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Abstract

The purpose of this study was to assess the diversity of physiological stress responses elicited by tethering versus loose holding in the 
Swedish domestic goat (Capra hircus). Eight goats were randomly divided into two groups and the experiment was performed in a cross-
over design. Six goats had implanted transmitters that registered heart rate and arterial blood pressure telemetrically and blood samples 
were taken on separate days. Heart rate increased around feeding both when the goats were held loose in pairs, and when they were tied 
up. When the goats were tethered, the heart rates and blood pressures were higher, and the concentrations of β-endorphin and oxytocin 
lower, compared to when held loose in pairs. In conclusion, housing and the company of another animal affect arterial blood pressure, 
heart rate, and the concentrations of β-endorphin and oxytocin in goats, but the cortisol and vasopressin concentrations did not differ 
between the treatments. The higher arterial blood pressure and heart rate, and lower concentrations of β-endorphin and oxytocin in 
tethered goats indicate that being tied up may be more stressful for the goats compared to being held loose. The use of single measures, 
eg cortisol concentrations, was not sufficient to give an accurate picture of the animals’ response to the management system. This study 
demonstrates the importance of using a wide variety of physiological measures when evaluating stress in animal welfare research. 
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Introduction 
Glucocorticoid concentrations are often used as a measure of 
stress and as a proxy measure of animal welfare (Ralph & 
Tilbrook 2016). While there is a widespread recognition of the 
many factors that may influence the level of the glucocorti-
coids, such as the metabolism, circadian rhythm, and physical 
activity (Sjaastad et al 2016), there is often no consideration 
of alternative hormones. The ubiquity of glucocorticoids as a 
measure of stress can be seen in articles on animal welfare 
research, for example in reviews on dehorning in cattle 
(Bos taurus) (Canozzi et al 2019), group housing of sows 
(Sus scrofa) (Verdon et al 2015) and the separation of lambs 
from ewes (Ovis aries) (Mora-Medina et al 2015). 
However, stressful situations may result in a number of 
different physiological changes. The hypothalamus activates 
not only the anterior pituitary and the adrenal cortex, which 
results in release of glucocorticoids, but also the sympathetic 
nervous system, leading to increased heart rate and blood 
pressure, and increased catecholamine levels (Sjaastad et al 
2016). In addition, several other hormonal systems in the 
body may be affected. Since different individuals may react 
differently in the same stress situations, it is crucial to assess 
multiple physiological and behavioural variables. Whilst 

cortisol is a well-established stress hormone, known to be 
connected to stress and pain in several species (Barchas & 
Berger 1980; Hawkes 1992), other, less-commonly recorded 
hormones may be involved in the stress response, eg vaso-
pressin (Cameron et al 1985; Nyman et al 1996) and β-
endorphin (Greenwood & Shutt 1990; Hydbring 1999a). In 
addition, different hormones may affect each other. For 
example, oxytocin has been shown to influence the level of 
cortisol (Brown et al 2016). In an earlier study, we have 
shown that several different hormones are involved during 
fearfulness in dogs (Canis familiaris), and that dogs exposed 
to gun shots had different physiological responses compared 
to when they were exposed to a floor test (Hydbring-
Sandberg et al 2004). A previous study, on the effect of sepa-
ration of a kid from its mother, showed that despite the 
mother goat’s (Capra hircus) frequent vocalisation during 
separation, no cortisol or cardiovascular responses were 
involved (Winblad von Walter et al 2010). 
In previous research, tethering has been reported to be an 
important stressor with tethered animals showing a physio-
logical stress response. In cattle, tethering resulted in short-
term elevated cortisol levels (Ladewig & Smidt 1989) as well 
as increased heart rate (Müller et al 1989). Likewise, 
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