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Abstract

An increasing number of zoos keep their animals in natural-looking enclosures, but it is often unclear whether or not the species’
behavioural and ecological needs are being adequately met. For species that suffer predation in the wild, structural enrichment in
captivity can play a crucial role in connection with enclosure use. Firstly, we examined the effectiveness of structural enrichment in
modifying enclosure use in an opportunistic carnivore, the red fox (Vulpes vulpes). In a test enclosure, we placed both long wooden
and cover structures that simulated natural habitat in predetermined sectors. A group of four foxes were exposed to four treatments:
(i) structural enrichment in location 1 (LOC1s); (ii) structural enrichment in location 2 (LOC2); (iii) structural enrichment removed
(REM) and; (iv) structural enrichment again in location 1 (LOC1e). Sectors containing long wooden structures were preferred signifi-
cantly compared the rest of the enclosure. Sector use was selectively shifted to those in which cover structures were present. Structural
enrichment had no significant effect on activity. Secondly, in a new outdoor enclosure, we compared the use of sectors with cover or
elongated structures with that of corresponding sectors without structures. All individuals showed a significant preference for sectors
containing structures. In the course of the three-week observation period, there was a significant decline in preference for structures
and a significant increase in activity (week 1 < week 2 = week 3). These results suggest that in medium-sized carnivores, structural
enrichment is beneficial when natural features with a net-like distribution over the habitat are simulated.

Keywords: animal welfare, environmental enrichment, red fox, structural preference, Vulpes vulpes, zoo

Introduction
Structural enrichment can enhance the complexity of
captive environments (Maple & Perkins 1996), but in
contrast to feeding enrichment, structural enrichment is
rarely applied in zoos (Schetini de Azevedo et al 2007).
Nevertheless, an increasing number of zoo exhibits are
designed to mimic animals’ natural habitat (Robinson
1998). Outdoor enclosures offer spatial variation due to
natural elements dividing the enclosure into various
sections, and temporal variation due to daily and seasonal
changes (Hutchins et al 1984). Richly structured enclosures
provide animals with a variety of stimuli and structure space
both horizontally and vertically (Hediger 1942; Maple &
Perkins 1996). It is often thought that environmental
complexity is highest in natural-looking enclosures thereby
allowing the animals to display their natural behaviour
(Hutchins et al 1984). However, even in natural-looking
enclosures, the placement of structures needs to be well
considered and adjusted to the animals’ use of structures
(Hutchins et al 1984). Moreover, functional substitution of

natural elements with structures that serve the same
function has been applied successfully in the past (Mellen
et al 1981; Markowitz 1982; Robinson 1998). Various
carnivore species kept in captivity are highly exploratory,
and activities including foraging, territorial, social and play
behaviour can cover a considerable part of the animal’s
daily time budget (Poole 1992). Enclosures need therefore
to be furnished such that animals’ ecological and behav-
ioural needs are met, thereby guaranteeing their well-being
(Hughes & Duncan 1988; Broom 2007). 

Previous studies have shown that structural enrichment
reduces abnormal behaviour or elicits natural behaviour. In
spectacled bears (Tremarctos ornatus) pacing and sitting
motionlessly were reduced and general activity increased by
the addition of climbing structures (Renner & Lussier
2002). In a study on clouded leopards (Neofelis nebulosa),
tight ropes elicited natural climbing behaviour (Hartmann &
Schiess 1997), and Indian leopards (Panthera pardus)
performed less stereotypic behaviour when the outdoor
enclosure was furnished with natural features (Mallapur &
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