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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 -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 f-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 f-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 f-
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 a/ 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 (Miiller et al 1989). Likewise,
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tethering of sows has been shown to result in elevated cortisol
levels (van der Staay 2010; Barnett et a/ 2011). The welfare
research has mainly focused on the overall effect of the
housing of animals, different management systems, and the
animals’ need for the company of other animals (eg Friend &
Dellmeier 1987; Kapp et al 1997; Loijens et al 2002;
Aschwanden et al 2008). The rationale for choosing tethering
as a stressor in the current study was that it is a known
stressor in a range of species, but for which most studies have
only chosen one or few physiological measures.

The aim of the current study was to investigate the physiological
responses to tethering compared to loose-holding in the same
goats, by recording both heart rate and arterial blood pressure, as
well as plasma concentrations of cortisol, B-endorphin, vaso-
pressin, and oxytocin. As far as we know, there have been no
papers published on the effect of housing on the combination of
several physiological variables, such as arterial blood pressure,
heart rate, and different stress hormones in goats.

Materials and methods

Study animals

Eight non-pregnant, non-lactating female goats of the
Swedish domestic breed, aged two to six years, participated
in the study. Six of the goats had unique implanted transmit-
ters that registered heart rate and arterial blood pressure
telemetrically in the unrestrained animal. For details of the
surgery, see Hydbring et a/ (1997). In two of the goats, the
transmitter batteries had run out and, since it is not possible
to change the battery without repeating the surgical
procedure, these animals did not participate in the telemetric
registrations. Prior to the onset of the experiment, all goats
were familiar with each other, and to different experimental
procedures. The goats were raised together as a group, kept
loose in groups between the experiments, but during tele-
metric registrations tended to be kept in separate pens
(1.2 x 1.5 m; length x width), where they could move
around freely, with straw as bedding material. All animals
were well accustomed to handling, and the local Animal
Ethics Committee of Uppsala certified their care, as well as
the experimental design of this study (C120/95; C105/98).

Experimental procedure

With this telemetric method, it was not possible to register
several loose-housed goats simultaneously in the same pen.
Therefore, the goats were randomly divided into pairs, except
for the two goats with transmitters with flat batteries which
were placed in the same pair. Thereafter, all pairs were
randomly divided into two groups and the experiment
performed in a cross-over design where the goats changed
system after seven days. The goats were either kept loose in
pairs in a pen (3.6 x 3 m) or tied up individually in a
metabolism cage (1.2 x 0.6 m) with net flooring. The
metabolism cages were placed beside each other and all
animals in the two treatments were kept in the same room and
could see and hear each other during the experiment. The
animals were fed hay and concentrate at 0700 and 1500h and
had ad libitum access to salt lick and water. Before the exper-
iment started, the animals were housed in one of the new treat-

ments for four days for acclimatisation. Thereafter, telemetry
measurements were made during two consecutive days, where
half of the goats in each treatment were registered for 24 h the
first day, and the other half were registered for 24 h the second
day, since it is not possible to register two animals in the same
pen at the same time. Thus, only transmitters in half of the
goats in each treatment were turned on for registrations on
each day. Each goat was measured with the telemetric
technique every 30 min during a 24-h period. Since we did not
want to disturb the animals by taking blood samples during the
telemetric measurements, samples were taken on the third day
by venepuncture at 0800, 1000, 1200, 1400, and 1600h. The
day after sampling the goats switched system and stayed in
their new system for four days before the second registration
period started, see previously. The behaviour of the goats was
recorded using time-lapse cameras. However, technical diffi-
culties meant the video recordings were unable to be used and,
thus, the behavioural results are not presented here.

Heart rate and arterial blood pressure registrations

Heart rate and arterial blood pressure were measured using a
unique radio telemetric technique (Hydbring et al 1997,
1999b). The implant (TA11PA-D70) is calibrated by the
manufacturer prior to delivery (Data Sciences Inc, St Paul,
Minnesota, USA) in a system also validated in other species
(Brooks et al 1996). In addition, we also validated the
technique for goats in our lab by comparing telemetric
measurements of blood pressure with blood pressure
measurements in exteriorised carotid artery in the same two
goats (for details of this method, see Eriksson et al 1994).
Also, the system was checked for drift. Both arterial blood
pressure and heart rate were shown to be stable for at least
nine months after surgery, thereafter blood pressure, but not
heart rate, started to decrease with a maximum of 5 mm Hg.
In this study, there was no drift in the system and since each
goat participated in both treatments, they acted as their own
controls. Each telemetry device consists of a sealed trans-
mitter body and a fluid-filled catheter. The surgical procedure
has been previously described (Hydbring et al 1997). Briefly,
under anaesthesia, the transmitter body was placed subcuta-
neously on the lateral side of the neck, and the catheter
(40 cm) was tunnelled subcutaneously to the superficial
temporal artery and then into the carotid artery. During the
registrations, heart rate and blood pressure signals were trans-
mitted to a receiver, placed centrally above each box, and the
signals digitised. The transmitter body contains a magnet-
actuated switch so that the transmitter can be turned on and
off in the conscious animal, thereby prolonging the lifetime
of the battery. While the goats were not being sampled, their
transmitters were turned off, in order to avoid interference
with other animals’ transmitters. Registrations were made
every 30 min, where each value is a mean calculated over a
period of 10 s in each animal. The software package used was
DataQuest I'V (Data Sciences Inc, St Paul, Minnesota, USA).

Blood plasma analysis

Blood was withdrawn into ice-chilled tubes containing K3-
ethylenediaminetetra-acetic acid (EDTA) and aprotinin
(Trasylol, Bayer, Leverkusen, Germany; 5,000 Kallikrein-
Inhibitor-Units per 10 ml tube). Thereafter, the blood was
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centrifuged at 1,500 g for 20 min at 4°C and stored at —20°C
for 24 h and then at —80°C until assayed. Dilutions of goat
plasma were parallel to the standard curve in all RIAs
described as follows. Plasma cortisol was measured using the
Coat-A-Count RIA (Diagnostic Product Corporation, Los
Angeles, CA, USA). Plasma B-endorphin was extracted and
analysed according to the Peninsula Laboratories RIA (Inc,
San Carlos, CA, USA). Prior to vasopressin and oxytocin
analysis, the plasma was extracted according to Hydbring
et al (1999a), and the hormones were then analysed using the
respective kits from Euro Diagnostica (Ideon, Malmo,
Sweden). The lower detection limit was 2.9 nmol 1" for
cortisol, 1.7 pmol I"" for B-endorphin, 0.7 pmol 1" for vaso-
pressin, and 3.0 pmol 1" for oxytocin. In all four RIAs, the
samples were measured in the same assay. The inter-assay
coefficient of variance (CV) for cortisol was < 10% between
32-1,380 nmol 1", for B-endorphin < 10% between 4—
37 pmol 1", for vasopressin < 10% between 1-60 pmol L,
and for oxytocin < 10% between 17-744 pmol 1",

Statistical analysis

Values are presented as means (= SEM). Data were analysed
using the SAS software 9.4 (SAS Institute 2002-2015). The

repeated measurement analysis of variance (procedure
MIXED) was applied to respective parameters. The statistical
model included the fixed effect of sample and the random
effect of animal. Comparison between telemetry data and
treatments was carried out, including all values, during the
24-h period. In hormonal data, pair-wise comparisons against
the first sample were tested for significance using differences
in least square means (the DIFF option). Bonferroni adjust-
ment was used to limit the risk for false mass significance.
The significance level was set at P < 0.05.

Results

Heart rate and arterial blood pressure

Heart rate tended to increase around morning and afternoon feeding
times, both when the goats were held loose in pairs, and when
tethered. Arterial blood pressure values fluctuated during the day in
both treatments (Figures 1[a] and [b]). Statistical comparison
between the different treatments during the whole day revealed that
heart rate (P < 0.0001, DF = 522), systolic (P =0.0002, DF = 523),
mean (P <0.0001, DF =521), and diastolic (P=0.0191, DF = 504)
blood pressure values were significantly higher when the goats
were tethered (Figures 1[a] and 1[b]).
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Mean (+ SEM) plasma concentrations of (a) cortisol, (b) 3-endorphin, (c) vasopressin and (d) oxytocin in the same eight goats when held
loose in pairs and tied-up (filled symbols indicate significant difference compared to the first sample within treatment).
% |ndicates significant difference between treatments (P < 0.001). NS indicates no differences between treatments

Plasma concentrations of cortisol, -endorphin,
vasopressin and oxytocin

The cortisol concentration did not change during the day in
either of the two treatments, and there was no significant
difference between the treatments (NS; P = 0.2653,
DF = 78) (Figure 2). The B-endorphin concentration did not
change during the day in either of the treatments (NS), but
the concentration was significantly lower when the goats
were tethered (P < 0.001, DF = 78) (Figure 2).

The concentration of plasma vasopressin did not change
during the day in either of the treatments, and there was no
difference between goats held loose in pairs vs those
tethered (NS; P =0.0714, DF = 78) (Figure 2). When goats
were held loose, the concentration of plasma oxytocin
decreased in sample 2, 3 and 4, compared to the first sample
(P = 0.0384, P = 0.0187, P = 0.0095, DF = 28), but
increased to the same level as the first sample in the last

blood sample (P = 0.16, DF = 28). The concentration was
significantly lower when goats were tethered than when
they were held loose (P = 0.0009, DF = 78) (Figure 2).

Discussion

The results of this study showed that while a number of
physiological variables differed between goats free to range
in a pen, and those tethered, the concentrations of cortisol
and vasopressin, surprisingly, did not. Tethered goats
generally had higher heart rate and arterial blood pressure
measurements, compared to goats kept loose in pairs, which
indicates that the sympathetic nervous system was activated
to a greater extent in tethered goats. The higher heart rate
and blood pressure of tethered goats should therefore be
caused, for the most part, by mental stress and psycholog-
ical factors, rather than physical activity.

With this telemetric method, it was not possible to register
several loose-housed goats simultaneously in the same pen.
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Therefore, we put the loose-housed goats together in pairs in
different pens since we wanted to carry out the observations
at the same time in both treatment groups. The different indi-
viduals in the pairs may however have affected each other
differently. Nevertheless, all goats were familiar with each
other before the experiment started and quickly adapted to be
kept together. Our previous research has shown that goats
increase both arterial blood pressure, and heart rate, in
stressful situations, such as during exposure to a dog while
pregnant (Olsson & Hydbring-Sandberg 2011), restraint and
administration of fluid (Eriksson et a/ 1994), and parturition
(Hydbring et al 1997), but not during separation from their
kids (Winblad von Walter et al 2010). Heart rate and arterial
blood pressure varied during the day, and heart rate, in
particular, increased around feeding in both treatments. This
is in accordance with our earlier studies, where heart rate
increased in connection to feeding in all reproductive periods
(Hydbring et al 1997, 1999b). Both heart rate and arterial
blood pressure tended to vary more, when goats were kept
loose in pairs, than when they were tied up. This could be
explained by the fact that animals kept in loose-housing

systems could vary their behaviours more, eg move around
and interact socially with the other animal. Goats kept loose
in pairs had more space, could perform additional
behaviours, and thus were more physically active.

Surprisingly, there were no differences in cortisol and vaso-
pressin concentrations between the treatments. However,
this is in accordance with a previous study we performed
(Winblad von Walter et al 2010), where plasma cortisol and
vasopressin concentrations in goats did not change after
separation from the goat’s kid. The cortisol concentration
had a greater individual variation compared to the other
hormones and it could be argued that the cortisol concentra-
tion may have been significantly higher in tethered goats if
we had included more animals in the study. However, from
an ethical point of view, it is always important to reduce the
numbers of animals, especially since the telemetric device is
invasive. The experiment was performed in a cross-over
design, so each goat participated in both treatments and thus
operated as their own control. It is also important to notice
that the cortisol levels measured in both treatments in this
study were low (mean values between 20-50 nmol 1),
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compared to when goats were intubated with a stomach tube
(150 nmol 1""; Eriksson et al 1994) or during parturition
(250 nmol 1''; Hydbring et al 1999a). The fact that cortisol
remained at low levels in this study further strengthens the
notion that the HPA-axis did not become activated to a high
extent in tethered goats but that tethered goats instead
activated the sympathetic nervous system and other
hormonal systems. It is obvious that demanding situations
do not always stimulate the HPA-axis, as shown by us
recently where goat kids revealed a varied response in
saliva cortisol concentrations during isolation and an arena
test (Winblad von Walter et al 2021).

Goats that were kept loose in pairs had higher levels of -
endorphin and oxytocin, compared to goats that had been
tethered. Higher B-endorphin concentrations have been
reported in humans during increased pleasure and well-
being (Barchas & Berger 1980; Hawkes 1992), and physical
activity has been reported to increase -endorphin concen-
tration in humans and horses (Equus caballus) (Sforzo
1989; Malinowski et al 2006). It has been stated that
oxytocin does not demonstrate a diurnal rhythm in sheep
(Wathes et al 1992) and did not change in goats during
suckling or separation from the kid (Winblad von Walter
et al 2010). The reason for the higher oxytocin concentra-
tions in goats kept in pairs may be increased physical
activity, since this has been reported to increase oxytocin
concentration in rats (Rattus norvegicus) (Kasting 1988).
Another reason may be the social interactions between
goats, since social bonding and relationships have been
reported to implicate oxytocin release (Uvnds Moberg
1998; Kendrick 2005; Lim & Young 2006).

The welfare of tethered animals is the subject of much debate
(Ellis et al 2009; Ostoji¢-Andri¢ et al 2011; Battini et al 2014;
Bernhard et al 2020). In this study, we sampled the animals for
a shorter period when they have been in the system for four
days. It would have been interesting to follow the long-term
effects of tethering to investigate whether the higher levels of
blood pressure and heart rate in tethered goats would persist
over time. An increased sympathetic nervous system over a
long period results in a serious strain on the cardiovascular
system and may have a detrimental effect on welfare.

Animal welfare implications

Animal welfare is a multi-faceted concept, and several
measures are typically used to assess it. While there is an
acknowledgement of the need for various behavioural
measures, the physiological measures used are often
restricted to a much smaller number, with cortisol concen-
tration being one of the most common, eg Veissier et al
(2008) suggest that tethering in cattle do not lead to frustra-
tion and Hales et a/ (2016) that confinement in farrowing
sows is not stressful based on cortisol results. In this article,
we show that using only cortisol would lead to the conclu-
sion that there is no difference in the goats’ stress reaction
between the treatments. We therefore argue that it is
necessary to use a wider variety of physiological measures
to capture differences in the reaction to possible welfare
challenges, reactions that would otherwise go undetected.

Conclusion

Our results indicate that housing and the company of
another animal affect arterial blood pressure, heart rate,
and the concentrations of B-endorphin and oxytocin in
goats, but that the cortisol and vasopressin concentrations
did not differ between the treatments. Tethered goats had
higher heart rates and arterial blood pressures, as well as
lower concentrations of B-endorphin and oxytocin, indi-
cating that tethering may be more stressful for the goat
compared to when held loose in pairs. The use of single
measures, eg cortisol concentrations, is insufficient to
provide an accurate reflection of the animal’s response to
the management system. Thus, it is important that evalu-
ations of stress situations in animals do not exclusively
rely on measurements of merely one stress hormone, and
that different stress variables may be appropriate for
different situations and species.
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