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Abstract

The Indian rhinoceros or greater one-horned rhino (Rhinoceros unicornis) is listed as vulnerable by the IUCN Red List of
Threatened Species and, therefore, captive individuals have been subject to the European Endangered Species Programme since
1990. Enhancement of welfare is key in ensuring the breeding success of this species in captivity. Salivary cortisol has been
recently used to assess welfare of captive and free-ranging animals. Nevertheless, rhythms of cortisol secretion may fluctuate
throughout the year and therefore, knowledge of the circannual pattern of cortisol secretion is essential to evaluate the physio-
logical significance of seasonal variations of cortisol levels as an indicator of stress in animals. Here, we analyse monthly differ-
ences in cortisol secretion in two Indian rhinoceros. Saliva samples of two rhinoceros were collected and analysed by
radioimmunoassay for the period of one year to determine cortisol concentrations. We found a seasonal pattern of salivary
cortisol secretion. The highest cortisol concentrations were found in August and decreased until reaching a nadir in January.
Cortisol concentrations in these two animals showed a correlation with temperature and visitor numbers but it is not possible to
draw conclusions from this study as to whether the variation in cortisol was due to these or other factors. 
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Introduction
There have been rhinoceros for more than 50 million years

although, in the past, species tended to be much more diverse

and widespread (occurring in North America and Europe, as

well as Africa and Asia). Today, however, only five species of

rhinoceros survive. The Indian rhinoceros or greater one-

horned rhino (Rhinoceros unicornis) population, with strict

protection from Indian and Nepalese wildlife authorities, has

recovered from less than 200 individuals in the early 1900s to

an estimated 2,575 individuals, with 375 occurring in Nepal

and 2,200 in India (Talukdar et al 2008; Milliken et al 2009).

However, the distribution is largely fragmented and more

than 70% of the overall population are found in Kaziranga

National Park. Since 1990, Indian rhinoceros living in

European zoological parks have been subject to the European

Endangered Species Programme (EEP)

(http://www.eaza.net/activities/cp/Pages/EEPs.aspx) and

assessment of welfare in these captive individuals is key to

helping ensure success in breeding programmes. 

When animals are exposed to a stressor, the hypothalamic

pituitary-adrenal (HPA) axis is activated, inducing cortisol

secretion by the adrenal cortex (Munck et al 1984; Sheriff

et al 2011). Prolonged physiological stress can result in

suppressed immune function (Moberg 1990; McEwen 2006;

Dhabhar 2009), increased disease susceptibility, abnormal

behaviour (Moberg 1990) and poor reproductive success

(Carragher et al 1989; Moberg 1990; Hardy et al 2005).

Salivary cortisol concentration has been used to assess

captive animal welfare in several species of mammal (Fuchs

et al 1997; Pedernera-Romano et al 2006; Powell et al 2006;

Menargues et al 2008). There is a strong correlation between

levels of salivary glucocorticoids and levels of free-unbound

serum glucocorticoids (Sheriff et al 2011) and the salivary

cortisol peak in concentration occurs 20–30 min after

stressor exposure (Duncko et al 2007). Hence, this is a non-

invasive technique that reflects the free glucocorticoids’

concentration in blood (Kirschbaum & Hellhammer 1994;

Gómez et al 2004; Gröschl 2007; Wood 2009). 

Cortisol secretion exhibits fluctuations in ultradian and

circadian rhythms (Ekkel et al 1996; Ruis et al 1997; de

Jong et al 2000; Brown et al 2010, Menargues et al 2012b),

and can change seasonally or circannually (Monfort et al
1993; Ingram et al 1999; Suzuki et al 2003; Vera et al 2011;

Menargues et al 2012a). Moreover, in several species,
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