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Abstract 

Tigers (Panthera tigris) are one of the most vulnerable mammalian species in the 

world due to habitat loss and poaching. To increase population numbers and improve 

the overall welfare and health of the animals, placing them in captivity is one of the 

best methods used to help endangered animals. However, there is evidence that the 

presence of the visiting public affects the behaviour of zoo-housed animals (Farrand 

2007). Davey (2007) determines that the zoo visitor effect is the change in behaviour 

and/or physiological response of animals in the presence of zoo visitors. Animals, 

specifically mammals, will respond to the presence of the viewing public and as the 

audience size noise size increases so did noise pollution levels (Quadros et al 2014). 

With approximately twenty-six billion animals, covering the thousand species held in 

captivity, (Mason 2010), it is important to monitor how the animals are responding to 

the public. In the effort to understand how much an animal is impacted, a series of 

studies and experiments dating back to 1the 970s focused on a range of the effect of 

zoo visitors on captive mammal behaviour. By the 1980s there was a significant 

collection of these studies that proved visitors will have an impact on captive animals 

(Davey 2007). Understanding the relationship between visitors and animals will lead to 

improvement in animal welfare, conservation goals, and interpretation of data on zoo 

animal biology (Farrand 2007).
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1. Introduction 

1.1 Why do we have Zoos? 

Zoos and Aquariums are considered beneficial due to the high 

standards they exemplify in animal welfare, conservation, research, 

education and recreation (Marcy 2020). As animal populations decline or are 

negatively impacted in the wild by the increasing human population, zoos 

are called upon to serve as refuges and to engage visitors in slowing or 

reversing these global trends (Grow et al 2022). In some cases, an animal’s 

survival rate as a species relies heavily on a captive breeding programme 

(Suarez et al 2017). Tigers are one of the many animals that are seen in 

zoos and are a part of captive breeding programmes to counter their 

dwindling numbers in the wild. According to the International Union for 

Conservation of Nature (IUCN), tigers are classified as endangered with their 

population decreasing as of 2021. Current threats include habitat loss, 

deforestation, illegal poaching of tiger products (skin, bones, meat, and 

tonics), and retaliation killing (Goodrich 2021). With threats to tiger habitats 

and their lives on the rise, zoos are then used to participate in and support 

their conservation and recovery. They play an important role in ex-situ 

breeding and husbandry, animal welfare, and intensive and/or small 
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population management (Grow et al 2022).  Knowledge of wildlife biology, 

diets and veterinary care began to improve, animals began to be kept in 

more natural surroundings and their survival and breeding rates increased 

(Christie 2010). These developments in zoos are possible because of the 

amount of funding and attention they receive from visitors, and tigers 

provide a key focus for zoo-based conservation support due to their 

popularity (Christie 2010). It is important to know that animals in zoos are 

support—not a substitute—for animals in the wild (Christie 2010), so 

although some tiger populations in zoos are small, they can still add to the 

population of tigers overall through proper management (Traylor-Holzer 

2010). 

 

1.2 Animal welfare 

Animal welfare refers to an animal’s collective physical, mental, and 

emotional states over some time and is measured on a continuum from good 

to poor (Grow et al 2022). Achieving and maintaining high standards of 

animal welfare is critical to the success of modern zoos (Sherwen and 

Hemsworth 2019) and efforts to understand this relationship between 

visitors and animal welfare have recently intensified (Davey 2007). Zoos are 

one of the animal-based industries that have experienced increased public 

scrutiny and are unique in that the standards of care and welfare of the 

animals are on display to the public and, therefore open to judgment 
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(Sherwen and Hemsworth 2019).  The advancements in scientific 

understanding of sentience in many species have raised many questions 

about the quality-of-life animal’s experience in zoos and whether their needs 

can be met to an acceptable standard (Sherwen and Hemsworth 2019). 

Animal welfare has become safeguarded by the many standards and policies 

in place that emphasize the importance of the animal’s environment and 

their interaction with the public (Fraser 2018) 

1.3 Enclosure Design 

Enclosure size is also an important aspect to consider in zoo animal 

welfare because it can provide them with a suitable environment to live in 

(Fabregas et al (2012). The activity of captive animals can be influenced by 

the design of an enclosure, so good zoo management should be reflected in 

enclosure design that mimics as far as possible the wild state of the animals 

concerned (Sang 2015). Baldwin’s (1985) study showed that despite the size 

of an enclosure, carnivores would spend 75% of their time in less than half 

their enclosure space. This influenced how the distribution of space was used 

when designing the enclosures (Mallapur 2002(Baldwin 1985)). Further 

research has discovered that improvements in captive environments have a 

direct effect on animal behaviour like the leopards (Panthera pardus) in 

Mallapur and Qureshi’s (2002) study. It was concluded that the leopards 

would stick to using zones within their enclosures to exhibit specific 

behavioural patterns like pacing or resting. There is still a need for more 
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research on how enclosure variables interact with the visitor effect on zoo 

animals, but with the knowledge that is obtained, it was thought that a more 

naturalistic cage can produce a more naturalistic profile of behaviour which 

is more resistant to disruptions from visitor presence (Hosey 2000). 

Sometimes the most destructive aspect of visitors is not always the number 

of visitors or sound, but the powerlessness to escape from when they are 

confined in a finite area (Fernandez et al 2009). 

1.4 Visitor Presence 

One prominent feature of the zoo environment is the presence of 

visitors. Visitor contact can be unpredictable and intense, particularly in 

terms of auditory and visual interaction (Sherwen and Hemsworth 2019). 

Decades of research on the visitor effect in zoos demonstrated that visitors 

can either have a negative, neutral, or positive impact on zoo animal 

behaviour and welfare (Sherwen and Hemsworth 2019). These impacts can 

be brought on by three potential types of stimuli: visual, olfactory, and 

auditory (Quadros et al. 2014etung 2003)). Mallupur et al., (2005) did a 

study on lion-tailed macaques (Macaca silenus) and found that as visitor 

presence increased so did the rates of abnormal behaviours like begging and 

self-biting, which can have potential welfare implications. A study on 

chimpanzees (Pan troglodytes) showed they had a decrease in foraging, 

playing, and grooming as a large weekend crowd was present (Wood, 1998). 

Efforts to understand the relationship between visitors and animal welfare 
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have intensified and produced more studies conducted over the years to 

make confident conclusions that visitors have a significant effect on animal 

welfare (Davey 2007). Researchers began to look at wider ranges of animal 

groupings, measure the stress levels, and emphasize holding individual zoos 

to monitor stress indicators of the captive animals and observe the visitor’s 

behaviours as well (Davey 2007). So far, the effect of visitor numbers on 

animal welfare is open to a lot of interpretation due to the different impacts 

they can have (Sherwen and Hemsworth 2019).  

1.5 Auditory Impact of Visitors 

While visual and olfactory can be difficult to measure and assess, 

auditory is easily quantified and tracked (WHO 1999). Visitor-generated 

noise is the one significant variable that is hypothesized to impact behaviour 

(Quadros 2014). More tests are being conducted to see animal reactions to 

different levels of sound by the public and at an individual level, it was 

recorded that the animals would increase their vigilance behaviour and 

movements with increasing sound levels (Quadros 2014). Another study 

examined if number, noise, and activity level combined could predict the 

frequency or occurrence of displacement activities, or aggression in captive 

animals specifically langurs (Roth and Cords 2020). It was included in that 

study that visitor noise did affect aggression, scratching and mounting and 

overall had a negative effect on the group of animals. Larsen et al (2014) 

also studied how noise levels, quiet, loud, and no noise, impacted the 
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behaviours of koalas. They found that visitor noise would increase as visitor 

numbers increased and this noise theses did increase abnormal behaviours 

not only in the koalas, but captive jaguars, pumas, gibbons, and orangutans 

(Birke, 2002; Cooke and Schillaci 2007; Maia et al., 2012; Sellinger and Ha, 

2005). A study of noise levels was also conducted on female cheetahs 

(Acinonyx jubatus) by O’Donovan et al (1993), but this produced the 

opposite results, with the cheetahs not displaying any behavioural changes 

in correlation with noise. 

 

1.6 Negative, Neutral and Positive effects 

There can be three different consequences of the visitor effect: 

negative, neutral and positive (Hosey 2000). Negative effects have been 

reported in many of the studies of visitors’ effects as it implied that the 

presence of visitors induces stress and therefore a negative impact on the 

animals (Hosey, 2000 and Fernandez et al., 2009). Salas and Manteca 

(2017) studied how the presence of people that are unfamiliar with the 

animal as well as their movements sounds, and smells, can elicit a stress 

response in the animals and may negatively affect their welfare. The 

constant presence of unfamiliar people and noises can increase abnormal 

behaviour they never displayed before like intra-specific aggression and 

inter-specific aggression and decrease activities like grooming (Hosey et al 

2010). Morgan and Tromborg (2007) highlight that continued negative 
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impact can lead to self-injurious behaviour, poor reproduction, and illness. 

Qureshi and Chellam (2002) also conducted a study on Indian leopards 

(Panthera pardus) and concluded that visitors influenced stereotypic 

behaviour (pacing). Neutral and positive effects have also been observed in 

zoo-housed animals, like in Margulis et al. (2003) study of six felids; lion 

(Panthera leo), amur leopard (Panthera pardus orientalis), amur tiger 

(Panthera tigris altaica), snow leopard (Panthera uncia), clouded leopard 

(Neofelis nebulosa) and fishing cat (Felis viverrinus). The study concluded 

that visitor presence per se did not influence cat activity, even as visitor 

interest increased as the cats became more active in their enclosure. The 

same results were found in the study of captive female cheetahs (Acinonyx 

jubatus) by O’Donovan et al (1993). There are also some indications that 

the neutral effect on some species may depend on their size (Chamove et al 

1988). Smaller species may view visitors as predators and therefore react 

with avoidance while bigger animals like felids or primates are sometimes 

non-reactive (Chamove et al 1988). Even within the same species, individual 

animals may react differently to visitors than the rest of the group (Hosey et 

al 2010). There is still a small number of studies that saw a positive effect 

on some species, with visitors providing a form of enrichment for the 

animals (Davey 2007).  Visitors can provide variability and therefore can be 

classed as environmental enrichment (Moodie and Chamove,1990), like in 

an early study by Cook and Hosey (1995) that saw chimpanzees choosing to 



8 
 

interact with visitors in exchange for food, making it a positive experience 

for them.  

2. Methods 

2.1 Search strategy 

Literature searches were carried out using the databases Research 

Gate, Science Direct, MDPI, and Google at the start of the search, to identify 

any research studies relevant to the visitor effect in zoos and/or animal 

welfare of zoo-housed animals (Table 1). Keywords included “animal 

welfare,” “zoo-housed animals,” “behaviour,” “enclosure design,” “noise 

levels in zoos,” and “visitor effect.” This first search focused on articles and 

journals that examine the behavioural impacts and welfare of zoo-housed 

animals only. The second search used the advanced search option to single 

out articles about “tigers,” “big cats” “tiger enclosure,” “noise levels” which 

and yielded a small handful of articles on the topic. Studies of interest were 

those that included noise levels recorded at zoos and behavioural traits. Due 

to the limited amount of research on the impact of noise levels, the search 

included articles dating back to the 1980s. 
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Table 1. Search query 

Search query                        Topic and terms 

1st search for 

general terms and 

topics 

“noise levels,” “zoo animals,” zoo-housed animals,” 

“behaviour,” “zoo animal behaviour,” “behaviour 

impacts” “visitor effect,” visitor impacts,” “animal 

welfare,” “zoo animal welfare,” “visitor intensity,” 

“visitor density” 

2nd search for 

specific terms and 

topics 

“tigers,” “tigers in zoos,” “tiger behaviour,” “captive 

tigers,” “big cats,” “big cats in zoos,” “visitor effect,” 

“enclosure,” “enclosure design,” “enclosure size,” 

“noise in zoos” 

 

 

2.2 Eligibility criteria and selection  

 Studies selected included ones that discussed the concept of the 

‘visitor effect’ and explored the impact of noise levels on zoo animals, 

specifically human-generated noise. They were screened by, the title, 

abstract and then lastly the full text. When searching one of the keywords 

on Google, articles that appeared in an accredited database and shared two 

or more keywords in their titles were considered. There were also a few 
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articles that appeared on zoo or conservation websites that were also put 

into consideration. Articles that were irrelevant (laboratory animals, 

physiology, genetics), were immediately discarded before the abstract stage. 

If their abstract stated, the study area included zoos, enclosure size, and/or 

visitor presence in zoos then a full text of the article was downloaded for 

review. At this poi three articles, were identified and discarded as they were 

not peer-reviewed or lacked references. In the end, thirty-one articles and 

papers were the final sample selected for meeting all the eligibility and 

covering the appropriate topics (Table 2). These articles’ results sections 

were highly reviewed to see if the articles came to the same conclusion or if 

more research was needed to fully grasp the idea of the topic.  

 

   Table 2: Topics covered 

The topic Number of 

articles 

Visitor effect/Noise levels 7 

Behaviour and Welfare 11 

Enclosure size and design 5 

Importance of Zoos 2 

Tigers-sample species) 5 
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3. Evaluation and Conclusion 

3.1 Summary of Relevant Studies 

Thirty-one relevant published studies starting dating back to the 1980s 

all focused on the welfare of zoo-housed animals when it comes to noise 

levels, visitor presence, and/or enclosure use. Each article discussed the 

significant impact visitors will have on zoo animals and their environment. 

This shows how much more interested researchers are becoming in these 

topics. Many of the articles yielded parallel results concluding that there is a 

negative impact visitors have on zoo animals. Even those that are 

contradictory and discussed little to no impact on the zoo animals, showed 

that visitor presence does not always have to be negative and can be 

resolved and/or avoided. Further research was suggested by the articles to 

narrow down how animals are influenced on an individual level and with a 

wider range of test subjects. 

3.2 Conclusion 

When considering the impact of the ‘visitor effect’ on zoo animals, there is a 

small amount of literature that focused on this concept specifically, but there 

is still a vast amount that touched on topics that defined the visitor effect. 

Further research is needed to get a better grasp of the visitor effect and how 
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it involves a broader range of animals. Other specifics such as gender, 

personality, and genetics is also a suggested topic to further research on the 

individual level (Sade 2013). Overall, this literature review clearly shows 

visitors have a significant impact on zoo-housed animals and it needs to be 

put into consideration when developing a suitable zoo management plan. 
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Abstract 

Many studies have seen significant effects on zoo-housed animals, which they 

labelled as the “visitor effect “defined as the change in an animal’s behaviour and/or 

physiology in response to the presence of the public (Hosey 2000). The changes 

recorded were thought to be a direct result of visitor-generated noise (intensity) due to 

high volumes of visitor numbers (density). Popular animals, such as gorillas or big cats 

were recorded to have higher visitor density and therefore an increase in intensity. The 

results from these similarities are sometimes labelled as negative, neutral, or positive, 

usually depending on the species observed or the type of enclosure in which they were 

housed. The aim of this study was to see how visitor intensity and density impacted the 

behavioural patterns and enclosure usage of two separately house Sumatran tigers. The 

tigers were observed over 4 weeks for a total of 25 hours as they were exposed to 

different levels of visitor density and intensity. Both intensity and density had some 

impact on both cats being out of sight, but it had a more significant impact on the 

male’s enclosure use and social behaviour. In addition, while the female exhibited a 

trend of increase in stereotypic pacing based on visitor intensity, visitor intensity had 

little to no impact. These results showed that both the density and intensity of the 

visitor effect directly impact behaviour and enclosure use, with intensity showing a 

much larger impact and having a negative and/or neutral impact on the animals.  

Keywords: visitor density, visitor intensity, behaviour, enclosure, tiger, decibel
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1. Introduction 

Tigers (Panthera tigris) are one of the most vulnerable species in the world with 

their numbers in the wild dwindling due to poaching and habitat loss. They are currently 

listed as endangered by the International Union of Conservation of Nature (IUCN) and 

only about 3500 exist in the wild with around 2600 able to reproduce (Goodrich et al 

2021). Many tigers are kept in captivity in zoos as part of breeding programmes to 

combat this. While captive habitats are carefully designed and enrichment provided to 

improve animal welfare, the impact of sound and noise is often ignored.  

In the wild, tigers are solitary animals, save when they have cubs or a mate, and can 

have a range of up to 1000km to live, hunt and breed in (Gregory Breton, 2014). In 

captivity, animals are restricted to smaller enclosures, where human presence and 

anthropogenic noise levels fluctuate. This may lead to behavioural changes, such as 

avoiding or seeking certain areas in the enclosure at different times of day, changes in 

interactions with enrichment items, or stereotypic behaviour, such as pacing.  

While enclosure design and visitor presence in zoos are well-studied, the impact 

of noise on captive animals is lacking. Sounds in animal facilities are often jarring (e.g., 

children squealing, items being dropped, loudspeakers), which may be startling for 

animals. There are also incidents where larger events such as concerts, are held near 

the property that holds the animals which can have a critical impact on their welfare. It 

becomes especially important to know if these sounds have any impact on the animals. 

The investigation into the visitor effect has been going on since the 1980s, but there 

are still few studies that show the link between the visitor effect and visitor intensity. 
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Previous reports on the visitor effect showed a negative impact on animal behaviour, 

such as increased aggression or stereotypic behaviour. For example, in the study by 

Mallapur et al., 2005; Sellinger and Ha, 2005, a male and female jaguar (Panthera 

Onca) were observed to have an increase in pacing behaviour and aggression in 

response to visitor density and intensity. Another study noted that visitors are potential 

stress to some captive house gorillas, with an increase of intragroup aggressions 

stereotypes and auto grooming being recorded (Wells 2005). Other studies yielded 

neutral effects. O’Donovan et al 1993, found that visitor numbers and noise levels did 

not affect cheetahs (Acinonyx jubatus), and similarly, Margulis et al 2003 also found no 

effect of visitor presence on a large group of different felids, however, noise levels were 

not recorded during this project. It should be noted that these results can vary 

depending on the species as different species have different sensitivities to noise based 

on their acoustic perception thresholds (Heffner and Heffner 2007) and sometimes 

changes can be seen at an individual level rather than overall. As an animal displays 

different behavioural traits due to environmental stressors, their use of their enclosure 

or environment around them can be directly impacted as well. An example of this is in a 

study by Mallapur and colleagues (2005). The study showed that long-term effects of 

the visitor presence saw a variation of space with trees, shrubs and water bodies used 

more by long-tailed macaques when they are ‘off-exhibit’ (enclosures where animals 

were not as closely displayed to visiting public). The large presence of visitors pushed 

these animals to utilize only certain parts of their habitats. There was also evidence 

that larger enclosures that allowed for more flight distances, housed individuals that 

were less stressed than those in smaller enclosures, as they had more space to move 

around as visitor presence increased (Mallapur et al 2005). Another study by Downes 

(2012) involving six bird species, showed that visitor noise and numbers influenced how 
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much the enclosure each species used, with some sticking to only one area. The more 

visitors seek out popular animals, the more they risk being impacted. Tigers are an 

unparalleled icon of wildness in zoos and seeing one up close can be an unforgettable 

experience for many visitors (Christie 2010). This fascination can lead to increase 

visitor density and intensity around their enclosures and in response can limit their 

movement in them. In (Gregory Breton, 2014) study, thirty-eight captive tigers were 

observed in different enclosure sizes and the distance they cover was mostly due to 

stereotypic pacing. If that study is coupled with the fact that most zoo-housed tigers 

will be frequented by a large population of visitors, it can push them to use an even 

more finite space in their enclosure. Knowing how significant enclosure size and noise 

play a role in zoo-housed animal welfare, this study aimed to test the hypothesis that 

visitor presence and elevated noise will affect tiger behaviour and enclosure usage. 

Data was collected during visiting hours during the day and during a special live DJ, 

concert event held on the property to observe how the tigers reacted to fluctuating 

visitor density and intensity.  

This study aims to understand how visitor density and intensity impact tiger behaviour 

and the use of their enclosures. The project objectives are: 

1. Compare behaviours of tigers with and without visitors  

2. Track noise levels and record how they fluctuate throughout the day and night 

3. Observe any changes that noise levels have on enclosure use 

 



16 
 

Methods 

2.1 Study area and experimental subjects 
 

 This study was conducted at Twycross Zoo, East Midland Zoological Society, 

Atherstone, England from July- August 2022. The subjects that were studied were two 

Sumatran tigers named Jahly, a 5-year-old female, and Sialang, a 5-year-old male. 

Both were introduced to the zoo at the age of 3 in 2019 by the Espace Zoologique la 

Boissiere du Dore and Parc de la Haute Touché in France. Both tigers are part of the 

European Endangered species (EEP) breeding programme but are not a breeding pair 

and have yet to breed with any other tigers due to their young age. They live in 

separate, but side-by-side enclosures. Outdoors 2 and 3 are connected to Indoor 3 and 

for ‘on show’ animals, while outdoor 1 has more places to be non-visible (Figure 1). 

 

Figure 1 Outline of the Twycross Zoo Sumatran tiger enclosure. Dotted lines are the public walkways around 

enclosures and under the dome. 
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2.1.1 Sumatran Tiger subjects 
 

The two big cats observed differed in their temperament. Jahly was more mellow 

and did not seem bothered by large crowds. She would often walk close to the viewing 

window, and even stand on top of the dome while onlookers cheered and took pictures. 

During observations, she did become more alert to noises, as loud music and/or 

equipment pushed by keepers caused her to either vocalise or try to follow the noise 

around her enclosure, but she still walks around her enclosure more frequently. Due to 

this, she was placed in the on-show enclosure during the entirety of this study as the 

public had a better chance of seeing her. Sialang was the opposite of his partner. He 

was often out of sight which indicated he was in the back ‘off show’ den that only 

keepers would have access to. The times he was seen there would be one or two 

instances of aggression towards the public before moving to go back into the den. It 

was noted by the keepers that earlier this year most of the time Sialang was put ‘on 

show’ he would become extremely stressed, sedentary and aggressive, choosing to stay 

in the smaller indoor den to avoid the crowds. This prompted the zoo’s decision to keep 

him ‘off show’ since summer 2022.  
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2.1.2 Husbandry and Enclosure 
 

The tigers were housed side by side in separated internal and external 

enclosures:                                                                    Table 1: Enclosure measurements 

 

Figure 2 Satellite view of tiger enclosure.  

Each enclosure was full of vegetation and a small in-ground pool in each. The on-

show enclosure allowed for the tiger to cover a larger range connected with a dome 

above the walkway. The dome had a log that food was attached for the public to see 

during feeding and an area for the tiger to sit and rest that allowed the public to view 

from a different angle. The tigers were fed 2-3 times a week on non-consistent days. 

Food was placed in areas visible to the public and tied and tucked in ways that gave the 

tigers enrichment while they feed. Tigers were locked up before feeding and keepers 

also took this time to do any cleaning as well, allowing for minimal access to the tiger 

enclosure as possible. The entire enclosure is surrounded by wired fencing. 

 

 

Approx external area 

(back paddock) 

1,437 square 

metres 

Approx external area 

(front paddock) 

1,425 square 

metres 

Approx internal area  240 square 

metres 

Approx outside off-

show area 

180 square 

metres Back paddock 

Front paddock 
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2.2 Data Collection 
This study was done in two parts: nightly concert observations and day 

observations during visiting hours. Night-time observations were conducted for two 

nights before, two nights after and 1 night during the live DJ concert between 1945h to 

2030h and 2045h to 2130h. Decibel levels were recorded with the handheld RS Pro. 

Model RS-95 “Mini Sound Level Meter with Bluetooth” was stopped at every second to 

record the level number and behaviour seen on an ethogram. These hours were closed 

to the public during the pre-op and post-op observations, so it served as a great control 

on the tiger’s behaviour without the presence of the public. Most of the sound recorded 

during these hours was from other species at the zoo or strong winds. On the day of 

the DJ event, a low density of visitors than on a normal day was exploring the zoo, 

increasing the visitor intensity. Post-observations were then recorded the next week to 

see if there were any adverse effects seen. The daytime observations were between 

0900h and 1500h during the opening hours of the zoo. Data collection was done on at 

least one weekday and weekend per week to compare any fluctuations in visitors’ 

density based on the day. School trips, special events, temperatures and discount 

tickets would also play a part in how many visitors would enter the park. Data collection 

would start around the time the park opened (1000h) to observe if there were any 

immediate changes in the tigers. A sound meter was placed in the vicinity of the 

enclosure to run consistently throughout the day rather than every minute due to the 

fluctuation of visitor intensity and density happening. After each day session, data was 

downloaded to the Sound Data logger program which listed the decibels levels and 

tracked the variation. The aim was to observe and record both tigers, but depending on 

the area of observation, sometimes only one was able to be seen. The day observations 

were compared to the night observations and how the presence and absence of visitors 

impacted the tigers.  
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2.2.1 Behavioural sampling 
 

A Felid ethogram composed of twenty-eight behavioural traits (Table 2) was provided 

by Twycross Zoo and used to record any behaviour during the study. 

Table 2 

Ethogram of behaviours recorded in the study on visitor density and intensity at Twycross zoo 

Behaviour Code Description 

Aggression towards 

Conspecifics 

Agc Warning behaviours and actions against other 

individuals e.g., chasing intimidating displays, 

clawing at, lounging toward others, loud 

vocalization directed at others in a negative 

manner 

Positive interaction with 

neighbouring felid 

 

Pos  

Aggression towards humans AgH Warning behaviours and actions towards humans 

(includes vocalisation toward humans) 

Vocalising 

 

V Not obviously directed at the neighbouring felid or 

nearby humans 

Playing 

 

PL Solitary play, incl. including enrichment items and 

enclosure fixtures. 

Self-grooming SG Cat cleans itself by licking scratching, biting, or 

chewing the fur on its body. May also include the 

licking of a front paw and wiping it over one’s head 

Flehmen 

 

FLE Cat makes a grimaced facial expression, where the 

mouth is open, upper lip is elevated, and tongue 

may protrude out of the mouth. Generally, follows 

the sniffing of an object, scent, bodily excretion, or 

another cat.  
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Sleeping 

 

SL Animal is stationary, eyes partially or fully closed 

either continuously or frequently for longer 

durations than blinking 

Resting 

 

RE Animal is stationary, eyes are open, alert but 

appears relaxed 

Vigilance 

 

V Cat is standing or sitting in an obviously alert and 

tense manner 

Foraging, feeding 

 

F Looking for food, manipulating and ingesting food 

Drinking 

 

Dr Obvious consumption of water from water source 

Defecating/urinating D/U  

Sharpening claws 

 

CL  

Locomotion Loc Walking, running, jumping, climbing 

Exploratory behaviour 

 

EB Sniffing, walking with frequent stops to investigate 

environment 

Marking Territory 

 

Ter Spraying, rubbing against objects 

Stereotyping 

 

STO pacing 

Other 

 

Ot researcher not in view of the enclosure 

Out of sight 

 

OOS  

 

During night observation, behaviours were recorded every minute that the sound 

decibels were running for 2 hours during night observations. Background noise i.e., 

wind, and other animals on the property, were recorded, but overall, the decibels levels 

recorded at night were key controls as it was outside visiting hours. During the day, the 

sound meter (USB Sound meter data logger Model HHSL-101) ran consistently and any 
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key behaviour was simultaneous. Sleeping, resting, vigilance and stereotypic behaviour 

were frequently noted no matter which time of day observations was held. The 

enclosures also had an indoor ‘off-show’ area that was not in view of the public and if 

the animal was assumed to be in this area, they were marked as out of sight. The 

tiger’s feeding schedule was another variable that had some impact on both the day 

and night observation. It was noted before each session started if they would be eating 

that day. 

 

2.3 Data analysis 
 

At the end of the data collection, statistical analysis was carried out using the R 

Studio statistical software version 4.1.2, Microsoft Excel, and Sound Datalogger. 

Observations were broken into four sections: Day observations, Night observations 

before the DJ concert, Night observations during the DJ concert, and Night observations 

after the DJ concert. The before and after observations were split into two days for each 

collection but consolidated into one section. Considering the different temperaments 

and personalities of each tiger, each section was split between the female and male 

tigers, to distinguish where most of the behaviour observed came from. For a more 

generalized analysis, behaviour codes and decibels levels for both the female and male 

tigers were combined to get any results. Each behavioural code was listed with the 

corresponding decibel levels recorded during each 90min session of the night 

observations (Table 3). During day analysis, observations were not recorded each 

minute, but only when a significant change of behaviour was displayed. The percentage 
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of each behavioural trait recorded was calculated against the total number of 

behaviours observed (Table 3).  

 

When more than one behaviour during a certain interval was also recorded, 

increasing the total behaviours that would be displayed. In some circumstances during 

sampling, an animal was not able to be observed due to some sort of visual barrier 

(e.g., large crowds in front of the enclosure, animals in blind spots, separated in the 

enclosure). These observations were excluded from further analysis. Decibels levels 

were tested separately for their influence on the frequency of behaviour. Any behaviour 

related to enclosure use (locomotion, stereotypic behaviour, out of sight), had a 

separate analysis to see the frequency of movement around their enclosures. 

 

 

 

 

 

 

Table 3. Number of Behavioural observations recorded and the percentage they appeared by session 
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3. Results 

3.1 Noise Levels: Visiting hours 
 

The results from the analysis showed that visitor sound had a significant impact, but 

it varied slightly by each cat. The male was shown to stay hidden or out of sight during 

large crowds that produced higher decibel levels (Figure 3). Even during feeding, he 

showed aggression toward the crowd before leaving to hide again. Only three 

behaviours were able to be recorded before he went out of sight supporting the 

suggestion that visitor presence may have a negative influence on his behaviour. Most 

of the observations were listed as OOS when the male turn back towards his dens. The 

mean decibel level during visiting hours was calculated at 60.2 decibels and Figure 4, 

shows that most of that recorded behaviour was around this high level of noise being 

produced 

Figure 3. Specific behaviour recorded of male and its corresponding decibel level during visiting 
hours 
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The female was different, with the frequency of her behaviours increasing as decibel 

levels increased. She had six behaviours recorded with three of them, (STO, Loc, Vig), 

showing her response to the visitors around her (Figure 5). This was seen in response 

to the crowd shouting, or if large items were being pulled by (wheelbarrow, cart) 

 

 

 

 

 

 

 

Figure 4 Male “Out of sight” (OOS) behaviour recorded per decibel level during visiting hours and live DJ 

Figure 5 Frequency and plot of responsive behaviours seen in the female during visiting 
hours 

STO blue 

Loc pink 

Vig orang  
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The female was not always vigilant during these increased noise levels, she also had a 

significant amount of time resting, sleeping and self-grooming (Figure 6). Even with the 

elevated noise levels, she stayed in view and spent the time resting. 

 

 

 

 

 

 

 

 

3.2 Noise levels live DJ concert 
 

During the live DJ concert, visitors were only in around the enclosure for less 

than 20 min, and only a small handful was there before the crowd settled into one area 

for the concert. This area was recorded continuously with the sound data logger and 

reached levels as high as 105.5 decibels. The concert was towards the front of the park, 

and as noise travelled towards the tiger enclosure the decibels decreased to a range 

between 40 and 60. The entire enclosure was scanned to see if the male had ventured 

into view, but in the end, the male was continuously listed as OOS (Figure 7). 

 

RE blue 

SL pink 

SG orange 

  

  

  

  

  

 

Figure 6 Frequency of “resting” female behaviour during visiting hours 
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Figure 7 Positive skew of Male behaviour “OOS” recorded during live DJ concert 

 

The female had already shown a response to visitors and noise, but during the live DJ 

concert, she was deprived of seeing any of the visitors that created the noise. A 

significant increase in vocalising was recorded, a behaviour she had not shown during 

any other session and was the second most frequent behaviour recorded (Table 4). 

 

 

 

 

 

Table 4 Vocalizing (V) made up 14% of behaviours seen 
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Figure 7 Female Vocalizing at each decibel recorded. Peaks were seen as the music increased 

 

Figure 8 Plot showing female displaying vigilance and vocalizing at eh same time 

 

 

Figure 7 Frequency peaks of female behaviours 
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The frequency of vocalizing showed how its peak would follow the increase in decibel 

levels (Figure 7). When compared to other behaviours recorded, her vigilance behaviour 

was noted to correspond with vocalization (Figure 8) 

 

3.3 Noise levels: Outside Visiting hours 
 

Outside of visiting hours, decibel levels were low and recorded the surrounding 

environment, (wind, trees moving, nearby animal enclosures, birds,) and both tigers 

were seen during each session recorded. The tigers were in view for a significant 

amount of time and displayed thirteen out of the twenty variables (Figure 9). These 

results were a combination of the two before and after sessions following the live DJ 

event. Despite some of the decibel levels similarly matching the mean of decibel levels 

recorded during visiting hours, the tigers still displayed more behavioural traits outside 

of visiting hours. 

 

Figure 9 Plot of the thirteen behaviours displayed with corresponding decibel levels they were 

observed 
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3.4 Behaviours observed 
 

The tigers displayed thirteen out of the twenty observations listed with higher 

recorded values during days without visitors and at lower densities (Figure 10). Their 

frequency of behaviours would increase as lower decibels were recorded. 

. 

Figure 10 Right skewed frequency and histogram of all behaviours recorded
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Before and after the DJ concert (no visitors) the tigers were in view for 60% of the time 

recorded, while during the Live DJ and day observations there was a notable decrease 

by almost half, with only 37% of behaviours able to be observed (Table 5). Just this 

table alone can support the theory that visitor presence has a significant impact on 

behaviour. Overall, 1178 behaviours were recorded, with the highest behaviours 

recorded being OOS and RE (Table 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 Total number of behaviours recorded 
per session 

Table 6 Total number of observations done by session and by behavioural code. 
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The male tiger was the only one that showed aggression in the presence of visitors, 

including during the night observations when he saw one or two researchers. The only 

time he was seen during visiting hours was when it was time to feed, and he did not 

stay out long as the crowd grew. The female tiger did not seem significantly affected by 

visitor presence, as most of her behaviour traits were sleeping and resting during the 

day, with a slightly high value in stereotypic pacing before feeding or when the keepers 

were in her view. 

 

3.5 Enclosure analysis 
The animal’s position within the enclosure was also recorded to measure if there 

was any visitor avoidance happening based on the behaviour the tiger was displaying. 

Loc, OOS, and STO were analysed further to determine movement. The male was OOS 

during visiting hours, he was estimated to have used only use around 24.20m of his 

enclosure in a day (Figure 12).  

 

Figure 12. Satellite view of approx. distance covered in male den 
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During the DJ concert, when levels from the event reached their highest, the male did 

not venture outside of his indoor den. In contrast, when visitors and noise were both 

absent, the male was recorded to use 136.95m of his enclosure to increase locomotion 

and vigilance (Figure 13)  

 

 

The female was on the show, so she had access to an outside enclosure that stretched 

farther across the visitor pathways as well as a larger inside den with a viewing 

window. When looking at her previous Loc, OOS, and STO the female had an 

“hourglass” pathway (Figure 14) and covered about 183m metres of her enclosure 

walking or pacing, before resting/sleeping 

 

Figure 14. “Hourglass” pathway female was seen taking when Loc, STO, or OOS in den 

Figure 13 Approx distance covered by male during observations 
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4. Discussion  

To evaluate the Sumatran Tiger welfare in zoos, an observational study was 

carried out as it was the least invasive form of welfare assessment. As previously 

mentioned, the study of the “visitor effect” on zoo-housed animals is still relatively new 

and recording any behavioural changes can be crucial to their survival rate in captivity. 

In Dawkins’ (2004) study, it was said that behaviours can be recognized as indicators of 

the presence of pleasant and/or pleasant feelings, assessing their well-being. 

Behaviours can be considered a powerful welfare indicator as they reflect an animal’s 

attempt to cope with a new stressor (visitor, enclosure size) (Dawkins 2014). The 

Sumatran tiger was chosen due to their endangered status and declining population in 

the wild. The year 2022 was the 12th anniversary of world representatives coming 

together to develop a plan to increase the tiger population and there were very few 

studies on tiger welfare so far (Biolatti, 2015). The current single-zoo study may have 

some limitations: the study sample was small and other variables were not considered 

to be entered into it the analysis (i.e., rearing, gender, genetics. Varied temperaments 

and personalities were also a limitation despite these two species being similar in age 

and time spent at the zoo. The male was seen to show more aggression and avoidance 

than the female, who did have a response to the visiting public albeit, it was not as 

defensive as the male. Further speculation as to how this can play a role in zoo animal 

welfare, would be worthwhile to investigate. It is like Ha’s 2005 study about the two 

jaguars. Due to the male’s temperament, he showed more signs of distress and 

negative behaviour while the female was less impacted. Further research looking into 

the tigers at an individual level. Despite the limitations, the high number of 

observations and decibel levels recorded (1178 behaviours with a mean between 40-
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60) provided a good basis to construct an activity log. The obtained logs showed that 

the observed tigers spent most of their time resting (RE) or out of sight (OOS). This 

was to be expected as felids are often inactive. Stereotypic behaviour, vigilance, and 

locomotion(walking) were the next most frequently observed behaviours. Wild tigers 

are wide-ranging species, so recordings of stereotypic behaviour and locomotion was 

anticipated (Veasy, 2020).  

4. Conclusion 

After the study, neither tiger displayed any significant or consistent signs that 

indicate poor severe welfare. Both tigers were seen eating, resting, and moving around 

their enclosure, with no signs of serious distress that needed attention. However, visitor 

presence and noise levels do influence their behavioural traits and their use of their 

enclosures, but each tiger showed different responses to them, so it cannot be 

unilaterally determined that there is a negative or positive effect happening. What can 

be done is monitor any changes seen that could be a sign of poor welfare and 

determine if any changes need to be done to ensure they are receiving care catered to 

their specific needs. 
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