69 (1994) 545–549.
[29] N. Cherbuin, C. Brinkman, Cognition is cool: Can hemispheric activation be assessed

RI

by tympanic membrane thermometry?, Brain Cogn. 54 (2004) 228–231.

SC

[30] W.S. Helton, The relationship between lateral differences in tympanic membrane
temperature and behavioral impulsivity, Brain Cogn. 74 (2010) 75–78.

NU

[31] R.E. Propper, T.D. Barr, T.T. Brunyé, Lateralized differences in tympanic membrane

MA

temperature, but not induced mood, are related to episodic memory, Brain Cogn. 94
(2015) 52–59.

[32] W.T. Boyce, J.D. Higley, J.J. Jemerin, M. Champoux, S.J. Suomi, Tympanic

TE

D

temperature asymmetry and stress behavior in rhesus macaques and children, Arch.
Pediatr. Adolesc. Med. 150 (1996) 518.

AC
CE
P

[33] C. Palestrini, E.P. Previde, C. Spiezio, M. Verga, Heart rate and behavioural responses
of dogs in the Ainsworth’s Strange Situation: A pilot study, Appl. Anim. Behav. Sci.
94 (2005) 75–88.

[34] P.L. Borchelt, V.L. Voith, Diagnosis and treatment of separation-related behavior
problems in dogs., Vet. Clin. North Am. Small Anim. Pract. 12 (1982) 625.
[35] J.W. Bradshaw, J.A. McPherson, R.A. Casey, S. Larter, Aetiology of separation-related
behaviour in domestic dogs., Vet. Rec. 151 (2002) 43–46.
[36] M. Bamberger, K.A. Houpt, Signalment factors, comorbidity, and trends in behavior
diagnoses in dogs: 1,644 cases (1991--2001), J. Am. Vet. Med. Assoc. 229 (2006)
1591–1601.
[37] Á.G. Martínez, G.S. Pernas, F.J.D. Casalta, M.L.S. Rey, L.F. la Cruz Palomino, Risk
factors associated with behavioral problems in dogs, J. Vet. Behav. Clin. Appl. Res. 6
(2011) 225–231.
27

ACCEPTED MANUSCRIPT
[38] L.M. Storengen, S.C.K. Boge, S.J. Strøm, G. Løberg, F. Lingaas, A descriptive study
of 215 dogs diagnosed with separation anxiety, Appl. Anim. Behav. Sci. 159 (2014)

PT

82–89.
[39] W.M.S. Russell, R.L. Burch, C.W. Hume, The principles of humane experimental

RI

technique, Charles C. Thomas, Springfield, IL (1959).

SC

[40] C.I. Karagiannis, O.H.P. Burman, D.S. Mills, Dogs with separation-related problems
show a “less pessimistic” cognitive bias during treatment with fluoxetine (ReconcileTM)

NU

and a behaviour modification plan, BMC Vet. Res. 11 (2015) 80-90.

MA

[41] E. Prato-Previde, D.M. Custance, C. Spiezio, F. Sabatini, Is the dog-human relationship
an attachment bond? An observational study using Ainsworth’s strange situation,
Behaviour. 140 (2003) 225–254.

TE

D

[42] J. Topál, Á. Miklósi, V. Csányi, A. Dóka, Attachment behavior in dogs (Canis
familiaris): A new application of Ainsworth’s (1969) Strange Situation Test., J. Comp.

AC
CE
P

Psychol. 112 (1998) 219–229.

[43] C. King, L. Buffington, T.J. Smith, T. Grandin, The effect of a pressure wrap
(ThunderShirt) on heart rate and behavior in canines diagnosed with anxiety disorder, J.
Vet. Behav. Clin. Appl. Res. 9 (2014) 215–221.
[44] G. Fallani, E.P. Previde, P. Valsecchi, Behavioral and physiological responses of guide
dogs to a situation of emotional distress, Physiol. Behav. 90 (2007) 648–655.
[45] R.C.T. Pinheiro, J., Bates, D., DebRoy, S., Sarkar, D., nlme: Linear and Nonlinear
Mixed Effects Models, in: R Packag. Version 3, 2013: pp. 1–107.
[46] A. Kistler, C. Mariauzouls, K. von Berlepsch, Fingertip temperature as an indicator for
sympathetic responses, Int. J. Psychophysiol. 29 (1998) 35–41.
[47] A.-L. Krogstad, M. Elam, T. Karlsson, B.G. Wallin, Arteriovenous anastomoses and
the thermoregulatory shift between cutaneous vasoconstrictor and vasodilator reflexes,
J. Auton. Nerv. Syst. 53 (1995) 215–222.
28

ACCEPTED MANUSCRIPT
[48] D. Appleby, J. Pluijmakers, Separation anxiety in dogs: the function of homeostasis in
its development and treatment, Clin. Tech. Small Anim. Pract. 19 (2004) 205–215.

PT

[49] D.S. Tuber, M.B. Hennessy, S. Sanders, J.A. Miller, Behavioral and glucocorticoid

separation., J. Comp. Psychol. 110 (1996) 103.

RI

responses of adult domestic dogs (Canis familiaris) to companionship and social

SC

[50] E.J. Harding, E.S. Paul, M. Mendl, Animal behaviour: cognitive bias and affective state,
Nature. 427 (2004) 312.

NU

[51] C.L. Coppola, T. Grandin, R.M. Enns, Human interaction and cortisol: Can human

MA

contact reduce stress for shelter dogs?, Physiol. Behav. 87 (2006) 537–541.
[52] M. Gácsi, J. Topál, Á. Miklósi, A. Dóka, V. Csányi, Attachment behavior of adult dogs
(Canis familiaris) living at rescue centers: Forming new bonds., J. Comp. Psychol. 115

TE

D

(2001) 423-431.

[53] M.B. Hennessy, M. T Williams, D.D. Miller, C.W. Douglas, V.L. Voith, Influence of

AC
CE
P

male and female petters on plasma cortisol and behaviour: can human interaction
reduce the stress of dogs in a public animal shelter?, Appl. Anim. Behav. Sci. 61
(1998) 63–77.

[54] M. Vainionpää, Thermographic imaging in cats and dogs: Usability as a clinical
method. Academic Dissertation, University of Helsinki, Helsinki, 2014.

29

ACCEPTED MANUSCRIPT
APPENDICES
Appendix 1: Behavior of the person (owner/ stranger) during the sequences of the test. The

PT

dog was free to choose whether or not to interact with the person.
Description

Passive1

Person standing passively next to the door, ignoring dog

60 s

Speak

Person crouches down and speaks to dog; pets dog if it

30 s

Duration

SC

RI

Phase

approaches “Hello <name>, do you want some cuddles? Good

NU

boy/ girl”. If the dog approaches it is pet; if it does not

MA

approach, the person keeps crouching and talking until the
start of the next phase.

Person standing passively next to the door, ignoring dog

Play

Play with a ball or tug toy

Passive3

Person standing passively next to the door, ignoring dog

Leave

Person puts on jacket, takes keys, says goodbye to dog, and

D

Passive2

30 s
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30 s
30 s

leaves the room.

Appendix 2: Demographic data about subjects
Dog's name Dog's breed/ mix

Sex

Age (years)

Reuben

Jack Russell terrier x Lhasa Apso

Male intact

3

Milo

Jack Russell terrier

Male neutered

8

Lily

Springer spaniel x setter x Labrador x pointer Female neutered

1

Olga

Malinois

Female intact

1

Chloe

Jack Russell terrier

Female intact

9

Cuddles

Rottweiler

Male neutered

7
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