
265

© 2017 Universities Federation for Animal Welfare
The Old School, Brewhouse Hill, Wheathampstead,
Hertfordshire AL4 8AN, UK
www.ufaw.org.uk

Animal Welfare 2017, 26: 265-275
ISSN 0962-7286

doi: 10.7120/09627286.26.3.265

Zoo foraging ecology: development and assessment of a welfare tool for
captive animals

SM Troxell-Smith*†, CJ Whelan†, SB Magle‡ and JS Brown†

† Department of Biological Sciences, University of Illinois at Chicago, 845 W Taylor St (M/C 066), Chicago, IL 60607, USA 
‡ Lincoln Park Zoo, Urban Wildlife Institute, Department of Conservation and Science, Chicago, IL 60614, USA
* Contact for correspondence and requests for reprints: sandra.troxell@gmail.com

Abstract

Foraging ecology and food patch studies are commonly used to elucidate the environmental perceptions of wild, free-ranging animals.
Their application to captive animals, however, especially those in zoos, is still in its infancy. To illustrate some specific applications of
zoo foraging ecology, we provide a study that evaluated: (i) whether patch use and giving-up densities (GUDs) can reveal areas of
preference within an exhibit for zoo species; (ii) if food patches provide an effective form of behavioural enrichment; and (iii) if visitor
interest and behaviour is affected by food patch presence. A combination of behavioural observations, and experimental food patches
and giving-up densities were used to address these objectives in Parma wallabies (Macropus parma) and Patagonian cavies
(Dolichotis patagonum) at Lincoln Park Zoo, Chicago, Illinois USA. GUDs revealed distinct areas of preference and aversion within
the exhibit for cavies, but not so for the wallabies. For both species, presence of food patches increased foraging behaviours, decreased
inactive behaviours, and increased within-exhibit movement, demonstrating that food patches serve as an effective behavioural enrich-
ment technique. The use of food patches also revealed striking differences between individuals, particularly for the pair of cavies.
There were encouraging trends toward increased visitor number and stay-time when food patches were present in each exhibit, but
the effect was not statistically significant. These results suggest that utilising patch use, GUDs, and foraging theory in zoo populations
may enhance animal welfare, and can inform improvements to exhibit design directly from the animal’s perspective. We conclude
with a broader discussion of zoo foraging ecology as an emerging field, with suggestions for future avenues of research.
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Introduction
Zoological parks aim to improve the care and welfare of their
animals. An animal’s welfare is the integration of several
inputs, including the individual’s physiological, psycholog-
ical and physical conditions. Numerous methods have been
developed to assess animal welfare, most of which focus on
either the physiology, behaviour, or general health of the focal
animal(s) (Hill & Broom 2009; Melfi 2009; Whitham &
Wielebnowski 2013). The effectiveness of any single method,
however, may be limited, as each reflects only a portion of an
animal’s needs and perceptions (Swaisgood 2007; Barber
2009). Additionally, animal care decisions may be
constrained by interpreting animal experiences from a profes-
sional, yet inherently subjective, human perspective that may
not accurately reflect the experiences of the animals them-
selves (Veasey et al 1996; Rivas & Burghardt 2002).
Therefore, new methodologies to assess and improve animal
welfare are highly sought after (Barber 2009; Whitham &
Wielebnowski 2013), particularly those that allow the
animals to reveal their perspectives (Melfi 2009).
To improve animal care and improve welfare, zoos increas-
ingly incorporate aspects of a species’ natural history and

behavioural ecology (Forthman & Ogden 1992). As animals in
the wild often invest considerable time and energy in acquiring
resources (Herbers 1981), zoos typically provide enrichment
opportunities to mimic more natural foraging scenarios for
their animals. For example, providing access to live fish signif-
icantly increased performance of natural hunting behaviours
(Shepherdson et al 1993; Mellen et al 1998; Bashaw et al
2003), and supplemental carcase feeding reduced stereotypic
behaviours (Bond & Lindburg 1990; McPhee 2002), for
captive felids. When given the option, captive grizzly bears
(Ursus arctos horribilis) spent more time actively manipu-
lating objects to acquire food compared to when it was freely
available (contra-freeloading; McGowan et al 2010). Hiding
food throughout the exhibit also increased foraging time and
decreased stereotypic behaviour for chimpanzees
(Pan troglodytes; Baker 1997), walrus (Odobenus rosmarus;
Kastelein & Wiepkema 1989), and several species of bear
(Carlstead et al 1991). Furthermore, implementation of an
unpredictable feeding schedule increased foraging behaviour
and activity for sun bears (Helarctos malayanus; Schneider
et al 2014), fennec foxes (Vulpes zerda; Watters et al 2011)
and chimpanzees (Bloomsmith & Lambeth 1995). These
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