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Abstract

Societal concern for animals under human care has influenced our approaches to advance animal welfare in a variety of contexts. 
The Animal Programs Department at the Columbus Zoo and Aquarium sought partnership with the Center for Human-Animal 
Interactions Research & Education (CHAIRE) at The Ohio State University to develop a holistic welfare approach for the animals within 
their department using a focal species, the cheetah (Acinonyx jubatus). A one-year project using the Five Domains Animal Welfare 
Model collected data over six 60-day periods to evaluate long-term cortisol production and behavioural observations of cheetahs under 
changing environmental factors. Species and individual histories were incorporated with behavioural observations and hair cortisol 
production, giving a holistic view of welfare. Cortisol and behavioural data were analysed using linear models to compare cheetahs at 
population and individual levels. Participation in a cheetah run activity, housing occupancy, and 60-day period were found to influence 
all behaviours within the population and stereotypic behaviour also differed within individual cheetahs. No differences in hair cortisol 
concentrations were found for the group, but further analysis revealed differences within individuals throughout the study. No correla-
tion of stereotypic behaviour and cortisol levels were found. This study created a welfare assessment protocol that can be used within 
zoological institutes and was the first to measure cortisol concentrations in hair in cheetahs.  
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Introduction 
Animal welfare science was established as a scientific field 
just over 50 years ago. It has evolved into a multi-disci-
plinary field of study and continues to be influenced by 
societal concern for animals under human care (Fraser 
1999, 2008; Fisher & Mellor 2008). Over time, various 
frameworks have been developed to measure animal 
welfare. The Five Domains Animal Welfare Model, first 
developed in 1994 and most recently updated by Mellor and 
colleagues in 2020, being one framework that includes the 
domains of nutrition, physical environment, health, 
behavioural interactions, and mental state, offering an 
overall assessment of an individual’s welfare state. Absence 
of negative experiences and opportunities for positive expe-
riences within each domain are integrated to measure 
welfare over a period of time (Mellor et al 2020). This 
model has aided in the transformation of the zoological 
industry, including the development of welfare monitoring 
tools, welfare risk assessments, and welfare research centres 
at zoos (Appleby et al 2018; Brando & Buchanan-Smith 

2018; Sherwen et al 2018; Rose & Riley 2019). One 
example being the development of the World Association of 
Zoos and Aquariums’ (WAZA) Animal Welfare Strategy in 
2015 which recommends use of the Five Domains Model 
for development of welfare assessments (Mellor et al 2015). 
This welfare strategy has also been adopted by the 
European Association of Zoos and Aquaria (EAZA) which 
provides an Animal Welfare Assessments Library that is 
publicly accessible online (EAZA 2020a). In addition, 
beginning in 2017, the Association of Zoos and Aquariums 
(AZA), primarily in the United States, now requires all 
members to have a formal animal welfare approach (AZA 
2020). In response to this new accreditation standard, the 
Columbus Zoo and Aquarium’s (CZA) Animal Programs 
Department and the Center for Human-Animal Interactions 
Research & Education (CHAIRE) at The Ohio State 
University partnered to develop a holistic welfare approach 
using a focal species, the cheetah (Acinonyx jubatus). 
The first record of a captive cheetah in a zoological institu-
tion was in 1829 in London (Marker et al 2018). 
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