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Abstract

Fish welfare is a key factor in ensuring successful cultures. Farmed fish that are stressed have been shown to be susceptible to patholo-
gies and present lower growth rates. The present work seeks to check the efficacy of faecal cortisol as a non-invasive method of
assessing acute stress in a commercial cultured fish, the gilthead seabream (Sparus aurata). Typical stress markers (plasma cortisol,
glucose and lactate) and faecal cortisol were measured in basal and post-stress (air exposure) state. Plasma and faecal cortisol, and
plasma lactate after acute stress varied significantly compared to basal levels. Moreover, faecal cortisol showed a significant correla-
tion with plasma cortisol and lactate. In conclusion, this work describes an easy, non-invasive and practical technique to assess acute
stress in farmed fish. Further studies are needed to focus on other practical procedures for chronic stress measurements in sea-farms
in order to improve the welfare of these animals.
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Introduction
Fish welfare is a key factor in ensuring successful cultures.
Stressed farmed fish have been shown to be prone to patholo-
gies and present lower growth rates (Salas-Leiton et al 2010;
Herrera et al 2012). Moreover, stressful culture procedures
affect the flesh quality; for instance, fish stressed before
slaughter show lower muscle pH and faster deterioration in
meat quality (Acerete et al 2004; Matos et al 2010).
European and Spanish legislation on the welfare of farmed
animals is developing to include fish and, accordingly, sea-
farm production protocols are compelled to adopt legal
requirements focusing on the maintenance of welfare. Fish
welfare tends to be assessed through stress indicators, such
as plasma cortisol, glucose and lactate (Pottinger 2008).
However, blood extraction can be difficult and harmful for
fish, since it requires experienced personnel and can
provoke internal and external injuries, and haemorrhages.
In fish, as in mammals, the main excretory pathways for
corticosteroids (including cortisol) are water-soluble conju-
gates (glucuronidates and sulphates) in the faeces (via bile)
and urine (Ellis et al 2013). Therefore, a number of non-
invasive methods for steroid measurement in fish held in
tanks have been based on different matrixes, such as faeces,
urine, water and mucus; however, several of these are yet to
determine cortisol concentration and its relationship with
plasma cortisol (Oliveira et al 1996; Turner et al 2003; Ellis
et al 2004; Schultz et al 2005; Scott & Ellis 2007;
Simontacchi et al 2008; Kittilsen et al 2009). The assay in
culture water appears the least invasive and has been widely

accepted as a valid method since the reporting of standard
protocols began (Ellis et al 2013), despite being unsuitable
in individual measurements for fish kept in groups. Ellis et al
(2013) reported that standard protocols for mucus sampling
are yet to be developed. For urine samples, Oliveira et al
(1996) elucidated sex steroid concentrations in urine
extracted through stripping but did not measure cortisol.
Faecal corticosteroids, including cortisol, have been
measured by a number of researchers and many of these
studies have been carried out in the field; a technique which
allows for assessment of physiological status in wild popula-
tions (Laver et al 2012; Shutt et al 2012; Narayan et al 2013).
A few studies have sought to assess fish stress through faecal
analysis (Karsten & Turner 2003; Turner et al 2003; Lupica
& Turner 2009) and this seems the least stressful procedure
given that animals are not handled. However, fish need to be
large enough to procure suitable samples (solid faeces) and,
also, faeces must be collected quickly, immediately following
excretion. In sea-farms, fish tend not to be particularly large
and high stocking densities ensure faeces do not remain
compact as a result of water and fish movements. Thus, it
would not be physically feasible to obtain individual samples
and, accordingly, individual intestinal faecal extraction via
abdominal pressure remains an option.
Species’ differences as regards glucocorticoid metabolism
and excretion make it necessary to ensure such non-invasive
methods are compatible, physiologically, with each species
(Konjević et al 2011). To our knowledge, cortisol measure-
ment in the faeces of cultured fish is yet to be described. The
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