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Abstract 
This paper attempts to evaluate factors that would lead to an ideal elephant enclosure, providing the 

best experience for the guests, the keepers, and, most importantly, the elephants themselves. A 

literature review concerning the history of zoos, current enclosures, and elephant needs was conducted 

as well as observations at a local zoo and interviews with multiple keepers. Standards used by the 

Association of Zoos and Aquariums (AZA), which certifies zoos around the country to ensure the highest 

levels of welfare and being upheld, were used as a baseline for these ideals along with findings from 

these other sources. Keeper involvement was determined to be imperative to good enclosure design, as 

well as providing dynamic viewing for guests. Signage that was at a 45° angle rather than straight up and 

down, preferably that triggers an emotional response was most effective. Guests, on average, spent 

about 13.55 minutes moving through the exhibit. Observations for this study were only made at one 

zoo, limiting the broader implications.  
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Introduction 
Zoos play an important role in species conservation all over the world, and elephants have been no 

exception. There has been a lot of debate about whether zoos should continue to exist, and if they 

should be allowed to house megafauna like elephants (COHN, 2006). People have argued that because 

of their sheer size, that there is no possibility that elephants in zoos could be getting their physical and 

mental needs met. Though there is always room for improvement, zoos have improved greatly in recent 

years. I believe though that with proper care and exhibit design that elephants can continue to function 

as ambassadors for their species, and zoos can continue to educate. People have always had the desire 

to see and understand the beautiful animals that we share this Earth with, making it important that we 

continue to give people the opportunities to continue to learn about them up close. This capstone will 

focus specifically on elephants, one of the most iconic members of the zoological history, and how to 

best design an encloser for the animal’s physical and mental wellbeing, for the public’s knowledge and 

viewing, and sustainability.   

 Zoos, as a whole, provide many benefits to the community. First, they provide learning opportunities to 

the public about animals they will likely never encounter. While this is partially for the public’s 

entertainment, this experience brings attention to species in danger of extinction. Issues specific species 

face are brought to the surface, for example, elephants and the ivory trade. Second, zoos give people 

personal experiences that they carry with them that encourages the concern for the species’ wellbeing. 

Third, zoos also provide a place for the populations of endangered and threatened species to recover. 

Zoos have been responsible for many species recovering from the brink of extinction, like the Arabian 

Oryx (Ochoa et al., 2016). Finally, zoos give species that would not survive in the wild a home. For 

example, those animals that were owned illegally through the pet trade, or that have been injured and 

could not provide for themselves can be animal ambassadors for their species. 

Beyond education and conservation, zoos are a form of recreation for many people. They are often large 

areas that mimic a multitude of different habitats within a variety of biomes. This space not only 

exposes people to environments from around the world but provides green space. Exposure to green 

space has been positively linked to human health (Ulrich et al., 1991). The green space encourages 

people to get outside and play in a more natural environment. Most zoos have kids’ areas in some 

capacity to encourage this play and interaction with the outdoors. Specifically, in kids, the incorporation 

of green space into daily life has a beneficial impact on health and quality of life that follows them into 

adulthood (McCracken, Allen, & Gow, 2016).  

Historically, zoos have not provided the best habitat or care of the species that were held there (Moss, 

Esson, & Francis, 2010). Keeping exotic animals was a way to display wealth and power throughout the 

centuries, and elephants have been a long-standing staple. However, in the 20th century, the course of 

zoo design shifted away from maximizing the number of animals within zoos, and the objective moved 

towards viewing animals in a natural setting. Enclosures were built without bars; instead, species were 

separated from people and other animals by deep moats that gave the illusion of a continuous space 

(Rees, 2011). This shift was done through better enclosure design that mimicked their native habitats. I 

would argue that we are again in a time of transition for zoos as a whole. More are transitioning to focus 

on a certain biome. The health of the animals is at the top of the concerns. They are provided with more 

space, and natural behaviors are encouraged with foraging. The mental health of the animals is 

considered, as well as natural species interactions to understand how they should be housed. The focus 



is shifting from holding a lot of animals to holding fewer animals in larger, more natural enclosures 

(Moss et al., 2010).  

Literature Review  

History of zoos  
During nomadic times, one or two animals may have been kept for entertainment, or ritualistic 

purposes. They possibly would have used the skins of those animals for ceremonies or hunting 

excursions. Early in the history of keeping multiple exotic animals, it was a show of power, according to 

Reese (2011). The more exotic the animals, the more wealth a person had, and these animals were for 

the pleasure of the owner alone. They were kept in a walled-off enclosure and may have been hunted 

for fun by the royals that owned them. Then menageries then tried to maximize the number of species, 

with no regard for the animals’ physical or mental health (Rees, 2011). These animals were typically held 

in small cages and kept alone for the entirety of their time in captivity. Again, these were meant to show 

the power and status of the person that owned them.  Zoos then transitioned to be more public 

facilities. They were more focused on education, but the animals were still seen as just animals, while 

their welfare was of a larger concern, they were still not healthy by today’s standards. Zoos were taken 

to a new level by Carl Hagenbeck. This German animal trader originally had a traveling exhibit that 

showcased people and animals from all over the world. He went on to open his own zoo and ultimately 

transformed how animals in zoos were viewed. He created the illusion that they were not held in 

captivity through the use of moats surrounding the enclosures. More concern was placed with the well 

being of the animals, and natural behaviors were promoted (Rees, 2011). Zoos started having species-

appropriate numbers, rather than just one individual, and the exhibits were further inspired by the 

natural exhibits with multi-species exhibits, and an aim to be more immersive (Moss et al., 2010).  

Zoos and conservation 
Zoos contribute to conservation in several ways, including public education, fundraising, scientific 

research, development of technology, and promoting awareness of conservation, biodiversity, and 

species’ natural habitats (HUTCHINS & CONWAY, 1995; Patrick, Matthews, Ayers, & Tunnicliffe, 2007).  

Many zoos dedicate a portion of their funding for animals in the wild to help with research and 

conservation. Zoos have been centers for learning for children since the 1970s and 80s, but zoos are 

now focusing more on education for the whole family (Moss et al., 2010).  More research has gone into 

how to engage adults as well as kids in enclosures with interactive aspects that both can participate and 

learn from, with varying success, as shown by Moss et al. (2010).  

Elephants  
There are three species of elephants, African savannah, African forest, and Asian, and all live very social 

lives (Irie & Hasegawa, 2009). They have several adaptions that help them to survive in harsh 

environments like their long trunks that they use to pick up vegetation, and their dentition and digestive 

system that are both adapted to the woody materials they consume (Bakaran, Balasubramanian, 

Swaminathan, & Desai, 2010). According to the stomach contents gathered by Buss, (1972), African 

elephants forage on grasses, especially, but also trees and shrubs. Irie & Hasegawa (2009) detail that 

elephant groups can be as large as 100 individuals. These herds are led by the oldest female in the 

group, the matriarch. Female elephants stay with their family groups for their entire lives, but males 

leave at sexual maturity, around 12-15 years old, to look for mates (Irie & Hasegawa, 2009). Males may 



form small groups of up to 4 individuals or stay solitary (Irie & Hasegawa, 2009). Calves have interactions 

primarily with their mother for the first few months of their lives, but interactions with the rest of the 

group have strong influences on the social lives of the young (Sukumar, 2003).  

Animal physiology   
Elephants are digitigrade, meaning they walk on their toes and have practically straight graviportal legs 

that have to support a large amount of weight (Ramsay & Henry, 2008). According to Milller, Hogan, and 

Meehan, (2016), elephants carry more than 60% of their weight in their limbs alone. A cushion of sorts 

under the heel distributes the weight more evenly throughout the foot (Miller, Hogan, & Meehan, 

2016). This makes foot care an essential part of elephant health, and is included as a requirement in the 

Association for Zoos and Aquariums (AZA) institutions (Greco et al., 2016). In fact, according to Miller, 

Hogan, and Meehan (2016), foot and musculoskeletal conditions are some of the most commonly 

reported health problems for elephants in captivity. Miller, Hogan, and Meehan(2016) found that in 

their study, elephants were more likely to have reoccurring foot problems with the increased time spent 

on hard floor surfaces. This can be challenging because 91% of all of the zoos in North America had 

concrete flooring (Meller, Croney, & Shepherdson, 2007). In the population that Miller, Hogan, and 

Meehen (2016) observed, toenail problems accounted for 72.7% of all the documented foot problems, 

supporting previous studies stating that the highest stress is on the distal ends on the lateral toes. They 

found age to be a contributing factor because of a natural change in gait that causes more stress on the 

feet. They concluded that increased time on hard surfaces like concrete or stone is the highest 

contributing factor to foot problems (Miller et al., 2016). Shockingly they found that increased time in 

mixed exhibits harmed foot health; this is thought to be a factor of the substrate. However, Meller, 

Croney, and Shepherdson (2007) found that elephants on natural substrates have fewer foot problems. 

Though this was a small study, they found that the elephants sleeping patterns returned to patterns 

observed in the wild, as well as increased motor movement (Meller et al., 2007).  

Animal psychology 
Elephants are incredibly smart and have been seen using tools, which was once thought to be a 

characteristic only used by animals like chimpanzees and crows. They also have been proven to be able 

to recognize their reflections in a mirror and can recognize means-end relationships (Irie & Hasegawa, 

2009).  An elephant’s long term memory has been famed for being excellent and has been proved 

through memory tests, with some wild elephants recognizing the calls of members that had left their 

herd up to 12 years earlier (Irie & Hasegawa, 2009).  Elephants are very social animals, and because of 

that, they require a herd dynamic to stay healthy mentally. The AZA requires at least three elephants at 

a zoo for this reason, according to the publication “Expedition Tanzania.” Relationship tiers have been 

observed between groups of wild elephant populations, as shown in the study by Wittemyer et al. This 

study suggests that there are strong bonds throughout elephant society, and that these are effected 

seasonally with a relationship to seasonal food availability (Wittemyer, Douglas-Hamilton, & Getz, 2005). 

The tiers they observed, in descending order of the strength of the relationship, are 1. mother-calf 

relationships, 2. Families, 3. Bond/kinship groups, and 4. Clans.  

Elephant enrichment, training, and exercise while not standardized across AZA-accredited zoos, they are 

all required (Greco et al., 2016). The AZA wellness strategy graphic below (Figure 1) shows how wellness 

builds off of basic care, and that everything leads to a well adjusted animal.  While all zoos have their 

way of completing these activities, Greco et al. systematically go through schedules and methods for 



training, feeding, exercising, and enrichment activities. This study suggests that the predictability of food 

sources is linked to less exercise and higher stereotypic behavior rates around feeding time (Greco et al., 

2016).  

 

Figure 1: AZA Welfare strategy 

 (“Caring for Wildlife: The World Zoo and Aquarium Animal Welfare Strategy,” 2006) 

 

Changes in human behavior 
Experiments at the Chester Zoo by Moss, Esson, and Francis (2010) were done comparing an old exhibit 

with the remodel. Their work showed that visitors spent ¼ more time in exhibits that were immersive as 

opposed to the older style of exhibit that did not aim to mimic the natural environment of the animal. In 

their study with old and new orangutan exhibits, accounting for the distinct differences, people spent 

approximately 1.5 seconds/m2 in the old and 1.75 seconds/m2 in the new exhibit (Moss et al., 2010). Not 

surprisingly, they saw a higher response rate to the information that contained more sentimental 

imagery, rather than those with highly scientific language and imagery. Moss et al. measured 

engagement by scale. They found that longer holding time meant a higher level of engagement, as 

expected, but because this was only done with two exhibits, the implications are limited (Moss et al., 



2010). Implications for signage can be made because you want to reach the highest number of people, 

and emotional responses tend to stay in people’s memories better compared to just facts.  

Sustainability of Zoos 

The water cycle is drastically changed within cities because of the increased impermeable surfaces, 

rerouting, and directing water that often means less potential to hold water in the landscape (Golden & 

Hoghooghi, 2018). Zoos are often vast areas, and by increasing permeable surfaces, green infrastructure 

practices often allow water to stay near where it falls, reducing peak flow and reducing runoff that can 

potentially cause flooding elsewhere. By using native plants, you are supporting the local ecosystems, 

providing potential habitat and these plants often do not need to be supported with supplemental 

water. Zoos have a lot of open areas as it is, so much of the water can infiltrate without issue. Many 

buildings require energy and landscaping that require water. If zoos were to use solar, were viable, and 

harvest rain from the rooftops they could lighten the operating costs a bit. Increasing the natural area 

would also increase a zoo's ability to act as an area for people to destress. Stress often increases in more 

built environments, so like parks, they could provide much needed natural spaces for families to go 

(Ulrich et al., 1991). By doing this, I believe that their message for conservation would be stronger. They 

would be participating in making visible strides to be more sustainable and could add it as a portion of 

their mission statement to make strides against climate change, along with the conservation goals that 

are already found in most statements (Patrick et al., 2007). This could also show the public that a large 

facility can be sustainable, making it seem more attainable for them. It has the potential to normalize 

renewable energy, as well as lead by example, and provide a more casual platform for people to learn 

more about it. 

Methodology  
A large part of the information gathered was found through the literature reviews. Specifically, my goal 

is to look at zoos to understand what the ideal housing requirements for elephants in zoos should be.  

Case studies of zoos will be accessed on the criteria outlined below to determine the qualities an ideal 

elephant enclosure should have. The zoos will not be named in regard to evaluations or where 

observations were made to ensure that the zoos are able to remain anonymous.  

Elephant health: People viewing areas: 

Space requirements  Shade 

Access to mud, water Seating 

Covered night houses Varied points for viewing  

Visibility to people/ ability to 
get out of sight  

Visibility/ ability to see the 
animal  

Group dynamics  Education 

Flooring/ substrate  

Enrichment   

 



Data/Results/Discussion 

Elephant Observations 
All of the elephants at the local zoo are African Elephants. They have two separate areas, referred to as 

Area 1 and Area 2, for the remainder of the paper, with Area 1 being the area closest to the guests, and 

Area 2 being largely not visible to the public. The total area of the enclosure (including the night house) 

is approximately 28,328 m2 and is home to 6 individuals. For comparison, Oregon Zoo is also designed 

with two outdoor yards, the front yard (650 m2) and the back yard (3,035 m2), and is home to 5 Asian 

elephants. The outdoor yard substrate consisted of 91 cm of sand, and indoor housing consisted of a 

seven-room barn with various substrates, following the experiment from Meller et al., (2007). 

 On the first observation day, there were two elephants in Area 1, three (visible) in Area 2. Early in the 

morning, both individuals were largely focused on eating the hay and browse provided by the keepers. 

There were multiple places where these were placed around the exhibit, encouraging movement. Water 

in the habitat is provided via a manufactured stream that empties into a large pool where multiple 

elephants are able to submerge in.  

The enrichment provided were large logs and puzzle feeders of sorts (Figure 2). Enrichment is incredibly 

important because it engages the animals and encourages skills and muscle use that can be hard to 

maintain with other training according to several elephant keepers. Keepers put a lot of thought into 

enrichment that goes out, and new enrichment is put out several times a day to keep the elephants 

from boredom. The puzzle feeder consisted of a hole in the concrete rock wall that the elephants could 

stick their trunks into. According to keepers, the holes were connected to large boxes filled with mixed 

produce, like carrots, sweet potatoes, zucchini, and cucumber as well as hay. There were multiple of 

both items within the exhibit. Both elephants were observed interacting with both of these kinds of 

objects. The puzzle feeder gave them a physical reward of food, and the logs were often used for 

scratching themselves. As the day heated up, with highs in the mid to high 70s, the large male elephant 

was observed playing in the water. Behaviors included drinking the water from the pond, spraying the 

water out through his trunk in front of him as well as spraying himself behind the ears.  



Figure 2- The puzzle feeder 

Guests 
All observations were done at the local zoo in the Elephant area. Both guests and elephant behaviors 

were observed and recorded with the permission of zoo staff. On the first observation day (completed 

on a Sunday), people spent an average of 13.55 minutes walking through the exhibit (Figure 3). 

Observations were taken on groups or individuals that were easily identifiable, so I could easily ensure 

they were the same people, and that times would be accurate. Visit times had a broad range between 

people that were simply walking through and those that sat and had food while in the exhibit. The 

average time seated in one of the four available seating was 7.75 minutes. Those with children appeared 

to be more likely to take advantage of the seating areas during observations, with the elderly being the 

next most frequent visitors.  

The signage placement was interesting to analyze. Smaller signs and signs that were upright received the 

least interaction, while signs that were about waist level and tilted at approximately a 45° angle were 

the most popular. The sign that was the most popular, as expected, was an opportune elephant viewing 

spot. This sign was also the sign that introduced the heard. It had interactive “notecards” with the 

elephant name and their distinguishing features. This sign was also right next to a set of binoculars that 

could be used to view into the distance. One keeper said, “Guests stay to read [the signage] longer when 

they or their children can interact with it,” which was confirmed in the observations.   

Unsurprisingly, guests were more likely to stay longer in the exhibit if the elephants were close, or 

actively moving. This was observed multiple times as when the herd was grazing, and the average times 

were lower than when they were playing with each other or in the water. According to one keeper, she 

has noticed that guests are more interactive with a keeper present. When they can ask their questions 

and get responses back, they are more likely to spend more time in the exhibit.  Another keeper brought 

up that dynamic viewing areas are more likely to keep people engaged. When people can view the 

landscape and the animals from different angles, it can make all the difference.  



Several of the observation days were warm and fully sunny. On those days, all of the elephants in the 

herd were seen interacting in the water feature, and several were seen spraying themselves and up into 

the air. When playing with each other, they would push and use their trunks, chasing each other and 

flaring their ears.  

 

Figure 3. Time distribution of guests 

Outreach/ Conservation 
A majority of interactions at the building connected to the restrooms are related to conservation efforts 

the zoo participates in. According to the zoo's website, the Tarangire Elephant Project in Tanzania has 

“worked to protect over 1,000,000 acres of elephant habitat to protect elephant migratory paths from 

development, in an effort to reduce elephant/human conflict”. They give guests the opportunity to 

donate to the project specifically, as well as showing how people are learning about the elephants. One 

of these is a real tracking collar on a metal elephant to give people an idea of the sizes of the technology 

that the researchers are working with. Some information is given on human-elephant conflict, but it 

does not appear to be the main focus of the signage.  

The focus of the majority of the signage under the building shade seems to be focused on children, while 

the signage around the exhibit appears to be geared toward adults. The signage, while some had bright 

colors are were engaging, were mainly informational. Not many attempts were made to make an 

emotional connection between the guests and the elephants, or the greater risks that the species are 

facing. While signs introduced the herds and the problems, it was not done through an emotional 

standpoint, but rather an informational one.  

 



 

Approximate locations of items at the elephant enclosure. Signs in red, seating in yellow, training wall in 

purple, and music area in blue.  

Exhibit Design 
Based on interviews with keepers that work in the enclosures every day, I would highly recommend 

working with a head keeper or supervisor on design details to save with changes in the future, and 

ensure that the designs are appropriate for the animal, the future of the zoo, and meeting with the 

building requirements of course. All keepers interviewed stressed the importance of safety above all: for 

the keepers themselves, the guests, and the animals.  According to one keeper, plans should incorporate 

thoughts of the future of the zoo as well- similar to long-range planning for cities and regions. Things like 

whether the zoo plans to breed a species in the future, along with the various sizes of the animals need 

to be considered in the design. As shown in the literature review, and as seen with observations, space 

needs to be large enough to accommodate the animals while still providing educational opportunities 

for the community. The education component is critical as it can help inspire and foster support for the 

conservation of the animals. It is key to remove the idea that the animals are there for our 

entertainment. Instead, the animals are there for conservation and education.  

Equipment needs to be considered, as well. Everything from daily cleaning equipment to animal 

shipping units and equipment that would be needed in the event of an injury or death. Especially with 

large animals such as elephants, where there needs to be a lot of space for movement in any of these 



cases is important, according to one keeper. This means the areas where the animals are treated and 

cared for need to be incorporated into the enclosure design- good design can have these buildings 

incorporated into the enclosure. Additionally,  simple things were also brought up across interviews. 

These simple things included adequate space for food preparation and storage- both of which are 

important for keepers in their daily work and need to be designed to flow efficiently and conveniently. 

Finally, there needs to be effective drainage for night houses and pools to allow for thorough and easy 

cleaning.  Designing these elements well is where communicating and working with experienced keepers 

is critical. The keeper needs to be an integral part of the design to ensure it works to meet their needs.  

As we move forward with considerations such as climate change, I think that zoos have to do more so 

that the space is more sustainable. Large buildings, such as those for elephant care, require a lot of 

energy to operate. Many zoos are incorporating LEED certifications into their buildings, both for guests 

and the animals, which is an excellent start. One keeper pointed out that these steps can be costly, 

though, and while a goal, should not prevent a zoo from providing these educational opportunities. The 

local zoo I visited recently put solar panels over the parking lot to generate some electricity and provide 

shade. I believe other sustainability measures could easily be taken to make the zoos more cost-

effective, strengthen their conservation message, and to make the facility more enjoyable. Things like 

permeable pavement and recycling would be small changes that would be easily manageable and should 

be in every zoo. Passive solar designs could save on heating and cooling costs for both animals and 

guests, as well as optimizing the angles of exhibit designs to coincide with these principles.   

Conclusion  
Zoos, as institutions, have shifted from a place to display animals as a show of wealth and power to 

centers for conservation. Elephants have been a classic animal to see at a zoo for centuries, where their 

size astounded their viewers. They are intelligent and gentile, and humans seem to feel strong 

connections to them for a variety of reasons, both anthropomorphized and not. As zoos have made this 

transition, many of the enclosures have also shifted to a more natural approach that encourages 

behaviors you would see in the wild.  

This capstone set out to explore elements of a successful zoo enclosure for elephants. To do so, a 

thorough literature review was conducted, followed by interviews with keepers and observations at a 

local zoo. Elephant enclosures specifically have gotten significantly larger to accommodate their physical 

needs as well as the requirement to have multiple individuals so that a herd dynamic can maintain their 

social needs. Enrichment is provided to keep them entertained and simulate natural behaviors, and 

training is used so keepers can maintain their physical health more effectively.  

Keepers aim to provide the best care for the animals and work in the spaces continuously, making their 

input on design and animal care imperative to a successful zoo. The importance of their input in 

enclosure design cannot be overstated. While the safety of all involved should always be the chief 

concern for any design, opportunities for enrichment, dynamic viewing, and sustainability should be 

considered to bring an enclosure up to its full potential.  

Along with the animals, another significant component of zoo design is considering the guest 

experience. There have to be adequate viewing areas without interfering with the animals' need for 

privacy. Seating and shade need to be considered as well as the message that is being broadcast. It is 



increasingly important that the guests understand the role that they, as well as the animals, are playing 

in conservation around the world.  

Limitations 

While the local zoo has a successful elephant enclosure, the location makes it difficult to quickly and 

easily visit other zoos for comparison. As it stands, the results from this study are from one zoo only. An 

n of 1 does limit the power of the findings; however, much can be applied at other zoos of similar size.  

There was a gap in the available literature on other zoos as well, as many zoos do not give the public 

access to general plans of exhibits, and they are hard to get access to. I was hoping to find more 

information on the herd dynamics within an enclosed environment and was surprised at how little was 

present. 

Recommendations 

This study lays the foundation for future work to compare and contrast from other zoo enclosure 

designs. Future work can expand upon this study by conducting a case study analysis across several zoos 

to gain further understanding of how different elements work to improve the lives of the elephants as 

well as the learning for zoo-goers. To my knowledge, this work is the only one found to look at the large 

array of factors that go into an exhibit for a species, so additional case studies would mean comparisons 

could be made directly. Another approach could be a before and after comparison on a zoo that has 

made improvements.  
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