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1. Introduction

Individual animals in managed populations are subject to controlled social and phys-
ical environmental conditions that impact their behaviour patterns, choice of social asso-
ciates, ability to experience positive welfare states, and ultimately their overall health sta-
tus and quality of life. Previous research has shown the importance of ensuring that man-
aged animals experience control and choice (i.e., have a sense of autonomy over what they
can do and when) within the sphere of their housing, husbandry, and management re-
gimes [1]. Likewise, inappropriate social groups that deviate from the structure of natu-
rally occurring social environments at specific life stages can also induce stress and nega-
tively impact enclosure usage [2,3]. Finally, impoverished captive environments that do
not provide functional replication—i.e., recreation of the specific features of a species’
niche or provide resource access in an ecologically relevant way [4] or enable the perfor-
mance of adaptive behaviour [5] can cause stress and reduce welfare. The managed envi-
ronment provided for zoos, labs, and even companion species is more than the social con-
ditions and physical features of the space directly experienced by the animals. The pres-
ence of humans, both familiar and unfamiliar, around an enclosure; the sights, sounds,
and smells of the world outside of the animal’s housing; and the actual materials used for
creating barriers or landscaping the areas used by animals all may influence the perfor-
mance of specific behaviours.

Visitor presence has been largely documented as negatively influencing the behav-
iour and physiology of captive species [6-8], although other studies found no or positive
effects [9,10]. In contrast, experiences of positive caregiver interactions in lab-housed spe-
cies have improved welfare and behaviour [11]. Other factors, such as sounds from within
and beyond an enclosure, can influence overall time activity patterns, enclosure usage,
and stress physiology of captive species [12-14]. Likewise, other variables associated with,
but not actually part of, the animal’s enclosure might promote or negate behavioural and
physiological responses to social and physical environmental factors, which can ulti-
mately cause species to thrive or fail under captive conditions. To unpick these complex-
ities further, helping to advance animal care and management, this Special Issue was cre-
ated to encourage dissemination of research into unexplored aspects across a range of
holding conditions. It presents new research findings and their wider impacts across dif-
ferent aspects of animal management and poses new questions and important research
extensions that still need to be investigated in order to fully comprehend how individuals’
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physiological and behavioural responses are affected by both their directly and indirectly
experienced environmental conditions.

2. Assembly of Articles

This Special Issue begins with de Azevedo et al.’s [15] cross-taxa introduction to the
importance of complexity in enclosure design for captive animals. Their review outlines
comprehensively how the many facets of environmental complexity, from basic structure
(2D and 3D), vegetation, burrows, and shelters, to light levels, temperature, and humidity,
coupled with social complexity in terms of con- and heterospecifics, and temporal varia-
tion, both diel and seasonal changes, need to be taken into account when designing or
renovating enclosures. In the zoo context, enclosure design has shifted towards more nat-
ural enclosures that take species-specific requirements into account, but we also need to
be aware of how differences between individuals, such as their age, sex, reproductive/bi-
ological state, or personality, influence their requirements and use of the captive environ-
ment and its microhabitats. These are explored through subsequent papers within this
volume. Further, when constructing captive environments, the authors highlight that ra-
ther than basing them on our own perceptual capabilities, design should be considered
from the perspective of the inhabiting species. The more complex and dynamic an envi-
ronment, the greater array of choices it provides, allowing animals increased control over
their immediate environment with ultimate benefits for their welfare and health. As
Azevedo et al. [15] note, an individual’s choices or preferences may change as their social
and physical environment varies over the course of the 24-hour period or with season,
and understanding when, how, and which spaces animals use can provide greater insight
into their needs and thus further inform future habitat design. Enclosure use evaluations,
such as the spread of participation index (SPI) and post-occupancy evaluation (POE), are
useful in this regard. This is particularly true when aiming to understand use differences
between individuals or those related to changes to enclosures.

As zoos and other institutions holding captive animals move to more naturalistic and
often larger enclosures, studies of what animals want, including at the level of the indi-
vidual, are vital. The second [16] and third [17] papers use POE and SPI to relate habitat
size and complexity to enclosure use and behaviour in king penguins (Aptenodytes pata-
gonicus) and callimicos (Callimico goeldii), respectively. Fuller et al.’s [16] findings for pen-
guins show larger, more complex enclosures can result in more welfare-positive (i.e.,
swimming) and less welfare-negative behaviour (i.e., agonistic interactions). Increased
complexity can also provide animals the opportunity to express preferences (e.g., height
or depth preferences) and behaviours not otherwise possible, such as laying recumbent in
king penguins or terrestrial manipulative foraging in callimico, which require enclosures
with ice and lose substrates, such as woodchip or soil, respectively. Bartlet, Grinsted, and
Freeman’s [17] multi-institution study of enclosure use by callimico presents clear evi-
dence of association of specific behaviours with different zones within enclosures and
consistent findings for height use irrespective of the maximum height of the enclosure. As
the authors note, this latter finding suggests that SPI should be used in conjunction with
knowledge of the species’ natural habitat and zone use —allowing complexity to be tar-
geted at zones the animals will use based on their natural propensities. They highlight the
need for species-specific husbandry guidelines even for morphologically similar species.
In addition, they suggest providing temporal complexity through changing some routes
or pathways in the enclosure, such as branches or ropes in the case of arboreal species, to
provide unpredictability as experienced in a naturally changing wild environment.

Then looking within species, Moise, Eccles, and Mettke-Hofmann [18] demonstrate
differences between sexes and colour morphs in the preferences of Gouldian finches
(Chloebia gouldiae). Their work highlights the importance of considering background in
enclosure design, an understudied area. As Azevedo et al.’s [15] review paper note, the
ability or otherwise to hide can have important welfare implications because background
matching is a common camouflage strategy. Complexity, through the provision of varied
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backgrounds, allows individuals to choose their preferred background, which may differ
depending on their sex and morph, as well as lighting conditions, time of day, season, and
reproductive state. As the authors note, these choices may reflect properties of the ani-
mal’s natural habitat. The next paper by Mooney et al. [19] examines the implications
when animals are not given choices. Their longitudinal study of zoo-housed Chilean fla-
mingos (Phoenicopterus chilensis) showing the importance of free access to natural sub-
strates in maintaining foot health again highlights the needs for enclosure design to take
account of the physical properties of the animal’s in situ environment. Zoos are not the
only captive environments, and the last paper by Lee et al. [20] follows on by looking at
how housing environments can mitigate the stress consequences of an imposed change in
lab-housed beagles. Their findings support the need for social and environmental com-
plexity through enrichment in maintaining positive welfare.

3. Further Steps

The collection tackles some aspects of enclosure design, specifically the importance
of substrate [16,17,19] but also the complexity of enclosures [15,16,18] and how it can be
achieved through physical [17,20] or visual [18] enrichment. Future studies could focus
on lighting. Little is known about how lighting within an enclosure can be used to create
areas for different activities such as resting, nesting, foraging, or courtship (but see [21]).
Furthermore, most species experience seasonal changes in light duration, which trigger
major seasonal activities like reproduction, migration, or hibernation [22-24]. This could
be an easy and powerful tool to synchronise partners yet is basically absent in laboratory
animals with consistent lighting schedules and likely not commonly used in zoos. While
there has been considerable research conducted on the effect of the light spectrum, specif-
ically ultraviolet (UV) light, on courtship behaviour and mate choice [25,26], there is very
little known about the importance of UV in a welfare context.

Another aspect that has not been covered here but is of interest is the environment
outside the enclosure. It can either serve as visual enrichment (e.g., windows, wallpaper,
or ornaments) or help camouflage what is behind (e.g., visitors in zoos). It could be an-
other simple way of improving an animal’s environment, alleviating stress, and positively
affecting behaviour; however, this field requires further research.

All studies in this Special Issue assessed welfare behaviorally. However, behavioural
measures may not always accurately reflect underlying physiological stress responses
[27]. With the increasing availability of non-invasive tools to measure physiological states,
this is an area that needs more attention. Non-invasive measurements of stress hormones
can be carried out by means of faeces [28], urine [29], or saliva [30] (but see [31]), although
the latter requires contact with the animal. A relatively new method is thermal imaging
for measuring changes in skin temperature, e.g., around the eye remotely and non-inva-
sively, which correlates with physiological stress reactions (e.g., [32]). Combined with ma-
nipulations in the enclosure, these non-invasive tools to measure physiological state can
help design less-stressful environments [33,34].

Last but not least, a larger range of taxa should be investigated across a range of
holding conditions. The majority of relevant studies investigate enclosure design and use
in zoological collections [35-37], with two studies included in this Special Issue also look-
ing into laboratory settings [18,20]. Particularly, the latter requires more attention for non-
rodent species; however, farm animals should be considered also. More attention should
be paid to taxa, other than birds and mammals, such as reptiles, amphibia, and fish. These
could also lead to the development of guidelines on how to structure environments for
these groups in private enclosures.
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