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Abstract 

Poor housing conditions, harsh training sessions and uncontrollable or unpredictable social 
environments are examples of the situations that may lead to reduced welfare status in dogs. 
Individuals that suffer from poor welfare presumably experience stress and may consequently 
exhibit stress responses. In order to evaluate stress responses as potential indicators of poor 
welfare in dogs, we review studies dealing with dogs subjected to stressors. The reported stress 
responses are categorized as being behavioural, physiological or immunological, and demonstrate 
the various ways stress is manifested in the dog. 

Stressors such as noise, immobilization, training, novelty, transport or restricted housing 
conditions have been reported to elicit responses in behavioural, cardiovascular, endocrine, renal, 
gastro-intestinal, and haematological parameters. These and other parameters that change during 
stress may thus be indicative of poor welfare. However, several sources of misinterpretation have 
to be considered before stress responses may be used as valid indicators of welfare. 

Although analogous to the human situation, especially chronic stress may impair welfare, most 
studies deal with acute stress and do not address chronic stress and related phenomena. Adaptation 
may counteract the initial stress response and render parameters of acute stress useless for 
assessing chronic stress. Adaptations to stress are thus in themselves indicative of reduced welfare. 
Such adaptations may be discovered by challenging a stress responsive system. Additional studies 
are recommended to investigate acute stress parameters as possible indicators of chronic stress. 

Differences in stressor properties and in individual characteristics of dogs introduce variability 
in stress responses. Such variability will complicate a valid interpretation of stress responses with 
regard to welfare. Obtaining and applying fundamental knowledge of stress responses in dogs and 
measuring more than one stress parameter are proposed to minimize the risk of misinterpreting 
measurements of stress. 0 1997 Elsevier Science B.V. 
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1. Introduction 

More than ever, there is interest in the welfare of domestic animals. Poor housing or 
handling conditions generally accepted in the past may now be criticised for affecting 
animal well-being. Since little attention has been given to this subject for dogs, we focus 
on this species. 

Poor housing conditions, harsh training sessions and an uncontrollable and unpre- 
dictable social environment are examples of situations that may seriously affect the 
welfare of dogs. To establish welfare problems, tools are required that measure the 
effects of the dog’s appraisal of its environment and of its efforts to cope with it. 

In humans, long lasting negative emotions that are elicited by aversive events reduce 
welfare. From studies in humans we also know that there are relations between negative 
emotions and a number of behavioural and physiological measures such as passiveness 
and elevated cortisol levels. Analogous reasoning justifies the assumption that causes 
(stressors) or indications (stress responses) of negative emotions as found in humans 
also apply to animals (for a discussion see Stafleu et al., 1992). In animals, emotional 
indications (Wiepkema and Koolhaas, 1992) such as passiveness, elevated cortisol, 
specific tail movements, characteristic vocalizations etc. that are elicited by stressors, 
may thus indicate a state of stress and possibly poor welfare. Analogous to the human 
situation, animals that are subjected to stressors for a longer period may especially suffer 
a reduced welfare. Responses that are sustained during chronic stress may, therefore, be 
regarded as valid indicators of canine welfare. 

From findings reported elsewhere and our own data we try to deduce the behavioural, 
physiological and immunological changes that are consistently associated with stressors. 
For this purpose we review behavioural, physiological and immunological responses to 
experimental and ‘naturally’ occurring stressors. Subsequently we evaluate these stress 
responses with regard to their applicability as measures of poor welfare in dogs. Finally, 
we also point out problems in the interpretation of such measures. 

2. Stressors and their behavioural, physiological and immunological effects 

2.1. Behavioural stress responses induced by experimental stressors 

Electric shock just below tetanizing level induces dogs to urinate, defecate, scramble 
rapidly and vigorously around the compartment, emit high-pitched screeches, salivate 
profusely and roll their eyes rapidly with dilated pupils (Solomon and Wynne, 19.53). 
The subject’s hair may show piloerection, small muscle groups may tremble and the 
breathing may turn into short, irregular gasping. Hyperpnea and increased salivation also 
occur in dogs anticipating unavoidable shock of a lesser intensity (Carson, 1971) and in 
dogs subjected to noise (Engeland et al., 1990). These behaviours are thought to 
represent compensatory actions to an increased thermogenesis (Carson and Corson, 
1976). Anti-diuresis observed in dogs anticipating unavoidable shock, may furthermore 
help the body conserve water necessary for these thermoregulatory responses (Carson, 
1971; Corson and Corson, 1976). Increased thermogenesis and subsequent thermoregula- 
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tory actions are exhibited in dogs of the fox terrier type, but are absent in individuals of 
the beagle type (Corson, 1971). Differences in thermogenic responses between breeds 
may reflect a predominant ‘fight or flight’ type of stress response (Cannon, 1929) in 
terriers compared with a ‘conservation-withdrawal’ response (Engel and Schmale, 1972) 
in beagle dogs (Corson and Corson, 1976). Constitutional differences in canine stress 
responses are in agreement with individual differences in coping strategies reported in 
other species such as mice, rats (Benus et al., 1987); tree shrews (Van Holst, 1986); 
rhesus monkey (Suomi, 1987); and pigs (Hessing, 1993). 

In anticipation of signalled shock avoidance trials, when dogs remain within the 
experimental confinement, they develop a strong tendency for stereotyping and exhibit 
restlessness, agitation, whining and barking (Solomon and Wynne, 1953). In general, the 
studies previously discussed lack a description of precisely defined behaviours. As a 
result, the integration of data from different experiments is complicated. Furthermore, 
studies rarely report on more subtle behaviours. Small changes in the behaviour of 
stressed dogs may thus remain unnoticed. 

2.2. Reaction to acoustic stressors 

Motivated by this lack of detailed data on behavioural responses in dogs subjected to 
experimental stressors, we investigated the behaviour of six beagle dogs before, during 
and after acoustic stress. Noise was chosen as the experimental stressor, as it elicited 
profound responses in dogs that had been subjected to short lasting sound blasts in a 
study that compared different stressors (Beerda et al., in prep). Noise was presented at a 
frequency where dogs are sensitive to acoustic stimuli and intensities were chosen below 
the levels that might induce possible hearing loss. Acoustic stressors were administered 
intermittently and randomly to minimize the time of noise exposure, and to prevent fast 
habituation of the stress responses. Finally, the experimental design was chosen to 
enable the investigation of a possible doses-response relationship. 

2.3. Methods 

We chose the following experimental set up: Noise of 3000 Hz and at a level of 70, 
78 and 87 dB, was presented during three trials that each lasted 30 min. Noise levels 
were presented to three subjects in a randomized order. During a trial, 3 min of noise 
was randomly presented in 18 blasts that lasted 5, 10 or 15 s. Three other dogs were 
subjected to a similar design, but only at a 70 dB level of noise. Also, the total duration 
of the treatments was much longer, namely 6, 12 or 18 min. All animals were 
accustomed to the experimental room for at least 40 h. Continuous behavioural 
observations were performed from 30 min before until 60 min after the onset of a trial. 
In addition, heart rate measurements were taken by means of the Holter Monitoring 
System and saliva was collected to assess cortisol levels. The behaviour observed during 
only the first 10 min of a trial was compared with pre- and post-trial observations. 

2.4. Results 

The observed behavioural responses showed no clear relationship with increasing 
noise intensities or durations for any of the animals. However, the strongest behavioural 
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responses were observed in the one dog inadvertently subjected to 95 dB noise. In 
addition to increases in the frequency of tongue out, snout lick, paw lift and body shake 
(Fig. 11, the posture of this animal (an index expressing the position of the ears, tail and 
the body) was lowered during 37.2% of the stress period. This posture was sustained 
during 37.5% of the recovery period. Pooled data of the other five dogs subjected to 
noise of an intensity of less than 95 dB showed behavioural responses with a large 
individual variation. But acoustic stress induced a lowering of the posture here too (Fig. 
2). 

In comparison with pre-noise levels, 95 dB administered to the one dog for 6, 12 and 
18 min per trial, induced heart rate increases of 25, 35 and 54%, respectively. The five 
remaining animals showed only marginal heart rate changes that were unrelated to noise 
intensity or duration. When we pooled the data from 15 trials (3 X 5 dogs), the mean 
heart rate increased from 97 beats per minute (BPM) before noise presentation to 103 
BPM during noise presentation. Saliva sampling increased heart rate levels only during 
the presentation of 87 dB. During recovery the mean heart rate returned to below the 
pre-trial level, namely 90 BPM. 

Noise induced saliva cortisol responses were detected only in the dog subjected to 95 
dB. Response magnitude showed a clear relationship with the duration of the noise (Fig. 
3). 

To summarize, an increased performance of tongue out, snout lick, paw lift and body 
shake was observed in one dog subjected to noise of 95 dB. Since behavioural responses 
were accompanied by heart rate and saliva cortisol increases, these behaviours may be 
indicative of stress. The same behavioural patterns were affected during acoustic 
stimulation at a lower intensity, but responses showed large individual variation. A 
lowered posture of dogs appears to be a more consistent indicator of stress, since it is 
observed following noise of both high and moderate intensity. Mouth licking, paw 
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Fig. 1. The performance of several behavioural elements before (control), during (stress) and after (recovery) 
intermittent acoustic stress; mean values f SEM of three trials by one dog subjected for 6, 12 and 18 min to 

noise of 95 dB and 3000 Hz. 
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Fig. 2. The exhibition of a neutral posture (an index expressing the position of the ears, tail and body) before 
(control) during (stress) and after (recovery) intermittent acoustic stress; mean values f SEM of three trials by 
five dogs subjected to stress regimes of different intensity (70 to 87 dB) and duration (3 to 18 mitt per stress 
period). 

lifting and lowered standing and sitting postures have been previously reported as 
indications of stress in dogs subjected to harsh training methods (Schwizgebel, 1982). 

Noise levels below 87dB did not induce profound heart rate responses in our beagle 
dogs. The lack of increases in saliva cortisol supports the finding of Thalken (1971) that 
plasma glucocorticoid responses to noise in beagle dogs were absent. The data suggest 
that behavioural responses provide the more sensitive indicators for negative effects in 
dogs experiencing moderate noise stress. 
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Fig. 3. Saliva cortisol responses during intermittent acoustic stress in one dog subjected for 6, 12 and 18 min to 
noise of 95 dB and 3000 Hz. 
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2.5. Behavioural stress responses induced by ‘naturally’ occurring stressors 

Vocalizations in dogs are elicited by electrical shock (Solomon and Wynne, 1953), 
but also by more ‘natural’ stressors (Schwizgebel, 1982; Hetts et al., 1992). Dogs 
subjected to training methods that included acoustic and physical punishment exhibited 
significantly more yelping than dogs under conditions of predominantly positive rein- 
forcement (Schwizgebel, 1982). Dogs that are socially isolated may also increasingly 
vocalize (Hetts et al., 1992). 

Harsh training methods induce dogs to lower the standing posture, to sit in a more 
crouched position, to perform snout licking and to exhibit paw lifting (Schwizgebel, 
1982). Schwizgebel(1982) considered these responses as submissive behaviours. How- 
ever, our data on the behaviour of dogs subjected to acoustic and other non-social 
stressors suggest that these behaviours possibly also express an escape tendency. 

Compared with dogs kept in spacious group housing systems (5-l 1 dogs on 744 m*>, 
inactivity also characterizes dogs housed solitary in areas smaller than 3 m* (Hubrecht et 
al., 1992). As previously noted by Hubrecht, reducing the spatial area of housing 
systems that are already of limited size ( < 4 m* per animal) does not significantly affect 
the dog’s general activity (Hite et al., 1977; Sigg und Tobler, 1986) or play behaviour 
(Bebak and Beck, 1993). Reduced activity of dogs subjected to poor housing conditions 
or intensive racing (Kronfeld et al., 19871, is in contrast with an increased restlessness 
shown by dogs anticipating signalled shock avoidance trails (Solomon and Wynne, 
1953). The observed discrepancy may be attributed to the fact that the latter dogs 
experienced anxiety, whereas in the former cases fatigue and boredom may have played 
a role. 

Housing conditions that lack suitable stimuli to elicit behaviour and that lack 
adequate space to perform behaviour, may make dogs inactive without necessarily 
causing stress responses. 

Solitary housing in restricted areas induces dogs to perform more repetitive move- 
ments such as pacing, tail chase, wall bounce and flank sucking (Hubrecht et al., 19921, 
as well as more grooming and more manipulation of the enclosure barriers (Hetts et al., 
1992). A possible stereotyped character of the observed repetitive movements and 
manipulations of the enclosure barriers, would support the report on stereotypies in 
stressed dogs by Solomon and Wynne (1953). As in husbandry animals (for a review see 
Lawrence and Rushen, 1993) the performance of stereotypies in dogs may thus be 
indicative for prolonged situations of stress. 

2.6. Behavioural stress parameters and their potential as indicators of welfare 

To establish stress and subsequently welfare problems in dogs, behavioural stress 
parameters are of special interest since they may be measured easily and non invasively. 
A variety of behavioural responses have been reported to occur during acute stress; 
panting, vocalizing, paw lifting, snout licking, lowering of the posture etc. However, 
adaptation of the animal may render such indicators of acute stress useless for 
establishing chronic stress; especially the latter may lead to welfare problems. We have 
conducted additional studies to determine which acute behavioural responses are sus- 
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mined during prolonged stress, but these data will be published elsewhere (Beerda et al., 
in prep.). 

2.7. Experimentally induced physiological stress responses and those induced by 
non-experimental stressors 

Two physiological systems are particularly responsive to stress: The sympathetic 
adrenal medullary (SAM) axis stimulates the adrenal medulla to primarily secrete 
adrenaline and, to a lesser extent, noradrenaline during psychological stress (Cannon and 
de la Paz, 1911). The early work of Selye (1936) indicated involvement of the 
hypothalamic pituitary adrenal (HPA) axis. Corticotrophin releasing hormone (CRH), 
which originates from the hypothalamus stimulates the anterior pituitary to secrete 
adrenocorticotrophic hormone (ACTH), and this in turn stimulates glucocorticoid secre- 
tion by the adrenal cortex. In dogs cortisol is the primarily glucocorticoid secreted. 

Experimentally induced activation of the canine SAM axis induces enhanced levels of 
catecholamines (Engeland et al., 1990; Parrilla et al., 1990), anti-diuretic responses 
(Koepke and Obrist, 1983a; Koepke et al., 1983b) and changed cardiovascular perfor- 
mances (for an overview see Fig. 4). Stress induced activation of the HPA axis is 
commonly associated with elevated levels of plasma cortisol (Dess et al., 1983; Gue et 
al., 1988; Knol, 1989; Palazzolo and Quadri, 1987). By way of its secreted hormones, 
the HPA axis exerts effects on different body functions such as gastro-intestinal motility 
(Gue et al., 1988; Muelas et al., 1993; Parrilla et al., 1990). 

Dogs introduced into a novel environment, show enhanced sympathetic activation 
(Pagani et al., 1991) and enhanced HPA activity (Thalken, 1971; Vial et al., 1979). 
Transferring inexperienced dogs from their home cages to a surgery section, enhances 
the low frequency component of the inter heart beat or R-R variability (Pagani et al., 
1991). A shift from a predominantly high frequency component of R-R variability in 
resting dogs to a low frequency component of R-R variability in stressed dogs, is 
proposed to result from a shift from a predominantly vagal tone to an increased 
sympathetic activity (Pagani et al., 1991). Admission in a veterinary hospital signifi- 
cantly elevates levels of plasma 11 P-hydroxycorticoid in privately owned dogs when 
measured over night or 4 h after arrival (Vial et al., 1979). Furthermore, such 
hospitalization is associated with a tendency for enhanced 11 P-hydroxycorticoid re- 
sponses after exogenous ACTH administration. Qualitative aspects of a new environ- 
ment may determine whether initial cortisol responses are sustained. Whereas privately 
owned dogs exhibited prolonged elevated levels of 11 phydroxycorticoid after being 
caged (Vial), beagle dogs that were transported by truck to a less restricted new 
environment did not exhibit elevated cortisol levels the morning after transport (Kuhn et 
al., 199 1). However, during transportation the cortisol levels were significantly elevated. 

2.8. Are parameters rejlecting SAM activity useful parameters of stress and indicators of 
welfare? 

The applicability of plasma catecholamine levels as an indicator of canine welfare is 
problematic since the levels are easily affected by procedures of blood sampling. 
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Fig. 4. Cardiovascular responses in dogs subjected to regimes of electric shock that differ in the presence (+) 
or absence (-1 of four characteristics (listed in the first four columns). Arrows indicate increased (t 1, 
decreased (4) or unchanged ( tf ) performances relative to control levels whereas \ and \ indicate 
increases or decreases during the experimental period that are not related to control levels. Abbreviations: Ao 
dP/dt, maximum rate of change of aortic blood pressure from diastole to systole, an index of contractile force; 
CO, cardiac output = stroke volume X the number of heart beats; Lv dP/dt, maximum rate of left ventricular 
pressure development, an index of P-adrenergic activity. 

Furthermore, catecholamine responses have only been investigated in dogs subjected to 
acute experimental stressors. Determining the blood pressure as a tool to establish the 
SAM activity may be much more advantageous since it can be measured telemetrically 
(Armentano et al., 1990) or non-invasively (Vincent and Michell, 1992a). 

The same advantages apply to electrocardiogram (ECG) registrations which further 
allow the calculation of alternative indices of stress (Pagani et al., 1991). However, 
non-specific changes in the cardiovascular performance (Murphree et al., 1967; Lynch 
and McCarthy, 1969; Newton, 1969) easily complicate the measurement of stress. The 
sampling of more than one parameter may thus partly prevent erroneous interpretations 
of cardiovascular measures with regard to stress. Since cardiovascular responses may be 
measured non-invasively, are elicited by both experimentally and ‘naturally’ occurring 
stressors and may sustain for a longer period (Galosy et al., 1979), they may be 
considered useful tools to establish welfare problems in dogs. 

Response variability between individuals and breeds (Corson, 1971; Koepke and 
Obrist, 1983a), and the necessity of invasive measuring techniques may hamper the use 
of renal excretory responses for establishing canine well-being. Anti-diuretic responses 
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may furthermore be typical for only the anticipation of severe aversive events, and last 
for only a limited time. 

2.9. Are parameters rejlecting HPA activity useful parameters of stress and indicators of 
welfare? 

A number of experimentally and ‘naturally’ occurring stressors induce acute in- 
creases in plasma cortisol. Since cortisol responses reflect differences in appraisal and 
coping during stress (Dess et al., 19831, levels of cortisol may mirror welfare states in 
dogs in a sensitive way. Sampling blood may be replaced by saliva collection as a less 
invasive alternative for establishing cortisol levels (Vincent and Michell, 1992a; Vincent 
and Michell, 1992b; Beerda et al., 1996). Whether circumstances that persist and that 
initially elicited profound cortisol responses continue to stimulate cortisol production 
over time, remains unclear. 

2.10. Immunological responses induced by experimentally and ‘naturally’ occurring 
stressors. and their potential as indicators of welfare states 

Since very little has been published on immune activity of stressed dogs, we 
investigated peripheral leucocyte counts in ten Beagle dogs transported by car. 

After the transport, which lasted for 50 min, the dogs were introduced into a new 
environment. Living conditions before and after transport corresponded in that they were 
spacious, enriched and social. Blood samples were taken by vena puncture before 
transport, immediate after arrival and 3 h after arrival. To validate transport as a stressful 
event saliva samples were taken and assayed for cortisol. 

The mean level of saliva cortisol increased from 3.6 k 0.4 nmol L-’ before transport 
to 37.4 + 8.2 nmol L-’ immediate after arrival (P < 0.01, ANOVA for repeated 
measures). Responses showed great individual variation and attenuated within 1 h after 
arrival. Compared with pre-transport measures, total leucocyte counts were significantly 
elevated at 3 h after arrival (Fig. 5). The observed leucocytosis was composed of a 
significant (P < 0.05) increase in neutrophils and a nearly significant decrease in 
lymphocytes. This yielded a significantly elevated neutrophil:lymphocyte ratio. Mean 
eosinophil concentrations decreased from 0.36 t- 0.09 (SEMI before transport to 0.23 + 
0.06 3 h after arrival, but this decline was not significant. 

Short lasting saliva cortisol responses and an overall leucocytosis in dogs subjected to 
transport are in accordance with similar findings reported by Kuhn et al. (1991). Data on 
leucocyte counts in humans (Weicker and Werle, 1991), make it feasible to consider the 
observed leucocyte responses as secondary effects of catecholamine and cortisol in- 
creases. 

Specific changes in the number of peripheral neutrophils, lymphocytes and eosinophils 
may indicate acute stress in dogs. Whether changes in peripheral leucocytes sustain 
during chronic stress and thus prove valid indicators of bad welfare, remains open to 
further investigation. Since the assessment of altering peripheral leucocyte counts during 
chronic stress requires blood sampling and may become biased by seasonal fluctuations 
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Fig. 5. Peripheral leucocyte counts before car transport (- 11, immediate after arrival (0) and 3 h after arrival 
(+ 1); mean values k SEM in 15 Beagle dogs. 

or antigen induced responses, its applicability to establish welfare problems in dogs may 
prove complicated. 

3. Conclusions and discussion 

In this paper we have reviewed how dogs show behavioural, physiological and 
immunological stress responses. A variety of behavioural responses has been reported in 
dogs subjected to different types of stressors. Part of this diversity may be attributed to 
differences in protocols used by the different investigators. Although still subject to 
individual variability, increases in frequencies of vocalizations and behavioural elements 
associated with fear and submission (snout licking, paw lifting and a lowered posture) 
may occur in dogs that experience stress. More severe stress may induce dogs to 
perform thermoregulatory behaviour (increased salivation, panting and anti-diuresis) and 
to develop stereotypies. 

Similar to the behavioural responses, physiological changes in dogs experiencing 
stress are manifested in a wide variety of parameters. The majority of reported 
physiological stress responses reflect changes in HPA and SAM activity. Changes in 
canine HPA activity are commonly established by measurement of cortisol whereas 
cardiovascular performance is most frequently investigated to establish SAM activity. 
HPA and SAM mediated responses may be modulated by each other, and by opioid and 
parasympathetic systems. Some type of stressors may elicit antagonistic actions in the 
systems that respond to stress. This may consequently result in only marginal changes in 
the stress parameter under study. 

Data on stress induced changes in the canine immune system are scarce and limited 
to peripheral leucocyte counts. It appears that acute stress induces an overall peripheral 
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leucocytosis that is composed of neutrophilia, lymphopenia and eosinopenia. No studies 
were found on canine immune responses during chronic stress. 

The detection of welfare problems by measuring stress responses, requires a reliable 
establishment of the latter. The establishment of stress may be hampered by anticipatory 
and immediate responses to the sampling procedures. Anticipatory reactions can not 
always be prevented, but randomization of sampling times should reduce the develop- 
ment of time related anticipatory responses. Measures sampled non-invasively, such as 
behavioural observations, saliva and urinary cortisol, blood pressure and heart rate, 
disturb the dogs minimally and reduce unwanted side effects. Even stress responses that 
are established reliably may still be misinterpreted with regard to welfare. Stressor 
administration may evoke similar responses to those observed following events that are 
not likely to be aversive (Anderson and Brady, 1972; Newton, 1969). Changes in 
opposite directions in the same parameter (Muelas et al., 1993) or changes in different 
parameters (Gaebelein et al., 1977) may result when stressors with variable properties 
are administered. Individual differences (Lawler et al., 1975; Koepke and Obrist, 1983a) 
may further attribute to variability in stress responses and make interpretation difficult. 
Nor are the effects of breed (Carson, 1971); gender (Gamier et al., 1990); age (Palazzolo 
and Quadri, 1987) or earlier life experiences (Melzack, 1954) to be ignored. 

The majority of studies dealing with stress in dogs report on acute responses. 
However, especially prolonged states of stress will be detrimental to their well-being. 
During prolonged stress, adaptation processes at the level of sensory input, appraisal of 
the stimuli and/or execution of responses, may cause stress responses to attenuate. 
Adaptation may render parameters of acute stress useless for establishing chronic stress 
(welfare). Measures of acute stress thus need to be validated as measures of chronic 
stress before they are used as indicators of welfare (Beerda et al., in prep.). Adaptive 
mechanisms, that cause specific stress responses to attenuate, may in themselves be 
indicative for chronic stress. 

In summary, a variety of potential indicators of poor welfare in dogs subjected to 
acute stressors, still need to be validated with respect to chronic stress. Extending and 
applying basic knowledge on stress responses in dogs, measuring a range of stress 
parameters in each subject and testing for physiological adaptations are strategies to 
improve the interpretation of stress responses with regard to welfare of the dog. 
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