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Habitat complexity is important for the maintenance of high levels of welfare for captive animals, especially at zoos.

Generally, individuals who experience greater enclosure complexity express higher diversity of behaviours and

show better physiological well-being. However, positive outcomes of providing habitat complexity should be

species-specific, and not all species would benefit from it. Thus, it is important to provide and constantly evaluate

the habitat complexity of zoo animals. 

captivity  enclosure  habitat complexity  welfare

1. How Does Complexity Affect Species?

The complexity of an enclosure may vary according to the species that inhabit it. The same enclosure can have low

complexity for a primate species and, at the same time, offer high complexity for a lizard species, for example

(Figure 1). The environmental complexity, then, in addition to the variety in the abiotic and biotic components

mentioned before, will depend on the animal species and its capacity to perceive it.
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Figure 1. Habitat complexity can be perceived differently depending on the species living in the enclosure. Habitat

complexity can be high for a lizard (A) and low for a monkey (B), even when evaluating the same enclosure.

Animal species have a set of sensory receptors that allow them to capture, process, and respond to different

environmental stimuli . These sensory receptors can be simple or complex, shared or not by different animal

groups . Animal species can vary in their sensory capabilities, with some using more visual cues (birds and

primates ), others more auditory cues (amphibians, birds, and bats ), and others more tactile cues (fish

and cave living animals ) from their environment, for example. The combination of using different senses is

what allows animals to perceive the complexity of their environment . After the stimuli perceived by sensory

organs are processed in the brain, the animals respond appropriately to them . However, brain morphology also

varies between species, with the brain being modified in areas intended for processing stimuli captured by sensory

organs . For example, birds have olfactory bulbs (i.e., site for processing olfactory stimuli) varying from little to

highly developed, with more basal birds (Ratites, Anseriformes, Columbiformes, etc.) having less developed bulbs

than more derived birds (parrots and songbirds ). Reptiles have a well-developed olfactory bulb . Reptiles

probably would be benefited more by olfactory complexity in their enclosures than birds, depending on the species.

Therefore, the brain capacity to process environmental stimuli is another important characteristic that must be

considered when evaluating how animals respond to environmental complexity .

Another important consideration when assessing environmental complexity is the animal’s ability to perceive time

scales. Small animals with a high metabolic rate perceive more information from the environment per unit of time

compared to large animals with a low metabolic rate . For example, flies can perceive more information per unit

of time than turtles, perceiving the time scale more slowly . Do animals that perceive time scales more slowly

need more complexity in their environment? The temporal scale is involved in the habitat selection of species,

since the disproportionate use of certain areas of the environment is linked to the presence of important resources

for the animal, and these resources vary in space and time . Resources are environmental conditions that

influence biological fitness, such as resting, foraging, breeding, shelter from predators, etc. . Therefore, both

animals that perceive time more slowly and those that perceive it more quickly will select the habitat according to

their needs at that moment, and the variation in possibilities of choice of resources helps the animals to supply their

demands, consummating the actions for the which they were motivated, maintaining their homeostasis, and

improving their welfare . Thus, environmental complexity must be offered to all animals, regardless of their ability

to perceive time scales. Changes in habitat complexity, however, are expected to be perceived differently, with slow

time perceivers experiencing variation in habitat complexity less rapidly than fast time perceivers. Logistically, for

human caregivers, it is easier to provide complexity to animals that are slow time perceivers due to the fact that

humans are slow time perceivers. A recommendation for caregivers would be to evaluate the annual rhythm of

each species to try to provide different but important stimuli in each life phase (such as migration, reproduction,

hibernation, etc.) .

Environmental complexity offered to the animals is influenced by human perception of complexity, and the human

sensory ability is often limited compared to that of other animals. As examples, humans cannot perceive ultraviolet

light  and have lower olfactory and auditory capabilities compared to many animal species, depending on their
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sensitivity to the odorants . In this way, the environmental complexity offered to animals kept in human care

is often based only on human perception and not on the animals’ sensory capacity . For example, many

bird species can detect ultraviolet light and the ability can influence foraging, reproduction, and welfare of the birds

. Pekin ducks (Anas platyrhynchos) reared under UV lights showed decreased physiological responses of stress

. In another study, some individual starlings (Sturnus vulgaris) showed preferences for UV light exposition, but

with no behavioural changes . Environmental characteristics other than light provided by caregivers can also

influence the welfare and behaviour of animals. For example, flamingos are birds that build tall, cone-shaped mud

nests . If in a flamingo enclosure a muddy area is not present (no flooring complexity), reproduction will be

compromised . This muddy area may be perceived by humans as a dirty area of the enclosure and not be

offered to the animals. Consequently, human perception of the complexity of the environment that is different from

the animal’s perception can harm the maintenance of the species in human care and decrease its welfare .

Therefore, offering adequate environmental complexity to animals stimulates natural behaviours and an adequate

physiological functioning of their organisms . Even within species there can be differences in perceptive abilities;

for example, some human females are tetrachromats and can perceive millions of more colours than trichromats

.

2. Exhibit Renovations, Environmental Enrichment, and
Concepts Aiming at Habitat Complexity

The enclosure’s design should stimulate species-specific behaviours. By renovating the animals’ enclosures,

managers and caretakers can promote habitat complexity that will offer to the animals different stimuli and the

opportunity of choice and control of the environment, which ultimately will enhance their welfare . The

enclosures must provide necessary features and structures so that animals will display a range of welfare-related

behaviours and should also provide positive husbandry practices .

However, institutions that do not have funds for a complete or radical renovation of their exhibits must use

environmental enrichment. Environmental enrichment is a technique that offers environmental stimulation to

animals from the insertion of physical, sensory, food, and cognitive structures in the enclosures, or the insertion of

other individuals of the same species or of different species in the enclosures (social stimulation) . Artificial

enrichment, for example, may provide the necessary environment and it can be considerably more durable, sturdy,

and easier to clean, requiring far less maintenance and lower monetary costs . Of course, the use of

environmental enrichment is important in its own right because it increases variation inside the exhibits, and should

be offered not only in poorly designed exhibits but also in renovated exhibits.

The use of environmental enrichment has already been shown to be efficient in increasing the environmental

complexity of enclosures, positively influencing animal welfare. The modification of the enclosure design

associated with physical structures that stimulated crawling behaviour instead of jetting swim behaviour decreased

the mantle injuries of Eledone cirrhosa octopuses, improving their behaviours and physiology . Captive

Malayan sun bears (Helarctos malayanus) housed in enriched enclosures presented better welfare than those

housed in barren enclosures, based on behavioural measures . Offering enclosures large enough to allow
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rectilinear behaviours for snakes can increase their welfare . Chimpanzees used more areas of the enclosure,

showing behaviours more similar to those observed in free-living groups after moving to a naturalistic and enriched

enclosure . The same was observed when chimpanzees gained more space per individual in enclosures with

similar complexity, showing that providing adequate space is also important for animals . A recent literature

review showed how environmental enrichment can positively affect the welfare of birds, modifying behaviours and

physiological parameters . Thinking about the Five Domains of Welfare , the use of environmental

enrichment provides experiences not only in the domain of behaviour and interactions, but also in the nutritional,

environmental, and health functional domains, positively affecting the mental domain and the overall welfare of the

animals.

One idea to increase enclosure complexity is the so-called Zoo360 Concept . In this concept, different

enclosures are linked through passages (tunnels or elevated ways), allowing the animals to visit these different

enclosures, experiencing varying degrees of complexity . For example, if a tiger is kept in an enclosure designed

with passages, it can choose to stay in its original enclosure or walk through the passages until it reaches another

enclosure that could be built differently, presenting to the tiger different physical structures and micro-habitats.

Along the way, the tiger can also experience different views (in terms of landscape), with more or less visitors, and

experience different sounds and smells.

The use of dynamic architecture is another way to increase the complexity of an animal enclosure. The dynamic

structure is currently applied to humans and consists of the construction of buildings that can change format in time

due to the use of dynamic elements . Stimuli from external sources, such as winds, sun rays, and rain, are able

to elicit automated responses from the building, allowing the systems to achieve a high performance, increasing its

efficiency, sustainability, and deliverability, and finally, comfort for the users . Animal enclosures built considering

dynamic architecture could offer to the animals inside considerable change in complexity, but this technique has

not yet been applied .

A simpler version of the Zoo 360 concept is to provide rotational zoo exhibits (Jon Coe) or even exhibits whose

barriers can be moved. Farmers use moveable barriers to ensure their livestock do not overgraze a particular area

of land; this same concept could be used to vary the size and type of habitat that animals in captivity have access

to.

Complex habitats also avoid the negative impacts of the visitors (the so-called “visitor effect” ), as they allow

the animals on display to hide from people. Captive Edwards’ pheasants (Lophura edwardsi), for example,

decreased feeding and locomotion behaviours because visitors were acting as threats to the birds . In a review

study, the authors demonstrated that the existence of hiding areas in the enclosures can reduce the negative

effects of the presence of the public for various animal species . The same was observed for five captive felids,

where the species housed in enclosures with hiding places preferred to stay hidden when visitors were present,

while those housed in enclosures without hiding places exhibited more abnormal behaviours in the presence of

visitors . Diurnal mammals and mammals in closed habitats suffered more from the visitor effect than nocturnal

and mammals in open habitats .
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Complex habitats, however, can also cause problems for institutions that maintain captive animals. Firstly, too

much stimulation can stress animals in the same way as too little stimulation . Thus, stimulation offers should

not pass the healthy stress threshold and caretakers need to be aware of this. Secondly, very complex enclosures

with many hiding areas can prevent the visiting public from viewing the animals, frustrating them and generating

many complaints , but this can be addressed by using live-streaming cameras that the public can view

images from on their smartphone (e.g., San Diego Zoo (USA); Melbourne Zoo (Australia); Houston Zoo (USA) 

. This may be because the public fails to realise how important complexity is for the welfare of the animals.

Therefore, environmental education activities with the visitors are important to minimise people’s complaints .

The enclosure can be designed to meet both animal and visitor needs by offering a variety of hiding options such

as vegetation, open dens, and shaded elevated platforms while maintaining the animals in view .

Furthermore, it is important to evaluate complexity in the different areas of an enclosure. For example, foraging

areas might need high levels of changing complexity to improve welfare, whereas sleeping areas might need low

and unvarying levels of complexity, depending on the species. Bottlenose dolphins (Tursiops truncatus), for

example, had their welfare increased when complex cognitive/foraging enrichment devices were offered, compared

to non-cognitive foraging enrichment . Thus, it is important to evaluate which areas of the enclosure will require

more complexity and which will not. The best enclosure design will depend on the species and has been debated

inside and outside the scientific academy .

Finally, the development of exhibits that allow animals to control or select the level of complexity that they wish

could help in the enhancement of welfare. For example, climbing structures can have branches that can be

unfolded to create complexity or folded to reduce complexity. This might be important for animal rehabilitation,

animals coming from barren enclosures, older individuals, or individuals with offspring .

In conclusion, exhibit planning in any animal facility should consider four important aspects. (1) Size: the enclosure

needs to offer a space large enough to provide appropriate complexity and stimulation for the species that allow

opportunities to experience positive physical and mental states, with elevated welfare and fitness; (2) design:

naturalistic elements (i.e., ideally recreate ecosystems) and environmental enrichment can increase the complexity

of the habitat; (3) education: the enclosure’s complexity and environmental enrichment activities must be aligned

with education purposes so that visitors have a pleasant experience and feel connected to nature and animals; and

(4) architecture: dynamic architecture associated to structures inside the exhibits that can be manipulated by the

animals to increase or decrease complexity could help in the welfare of animals and visitors. By implementing

these aspects in exhibit planning, zoos can provide a better quality of life for their species, full of positive

experiences for their animals, visitors, and staff.
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