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Abstract

Concern for elephant welfare in zoological facilities has prompted a number of exhibit and management modifications, including those
involving enrichment. Knowledge of how these changes impact indicators of welfare, such as elephant movement and behaviour, is
crucial for continued improvement of elephant husbandry and care. The present study used observations and GPS-collected data to
determine the effects of available space and food presentation on the walking distance and behaviour of thirteen African elephants
(Loxodonta africana), which had a dominance structure ascertained by animal care staff at the San Diego Zoo Safari Park (SDZSP).
This facility has two exhibits of approximately equal size. Three treatments were created to assess the effects of food and space
enrichment: (i) access to half of the exhibit with food (Half); (ii) access to the entire exhibit with food in one yard (Both/Half); and
(iii) access to the entire exhibit with food in both yards (Both). For Half and Both/Half, food was presented in each yard for an equal
number of trials. Significant differences across treatments were revealed for average total walking distances but this was not found
between any two given treatments. Walking distance varied among elephants belonging to different dominance groups, with middle-
ranked elephants taking the most advantage of a larger available space. Behaviour did not differ across treatments, but the change
in behavioural diversity from one treatment to another was significant for subordinate elephants. The information obtained from this
study has direct implications for the management of the SDZSP elephants and for other facilities looking to increase walking distance
or subordinate behavioural diversity.
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Introduction
Zoological institutions housing elephants are working dili-
gently to improve elephant management and care in accor-
dance with current policies set by the Association of Zoos
and Aquariums (Olson 2004; AZA 2012). An integral
component of elephant welfare involves physical and
mental stimulation through enrichment (AZA 2012). A
recent multi-institutional study funded by the Institute of
Museum and Library Services (IMLS) entitled ‘Using
science to understand zoo elephant welfare’ collected
various data measurements among 68 North American zoos.
A plethora of information pertaining to elephant welfare has
emanated from the IMLS project, including research on
walking distances (Holdgate et al 2016b), recumbence
behaviour (Holdgate et al 2016a), factors impacting foot
and musculoskeletal health (Miller et al 2016), body
condition scores (Morfeld et al 2016), reproductive health
(Brown et al 2016), demographics (Prado-Oviedo et al
2016), stereotypic behaviour (Greco et al 2016a), and
enrichment use (Greco et al 2016b). This multi-institutional
study provides context to which detailed examinations of

individual zoos and their elephants can be compared to
assist with site-specific management assessments. This is
especially valuable because variation in enrichment
practices exist across zoos (Greco et al 2016b), and thus
continued experimental analyses on the effects of enrich-
ment are valuable and warranted. 
The addition of enrichment into an exhibit area can increase
behavioural choices for animals and encourage species-
appropriate behaviours, ultimately enhancing their welfare
(Laule 2003). According to AZA, enrichment is defined as
“a dynamic process for enhancing animal environments
within the context of the animals’ behavioural biology and
natural history” (Colbert 2010). Care must be taken in the
creation of an enrichment programme as it can be costly,
deplete resources, and/or not have a lasting benefit (Cipreste
et al 2010). To be successful over the long term,
programmes must also be variable and unpredictable to the
animals of concern (Cipreste et al 2010). This is particularly
important for elephants, as they are cognitively advanced
(Bates et al 2008). Past enrichment studies with elephant
subjects have examined the effects of enrichment diversity
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