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Abstract  

Live animal encounter programs are an increasingly popular occurrence in the modern 

zoo. The welfare implications of animals participating in these programs has not been 

studied extensively to date. The aim of the current thesis was, therefore, to explore animal 

welfare effects associated with encounter programs in selected zoo-housed species, using 

a combined approach of survey data and empirical investigations. The survey assessment, 

which involved over 500 accredited zoos and aquariums in Australia and overseas, 

revealed that most surveyed institutions (85 %) engaged in an encounter program with 

one or more species, most of which were mammals. Behaviours indicative of a typical 

fight-or-flight response were the most commonly reported welfare concerns in relation to 

encounters. Behaviour indicative of positive welfare, as well as voluntary participation 

and interaction with visitors, were commonly mentioned in regard to positive welfare 

during encounters. Positive welfare experiences outweighed the number of reported 

concerns in birds and mammals, but the opposite was true for reptiles. The empirical 

studies involved zoo-housed servals, giraffes and shingleback lizards, and sought to 

identify a potential cause-effect relationship between behavioural and physiological 

welfare indices and short-term variations in encounter frequency. A similar methodology 

involving a repeated treatment design where the frequency of encounters was 

manipulated to reflect the regular frequency of encounters, a temporary withdrawal, and a 

temporary intensification of regime, was adopted across the three studies.  Behavioural 

changes indicative of a positive welfare effect when participating in encounters were 

observed in the servals and giraffes. Servals exhibited a significant reduction in 

stereotypic pacing on weeks when participating in interactive presentations, or 

presentations and behind-the-scenes encounters combined. The giraffes engaged in 

amicable social interactions significantly more often when participating in visitor feeding 

encounters, at either regular or intensified frequency. By contrast, a potentially aversive 

effect of encounters was observed in the shinglebacks, who significantly increased their 

use of concealed locations within the enclosure when handled at either the regular or 

intensified frequency. Approach behaviour during encounters differed significantly 

between individual giraffes, and significant differences in coiling behaviour while handled 

was observed in the lizards. The findings of the empirical studies were in agreement with 

the survey data, which identified taxonomic as well as individual variation as important 

influences on the welfare of animals participating in encounters. The nature of the 

encounter the animals participate in was identified as another key factor, in which 
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encounters that maximise choice and control, and where animals are rewarded for 

participation, were likely to contribute to a more positive welfare experience.  
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General introduction   
 

 

Over the last few decades, zoos around the world have undergone profound changes 

(Hosey et al. 2009). From the old menageries that showcased exotic animals for the awe 

and excitement of influential people, zoos have rebranded themselves as centres for 

conservation, education and scientific research (Hosey 2005; Fernandez et al. 2009). 

Hence, the modern zoo is no longer a place dedicated solely to recreation and viewing of 

exotic species, but has a crucial role in maintaining healthy, self-sustaining populations of 

endangered taxa, as well as providing both the visiting public and researchers with a 

greater understanding of the natural world (Hosey et al. 2009). As such, many zoos claim 

that their primary goals are to educate visitors about the current threats to wild animal 

populations and inspire pro-environmental living and contribution to in-situ and ex-situ 

conservation projects aimed at mitigating these threats (Kagan et al. 2018; Moss and 

Esson 2013).   

Careful consideration of the welfare of collection animals is pivotal to achieving these 

goals, hence a strong commitment to animal welfare is a vital cornerstone of the modern 

zoo (Claxton 2011; Cole and Fraser 2018; Ward et al. 2018). Not only is it ethically 

unsound to overlook or jeopardize the welfare of zoo animals (Kagan et al. 2018), zoo 

visitors are also less likely to support organisations where they perceive animal welfare to 

be of poor standard (Miller 2012; Woods 1992). Fortunately, considerable improvements 

in exhibit design which accompanied the development of the modern zoo means that most 

zoo animals now reside in relatively spacious, natural-looking enclosures that bear little 

resemblance to the barren, concrete cages typical of the historical zoo (Hosey et al. 2009). 

However, despite continuous efforts at enriching both the physical and the social 

environment of zoo-housed animals, animal welfare has not yet reached the optimal 

standard that many zoos now claim to be striving for (Kagan et al. 2018; Melfi 2009). A 

considerable portion of zoo animals readily express stereotypic, self-injurous or abnormal 

behaviours that are typically absent in wild contexts (Bashaw et al. 2001; Clubb and 

Mason 2003, 2007; Mason and Latham 2004; Mason et al. 2007; Morgan and Tromborg 

2007; Swaisgood and Shepherdson 2005), which warrant the need for further research 

aimed at improving the lives of captively held animals.  

One aspect of zoo animal welfare that has not been studied extensively to date is the 

interactions that these animals experience with familiar and unfamiliar humans 

(Fernandez et al. 2009; Hosey 2000, 2005). The zoo environment differs from other 
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captive settings in at least one fundamental aspect; the regular presence of large numbers 

of unfamiliar humans (Hosey 2005, 2008; Morgan and Tromborg 2007). Apart from 

traditional exhibit viewing, many zoos also offer interactive experiences where visitors are 

allowed to feed or physically interact with selected individuals, which are commonly 

referred to as ‘program animals’ or ‘animal ambassadors’ (Szokalski et al. 2013a; Ward et 

al. 2018). Visitor-animal interaction in zoos is by no means a recent phenomenon. 

Historically, visitor feedings often took place in an unrestricted manner (Kreger and 

Mench 1995), and although the modern zoo has restricted these practices due to animal 

health concerns, feeding encounters and controlled hands-on experiences continue to 

operate, and increase in popularity, in many zoos (Jones et al. 2016; Orban et al. 2016; 

Szokalski et al. 2013a; de Vere 2017). People are often fascinated by, and interact with, 

wild animals in other contexts as well (Buckley 2011; Lee and Davey 2015; Perez-Galicia 

et al. 2017). Whether it be an eco-tourism experience (Buckley 2011) or a simple act of 

feeding garden birds (Goddard et al. 2013), the desire to interact closely with wildlife 

seems to be shared by many (Dunstan et al. 2016; Grassmann et al. 2017), as it is known to 

evoke feelings of connectedness, empathy and care for nature (Clayton et al. 2009, 2011; 

Luebke et al. 2016; Myers et al. 2004; Pennisi et al. 2017).  These interactions may, 

however, come at a cost to animal welfare, due to potentially negative implications of 

feeding wild animals (Lee and Davey 2015; Perez-Galicia et al. 2017) or encroaching into 

their natural territories (Ellenberg et al. 2006; Muntifering et al. 2018).  Also, many non-

domesticated species, including these commonly held in zoos, have not been selectively 

bred for mild temperaments and ease of handling, as opposed to many of our more 

familiar companion and farm animals (Warwick et al. 2013). It is therefore possible that 

close human interaction could invoke an element of stress for participating animals, 

should human beings be viewed mainly as predators or intruders (Carlstead and Brown 

2005; Hemsworth and Coleman 2011; Hosey and Druck 1987; Micthell et al. 1992b). There 

is, however, little empirical evidence to warrant this claim, and although zoo visitors have 

been identified as a potentially negative influence for certain animals in display exhibits 

(Chamove et al. 1988; Glatston et al. 1984; Rajagopal et al. 2011; Sherwen et al. 2015 a,b), 

other animals appear to benefit from interactions with zoo visitors (Jones et al. 2016; 

Owen et al. 2004; Polgar et al. 2017) and the close relationships they may develop with 

familiar caretakers (Carlstead et al. 2019; Hosey and Melfi 2012; Hosey et al. 2018).  

Inspired by the work of Sherwen and colleagues (2014, 2015 a,b,c), who began to 

undertake systematic studies of visitor effects in zoo animals by manipulating certain 

aspects of visitor behaviour, the current thesis adopted a similar approach to explore the 
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complex question of live animal encounter programs and associated effects on animal 

welfare. The current thesis is the result of a four-year research project in accredited 

zoological institutions and comprises both a comprehensive survey assessment and 

empirical studies of selected taxa participating in encounter programs. Given the paucity 

of pre-existing studies in this particular research topic, the current thesis can hopefully 

provide a vital first step in our understanding of how zoo animal welfare is affected by 

close visitor-animal interaction and inspire further research in this field. As such, 

encounter programs may eventually become a fruitful strategy for optimising animal 

welfare whilst enhancing the experience of zoo visitors, both of which would contribute to 

the overarching goals of the modern zoo.  
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1.           Literature review  

Zoos are becoming increasingly committed to delivering excellent standards of care for 

their collection animals (Hosey et al. 2009). Due to growing ethical concerns regarding the 

continued existence of exotic animals in captivity, along with a critical need to preserve 

viable insurance populations of endangered taxa, optimising the welfare of zoo-housed 

animals is vital to the success of a modern zoo (Kagan et al. 2018). At the same time, the 

zoo is becoming a more interactive place, filled with immersive exhibits and several 

opportunities for visitors to share in the daily lives of zoo animals through live animal 

encounter programs (Pennisi et al. 2017; Szokalski et al. 2013a). Although zoo visitors 

may prefer interactive experiences over passively viewing animals through a barrier 

(Kreger and Mench 1995), little is known about the welfare implications of close visitor 

interaction for participating animals (Ward et al. 2018). Since zoos and aquariums 

ultimately depend on the paying visitor for their continued operation (Pennisi et al. 2017), 

institutions need to maintain a delicate balance between visitor demand and the welfare of 

animals in their care (Wolfensohn et al. 2018). The aim of this current review is to 

summarise and evaluate the literature surrounding the multifaceted topic of human-

animal interaction in zoos, and to identify avenues where future research effort is needed, 

based on the current knowledge gaps and limitations of previous work. The review begins 

with a general overview of how animal welfare is defined and assessed, and how human 

interaction influences the welfare of captive animals, in light of current trends and newly 

emerging evidence in this field. The remainder of the review focuses on the interactions 

that take place between visitors and zoo animals in both display exhibits and interactive 

encounters, and the possible welfare implications arising from these interactions, as 

researched to date. The review finishes with a brief section on how interactive programs 

in zoos may influence visitor learning and attitudes towards zoo animals and pro-

environmental living.  

 

1.1 Defining and assessing animal welfare  

Animal welfare is a complex phenomenon. Even the most dedicated researchers that have 

grappled with these questions for years, are yet to provide a universally accepted 

definition of what the concept entails (Fisher 2009; Nordenfelt 2006). Historically, animal 

welfare was mostly concerned with biological functioning, i.e. an animal’s state of welfare 

was considered favourable if the animal was in good physical health and capable of 

growing and reproducing (Barnett and Hemsworth 2003; Fraser 2003; Mellor et al. 2009). 

Thus, animal welfare was assessed mainly in terms of resource-based measures, resulting 
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in the development of codes of practice based on an animal’s basic needs for a well-

balanced diet, adequate living space etc. (Whitham and Miller 2016). These practices are 

still highly relevant as they aim to provide a high standard of care (Green and Mellor 

2011); yet it is widely recognised that good animal care does not necessarily translate into 

good animal welfare (Barber et al. 2010; Butterworth et al. 2011; Grandin 2015; Melfi 

2009). Nowadays, animal welfare is defined not only in terms of physical health but also 

incorporates affective states – how an animal feels (Broom 2010; Duncan 2005; Gregory 

2004; Mellor 2011; Wemelsfelder 2007). It has become widely accepted that animals are 

sentient beings (Duncan 2005; Mendl et al. 2010; Webster 2011) and the presence of a 

limbic system in the forebrain of high order vertebrates attests the ability to experience 

emotional states of happiness, fear, sadness and frustration (Denton et al. 2009; Kirkden 

and Pajor 2006; Panksepp 2005; Weipkema and Koolhaas 1992). Hence, an animal’s state 

of welfare essentially reflects its current state of mind (Weipkema and Koolhaas 1992). As 

such, physical health and affective states are inextricably linked (Ward et al. 2018), and an 

accurate representation of welfare can only be accomplished when adopting a holistic 

view (Friend 1991; Veissier and Boissy 2007).  For instance, psychological distress has 

been linked to a high prevalence of infectious disease, including lower urinary tract 

disease in domestic cats (Levine 2008) and aspergillosis in captive Humboldt penguins, 

Spheniscus humboldti (Bunting et al. 2009). Captive cheetahs, Acinonyx jubatus, that were 

rated as tense and fearful by their caretakers were more likely to develop gastric lesions 

(Wielebnowski 1999). Clearly, negative affective states can impact severely on physical 

health, but the reverse is also true; i.e. animals that suffer from malnourishment or disease 

are likely to experience compromised emotional wellbeing as a consequence (Mellor et al. 

2009; Webster 2011).  

In recognition of both physical and mental aspects of welfare, and the interrelatedness 

between the two (Ward et al. 2018), scientists recently developed the Five Domains 

Model, which takes into account an animal’s nutrition, environment and health as well as 

intrinsic behavioural needs (Green and Mellor 2011; Mellor and Stafford 2001; Mellor et 

al. 2009; Fig. 1.1). Affective states supposedly vary as a function of these factors, i.e. a 

compromise in one or more of the domains leads to a reduction in positive affect (Green 

and Mellor 2011; Fig.1.1). Given that welfare is complex and multidimensional, it is too 

simplistic to refer to it as ‘good’ or ‘bad’, but more accurately it varies along a continuum 

ranging from extremely poor to optimal (McMillan 2000; Fig. 1.1). With this in mind, one 

can begin to make inferences about an animal’s quality of life – yet another complex and 

poorly defined concept (McMillan 2000; Taylor and Mills 2007) that aims to encapsulate 
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an animal’s long-term welfare state over time (Wathes 2010; Yeates 2011; Fig. 1.1). 

Quality of life ranges from ‘a good life’ to ‘a life not worth living’, and a rough simplification 

of this concept states that when the sum of an animal’s total experiences is predominantly 

positive, it tips the scales in favour of a good life or ‘a life worth living’, and vice versa 

(McMillan 2000; Wathes 2010; Yeates 2011; Fig. 1.1). As such, quality of life can be 

improved or restored by modifying certain aspects of the animal’s environment, unless it 

has diminished to the point that euthanasia is the only humane alternative (McMillan 

2000; Wathes 2010; Yeates 2011, Fig. 1.1).  

The use of affective states in welfare assessments presents a challenge for researchers, 

since emotions cannot be measured directly (Broom 1988; Broom and Johnson 1993). 

However, a toolbox of indices involving both behavioural and physiological measures can 

be used to provide a window into the animal’s current state of mind (Wolfensohn et al. 

2018). Welfare assessments used to be centred around the identification of negative 

welfare indicators, such as self-injurous behaviour, intra-group aggression etc., in order to 

rectify compromised welfare when deemed necessary (Hill and Broom 2009; Mason and 

Rushen 2006; Melfi 2009; Mellor 2012; Wielebnowski and Watters 2007). A recent shift 

towards identifying and promoting behaviours indicative of positive welfare is, however, 

becoming increasingly evident in the literature (see for example Boissy et al. 2007; 

Claxton 2011; Dawkins 2017; Mason et al. 2007; Mellor 2015; Mellor and Beausoleil 2015; 

Wells 2009; Whitham and Wielebnowski 2013). Hence, for animal welfare and quality of 

life to be considered optimal, it is no longer sufficient to demonstrate an absence of 

negative welfare, but the animal should ideally show signs of positive affective 

engagement through behaviours such as play, active exploration, affiliative and positive 

anticipatory behaviours (Boissy et al. 2007; Kendrick 2007; Mellor 2011, 2015; Yeates and 

Main 2008; Watters 2014). Individuality is another idea that is currently gaining more 

acceptance in welfare science, since multiple authors now agree that welfare focuses 

primarily on the individual animal (Barber et al. 2010; Broom 2007; Butterworth et al. 

2011; Fraser 2008; McMillan 2000, 2003; Mench 1998; Morton 2007). Depending on the 

animal’s genetic makeup, previous experiences and unique individual traits, individuals 

vary in their responses to environmental changes that may implicate on their welfare 

(Barber 2009; Boissy et al. 2007; Hosey et al. 2009). Welfare assessments should therefore 

be carried out on an individual basis wherever possible, or at least attempt to consider 

individual variation if assessing welfare on a population of animals (Barber et al. 2010; 

Broom 2007; Butterworth et al. 2011; Fraser 2008; McMillan 2000, 2003; Mench 1998; 

Morton 2007).  
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Figure 1.1. The welfare continuum  

Adapted from the Five Domains Model of animal welfare (Green and Mellor 2011; Mellor et al. 

2009) and the concept of quality of life, QoL (Yeates 2011), the figure seeks to explain how positive 

and negative experiences in the functional domains (nutrition, health, environment and behaviour) 

translates into positive or negative affective states, which in turn affects the animal’s welfare state 

and overall QoL.  (Based on evidence of human-animal interaction (Hemsworth and Coleman 
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2011), positive vs. negative experiences with caretakers have been added to the 

environmental/behavioural domain).  

Apart from monitoring animal behaviour, a change in welfare state can also be inferred 

from physiological stress responses. Broadly speaking, stress is defined as anything that 

challenges homeostasis, the internal steady state, of an animal (Broom and Johnson 1993; 

Moberg 2000; Wolfensohn et al. 2018). The source of stress is often a challenging situation 

that involves either a real or a perceived threat (Friend 1991; Moberg 2000). Perceived 

threats can be effective stressors, since an animal’s reaction to stress depends largely on 

how it evaluates the challenging situation (Veisser and Boissy 2007). Whether it is a real 

threat, i.e. risk of predation or starvation, or a perceived threat such as restraint during 

medical procedures or translocation to a novel environment, the associated changes in 

affective state precipitate a stress response (Friend 1991; Levine 2008; Moberg 2000; Fig. 

1.2). This involves the activation of numerous behavioural, autonomic, neuroendocrine 

and immunological reactions which initiates the ‘fight or flight’ reaction that serves to 

prepare the animal for a physical challenge (Barnett and Hemsworth 1990; Broom and 

Johnson 1993; Levine 2008; Matteri et al. 2000; Moberg 2000; Fig. 1.2). The stress 

response is thought to be adaptive in the short term, but prolonged exposure to a stressful 

situation may lead to chronic stress which in turn impacts severely upon both mental and 

physical health (Barnett and Hemsworth 1990; Broom and Johnson 1993; Levine 2008; 

Matteri et al. 2000; Moberg 2000; Fig. 1.2).  

In terms of welfare assessments, short-term stressors can be traced through the activation 

of the SAM (sympathetic-adrenal-medullary) axis, where the influence of catecholamines, 

i.e. epinephrine and norepinephrine, cause a temporary increase in heart rate, respiration 

etc. (von Borell et al. 2007; Fig. 1.2). This response is, however, short-lived and is therefore 

unlikely to be of much use when assessing sustained welfare state (Benn et al. 2019; 

Silvestre 2014). Short-term as well as prolonged exposure to a stressor is also reflected as 

a change in circulating glucocorticoids, hence cortisol and its associated metabolites is 

usually the preferred hormone of choice when assessing physiological stress responses 

(Keay et al. 2006; Wielebnowski and Watters 2007; Fig. 1.2). Indeed, activation of the 

hypothalamic-pituitary-adrenal (HPA) axis is thought to be particularly sensitive to 

psychological stressors, thus can be very informative of changes in affective state (Barnett 

and Hemsworth 1990; Beerda et al. 1997; Carlstead et al. 1993b). A potential drawback of 

assessing serum cortisol concentration is that the sampling procedure is invasive and may 

be stressful in its own right, thus may confound the interpretation of results (Beerda et al. 

1997; Schatz and Palme 2001). Fortunately, non-invasive and reliable monitoring of 
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adrenal activity is readily available in many species through assays of glucocorticoid 

metabolites in faeces, urine, saliva, body hair or skin (see for example Beerda et al. 1997; 

Carbajal et al. 2018; Carlstead et al. 1992, 1993a, b; Graham and Brown 1996; Montanha et 

al. 2009; Schatz and Palme 2001; Wielebnowski et al. 2002). These techniques are now 

routinely incorporated into welfare assessments in both exotic and domesticated species 

(see Wasser et al. 2000 for review).  

However, failure to identify a surge in glucocorticoid output does not necessarily indicate 

the absence of a stressor, since a stressful situation does not always trigger the activation 

of the HPA axis (Wielebnowski 2003). Conversely, elevated cortisol may in some 

circumstances be indicative of excitement or arousal, which is associated with positive 

rather than negative affective states (Whitham and Miller 2016). Moreover, cortisol is 

influenced by a variety of external factors including diurnal and seasonal variation, and 

may vary depending on age, sex and reproductive status of individual study animals 

(reviewed in Keay et al. 2006). For results to be interpreted correctly, physiological 

indices ought to be considered in parallel with behavioural monitoring or be used mainly 

as a valuable complement to behavioural measures (Whitham and Miller 2016; Whitham 

and Wielebnowski 2013). In any welfare assessment, a variety of metrics involving both 

behavioural and physiological data is likely to generate the most thorough and accurate 

representation of an animal’s welfare state (Broom 1988; Reefmann et al. 2009; Whitham 

and Miller 2016; Whitham and Wielebnowski 2013). 
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Figure 1.2. Stress responses and their subsequent effects in the biological systems of 

vertebrate animals.  

(Barnett and Hemsworth 1990; Broom 1988; Broom and Johnson 1993; Levine 2008; Matteri et al. 

2000; Moberg 2000) 

*  responses seen primarily as a result of prolonged exposure to a stressor  
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Another orientation that developed in parallel with the concepts of biological functioning 

and affective states is that of ‘natural living’, which states that welfare is likely to be at its 

peak when an animal is held in an environment that closely resembles that of its wild 

state, i.e. the conditions under which its wild ancestors have evolved (Casey and Bradshaw 

2007; Fraser 2003; Spinka 2006). This may be particularly relevant to non-domesticated 

animals in zoos, who often share a close resemblance with their wild counterparts, both 

behaviourally and morphologically (Warwick et al. 2013).  This perspective has, however, 

been criticised on several counts; first of all, it is probably unrealistic that an exact replica 

of the natural environment could be recreated in a captive setting, given space restrictions 

and other limiting factors. Also, it is unlikely that captive born animals would experience 

optimal welfare if their living conditions mimicked that of their wild relatives, since vital 

survival mechanisms such as foraging and predator avoidance may be somewhat 

diminished in animals that rely on humans for food and shelter (Lee and Davey 2015; 

Wolfensohn et al. 2018). Given the risks of predation, starvation etc. that wild animals 

face, it is questionable whether welfare is indeed optimal under natural conditions (Mellor 

et al. 2009; Swaisgood 2007). The concept of natural living may, however, be useful when 

attempting to promote species-typical behaviours in captivity, i.e. foraging, active 

exploration, social interaction with conspecifics etc., thereby preserving some aspects of 

the wild existence that are considered positive and could improve welfare (Green and 

Mellor 2011; Wolfensohn et al. 2018).  

Nowadays, zoos invest considerable effort and resources into creating exhibits that are 

naturalistic, stimulating and aesthetically pleasing (Hosey et al. 2009), to optimise the 

experience for both animals and visitors alike. Nevertheless, captive animals are faced 

with some unique challenges that often precipitate a range of welfare issues (reviewed in 

Morgan and Tromborg 2007). It is beyond the scope of this review to discuss these in any 

detail, but some of the more potent stressors include restricted living space, forced 

proximity to humans, loud noise, and abnormal social groupings (reviewed in Morgan and 

Tromborg 2007). As a result, zoo-housed animals are prone to developing stereotypies; 

repetitive behaviours with no apparent function or goal that are thought to arise from an 

intrinsic need to perform highly motivated behaviours which are limited in a captive 

setting (Mason 1991; Mason et al. 2007). For example, wide-ranging carnivores, including 

many felids and ursids, often perform locomotor stereotypies, i.e. repetitive pacing, which 

is thought to compensate for an underlying motivation to move and chase prey over long 

distances (Clubb and Mason 2003, 2007; Clubb and Vickery 2006; Kroshko et al. 2016). 
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Estimates indicate that as much as 80 % of captive carnivores engage in stereotypic pacing 

to some extent (Mason and Latham 2004; Swaisgood and Shepherdson 2005).  Similarly, 

many ungulates, who spend the majority of their time foraging and processing plant-based 

food in the wild, often develop oral stereotypies, i.e. object licking, air chewing etc., 

resulting from a lack of roughage and insufficient opportunities for food manipulation in 

highly processed captive diets (Bashaw et al. 2001; Bergeron et al. 2006). On the other 

hand, stereotypies could also be a sign of boredom resulting from a highly predictable 

existence and may increase in response to various fear or stress inducing stimuli 

(Carlstead et al. 1993a; Mason et al. 2007; Morgan and Tromborg 2007.) Although 

stereotypies may emerge due to poor welfare, these behaviours sometimes persist even 

after conditions have improved (Mason 1991; Mason and Latham 2004; Mason and 

Rushen 2006). Hence, in some cases stereotypies may be ‘a scar of the past’ rather than an 

accurate reflection of a current welfare issue (Mason 1991; Mason and Latham 2004; 

Mason and Rushen 2006).  

Although the link between stereotypies and welfare is somewhat poorly understood, it is 

generally accepted that a high prevalence of abnormal repetitive behaviours signals a 

genuine welfare concern (Mason and Latham 2004; Mason and Mendl 1993). As such, zoos 

often use environmental enrichment as a means of reducing the incidence of stereotypies 

(Carlstead and Shepherdson 2000; Swaisgood and Shepherdson 2005). In its broadest 

sense, enrichment is defined as any alteration to the animal’s environment that produces a 

measurable improvement in welfare, at either a behavioural or physiological level 

(Benefiel et al. 2005; Carlstead and Shepherdson 2000; Newberry 1995). A multitude of 

strategies have been employed for this purpose, some of the more frequently used include 

various types of feeding enrichment, i.e. concealment of food items within the substrate 

(Quirke and O’Riordan 2011; Shepherdson et al. 1993), provision of whole carcass or live 

prey items for carnivores (Bashaw et al. 2003; McPhee 2002), both of which aim to 

promote natural foraging and exploratory behaviours. Provision of novel objects or other 

items offering cognitive or physical stimulation is another common enrichment strategy 

(Bashaw et al. 2016a; Hall et al. 2018). Social enrichment by offering extended interaction 

with caretakers or conspecifics may also be appropriate for certain animals (Overall and 

Dyer 2005; Rehnberg et al. 2015). Numerous studies have demonstrated the efficacy of 

various types of enrichment in reducing or abolishing stereotypical behaviour and 

providing a range of other welfare benefits including increased behavioural diversity, 

ability to exert greater control through increased behavioural choice, enhancement of 

species typical behaviours, to name a few (reviewed in Carlstead and Shepherdson 2000; 
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Chamove 1989; Morgan and Tromborg 2007; Newberry 1995; Swaisgood and 

Shepherdson 2005).  

In summary, the three perspectives of welfare together represent a state in which an 

animal is in good physical as well as mental health and is able to exhibit a range of species 

typical behaviours (Fig. 1.1). More importantly, as biological systems in animals are 

interrelated, the different dimensions of welfare are likely to exert great influence on each 

other, thus should not be viewed in isolation (Friend 1991; Veisser and Boissy 2007).  

1.2 Human-animal interaction and associated effects on animal welfare  

The earliest known associations between mankind and animals dates back to pre-historic 

times (Braje 2011). Ancient agricultural civilisations began to domesticate dogs as early as 

100,000 years ago (Vila et al. 1997), and in the pre-domestic era where humans lived off 

nature as hunters and gatherers, they were intricately linked to wild animals as they 

depended on them for food (Bulliet 2005). Despite this long-established connection, it is 

only in recent times that the systematic study of human-animal interaction became a 

recognised field of science (Hosey and Melfi 2014; De Mello 2012). The first studies in this 

field were mainly concerned with companion animals, and the benefits of animal 

companionship for human health and welfare (Friedmann et al. 1980, 1983); a topic that is 

still being researched widely to date (see for example Barker and Wolen 2008; Barker et 

al. 2010; Beetz et al. 2012). Through some pioneering work in farm animals (see for 

example Hemsworth et al. 1981, 1986, 1987; Seabrook 1980, 1984), researchers began to 

realise the significance of human interaction in fostering positive animal welfare. The 

degree to which humans influence the welfare of animals in our care is considered by 

many to be equally, if not more, important than other aspects of the animals’ environment 

(Fernandez et al. 2009; Hemsworth 2003; Hemsworth and Coleman 2011; Ladewig 2005; 

Rennie and Buchanan-Smith 2006) and has been collectively termed ‘the human 

dimension’ of animal welfare (Cole and Fraser 2018).   

A human-animal interaction is broadly defined as a sequence where one individual 

expresses a certain behaviour towards the other party, who may show a behavioural 

response to the interaction (Hinde 1976). A simple example of such an interaction could 

be a cat owner greeting its cat by calling it by name, and the cat responds by approaching 

the owner. Through a series of interactions over time, a human-animal relationship may 

develop as the two individuals become familiar with one another and thereby learn to 

predict each other’s responses (Estep and Hetts 1992; Hinde 1987). Depending on the 

nature of the interactions, the relationship can exert either a positive, negative or neutral 
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effect on the welfare of both the animal and the human part (Garcia Pinillos et al. 2016; 

Hemsworth and Coleman 2011; Waiblinger et al. 2006). If the interactions are neither 

rewarding nor punishing, the animal may gradually habituate to the presence of the 

human, with minimal impacts on welfare (Hemsworth and Coleman 2011).  Conversely, if 

the animal is exposed to repeated positive or negative interactions, it may associate 

human presence with rewarding or punishing elements, thus a conditioned response 

develops (Hemsworth and Coleman 2011). In our cat example, the cat that has been 

exposed to positive human contact since an early age,  is likely to respond not only with 

approaching the owner but also by expressing signs of affection such as purring, ‘head 

butting’ and rubbing against the owner, who may in turn respond with patting, cradling 

and grooming the cat (Edwards et al. 2007; Karsh and Turner 1988). In this case, the 

relationship involves rewarding elements for both the animal and the human. A strong 

relationship that is mutually beneficial in terms of emotional and physical health is usually 

termed a human-animal bond, although there is no clear-cut definition of what 

distinguishes a bond from a strongly positive human-animal relationship (Hosey and Melfi 

2014; Russow 2002).  

Stemming from a plethora of empirical research in farm animal settings, Hemsworth and 

Coleman (2011) developed a model explaining how sustained positive or negative 

interactions lead to subsequent positive or negative human-animal relationships (Fig. 1.3). 

Animal behaviour, welfare and productivity, as well as basic physiological processes of 

growth and reproduction, may thus be affected accordingly (Hemsworth and Coleman 

2011; Fig. 1.3). Multiple authors state that when an animal is exposed to repeated negative 

interactions by a human carer, including for example shouting, hitting, sudden or 

unpredictable movements, it develops a learned fear response to humans which is often 

manifested in avoidance behaviour, increased vigilance, and physiological stress 

responses (Hemsworth and Coleman 2011; Smith 2014; Waiblinger et al. 2006). Wild 

animals that are regularly hunted is perhaps an extreme example of this phenomenon, 

since they typically flee at the slightest hint of human presence (Buckley 2011). Reduced 

welfare and productivity as a result of poor stockmanship has been demonstrated in 

various farm animals (reviewed in Boivin et al. 2003; Hemsworth and Coleman 2011; 

Waiblinger et al. 2006). Numerous studies in pigs (Hemsworth and Barnett 1991; 

Hemsworth et al. 1981, 1986, 1987, 1996; Gonyou et al. 1986), cattle (Breuer et al. 2000, 

2003; Rushen et al. 1999; Waiblinger et al. 2002) and poultry (Barnett et al. 1992, 1994; 

Jones 1996, 1997) have revealed a prominent increase in fear of humans, i.e. reluctance to 

approach and increased avoidance behaviour, following rough and aversive handling by 
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caretakers. Impaired growth and productivity i.e. reduced milk yield in dairy cows (Breuer 

et al. 2000; Rushen et al. 1999) and fewer eggs produced by laying hens (Barnett and 

Hemsworth 1992, 1994; Jones 1994, Jones and Faure 1981), often followed as a 

consequence of the maltreatment, suggesting that prolonged negative interactions may 

indeed lead to chronic stress responses (Fig. 1.2), thus a long-term state of compromised 

welfare (Hemsworth and Coleman 2011). By contrast, positive handling by caretakers 

including gentle approach, stroking and talking to the animals in their care appear to have 

generated the opposite effect (Edwards 2009; Lensink et al. 2000a,b,c), suggesting that 

consistent positive handling leads to a reduced fear of humans (Hemsworth and Coleman 

2011; Smith 2014; Waiblinger et al. 2006). The underlying attitude of the stockperson has 

been identified as a key factor in determining the treatment of animals, thus the nature of 

the human-animal relationship, that follows (Coleman et al. 1998; Hemsworth et al. 1989, 

1993; Seabrook 1980, 1984). For instance, farmers that generally perceive their animals in 

a positive light, i.e. consider animals sentient, intelligent and worthy of respect, are more 

likely to treat them in a thoughtful and gentle manner, which subsequently improves 

animal welfare and associated outcomes in growth and productivity (Hemsworth et al. 

2000; Waiblinger et al. 2002). Breaking the negative cycle of ‘poor stockmanship-poor 

welfare’ (Fig. 1.3) therefore requires positive attitudinal changes to take place (Coleman et 

al. 1998).   
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Figure 1.3. The relationship between stockperson attitude and behaviour and the subsequent fear 

responses that in turn affect animal productivity and welfare. Breaking the negative cycle of poor 

stockmanship-poor welfare requires positive attitudinal changes to take place.  

(Adapted from Hemsworth and Coleman 2011)  

 

Based on the plentiful evidence to date, it is undeniably clear that the welfare of livestock 

is closely linked to the interactions they experience with their human carers. Although 

much less is known about human-animal interactions in zoo settings (Hosey and Melfi 

2014), there is increasing evidence that the human dimension exerts a strong influence on 

welfare also in zoo-housed animals (Cole and Fraser 2018; Ward et al. 2018). Zoo animals 

regularly experience human contact with familiar keepers, other staff members and zoo 

visitors (Hosey 2008). Hosey (2008, 2013) therefore attempted to apply Hemsworth and 

Coleman’s (2011) model to explain how zoo animal welfare is affected by interactions with 

familiar as well as unfamiliar humans. Given the wider array of species and more variable 

housing and husbandry conditions in a zoo compared to a farm, the model may be slightly 

more difficult to apply to zoo animals in general (Cole and Fraser 2018). However, Hosey 

(2008, 2013) suggested that the basic principle of humans either aggravating or reducing 

the animal’s fear depending on the nature and history of their interactions should hold 

true also in zoo animals, and there appears to be considerable evidence to warrant this 

claim. In a multi-species investigation involving black rhinoceros, Diceros bicornis, 

Chapman’s zebras, Equus burchellii, and black macaques, Macaca nigra, Ward and Melfi 

(2015) found that all three species reacted differently to cues given by different keepers, 

and approached certain keepers more readily than others, suggesting that the animals 

were more affiliated with keepers where unique keeper-animal dyads had developed. In a 

similar vein, Carlstead (2009) studied the reactions of black rhinoceros, cheetahs and 

maned wolves, Chrysocyon brachyurus, to different keepers, and found that certain keeper 

behaviours and husbandry styles, including making noise, clapping hands and rattling 

with padlocks while calling the animals, elicited fear and aggression in cheetahs and 

maned wolves. Through keeper surveys, both studies demonstrated significant 

correlations between the attitude of the keeper and the associated relationship with the 

animals in their care (Carlstead 2009; Ward and Melfi 2015). Specifically, good 

stockmanship was more likely to occur where keepers had a positive attitude, good 

familiarity and extensive species knowledge of the animals they cared for (Ward and Melfi 

2015), whereas low job satisfaction among keepers was positively correlated with 

fearfulness of people, and elevated faecal glucocorticoid output, in black rhinoceros and 
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cheetahs (Carlstead 2009). The link between job satisfaction and animal welfare has been 

demonstrated also in farm settings (Coleman et al. 1998), which suggests that keeper and 

animal wellbeing is closely interlaced (Garcia Pinillos et al. 2016).  

As such, one may assume that keepers who enjoy working with their animals also form 

mutually beneficial relationships with them. Indeed, surveys of selected zoo professionals 

indicated that the majority of respondents had developed a bond with at least one animal 

at their workplace (Hosey and Melfi 2012; Hosey et al. 2018). The greater affinity and 

trust of the animal towards its keeper thus enabled husbandry and medical procedures to 

be carried out more easily, the animal appeared more relaxed overall, and the keepers 

reported great enjoyment and emotional attachment resulting from the close bond (Hosey 

and Melfi 2012). Further support for these findings can be found in a recent study in zoo-

housed elephants, Loxodonta qfricana and Elephas maximus, where a positive keeper 

attitude was a major predictor of low serum cortisol concentration (Carlstead et al. 2019). 

Additionally, keepers reporting a strong keeper-elephant bond also perceived the 

elephants in their care to be more trusting, happier and less frustrated, and were overall 

more satisfied with their job (Carlstead et al. 2019). Positive keeper-animal relationships, 

and subsequent improvements in animal welfare, have been demonstrated in a variety of 

other species as well. Extended interaction with familiar caretakers led to a reduction in 

abnormal behaviours, and a higher incidence of play and affiliative behaviours in three 

independent studies of zoo (Carrasco et al. 2009; Manciocco et al. 2009) and laboratory 

housed (Baker 2004) primates. In small felids, greater reproductive success was achieved 

when keepers not only performed routine husbandry tasks but spent additional time 

talking to and interacting with the cats (Mellen 1991), and lower concentration of faecal 

glucocorticoids were observed in cats who were cared for by fewer staff, thus formed 

stronger relationships with a small number of familiar keepers (Wielebnowski et al. 

2002). It has also been postulated that animals experiencing positive interactions with 

their keepers are more likely to interact favourably with zoo visitors (Claxton 2011; Hosey 

2008, 2013). Little is known about this topic to date, though a study involving Abyssinian 

colobus monkeys, Colobus guereza, appears to be in support of this idea (Melfi and Thomas 

2005). The monkeys in this study were significantly less reactive to visitors after keepers 

initiated a positive reinforcement training program, which the authors suggest may have 

counteracted potentially aversive effects of the visiting public (Melfi and Thomas 2005). 

Taken together, positive keeper-animal relationships appear to develop across a variety of 

contexts, and have great potential to improve welfare, thus act as a source of enrichment, 

on both parts (Claxton 2011; Hosey and Melfi 2012; Hosey et al. 2018). 
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1.3 Effects of unfamiliar humans on the welfare of zoo-housed animals  

Clearly, human-animal interaction is an inevitable part of any environment where animals 

are being cared for by humans, whether it be a zoo, farm, research laboratory or domestic 

home, to name a few. Nevertheless, the zoo environment differs fundamentally from other 

captive settings in at least one aspect; the regular presence of unfamiliar humans (Hosey 

2005, 2008; Morgan and Tromborg 2007).  Although the average zoo visitor is only 

present for a brief amount of time, thus unlikely to form a relationship with a captive 

animal, visitors may still exert a significant effect upon zoo animal behaviour and welfare 

(Davey 2007; Fernandez et al. 2009; Hosey 2000). This concept, which is now commonly 

referred to as the ‘visitor effect’, began to emerge in the literature in the 1960’s and 70’s. 

Descriptive accounts of early workers suggested that zoo animals may perceive visitors as 

enemies or predators (Hediger 1970), or they may simply blend in with the inanimate 

environment as animals become habituated to their presence (Hediger 1970; Snyder 

1975). On the other hand, visitors could also be perceived as symbionts or conspecifics 

(Hediger 1970), and perhaps provide a source of novelty and stimulation in an otherwise 

predictive captive existence (Morris 1964). In essence, these views represent three 

different scenarios; visitors could either be stressful, enriching, or of no consequence at all, 

to the well-being of animals in a zoo (Hosey, 2000).  

Embedded in this concept is the assumption that the actions of visitors produce 

observable changes in zoo animal behaviour. An alternative scenario, in which animal 

behaviour may instead affect behaviour of visitors, is another plausible explanation 

(Hosey 2000). Certain animal behaviours, such as high levels of activity, is likely to attract 

visitors to the exhibit, thus create the impression that animals are affected by visitors, 

when in fact the opposite may be true (Hosey 2000; Mitchell et al. 1992b). Hosey (2000) 

therefore formulated two alternative hypotheses stating the directionality of the effect; the 

‘visitor effect’ hypothesis, where visitors affect the behaviour of animals, versus the 

‘visitor attraction’ hypothesis, where the relationship is reversed.  The author did, 

however, emphasise that these two may not be mutually exclusive, but in some cases one 

or the other may be more prominent (Hosey 2000).  Although inherently difficult to 

discriminate between the two unless visitor or animal behaviour is manipulated or 

controlled, most empirical studies to date appear to be in support of the visitor effect 

hypothesis (but see Margulis et al. 2003; Sellinger and Ha 2005 for some support of the 

latter view).  
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There is now a growing body of literature dedicated to the effects that zoo visitors may 

have on the behaviour, and to a lesser extent physiology, of animals in display exhibits 

(see Table 1.1, 1.2 for overview). So far, most studies have focused on mammals, primates 

in particular (Davey 2007; Melfi 2009; Table 1.1, 1.2). Non-primate mammals and birds 

have received comparatively little attention, and no investigations to date have focused on 

taxa such as reptiles, amphibians and fish (Davey 2007; Melfi 2009; Table 1.1, 1.2). Hence, 

our current understanding of this topic is far from complete, with only a few general 

patterns identified so far.  In regard to primates, numerous studies indicate that the 

presence of visitors may exert a stressful influence, thus a potentially adverse welfare 

effect (Table 1.1). A series of investigations in lemurs and various monkeys, including for 

example capuchins, Cebus sp., cotton-top tamarins, Saquinus oedipus, macaques, Macaca 

sp., and Hamadryas baboons, Papio hamadryas, have correlated the presence of visitors, 

especially large, active audiences, to increased locomotory behaviour and more frequent 

attempts to interact with visitors (Chamove et al. 1988; Collins et al. 2017; Hague 2005; 

Hosey and Druck 1987; Mitchell et al. 1992b; Table 1.1). More adverse reactions, including 

higher incidence of intra-group aggression and abnormal behaviour, reduced social and 

reproductive behaviour and more frequent visitor-directed, agonistic displays, have also 

been observed in some of the aforementioned species (Bortolini and Bicca-Marques 2011; 

Chamove et al. 1988; Dancer and Burn 2019; Glatston et al. 1984; Mallapur et al. 2005; 

Mitchell et al. 1991, 1992a; Sherwen et al. 2015a; Table 1.1).  Some of these effects appear 

to be consistent across multiple species and institutions, leading authors to conclude that 

visitors may act as a source of stressful arousal, and may be perceived as potential threats, 

particularly amongst small-bodied, arboreal primates (Chamove et al. 1988; Hosey and 

Druck 1987; Micthell et al. 1992b). However, many of the larger primates seem to respond 

with similar reactions (Table 1.1), as evidenced by higher incidence of self-scratching in 

Western lowland gorillas, Gorilla gorilla gorilla (Carder and Semple 2008) and white-

handed gibbons, Hylobates lar (Cooke and Schillaci 2007), increased aggression and a 

reduction in foraging, tool use, social and self-directed grooming and play in chimpanzees, 

Pan troglodytes (Stevens et al. 2008; Wood 1998).  Similarly, orangutans, Pongo sp., spent 

less time feeding and playing in close visitor proximity (Choo et al. 2011), and concealed 

themselves behind burlap sacks in the presence of large crowds (Birke et al. 2002). More 

recent work has, however, begun to challenge the previously held view that visitors are 

mainly an adverse stimulus for zoo-housed apes (Table 1.1). Bonnie et al. (2016) found 

that behaviour and space use of both gorillas and chimpanzees were seemingly unaffected 

by various levels of visitor density, and a small group of captive chimpanzees were 

observed to spontaneously imitate visitor behaviours and postures, which the authors 
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interpreted as a means of cross-species communication and social engagement (Persson et 

al. 2018).  

 

 

 

 

 

Table 1.1 Summary of observed visitor effects and potential welfare impacts in 

zoo-housed primates in display exhibits 

 Behavioural/physiological 

response to visitors  

Suggested welfare impact   Reference  

Lemurs    

Eulemur fulvus  

Red-fronted lemur  

Visitor density and noise   

Activity (locomotion)    Huddling  

Not specified  Jeffery and Price (2004)  

Lemur catta 

Ring-tailed lemur  

1,2,3) Visitor presence (esp. large, 

active audiences) and 4) density  
1,2,3,4) Activity (locomotion)   1,2,3) 

Attempts to interact with audience 

 

1)  Visitors considered a source of 

stressful excitement 
2,3) Not specified  
4) Visitors not considered a 

stressful influence since only 

limited effects were observed.  

1)Chamove et al. (1988);  
2) Hosey and Druck (1987);  
3) Mitchell et al. (1992b)  
4) Collins et al. (2017)   

Lemur fulvus  

Brown lemur  

1,2) Visitor presence (esp. large, 

active audiences)  
1,2) Activity (locomotion)   1,2) 

Attempts to interact with audience 

 

1) Visitors considered a source of 

stressful excitement  
2) Not specified 

1) Chamove et al. (1988);  
2) Hosey and Druck (1987) 

Lemur mongoz 

Mongoose lemur  

Visitor presence (esp. large, 

active audiences)  

Activity (locomotion)   Attempts to 

interact with audience  

Not specified  Mitchell et al. (1992b)  

Varecia variegata   

Red-ruffed lemur  

Visitor presence (esp. large, 

active audiences)   

Same as for Lemur mongoz  

Same as for Lemur mongoz  Mitchell et al. (1992b) 

New world 

monkeys   

   

Ateles geoffroyi  

Black-handed spider 

monkey  

Visitor density   

Urinary cortisol conc.  

Visitors potentially a mild 

stressor (response curve not 

steep) 

Davis et al. (2005)  

Ateles paniscus  

Red-faced spider 

monkey  

1,2) Visitor presence (esp. large, 

active audiences)   
1,2) Activity (locomotion)    1,2) 

Attempts to interact with audience 

 

1) Visitors considered a source of 

stressful excitement 
2) Not specified 

1) Chamove et al. (1988);  
2) Hosey and Druck (1987) 

Cebus albifrons 

White-fronted 

capuchin  

1,2) Visitor presence (esp. large, 

active audiences)  
1,2) Activity (locomotion)   1,2) 

Attempts to interact with audience 

   
2)Intra-group interactions  

1) Visitors considered a source of 

stressful excitement 
2) Not specified 

1)Chamove et al. (1988);  
2) Hosey and Druck (1987) 

Cebus apella  

Black-capped 

capuchin 

Visitor contact (visual)   

Intra-group aggression   Abnormal 

behaviour  faecal glucocorticoid 

Full visual contact with visitors 

considered stressful, since 

reducing contact (by one-way 

Sherwen et al. (2015a) 
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metabolite (FGM) concentration   vision screens) improved welfare 

Cebus xanthosternos  

Golden-bellied 

capuchin  

1)Visitor density   2) Visitor 

presence 
1)Activity (locomotion)  2) Social 

interaction   2) Self-grooming and 

allo-grooming   2) Intra-group 

aggression  

1) Visitors considered stressful  
2) Inconclusive, due to a varied 

response between individuals.  

1) Hague (2005)  
2) Rodriguez and Azevedo 

(2017) 

Saimiri boliviensis 

Black-capped 

squirrel monkey 

 

Visitor density and noise  

No behavioural changes observed  

None (but only measured changes 

in self-directed behaviour) 

Simonson and Ross (2007)  

 

 

Behavioural/physiological 

response to visitors  

Suggested welfare impact   Reference  

Saimiri sciureus 

Common squirrel 

monkey  

Visitor presence (esp. large, 

active audiences)1 Visitor 

density2  
1)Activity (locomotion)    1) 

Attempts to interact with audience 

  2)Time spent near visitor viewing 

window  

1) Not specified  
2) Visitors considered stimulating 

and potentially enriching for 

certain individuals.  

1)Mitchell et al. (1992b), 2) 

Polgar et al. (2017)  

Saquinus oedipus 

Cotton-top tamarin  

1,2) Visitor presence      
1,2) Agonistic behaviour  1) Activity 

(locomotion)  2) Inactivity (apathy) 

 1) Grooming (social+self)  1,2) 

Affiliative behaviour  2) Social 

interaction among breeders, i.e. 

play and mounting behaviour  2) 

Parent-young interaction  

1)  Visitors considered a source of 

stressful excitement  
2) Visitor effect considered 

aversive, could potentially lead to 

reduced reproductive success and 

higher infant mortality  

1)Chamove et al. (1988);  
2) Glatston et al. (1984)  

Old world monkeys     

Cercocebus galeritus  

Golden-bellied 

mangabey  

1)Visitor density   

Visitor-directed aggressive displays 

 Intra-group aggression    
2) Visitor-animal interactions: 

Aggressive facial displays by males 

were most often directed towards 

male visitors, and by females 

towards female visitors.  

1,2) Not specified  Mitchell et al. (1)1991, 
2)1992a)   

Cercopithecus 

ascanius  

Spot-nosed monkey  

Visitor presence (esp. large, 

active audiences) 

Activity (locomotion)  Attempts to 

interact with audience  

Not specified  Mitchell et al. (1992b) 

Cercopithecus diana 

Diana monkey  

1)  Visitor presence    

Agonistic behaviour  Grooming 

(social+self)   Affiliative  behaviour 

 
2) Visitor density   

Foraging and feeding  Playing 

(social+self)   Resting/sleeping  

1) Visitors considered a source of 

stressful excitement  
2) Ambiguous  

1)Chamove et al. (1988);  
2) Todd et al. (2007)  

Cercopithecus mitis 

Sykes monkey  

1,2) Visitor presence (esp. large, 

active audiences)  
1,2) Activity (locomotion)   1,2) 

Attempts to interact with audience 

 

1)  Visitors considered stressful  
2) Not specified 

1) Chamove et al. (1988);  
2) Hosey and Druck (1987) 

Cercopithecus 

neglectus  

de Brazza monkey  

1,2,3) Visitor presence (esp. large, 

active audiences)  
1,2,3) Activity (locomotion)   1,2,3) 

Attempts to interact with audience 

 

1) Visitors considered a source of 

stressful excitement   
2,3) Not specified 

1) Chamove et al. (1988);  
2) Hosey and Druck (1987);  
3) Mitchell et al. (1992b) 

Erythrocebus patas 

Patas monkey  

1,2) Visitor presence (esp. large, 

active audiences)  
1,2) Activity (locomotion)   1,2) 

Attempts to interact with audience 

1)  Visitors considered stressful  
2) Not specified 

1) Chamove et al. (1988);  
2) Hosey and Druck (1987) 

Table 1.1 continued  
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Macaca nigra  

Black macaque  

1,2) Visitor presence (esp. large, 

active audiences), 3) Visitor 

density and noise  
1,2,3) Activity (locomotion)  1,2) 

Attempts to interact with audience 

  
3) Vigilance  3) Resting, social 

huddling  

1) Visitors considered stressful  
2,3) Not specified  

1) Chamove et al. (1988);  
2) Hosey and Druck (1987);  
3) Dancer and Burn (2019)  

  

Behavioural/physiological 

response to visitors  

 

 

Suggested welfare impact   

 

 

Reference  

Macaca silenus  

Lion-tailed macaque  

1,2,3) Visitor presence (esp. large, 

active audiences)  
1,2) Same as for Macaca nigra  
3)Aggressive behaviour  3) 

Abnormal behaviour   3) Social and 

reproductive behaviour  

1,2) Same as for Macaca nigra  
3) Visitors considered stressful  

1)Chamove et al. (1988);  
2) Hosey and Druck (1987);  
3) Mallapur et al. (2005)  

Macaca sylvanus 

Barbary macaque  

1,2) Visitor presence (esp. large, 

active audiences)   

Same as for Macaca nigra 

1,2) Same as for Macaca nigra  

 

1) Chamove et al. (1988); 2) 

Hosey and Druck (1987) 

Mandrillus sphinx  

Mandrill 
Visitor density   

Time observing visitors   Visitor 

directed threat displays   Activity 

(locomotion)   Abnormal 

behaviour  Affiliate behaviour   

Social grooming  

Visitors considered a source of 

stressful excitement  

Chamove et al. (1988)  

Miopithecus talapoin 

Talapoin monkey  

1,2) Visitor presence (esp. large, 

active audiences)  1,2) Activity 

(locomotion)   1,2) Attempts to 

interact with audience  

1) Visitors considered stressful  
2) Not specified 

1)Chamove et al. (1988);  
2) Hosey and Druck (1987) 

Papio hamadryas  

Hamadryas baboon  

1,2,3) Visitor presence (esp. large, 

active audiences)  
1)  Throwing faeces at visitors 2,3) 

Activity (locomotion)  2,3) Attempts 

to interact with audience  

1) High visitor numbers 

considered stressful 
2)  Visitors considered stressful  
3) Not specified 

1)Bortolini and Bicca-

Marques (2011); 2) 

Chamove et al. (1988); 3) 

Hosey and Druck (1987) 

Presbytis francoisi 

francoisi  

Francois langur  

Visitor presence (esp. large, 

active audiences)  

Activity (locomotion)   Attempts to 

interact with audience  

Not specified  Mitchell et al. (1992b) 

 

 Behavioural/physiological response to 

visitors 

Suggested welfare impact Reference  

Table 1.1 continued 
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Apes    

Gorilla gorilla 

gorilla  

Western 

lowland 

gorilla  

1,3)   Visitor contact (visual)   
1) Intra-group aggression  1) Abnormal 

behaviour  3) Visitor -directed aggressive 

displays  

 
2,3,4,5,6) Visitor density and 3) noise   
2)Self-scratching   2)Time spent observing 

visitors  3) Vigilance   4) Time spent outside 

viewing area  4,5) Intra-group aggression (4) 

among bachelor groups)   
5) Abnormal behaviour  5) Auto-grooming  3) 

Feeding and foraging   5)Resting  
6) Few behavioural changes observed, apart 

from a slight increase in self-directed 

behaviours  

1,3) Full visual contact with visitors 

considered stressful, since reducing 

contact (by camouflage nets) 

improved welfare 
2,3) Visitors contributed to a raise in 

gorilla anxiety levels, but effect was 

reduced by provision of feeding 

enrichment.  
3) Effects ambiguous as behavioural 

and physiological measures not 

correlated 
4,6) Visitors not considered a source 

of stress, since gorillas had the 

ability to retreat. 
5) Visitors considered stressful, but 

this interpretation was critiqued by 

Ross et al. (2007)  

1) Blaney and 

Wells (2004); 
2) Carder and 

Semple (2008); 
3) Clark et al. 

(2012); 4) 

Kuhar (2008); 
5) Wells (2005) 
6) Bonnie et al. 

(2016)  

Hylobates lar 

White-

handed 

gibbon  

1,2)   Visitor density and 1) noise  
1,2) Activity (locomotion)   1,2) Attempts to 

interact with audience  1) Time spent 

observing visitors  1) Self-scratching  

  

1) Heightened levels of self-

scratching during high visitor 

pressure may be indicative of 

anxiety/stress  
2)Not specified  

1)Cooke and 

Schillaci 

(2007); 2) 

Mitchell et al. 

(1992b)   

Hylobates 

leucogenys  

White gibbon 

Visitor density   

Time spent outside visitor viewing area 

Visitors not considered a source of 

stress, since few behavioural 

changes observed and animals had 

the option to retreat. 

Smith and 

Kuhar (2010)  

Hylobates 

syndactylus  

Siamang  

1) Visitor-animal interactions: Certain 

human behaviours (such as hostile mimicry) 

significantly reduced siamang activity and 

increased hostile behaviour, and siamang 

behaviour influenced subsequent human 

behaviour in turn.   
2) Visitor density   

Same as for Hylobates leucogenys  

1) Not specified  
2) Same as for Hylobates leucogenys  

1)Nimon and 

Dalziel (1992); 
2) Smith and 

Kuhar (2010)  

Pan 

troglodytes  

Chimpanzee  

1,6) Visitor-animal interactions (involving 

vocal calls, food begging1 and spontaneous 

imitation of visitor behaviours6) common  
2,4) Visitor presence (esp. large, active 

audiences)   
2)Activity (locomotion)  2,4) Attempts to 

interact with audience  
3,4,5) Visitor density   
4)  Aggressive behaviour  3) Foraging  3) 

Object use  3) Grooming (self+social)  3) Play 

(self+social)  5) Few behavioural changes 

observed, apart from a slight increase in self-

directed behaviours 

1,2,3,6) Not specified  
4) Ambiguous (potentially enriching 

effects due to increased visitor 

interactions, negative effects due to 

increased aggression)  
5)  Visitors not considered a stressful 

influence, due to exhibit design that 

promoted choice and control 

1)Cook and 

Hosey (1995);  
2) Mitchell et al. 

(1992b);  
3) Wood 

(1998); 4) 

Stevens et al. 

(2008) 5) 

Bonnie et al. 

(2016) 6) 

Persson et al. 

(2018)  

Pongo 

pygmaeus 

and Pongo 

abellus  

Orangutan  

1,2,3)   Visitor density  
1)Hiding behind objects  1) Clinging onto 

adults by infants  1,2) Time observing 

audience  3) Activity (locomotion) 2,3) 

Attempts to interact with audience (i.e. food 

soliciting behaviour) 1) Foraging  
2) Visitor proximity  

Feeding  Playing  

1) Large, noisy groups of visitors 

considered stressful, especially for 

infants  
2) Overall not a strong effect, 

although close proximity may be 

stressful. Visitors may be enriching 

when they provide food.   
3)Not specified  

1) Birke (2002); 
2) Choo et al. 

(2011); 3) 

Mitchell et al. 

(1992b)   

 

 

 

Table 1.1 continued 
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Amongst other mammals, the effect of visitors has been studied most extensively in 

carnivores, especially felids (Table 1.2). In contrast to most primate studies, these 

investigations have generated mixed results. An early documentation by O’Donovan et al. 

(1993) indicated that visitor presence had no effect on either activity levels or space use in 

a group of captive cheetahs. A multi-species investigation by Margulis et al. (2003) 

obtained similar results in six other species of felids (Table 1.2), which were all 

behaviourally unresponsive to visitor presence. However, in case of the clouded leopard, 

Neofelis nebulosa, substantive physiological data obtained across several institutions 

indicated that individuals with regular exposure to the public had significantly elevated 

faecal glucocorticoid output compared to animals housed off-exhibit (Wielebnowski et al. 

2002). The same held true for levels of salivary cortisol in a small group of captive jaguars, 

Panthera onca (Montanha et al. 2009), and more recent work on this species has revealed 

a positive correlation between visitor numbers and levels of stereotypic pacing (Vidal et 

al. 2016). Moreover, visitor presence, as well as increasing visitor density and noise, have 

been associated with heightened levels of inactivity in at least three independent studies 

to date; in a group of captive leopards, Panthera pardus (Mallapur and Chellam 2002), 

pumas, Felis concolor (Maia et al. 2012), as well as Eurasian lynx, Lynx lynx, bobcat, Lynx 

rufus, and ocelot, Leopardus pardalis (Suarez et al. 2017). Overall, this suggests that certain 

felids may indeed be affected by the regular occurrence of zoo visitors, and this taxon may 

not be as insensitive to visitor presence as previously thought.   

Besides primates and felids, a comparatively small number of studies have focused on 

other carnivores, ungulates, marsupials and birds (Table 1.2).  Potentially adverse effects 

have been observed in captive wolves, Canis lupus ssp. (Beye et al. 2007; Pifarre et al. 

2012) and harbour seals, Phoca vitulina (Stevens et al. 2013; Thyssen et al. 2008), whereas 

Asian small-clawed otters, Aonyx cinerea, have been observed to voluntarily interact with 

visitors in a playful manner and spent more time foraging, playing and swimming in the 

presence of visitors (Owen 2004). Hence, for this species, visitors were considered a 

source of stimulation and enrichment (Owen 2004).  Sherwen et al. (2014) studied the 

effects of reducing visitor interaction and noise in a captive colony of meerkats, Suricata 

suricatta, but found no corresponding behavioural changes in relation to this treatment, 

which led the authors to suggest that the meerkats were largely unaffected by visitor 

presence. In contrast to these findings, Scott et al. (2017) found a positive correlation 

between visitor numbers and faecal glucocorticoid output in the same species. Various 

species of ungulates, along with certain marsupials, appear to react adversely to visitor 

presence and high visitor numbers by being increasingly vigilant or elusive, and spend less 
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time foraging and feeding (see for example Larsen et al. 2014; Learmonth et al. 2018; 

Mansour et al. 2000; Rajagopal et al. 2011; Shen-Jin et al. 2010; Table 1.2). As with 

primates, certain ungulates and marsupials may perceive visitors as potential predators; 

however, in the case of the naturally territorial black rhinoceros, visitors may instead be 

perceived as intruders or competitors, which may also impact negatively upon welfare 

(Burrell et al. 2004; Carlstead et al. 1999; Carlstead and Brown 2005).  A handful of studies 

have investigated the effects of visitors in birds, mostly focusing on penguins (Table 1.2).  

Noticeable effects were observed in a captive colony of little penguins, Eudyptula minor, 

who became more aggressive, vigilant and reluctant to spending time in the pool area 

when visitors were present (Sherwen et al. 2015c). Conversely, a case study of a long-

billed corella, Cacatua tenuirostris, appeared to thrive in the presence of visitors by 

expressing numerous affiliative behaviours and actively seeking opportunities for 

interaction (Nimon and Dalziel 1992).  
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Table 1.2  Summary of observed visitor effects and potential welfare impacts in 

zoo housed non-primate mammals and birds in display exhibits  

Species are sub-grouped according to taxonomic relatedness into Ungulates, Carnivores, 

Marsupials and Birds.   

 denotes an increase in a specified variable   denotes a decrease in a specified variable  

 

 Behavioural/physiological response to visitors  Suggested impacts of 

visitors upon welfare  

Reference 

Ungulates    

Antelope 

cervicapra 

Indian antelope  

Visitor density   

Activity (locomotion)  Aggressive behaviour  

FGM conc.   

High visitor numbers 

considered stressful   

Rajagopal et al. 

(2011) 

Bos gaurus  

Indian bison  

Visitor presence  

Intra-group aggression  Activity (locomotion)  

Resting  

High visitor numbers 

considered stressful  

Sekar et al. 

(2008)  

Cervus nippon  

Sika deer  

Visitor density    

Inactivity  Vigilance  Time spent outside viewing 

area  Foraging  

High visitor numbers 

considered stressful, efforts 

should be made to reduce 

effects if possible.   

Shen-Jin et al. 

(2011)  

Diceros bicornis 

Black 

rhinoceros  

1) Visitor density   

Stereotypic pacing  
2,3) Visitor access along enclosure perimeter   
2)Mortality  2) Fearfulness  (among males) 3) 

Faecal glucocorticoid metabolite (FGM) conc.  

1) Visitors considered 

stressful, hence contact 

should be reduced in order 

to improve welfare and 

breeding.  
2,3) High degree of public 

exposure considered 

stressful and could 

potentially have negative 

welfare impacts if 

opportunities to retreat are 

not readily available.   

1) Burrell et al. 

(2004); 
2)Carlstead et al. 

(1999);  
3) Carlstead and 

Brown (2005)   

Gazella 

soemmerringii 

Soemmering’s 

gazelle  

Visitor access to enclosure    

Vigilance   Agonistic behaviour   

Visitors considered a 

stressful influence  

Mansour et al. 

(2000)  

Tapirus 

terrestris  

Brazilian tapir  

Visitor presence  

Inactivity  Feeding   

Not specified  Thompson and 

Rose (2008)  

Carnivores     

Acinonyx 

jubatus Cheetah  

Visitor presence 

No behavioural changes observed 

No welfare impacts, possibly 

due to human habituation   

O’Donovan et al. 

(1993)  

Aonyx cinerea 

Asian short-

clawed otter  

Visitor presence  

Feeding and foraging  Play (social+self) and 

swimming  Food soliciting behaviour common  

Presence of visitors 

considered stimulating and 

enriching to a certain extent  

Owen (2004)  

Canis lupus 

Grey wolf  

Visitor presence   

Vigilance    Activity (locomotion)   Time spent 

outside viewing area  

Visitors considered a source 

of ‘discomfort’ to the wolves, 

but since high levels of 

resting and sleeping was 

also observed, overall 

welfare was considered not 

to be impacted.  

Beye et al. (2007)  

Canis lupus 

baileyi Mexican 

wolf  

Visitor density    

Activity (locomotion)   FGM conc.   Feeding  

Visitors considered 

potentially stressful     

Pifarre et al. 

(2012)  
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 Behavioural/physiological response to visitors  Suggested impacts of 

visitors upon welfare  

Reference 

Felis concolor  

Puma 

Visitor density and noise   

Inactivity   Time spent observing visitors   

High visitor numbers 

considered stressful, but 

notably effect was only seen 

during mornings. 

Maia et al. (2012)  

Felis viverrinus  

Fishing cat  

Visitor presence  

No behavioural changes observed 

Not specified  Margulis et al. 

(2003) 

Leopardus 

pardalis  

Ocelot   

Visitor presence  

Inactivity  

 Suarez et al. 

(2017) 

Lynx lynx 

Eurasian lynx  

Visitor presence  

Inactivity  

 Suarez et al. 

(2017) 

Lynx rufus  

Bobcat  

Visitor presence  

Inactivity  

 Suarez et al. 

(2017) 

Neofelis 

nebulosa 

Clouded leopard  

1,2) Visitor presence  
1)No behavioural changes observed, 2) FGM conc.  

1) Not specified  
2) Visitors considered a 

stressful influence, 

opportunities to retreat 

from public exposure may 

be important in reducing 

this effect.   

1) Margulis et al. 

(2003); 2) 

Wielebnowski et 

al. (2002) 

Panthera leo 

Lion  

Visitor presence  

No behavioural changes observed 

Not specified  Margulis et al. 

(2003) 

Panthera onca  

Jaguar  

1,2,3,4)   Visitor density and 1,3) noise  
1) Overall changes in behaviour observed (activity 

levels, feeding, grooming). Reduced visual contact 

(camouflage net) ineffective in ameliorating these 

effects.  
2) Salivary cortisol conc.  3) Time spent visible  

(possibly because visitors are more attracted to 

active animals) 3) Stereotypic pacing  (as noise 

increases) 4) Stereotypic pacing  

1) Ambiguous, further 

investigation required 
2,4) High exposure to visitors 

considered stressful  
3) Visitors considered 

stressful  

1)Cunningham 

(2005); 
2)Montanha et al. 

(2009); 3) 

Sellinger and Ha 

(2005); 4) Vidal et 

al. (2016)   

Panthera pardus   

Leopard  

Visitor presence  

 Inactivity  

 

Not specified  Mallapur and 

Chellam (2002)  

Panthera pardus 

orientalis  

Amur leopard  

Visitor presence  

No behavioural changes observed 

Not specified  Margulis et al. 

(2003) 

Panthera pardus 

saxicolor  

Persian leopard  

 Visitor density and noise 

Overall changes in behaviour observed (activity 

levels, feeding, grooming, space use of enclosure). 

Reduced visual contact (camouflage net) effective 

in reducing effects in certain individuals.  

 Ambiguous, further 

investigation required  

Cunningham 

(2005)  

Panthera tigris  

Tiger   

Visitor presence   

No behavioural changes observed 

Not specified  Margulis et al. 

(2003) 

Phoca vitulina  

Harbour seal  

1,2) Visitor density    
1,2) Time spent submerged  1,2) Visual scans (head 

above water)   1,2) Resting on land  2) Social 

behaviour  

1) Ambiguous, further 

investigation required  
2) Not specified  

1)Stevens et al. 

(2013);  
2) Thyssen et al. 

(2008)   

Suricata 

suricatta 

Slender-tailed 

meerkat  

1)Visitor interaction and noise  (through 

signage) 2) Visitor density  
1)No behavioural changes observed   2) FGM 

concentration  

1) No welfare impacts, 

possibly due to human 

habituation 
2) Meerkats exposed to high 

levels of visitors considered 

at risk of stress.   

1)Sherwen et al. 

(2014) 
2) Scott et al. 

(2017)  

 

 

 
Table 1.2 continued 

Table 1.2 continued 
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Behavioural/physiological response to visitors  

 

Suggested impacts of 

visitors upon welfare  

 

 

Reference 

Marsupials     

Macropus 

fuliginosus  

Kangaroo Island 

kangaroo 

Visitor density  

Vigilance and locomotion    Resting  

Visitors not considered 

adverse to welfare, since 

kangaroos did not show any 

obvious avoidance 

behaviours or changes in 

FGM concentration 

Sherwen et al. 

(2015b)  

Macropus 

rufogriseus 

fruticus 

Red-necked 

wallaby  

Visitor presence  

Activity (locomotion)   Vigilance    Feeding  

Further investigation 

required 

Lockley and 

Leadbeater 

(2005)  

Macropus rufus  

Red kangaroo  
Visitor density  

Vigilance     

Visitors not considered 

adverse to welfare, since 

kangaroos did not show any 

obvious avoidance 

behaviours or changes in 

FGM concentration 

Sherwen et al. 

(2015b)  

Phascolarctos 

cinereus 

 Koala  

Visitor proximity and noise  

Vigilance  

Further investigation 

required  

Larsen et al. 

(2014)  

Setonix 

brachyurus  

Quokka  

Visitor presence  

Visibility of quokkas on the visitor path  

Visitors considered 

moderately fear provoking, 

but further investigation 

required.  

Learmonth et al. 

(2018)  

Birds     

Cacatua 

tenuirostris 

Long-billed 

corella  

Visitor presence  

Presence of visitors induced behaviours such as 

bob-dancing, squawking, vocalising, pacing and 

orienting towards visitors.  

 

Visitors considered 

enriching, since corella 

actively sought 

opportunities for 

interaction.  

Nimon and 

Dalziel (1992)  

Eudyptula minor 

Little penguin  

Visitor presence  

Aggressive behaviour   Huddling   Time spent 

out of view   Vigilance    

Surface swimming   Use of pool area  

Visitors may evoke fear 

responses in penguins and 

impact on welfare, but 

further investigation 

required.  

Sherwen et al. 

(2015c) 

Pygoscelis 

papua  

Gentoo penguin  

Visitor density    

Activity (locomotion)   

Visitors considered a 

disturbance, but not 

specified whether this 

affected welfare or not.  

Warren et al. 

(2002)  

Rhea americana  

Greater rhea  

Visitor presence  

Vigilance   Urinating/defecating   

Visitors not considered 

stressful, perhaps due to 

human habituation.  

Schetini de 

Azevedo et al. 

(2012)  

Spheniscus 

demersus 

African penguin  

Visitor density   

Activity (locomotion)  

Visitors considered a 

disturbance, but not 

specified whether this 

affected welfare or not. 

Warren et al. 

(2002)  

 

Altogether, the overall response to visitors appears to vary substantially across taxa, 

judging from the various species that have been investigated so far. Adding to this 

complexity is the fact that many zoos nowadays not only offer traditional exhibit viewing, 

but also incorporates opportunities for close visitor-animal interaction (Szokalski et al. 

2013a). Live animal encounter programs, including controlled hands-on experiences 

involving direct physical contact and feeding of animals, and the use of live animals in 

educational workshops and outreach programs, are becoming increasingly popular and 



41 
 

are now common practice at many institutions (Szokalski et al. 2013a; Ward et al. 2018). 

Although zoo animals these days are often born and raised in captivity, most species have 

not been domesticated in the same manner as companion and farm animals, which have 

been selectively bred for milder temperaments and ease of handling (Warwick et al. 

2013). Hence, one might expect close visitor-animal interaction, as opposed to being 

viewed by visitors behind the safety of an exhibit window, to be inherently stressful to 

non-domesticated animals. Indeed, numerous accounts where nature-based tourism has 

brought humans into close contact with wild animals indicate that these practices may 

cause considerable stress and disturbance to vital activities such as foraging and 

reproduction (reviewed in Buckley 2011; Ellenberg et al. 2009; Muntifering et al. 2018).  

These findings do, however, refer to wild populations, which limits the ability to 

extrapolate potential effects to human-animal encounters in the zoo.  

In contrast to the plentiful visitor studies of animals in display exhibits, live animal 

encounter programs and their associated effects on animal welfare have not been studied 

extensively to date. One of the more common features of encounter programs is animal 

feedings, which often occurred in an unrestricted manner in the zoo environment until the 

1970’s (Kreger and Mench 1995). People often feed wildlife in other contexts as well; in 

tourist resorts (Perez-Galicia et al. 2017), urban parks (Lee and Davey 2015), or by 

providing food for garden birds (Goddard et al. 2013) or stray cats (Marston and Bennett 

2009). These practices are, however, discouraged or prohibited in both captive and non-

captive settings these days, due to deleterious effects on animal health as well as resulting 

intra-group aggression, as well as diminished foraging skills and unwanted population 

expansions of wild animals (Kreger and Mench 1995; Lee and Davey 2015; Perez-Galicia et 

al. 2017). Nowadays, animal feedings in the zoo are typically offered at an additional cost 

to the visitor and are carefully sanctioned and undertaken in a controlled manner 

(Farrand et al. 2014). A handful of studies to date have demonstrated some interesting 

effects of visitor feeding programs. Intriguingly, a group of crowned lemurs, Eulemur 

coronatus, exhibited lower levels of intra-group aggression when fed by visitors compared 

to when fed by familiar keepers (Jones et al. 2016). During visitor feedings, the lemurs 

preferred to interact with visitors rather than keepers and appeared to become more 

interactive towards visitors over time, as they became increasingly habituated to their 

presence (Jones et al. 2016). The authors therefore suggested that visitors may provide a 

novel, enriching stimulus that deviated the animals’ attention during feedings, hence 

rendered them less aggressive towards conspecifics (Jones et al. 2016).  Recent work on 

harbor seals (de Vere 2017) and giraffes, Giraffa camelopardalis (Orban et al. 2016), 
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indicate that these species respond in a similar manner to visitor feeding programs. Both 

seals and giraffes orientated towards the visitor feeding area and tended to be more 

vigilant when there were opportunities for visitors to provide food, presumably because 

they were scanning their environment for potential feeders (Orban et al. 2016; de Vere 

2017). A similar effect was observed in captive lions, Panthera leo, involved in behind-the-

scenes feeding experiences (Szokalski et al. 2013a). Lions displayed higher levels of 

stereotypic pacing prior to these experiences, which was most likely due to food 

anticipation (Szokalski et al. 2013a). Overall, these studies indicate a strong motivation 

from participating animals to acquire food from visitors. However, visitor feeding 

programs may in some circumstances be a source of ‘stressful excitement’ (de Vere 2017), 

similar to the effects described in early visitor studies of primates on display (Chamove et 

al. 1988; Hosey and Druck 1987).  

Another common feature of live animal encounter programs is for visitors to immerse 

themselves into the habitat of aquatic animals, most commonly sharks, pinnipeds or 

cetaceans. Despite widespread public concern for captive cetaceans (Kagan et al. 2018), 

swim-with-dolphin programs have increased in popularity and are now offered in 

aquariums worldwide (Miller et al. 2011). While two independent studies in Atlantic 

bottlenose dolphins, Tursiops truncatus, revealed noticeably positive effects, including 

higher behavioural diversity and an increase in play behaviour after swimming sessions 

(Miller et al. 2011; Trone et al. 2005), adverse effects of similar programs were reported 

by Samuels and Spradlin (1995). During swim sessions, dolphins frequently directed 

aggressive and sexual behaviour towards swimmers, and swimmers were found to induce 

submissive behaviour in dolphins as a result of rough handling (Samuels and Spradlin 

1995). Hence, the welfare of both dolphins and swimmers were potentially at risk, but the 

negative interactions were greatly reduced when stricter staff supervision was 

implemented (Samuels and Spradlin 1995). Kyngdon et al. (2003) found that common 

dolphins, Delphinus delphis, increased their use of a refuge area and surfaced more 

frequently, which is indicative of increased respiration rate, when swimmers were present 

in the pool. The effects on dolphin behaviour and welfare in relation to interactive 

programs remains debatable, given the discrepancy between empirical studies to date. 

Visitor experiences involving direct physical contact with zoo animals have been 

investigated in petting zoo settings, which is a slightly different context since petting zoos 

mainly house domesticated farm animals. Still, a high level of domestication does not 

necessarily generate positive human-animal interaction, as indicated by a study with 

African pygmy goats and Romanov sheep, who both reacted with aggressiveness and 
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avoidance behaviour towards approaching visitors (Anderson et al. 2002). The authors 

ascribed the presence of retreat space as a major influence in modulating this behaviour, 

since the negative effects were significantly reduced when ample retreat space was 

provided (Anderson et al. 2002). Farrand et al. (2014) conducted a similar study with 

mixed breed goats, llamas and Vietnamese pot-bellied pigs where visitors were 

encouraged to groom the animals while inside their enclosure. In contrast to Anderson’s 

(2002) findings, animals in this study were seemingly unaffected by visitor interaction and 

grooming, which led the authors to conclude that welfare was not negatively impacted by 

visitor interaction, but the grooming did not specifically provide a positive, tactile stimulus 

as expected (Farrand et al. 2014). A more recent, two-part study by Baird et al. (2016) 

investigated the effects of handling in zoo-housed armadillos, hedgehogs and red-tailed 

hawks, Buteo jamaicensis. In the first experiment, it was shown that behaviour and FGM 

values were similar between armadillos that were managed as program animals, in 

comparison with exhibit or off-exhibit armadillos that were not exposed to regular 

handling by visitors (Baird et al. 2016). In the second experiment, however, the authors 

found a significant positive correlation between the amount and duration of handling, 

FGM concentration and levels of abnormal repetitive and self-directed behaviours in all 

three species, in response to variations in handling frequency.  

In conclusion, zoo-housed animals who regularly encounter visitors through display 

exhibits or interactive programs respond to their presence in complex ways that are not 

yet fully understood. Conflicting findings have often been demonstrated across institutions 

as well as animal groups. So far, this inconsistency has mainly been attributed to inter-

species variation, since even closely related species are known to cope very differently 

with captivity in general (Mason 2010), thus may also differ in their suitability for human 

interaction. Hosey (2000) mentions the term ‘species temperament’ and suggests that 

certain species of primates are inherently more reactive to human presence. This idea was 

exemplified in an early study which investigated the response to a human observer in 

three species of laboratory-housed macaques (Clarke and Mason 1988). Despite their 

close relatedness, the response of the macaques was profoundly different; the crab-eating 

macaque, Macaca fascicularis, reacted mainly with fear, rhesus macaques, Macaca mulatta, 

were aggressive and hostile, whereas bonnet macaques, Macaca radiata, expressed signs 

of affiliation towards the observer (Clarke and Mason 1988). Variable responses to human 

presence have also been observed in closely related species of penguins at ecotourism 

sites. Humboldt penguins are highly fearful of humans and have impaired breeding 

success in areas of high tourist pressure (Ellenberg et al. 2006), but none of these effects 
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have been observed in Magellanic penguins, Spheniscus megellanicus, or Gentoos, 

Pygoscelis papua, in similar contexts (Holmes et al. 2006; Walker et al. 2006). Mason 

(2010) suggests that the roots of this variation lie in a species’ ecological niche and 

evolutionary history. Indeed, evolutionary traits such as boldness, behavioural flexibility 

and a non-migratory lifestyle have been identified as key characteristics that have 

promoted the process of domestication and allowed certain species to thrive in close 

human proximity (Driscoll et al. 2009; Reale et al. 2007). Possessing these traits may 

therefore predispose animals to experience overall positive welfare and positive human-

animal interactions in captivity, whereas the opposite may be true for species with 

different life history traits (Mason 2010).  

Individual differences have been highlighted as another potent source of variation in zoo 

animals’ response to visitors (Baird et al. 2016; Carder and Semple 2008; Kuhar 2008; 

Polgar et al. 2017). Thus, various authors have emphasised careful consideration of 

individual characteristics when selecting animals for encounter programs (Anderson et al. 

2002; Baird et al. 2016; Kyngdon et al. 2003; Miller et al. 2011).  A recent study by Polgar 

et al. (2017) correlated the response to visitor presence of individual squirrel monkeys, 

Saimiri sciureus, with personality ratings acquired from keeper surveys, and found that 

monkeys who were rated as playful, gentle, affectionate and friendly were more likely to 

spend time in front of a visitor viewing window and participate in voluntary training 

sessions involving food rewards. Interestingly, monkeys were more likely to spend time in 

front of the viewing window when large groups of visitors were present, suggesting that 

visitor interaction may be stimulating for certain individuals of this species (Polgar et al. 

2017). Individual response to human presence is to some extent influenced by genetic 

makeup (Le Neindre et al. 1993; Romeyer and Bouissou 1992), but external factors such 

as rearing history and early socialisation experiences may also play a vital part (Bonato et 

al. 2013; Casey and Bradshaw 2008; Markowitz et al. 1998; Mateo et al. 1991). As 

mentioned earlier in this review, amicable interactions with caretakers, particularly 

during early life stages, alleviate fear of humans and promote positive interactions. This 

applies to multiple settings where animals are under human care; in farms (e.g. Barnett et 

al. 1994; Hemsworth et al. 2000), zoos (e.g. Carlstead et al. 1993a; Carlstead 2009; Mellen 

1991) and as companion animals in domestic homes (e.g. Carlstead et al. 1993b; Casey and 

Bradshaw 2008). Hence, it is reasonable to expect that zoo-housed animals that have been 

exposed to regular positive handling by keepers from an early age would also be more 

amenable to close contact with visitors. Although a controversial practice that is 

discouraged by many, some institutions are known to intentionally hand raise young 
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animals for ease of conditioning to close human contact, thus improve their suitability for 

a future role as program animals (Kelling et al. 2013; Mellen 1992; Read and Meier 1996).   

 

The effect of visitors may also be influenced by various aspects of housing and husbandry. 

A well-executed exhibit design that provide animals with a degree of control and the 

ability to retreat from human contact, both in display exhibits and interactive programs, is 

considered integral in reducing potentially negative visitor effects (Anderson et al. 2002; 

Baird et al. 2106; Bonnie et al. 2016; Smith and Kuhar 2010; Szokalski et al. 2013a; Trone 

et al. 2005). Reducing visual contact with visitors in display exhibits by using camouflage 

nets or one-way-vision screens is a relatively simple husbandry alteration that has 

provided measurable welfare improvements in black-capped capuchins, Cebus apella 

(Sherwen et al. 2015a), Western lowland gorillas (Blaney and Wells 2004; Clark et al. 

2012;), Persian leopards, Panthera pardus saxicolor and snow leopards, Panthera uncia 

(Cunningham 2005). Provision of feeding enrichment (Carder and Semple 2008) and 

signage encouraging visitors to be quiet near the exhibit (Dancer and Burn 2019) have 

also proven effective in buffering potentially adverse effects of visitor presence. In 

encounter programs, the presence of an experienced keeper who can provide effective 

guidance in how to interact with animals in a positive and safe manner is deemed essential 

to safeguard the welfare of both animals and visitors (Samuels and Spradlin 1995; 

Szokalski et al. 2013a).  

 

Given the inherent difficulties of conducting manipulative experiments in the zoo 

environment (Hosey 1997), previous investigations of visitor effects have mostly been 

observational or descriptive in nature (see Appendix I for overview). Hence, many studies 

have revealed significant correlations between visitor presence and observed changes in 

animal behaviour, but a causal relationship has rarely been identified. In recent years, 

however, studies have begun to investigate cause-and-effect by systematically controlling 

or manipulating visitor numbers and behaviour (see for example Dancer and Burn 2019; 

Learmonth et al. 2018; Sherwen et al. 2014, 2015a,c), which can hopefully generate more 

robust conclusions. Another shortcoming of previous work is a seemingly narrow focus on 

a single, or possibly a few, visitor variables, since most studies have monitored visitor 

density or presence-absence records only (Appendix I). While this gives a valuable 

indication of how animals respond to visitor presence or crowd size, little is known about 

which particular aspects of visitor behaviour may be perceived as stressful, or enriching. 

Certain behaviours including loud noise, waving or banging on the exhibit window may be 

particularly stressful for animals on display (Mitchell et al. 1992b; Sherwen et al. 2014). 
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Similarly, visitors who chase or handle animals roughly may impose high levels of stress to 

animals in interactive settings (Anderson et al. 2002; Samuels and Spradlin 1995), but 

visitor behaviours such as these are rarely quantified. Depending on individual study aims, 

as well as resource and logistical constraints within the zoo environment, various 

experimental designs have been applied to tackle similar research questions.  The lack of a 

unified methodology thus makes it even more difficult to generalise and compare findings 

across studies. Future research, focusing on identifying a cause-and-effect relationship 

between clearly defined aspects of visitor behaviour and corresponding changes in animal 

behaviour and physiology, would be encouraged at this stage. Given the increasing 

popularity of interactive experiences over traditional exhibit viewing, more research 

ought to be conducted on this particular topic, since data is currently limited to a small 

number of studies in a few animal groups. Moreover, a heavy taxonomic bias towards 

primates and other iconic zoo animals, means that for the vast majority of animal groups, 

the effects of visitors remain largely unknown. A more inclusive taxonomic approach 

involving animal groups such as reptiles, birds and non-primate mammals is therefore a 

priority at this point in time.  

 

1.4 Interactive experiences and their effects on visitor learning, attitudes and behaviour  

Aside from animal welfare effects, human-animal interaction may also affect the attitudes 

and behaviour of zoo visitors engaging in such experiences. In a modern, urbanised society 

where humans are somewhat detached from the natural world, the desire to interact with 

wildlife is becoming increasingly prominent (Dunstan et al. 2016; Louv 2005). Wildlife 

tourism is not for everyone; many people are devoid of such opportunities due to financial 

constraints or may feel apprehensive towards encountering wild animals in their natural 

environment (Grassmann et al. 2017). Zoos and aquariums represent an alternative venue 

in which humans can interact with exotic fauna in a safe and controlled manner while 

instilling a sense of reconnection with nature (Dunstan et al. 2016). The effects on visitors 

engaging in interactive experiences have been reasonably well documented, with a 

multitude of benefits, but also some noticeable concerns, reported to date.   

An early study by Woods (1992) sought to understand people’s subjective experiences of 

wildlife in both natural and captive settings and found that participants often referred to 

their most positive experiences when being close to, touching or feeding animals. Being 

close to animals appeared to invoke a sense of inter-species connection (Woods 1992), 

and the act of feeding may also satisfy a nurturing and caring need (Kreger and Mench 

1995). Hence, it is perhaps not surprising that zoo visitors, as opposed to passively 
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viewing animals through a barrier, much prefer to engage in interactive experiences 

(Kreger and Mench 1995; Price et al. 1994). For example, visitors who attended an 

interactive training session at an otter exhibit reported a more positive zoo experience, 

remained at the exhibit for longer and perceived otters more favourably than visitors who 

simply viewed the otters (Anderson et al. 2003). Animal interaction may thus have the 

potential to enhance the overall visitor experience, and recent evidence even mentions 

some short-term health benefits when pre- and post-health indicators were monitored in 

visitors attending a touch tank exhibit with sharks, stingrays and horseshoe crabs 

(Sahrmann et al. 2016). Visitors exhibited elevated heart rate while interacting with the 

animals, which could be indicative of excitement, and a positive mood change took place 

after the experience, as visitors stated they felt happier, more energised and less tense 

(Sahrmann et al. 2016).  

Apart from possible benefits to the individual zoo visitor, zoos and aquariums could 

potentially incorporate interactive experiences into their long-term goals of education and 

conservation. Zoos are important centres for informal learning and are capable of reaching 

out to a large proportion of the general public (Falk and Dierking 2002). As such, zoos 

could possibly contribute to people’s understanding of contemporary environmental 

issues, which may in turn encourage a positive attitudinal change towards wildlife 

conservation and sustainability (Ballantyne and Packer 2005).  There is some support that 

interactive experiences may aid this process. Heinrich and Birney (1992) reported 

unexpectedly high retention rates of educational messages delivered during a live animal 

demonstration, both immediately after the experience and in a follow-up contact six 

weeks later. However, the lack of a control group makes it difficult to determine how the 

actual animal interaction contributed to the knowledge gain.  A similar study by Lukas and 

Ross (2005) demonstrated high knowledge scores on exit surveys after viewing gorillas 

and chimpanzees on exhibit, which questions the necessity of an interactive component in 

achieving good learning outcomes.  School children who attended an educational 

workshop with marine invertebrates attained similar knowledge when interacting with 

dried specimens instead of live animals, but only the group who handled live animals 

expressed empathy towards these animals in the wild (Sherwood et al. 1989). Hence, 

interaction with live animals may have elicited an emotional response that is difficult to 

achieve with artefacts only (Sherwood et al. 1989).   Viewing live animals in zoos may 

indeed exert a strong emotional impact on visitors, with emotions related to caring, 

connectedness and empathy for animals and nature commonly associated with these 

experiences (Clayton et al. 2009, 2011; Luebke et al. 2016; Myers et al. 2004; Pennisi et al. 
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2017). Interestingly, viewing animals that were active, or having an up-close encounter 

with an animal, i.e. being face to face with a lion at an exhibit window, appeared to evoke a 

particularly strong sense of affection, as indicated by visitor surveys (Luebke et al. 2016).  

Tapping into visitors’ emotions may play a vital role in achieving conservation-oriented 

goals, since people who feel emotionally connected to the natural world are also more 

inclined to contribute to its preservation (Akerman 2019; Dunstan et al. 2016; Pennisi et 

al. 2017; Young et al. 2018). Live animal interaction, and the positive emotions it awakens 

in many, could therefore be a pathway to conservation action, which some studies have 

indicated. Participation in interactive experiences, in both zoo and ecotourism contexts, 

have been associated with a range of pro-conservation behaviour including increased 

commitment to sustainable practices (Howard 1999; Orams 1997; Smith et al. 2008), 

stronger support for conservation policies and campaigns (Massingham et al. 2019; 

Swanagan 2000); and sharing of information to others (Howard 1999; Massingham et al. 

2019). Although these findings are encouraging, it remains uncertain as to what extent 

these experiences produce tangible, long-lasting outcomes, since knowledge and good 

intentions do not necessarily equate to behavioural change (Schultz 2011). Smith et al. 

(2008) found that visitors, after attending an interactive birds of prey demonstration, 

rarely commenced any new actions, but some appeared to have increased their 

commitment to practices they were already undertaking, i.e. recycling. Likewise, visitors 

who attended an elephant demonstration, as opposed to those who viewed the elephants 

in their exhibit only, were more likely to support the ban on ivory trade by signing 

petitions and collecting solicitation cards, but the return rate of the cards was, however, 

relatively low (Swanagan 2000). Many studies that have attempted to link visitor 

behaviour with pro-conservation efforts also suffer from inherent difficulties with follow-

up contacts, as well as the difficulty of measuring actual outcomes, since most studies have 

been based on visitor surveys or qualitative data (Ballantyne and Packer 2005; Dunstan et 

al. 2016). Nevertheless, these studies offer a useful insight into how these programs may 

affect visitors’ future attitudes towards environmental issues, which may ultimately lead 

to behavioural change.  

Despite potential benefits, interactive experiences have been criticised in some respects. 

Showcasing exotic animals that are tame and habituated to close human proximity may 

encourage the belief that wildlife is generally accepting of human contact and make 

suitable pets (Heinrich and Birnley 1992; Kreger and Mench 1995). Visitors who attended 

a monkey demonstration frequently commented on the monkey being cute, obedient and 

would make a good helper around the house, even though presenters clearly emphasised 
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that monkeys are unsuitable as pets (Heinrich and Birnley 1992). Certain encounters may 

also promote the commercialisation of animals and the use of live animals for 

entertainment (Spannring 2017). For instance, visitors having their photos taken while 

holding koalas commented on how the encounters were ‘tacky, commercial and 

disappointing’ (Woods, 1992), and that animals appeared indifferent and perhaps did not 

enjoy being held by strangers (Massingham et al. 2019). Hence, depending on the content 

and nature of encounter programs, these practices may unintentionally convey erroneous 

messages that wildlife can be exploited and used for entertainment purposes (Spannring 

2017). Despite a strong focus on education, most visitors attend zoos mainly for 

entertainment or social reasons (Reade and Waran 1996). Only one in three visitors 

reported having learnt something new from a zoo visit (Pearson et al. 2013), and many 

visitors also seemed to have difficulties comprehending conservation-oriented content at 

zoo exhibits (Ojalammi and Nygren 2018). Although these statements refer to zoo visits in 

general and not specifically animal encounters, one may question the efficacy of these 

programs in delivering educational and conservation-related messages, and if the element 

of a live animal indeed facilitates this aim or if visitors mainly attend encounters for 

entertainment.  

Close interaction with non-domesticated animals also raises concerns about the safety of 

participating visitors and keepers. Due to strict safety protocols, injuries sustained from 

contact with zoo animals is a relatively rare occurrence, with little under one hundred 

reported cases within a 25-year period (Hosey and Melfi 2015). Most of these incidents 

involved injuries to keepers, and only a small proportion were fatal (Hosey and Melfi 

2015). These numbers are likely to be conservative, though, since most minor incidents 

are likely to remain unreported (Hosey and Melfi 2015). Moreover, close contact with 

animals may result in pathogen transmission (Xu et al. 2018), and animals that become 

overly habituated to human presence may become aggressive and threatening, 

particularly when food is offered, and in some cases cause injuries or induce fear 

responses in visitors (Lee and Davey 2015; Woods 1992). An example includes feeding 

encounters with free ranging kangaroos and wallabies, where visitors described how 

animals occasionally turned aggressive and attacked visitors in attempts to acquire 

sought-after food rewards (Woods 1992).  

In conclusion, the desire to interact with exotic animals is becoming increasingly 

prominent among modern day zoo visitors. These experiences may be particularly 

effective in creating an emotional connection, and instil feelings of empathy and care for 

nature, which may in turn lead to positive attitudinal change towards environmental 
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issues. The extent to which this translates into long-lasting, measurable effects is, 

however, uncertain. Given the potential concerns that may arise in regard to interactive 

experiences, the effects these programs may have on zoo visitors ought to be carefully 

evaluated. Further research on how to effectively deliver educational messages that 

provides tangible, measurable and solution-focused outcomes is therefore encouraged at 

this stage.  

Conclusion  

The concept of animal welfare has evolved from a simplistic view that equated good 

welfare with biological functioning, to acknowledging animals as sentient beings with the 

ability to experience positive and negative affective states, which are in turn influenced by 

multiple aspects of an animal’s environment. In line with this idea, animal welfare is now 

assessed primarily using intrinsic, animal-based measures, including monitoring changes 

in behaviour or stress physiology, which can both provide an insight into the emotional 

wellbeing of an animal. In recent years, it has also become more widely accepted that the 

interactions, and subsequent relationships, that an animal forms with its human 

caretakers exert a major influence on welfare. As such, zoo animals appear to develop 

long-lasting relationships, and occasionally strong bonds, with familiar keepers, leading to 

measurable improvements in welfare. Zoo animals also encounter unfamiliar humans on a 

regular basis, and the welfare effects resulting from regular interactions with the public 

appear to vary depending on species-specific and individual traits, previous experiences to 

close human contact, as well as housing and husbandry related factors. Although aversive 

effects of visitor presence have been demonstrated in a variety of species in display 

exhibits, particularly primates, other studies have revealed noticeably positive, or neutral, 

influences of visitors. The effect of visitors in live animal encounter programs has only 

been investigated in a few species to date and has so far generated mixed results. Since 

most studies have been observational in nature, a causal relationship between visitor 

variables and animal welfare has rarely been identified. A taxonomic bias towards large, 

charismatic mammals means that for most zoo animals, the effects of visitor interaction 

remains largely unknown. Interactive experiences, which are highly sought after by the 

visiting public, appears to be an effective means of creating an emotional connection 

between visitors and zoo animals, which could potentially be a pathway to future 

conservation action. Given the zoo’s overarching goals of education and conservation, 

interactive experiences that are focused on creating favourable learning outcomes and 

promote behavioural change, while ensuring a positive welfare experience for 

participating animals, is therefore a high priority for zoos at this stage.   
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In light of these findings, the aim of the current thesis was to investigate animal welfare 

impacts associated with participation in live animal encounter programs in selected zoo-

housed taxa. Given the current taxa bias, the lack of a unified methodology and the 

inability to demonstrate causality in previous work, the current thesis attempted to focus 

on species that are underrepresented in the scientific literature and adopted a controlled 

experimental approach, with the aim of demonstrating a potential cause-effect 

relationship between participation in encounters and independent measures of animal 

welfare. The thesis also attempted a standardised methodology with the aim of testing the 

applicability of this approach across different species and institutions. To our knowledge, 

this has not been attempted previously as a means of systematically assessing short-term 

welfare effects in relation to encounter programs. In order to provide an accurate and 

comprehensive assessment of animal welfare, multiple animal-based measures, including 

both behavioural and physiological welfare indices, were incorporated into the current 

thesis. 
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2.  Methodology  

 

2.1 Introduction 

Zoo-based research comes with many challenges. Although scientific research is one of the 

cornerstones of the modern zoo, conducting empirical studies in this environment 

presents a range of logistical and analytical challenges (Davey 2006; Hosey et al. 2009). 

One of the more obvious limitations in this field is the use of small sample sizes (Saudargas 

and Drummer 1996). While studies in agricultural settings often report sample sizes of 

hundreds of animals (see for example Beggs et al. 2019; Munoz et al. 2018; Taylor et al. 

2018), zoo research is typically limited to a few subjects or a small colony of captive 

animals (see for example Maia et al. 2012; Sherwen et al. 2014, 2015a,b,c; Smith and 

Kuhar 2010). This is perhaps not surprising, given that the number of animals in zoos is 

comparatively small compared to the vast number of animals housed in farms, research 

laboratories or rescue shelters around the world. Hence, it is unlikely that zoo-based 

research can reach the same impressive sample sizes as those reported in other captive 

settings. Relying on a small number of study animals, although inevitable in many cases, is 

inherently problematic because it limits the ability to extrapolate findings to a wider 

context, i.e. the results obtained from a few individuals at one institution is not necessarily 

applicable to the captive population of that species in general (Bart et al. 1998; Machlis et 

al. 1985; Owen et al. 2004). Small sample sizes are also problematic because they may not 

be amenable to inferential statistical analysis, since many of the traditional statistical tests 

require a minimum number of test subjects to be considered valid (Bart et al. 1998; 

Saudargas and Drummer 1996). Cross-institutional studies, i.e. studying the same species 

across a number of different zoos, is therefore encouraged wherever possible, as it 

increases sample sizes, thereby external validity, of results (Bashaw 2011; Carlstead et al. 

1999; Swaisgood and Shepherdson 2005). However, one must acknowledge that 

considerable differences in housing, husbandry and management practices of animals 

across institutions may introduce confounding variation into the dataset, which needs to 

be considered when interpreting results (Carlstead et al. 1999; Hosey 1997).  

Further complications may arise when there is a limited ability to control or manipulate 

certain variables of the zoo environment, which is often the case if research activities 

interfere with housing and husbandry practices or jeopardise visitor experience (Davey 

2006; Hosey 1997). Zoos rely heavily on the support of the visiting public for their 

continued operation (Wolfensohn et al. 2018), which means that temporary closures of 
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exhibits or withdrawal of interactive experiences can result in substantial losses in 

revenue and disgruntled visitors (pers. obs., LA-R). Hence, controlled experiments, which 

are considered ‘the gold standard’ of scientific research, are often difficult to achieve in a 

zoo environment (Hosey 1997; Swaisgood and Shepherdson 2005). In many instances, 

data is therefore collected on an opportunistic basis, i.e. before and after a group of 

animals is translocated to a new exhibit or a novel enrichment is implemented (see for 

example Bashaw et al. 2003, 2016a; Baxter and Plowman 2001; Tarou et al. 2000) with the 

aim of investigating changes in animal behaviour resulting from the new routine. 

Alternatively, studies may be observational rather than manipulative, which is the case for 

most visitor studies to date (reviewed in Chapter 1). Monitoring certain visitor variables 

along with concomitant observations of animal behaviour at a display exhibit is a 

relatively easily conducted experiment that requires minimal interference from the 

researcher. Indeed, this may serve as a useful starting point for evaluating how visitor 

presence and behaviour affects animal behaviour and welfare in return, and most of what 

we know about visitor effects in zoo animals have so far been derived from such research 

(reviewed in Chapter 1). However, these studies can only demonstrate a possible 

correlation, not a causal relationship, between the measured variables. Thoughtful 

manipulations that exert a minimal impact on visitor experience but still allow researchers 

to make more reliable inferences about visitor effects, e.g. the installation of one-way-

vision screens (Sherwen et al. 2015a) or partial blocking of viewing areas (Bloomfield et 

al. 2015) at display exhibits, is a feasible strategy for achieving a higher level of 

experimental control.  

The diverse assemblage of exotic species is undoubtedly one of the reasons why visitors as 

well as staff members and researchers are attracted to the zoo environment (Hosey 1997). 

Yet, in many ways, it is more challenging to care for, and study, exotic animals compared to 

familiar domesticated taxa (Melfi 2009). Basic biology and species-specific requirements 

remain poorly understood in many non-domesticated animals, which makes it 

problematic to apply a theoretical framework and make firm hypotheses about the 

outcome of welfare-oriented research (Cole and Fraser 2018; Hosey 2008, 2013). If 

behavioural or physiological welfare indicators have not yet been characterised in a 

certain species, it becomes difficult to draw firm conclusions about how welfare is affected 

when one does not know what compromised, or positive, welfare looks like (Melfi 2009). 

Validating reliable welfare indices should therefore be a priority in this field but is 

complicated in a zoo environment due to ethical considerations, which would most likely 

restrict experiments aimed at intentionally inflicting short-term stress on study animals 
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(Ward and Melfi 2013).  Hence, most decisions regarding zoo animal welfare do not stem 

from rigorous scientific investigation but has followed a ‘best practice’ or ‘trial-and-error’ 

approach (Melfi 2009). Although this tactic is well intended and possibly provides quick, 

on-the-spot solutions to potential welfare issues, there is little consensus within the zoo 

community as to which strategies are most effective at managing and refining animal 

welfare overall (Swaisgood and Shepherdson 2005).     

With regard to these challenges, this chapter aims to describe, and justify, the 

methodologies used to address the chosen research question, and, where possible, explain 

how some of the limitations facing zoo researchers was dealt with in the current thesis.  

 

2.2 Research approach  

The current thesis used a combined approach of survey data and empirical studies in zoo 

settings to address the principal research question of how animal welfare is affected by 

participation in live animal encounter programs (hereafter ‘encounters’). The survey 

method is considered a useful technique for rapidly obtaining large amounts of data from 

multiple institutions (see for example Bashaw et al. 2001), which is otherwise difficult to 

achieve with an experimental approach. The purpose of the survey was to gain an 

understanding of general trends around encounters in accredited zoos and aquariums, i.e. 

how common these programs are, and which species are frequently involved. The survey 

also explored the questions of where welfare issues, and positive welfare, is likely to arise 

in relation to encounters, and aimed to identify the attitudes and beliefs of zoo 

professionals involved in these programs. As such, the survey was used as a prelude to the 

experimental work by providing context around the broad issues of encounters, and, more 

specifically, was used to inform choice of species selected for empirical studies. Where 

appropriate, survey data was also used to reinforce findings of experimental work. Please 

refer to Chapter 3 for a detailed description of methodologies used in the survey 

assessment.  

The experimental work consisted of a series of investigations which aimed to determine 

the overall welfare impact of participation in encounters, with a particular emphasis on 

how short-term variation in encounter frequency impacted upon behaviour and 

physiology of study animals. Three case studies, each with a different species, were 

conducted in the current thesis. Although independent studies, all three investigations 

addressed the same research question and applied a very similar experimental design. The 

empirical studies involved servals, Leptailurus serval, giraffes, Giraffa camelopardalis, and 
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shingleback lizards, Tiliqua rugosa. These particular species were selected for inclusion for 

a number of reasons. The main rationale was frequency of involvement in encounters, i.e. 

species that were relatively common as program animals would make good candidates for 

study. The results would then be relevant to a greater number of zoo professionals 

undertaking similar programs, who could potentially benefit from these findings when 

making informed decisions about future management of program animals, continued 

operation of encounters, etc.  Secondly, the choice of species sought to counteract some of 

the current taxa bias that exist in zoo-based research (Davey 2007; Melfi 2009), by 

including species that are relatively understudied in this regard. Despite their popularity 

as program animals, very little is known about human-animal interactions in all three of 

the selected species. This is true for many of their close relatives as well, i.e. small, non-

domesticated felids and reptiles are two animal groups where information on captive 

welfare and human-animal interaction is indeed very scarce (Benn et al. 2019; Brodie 

2009). Lastly, pragmatic and logistical considerations also contributed to species choice, 

including for example availability of study animals and staff to assist with encounters, and 

selection of venues where the research could be conducted with minimal interference to 

the regular encounter program.  

The current project originally proposed a study with koalas, Phascolarctos cinereus, which 

would meet the criteria for a suitable study species due to both frequent involvement in 

encounters and as an understudied taxon (koalas as well as marsupials in general; see 

Table 1.2, Chapter 1). However, the study was deemed unfeasible due to an unexpected 

loss of two out of three study animals at the proposed study site. Shortly prior to the onset 

of the study, one koala was euthanised due to an unexpected and rapidly progressing 

illness and another animal was deemed unsuitable for encounters because repeated 

efforts to condition the koala for close visitor interaction was unsuccessful. Similarly, the 

shingleback study originally proposed four study animals, but one lizard was euthanised 

due to severe pneumonia shortly before the study began, and another animal had 

persistent issues with upper respiratory disease, which rendered it unsuitable for 

inclusion in the study. Hence, the sample size was reduced by half. Animal-related factors 

such as these are undoubtedly unfortunate and, due to their unexpected nature, difficult to 

foresee.  

Considerable efforts were made to increase the sample size of the giraffe and shingleback 

study by conducting multi-institutional studies. However, replicating the study design at 

neighbouring institutions proved challenging for several reasons. In the case of the 

giraffes, one zoo concluded that the loss in revenue resulting from temporary withdrawal 
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of encounters would be too substantial, and this zoo was also in the process of renovating 

their giraffe exhibit. Another zoo housed their giraffes in a free-range setting, hence the 

logistical implications of monitoring behaviour in this space were deemed too difficult. 

Vehicular access to the area was restricted to safari vehicles and regular keeper 

maintenance, and the lack of suitable vantage points made long-distance filming or direct 

observations using binoculars unfeasible. Replicating the shingleback study at a 

neighbouring zoo was complicated by staff shortages, since shingleback encounters were 

not usually part of their regular encounter program and additional staff would therefore 

have been required.  

Although the current research was restricted to a small number of animals per study, the 

data would still be considered valuable, given that a novel research topic benefits from 

even a small amount of new information (Swaisgood and Shepherdson 2005). Even though 

larger sample sizes are preferable in general, intense study of a few animals enables a 

detailed behavioural profile to be developed for each individual, which is highly beneficial 

when attempting to finetune the management of specific animals (Swaisgood and 

Shehperdson 2005). A strong individual focus is also in line with current welfare research, 

which is becoming increasingly in favour of assessing welfare on an individual basis (Cole 

and Fraser 2018).   

 

2.3 Experimental design 

The current research used a controlled experimental approach with a repeated treatments 

design that imposed changes to the regular encounter program of the three study species. 

This type of design, which involves multiple replicates of the same treatment, i.e. ‘A-B-A-B-

A-B’ is considered more robust than a ‘before-after’ design, i.e. ‘A-B’, since the former 

reduces statistical noise, thereby improves internal validity of results (Saudargas and 

Drummer 1996). In other words, by repeating each treatment a number of times, the 

potential influence of background variables (i.e. visitor density, seasonal change, outdoor 

temperature, oestrus state) becomes gradually diminished, since it is highly unlikely that a 

certain variable will occur coincidentally with a certain treatment every time (Saudargas 

and Drummer 1996). Background variables will still be present within the dataset but 

with increasing number of replicates, the possibility of confounding effects is greatly 

reduced (Swaisgood and Shepherdson 2005). By randomising the order of the treatments, 

e,g. ‘A-B-B-A-A-B’, which was done wherever possible in the current research, this further 

minimises the risk of introducing systematic bias into the dataset (Saudargas and 

Drummer 1996).  
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In order to determine the effects of short-term frequency variation of encounters, three 

different treatments were imposed in the giraffe and shingleback studies, which involved 

firstly, a baseline regime with regular interaction frequency, i.e. encounters proceeded 

according to the normal regime, secondly, a temporary withdrawal and thirdly, a 

temporary intensification of regime (Table 2.1). The intensification of regime meant that 

encounters increased two or three-fold. The serval study was slightly different, since these 

animals participated in two different types of encounters (see Chapter 4 for further 

details). To disentangle the effects of each of the two types of encounters, while, at the 

same time, studying differences in encounter frequency, four treatments were imposed in 

this study; one for each type of encounter, one where both encounters were included, and 

one where interaction was withdrawn (Table 2.1). Since the cats were usually involved in 

both encounter types under normal circumstances, the treatment involving both 

encounters most closely mimicked the baseline regime.  

Due to practical reasons, the length of each replicate, and the total number of replicates 

imposed during the study period, varied slightly between the three studies (Table 2.1).  In 

each of the three studies, we distinguished between individual study animals, and time of 

day effects, i.e. sessional effects.  Each study therefore involved repeated measures of 

individual and session within each treatment (see section 2.4, Chapter 4-6 for further 

details).  

 

Table 2.1  Summary of treatments imposed during serval, giraffe and 

shingleback studies.  

 

 Serval Giraffe Shingleback 
Treatment A – Presentations  

B – Behind-the-scenes 
(BTS)  
C – Pres. & BTS 
combined 
D – No encounters 

A – Baseline (1 daily 
encounter)  
B – No encounter  
C – Additional (3 daily 
encounters)  

A – Baseline (1 daily 
handling session)  
B – No encounter  
C – Additional (3 daily 
handling sessions) 

Length of each 
replicate 

7 consecutive days 2 consecutive days 5 consecutive days  

Total no. of replicates 
per treatment   

3 5 3 

Total length of study 
period  

12 weeks 15 weeks 9 weeks  

 

 

2.4 Behavioural and physiological measures  
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A combination of behavioural and physiological indices was monitored in response to 

treatment. Behavioural measures are considered a vital component of welfare 

assessments, since systematic behavioural monitoring allows the detection of any changes 

that may be indicative of a welfare effect (Wolfensohn et al. 2018). It is therefore essential 

to become familiar with the animal’s normal behavioural repertoire prior to imposing any 

treatment (Wolfensohn et al. 2018). In the current project, substantial time was allocated 

to ad hoc observations of animal behaviour pre-trial. These observations, in conjunction 

with previously published data (Bashaw et al. 2016; Seeber et al. 2012; Stanton et al. 

2015), was then used to develop an ethogram for each study species. Behavioural 

measures involved behavioural states, i.e. common behaviours that occupied a relatively 

large proportion of the animals’ time budget, such as locomotory activity, resting or other 

passive behaviours, as well as maintenance behaviours including for example feeding, 

grooming etc. A suppression in any of these activities, or a sudden increase (i.e. 

overgrooming, hyperactivity) may be indicative of a stress response, thus a potentially 

negative welfare effect (reviewed in Chapter 1). The incidence of abnormal repetitive 

behaviours, i.e. stereotypies, was also monitored in all three study species, since a higher 

prevalence of stereotypies is generally considered a welfare concern (Mason and Latham 

2004; Mason et al. 2007), and animals are known to sometimes perform more 

stereotypical behaviours in response to environmental stress (Carlstead et al. 1993a; 

Mason et al. 2007; Morgan and Tromborg 2007).  Conversely, a higher incidence of 

behaviours associated with play or active exploration could signal a positive welfare effect 

(Boissy et al. 2007, hence these behaviours were, where appropriate, included in the 

behavioural monitoring as well. Behavioural states were quantified as total time spent 

performing a certain behaviour during any given observation session (Altmann 1974). 

Along with monitoring behavioural states, we also quantified behavioural events, i.e. brief 

occurrences, as frequencies per observation session (Altmann 1974). This involved, for 

example, social interactions among giraffes.  Changes in intra-group social interactions 

have been monitored frequently in previous studies of visitor effects and, depending on 

the nature of the interactions, may be indicative of either a positive or negative welfare 

impact (reviewed in Chapter 1). Behavioural diversity, which was quantified as the total 

number of behaviours undertaken during any given observation session, was included as 

another welfare indicator, since a more diverse behavioural expression may be indicative 

of positive welfare (Carlstead and Shepherdson 2000; Morgan and Tromborg 2007; 

Newberry 1995), and a reduction in behavioural diversity has been correlated with 

behavioural indicators of stress (Rehnberg et al. 2015). Finally, space use measures 

including, for example, use of shelter within the enclosure, and proximity to visitors 
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during encounters, were also included in the behavioural assessment, since behaviours 

such as hiding and reluctance to approach visitors may be indicative of fear and stress 

(Carlstead et al. 1993 a,b; Hemsworth and Coleman 2011; Rehnberg et al. 2015; 

Wielebnowski et al. 2002).  

A combination of continuous behavioural monitoring and instantaneous scan sampling 

(ISS) was used to monitor behaviour (Altmann 1974); the preferred sampling technique 

depended largely on what was deemed most feasible in the current situation. In case of the 

servals, behaviour was monitored remotely by the installation of CCTV cameras in the 

animals’ enclosures. However, due to the large number of cameras involved and the fact 

that the cats often moved quickly between locations, continuous behavioural monitoring 

was deemed too difficult, hence ISS was used primarily in this study (see Chapter 4 for 

further details). For the giraffes and shinglebacks, remote behavioural monitoring was 

complicated due to technical and logistical difficulties with camera setup. Hence, the 

primary researcher filmed these animals with a camcorder from the visitor viewing areas, 

which enabled continuous behavioural monitoring of individuals (see Chapter 5-6 for 

further details). Potential observer effects were minimised by having the observer 

positioned at a distance from the exhibits, and by not initiating any kind of interaction 

with the study animals.  In all three studies, behavioural observations were undertaken 

both during encounters as well as outside of visitor interaction time. Outside of visitor 

interaction, behaviour was monitored during a number of designated recording sessions 

per observation day, which involved monitoring of behaviour immediately prior to and 

after encounters, and in two additional sessions that were unrelated to visitor interaction, 

i.e. morning and afternoon. This protocol has been used previously for monitoring 

behaviour in relation to interactive programs (Kyngdon et al. 2003; Miller et al. 2011; 

Szokalski et al. 2013a) and is considered useful for capturing immediate effects on 

behaviour pre-post interaction, as well as more long-lasting effects that may be 

identifiable hours after encounters have concluded, or throughout the treatment in 

general. For specific details around behavioural sampling protocols, please refer to 

Chapter 4-6.  

Wherever possible, physiological measures were used as a complement to behavioural 

data in the current research. Physiological data are considered particularly useful in 

welfare assessments of non-domesticated animals, since many species do not readily 

express behavioural signs of distress or compromised welfare (Broom 2007; Melfi 2009). 

Behavioural measures may also be somewhat subjective since they rely on a certain 

amount of judgement of the observer (Whitham and Miller 2016). In the current project, 
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assessment of faecal glucocorticoid (FGM) output in response to treatment was used to 

monitor adrenal activity in the servals and the giraffes. This is a non-invasive and reliable 

technique that has been previously validated for use in several felid (i.e. Fanson et al. 

2012; Watson et al. 2013; Wielebnowski et al. 2002) and ungulate (i.e. Bashaw et al. 

2016b; Carlstead and Brown 2005) species. Another major benefit of FGMs is that the 

output reflects the accumulated level of cortisol over a period of time, thus is indicative of 

the overall level of adrenal activity the animal has experienced throughout the day 

(reviewed in Keay et al. 2006). By contrast, serum cortisol concentration mainly 

represents the animal’s adrenal activity at a particular point in time, which is in turn 

influenced by circadian rhythm and other factors (reviewed in Keay et al. 2006). In the 

current research, individually identifiable faecal samples were collected during each 

treatment day, and 1-2 days post treatment, to account for excretion lag time (Bashaw et 

al. 2016b; Fanson et al. 2012).  Individual identification was possible in the servals since 

they were housed solitarily, and in case of the giraffes, this was achieved by providing the 

animals with a dietary marker (see Chapter 5 for further details). FGMs were extracted 

using the methanol-vortex method (Schwarzenberger et al. 1991; Wasser et al. 2000) and 

appropriate enzyme immunoassays (EIA’s) were then selected based on previously 

validated methods in the species (Bashaw et al. 2016b; Fanson et al. 2012; Watson et al. 

2013). For specific details around assay protocols, please see Chapter 4-5.  

In shingleback lizards, along with many other reptiles, FGM assays have not yet been 

validated as a reliable technique for monitoring adrenal activity (Benn et al. 2019). Given 

time and resource constraints, it was beyond the scope of the current thesis to validate a 

physiological assay for this species. Also, the lizards defecated sporadically, i.e. once 

weekly on average (shingleback husbandry staff, Melbourne Zoo, pers.comm.,18.01.2018), 

which would most likely have generated an insufficient number of samples to assess 

adrenal activity in the current study, and the intervals between defecation events may 

have been too long to enable short-term welfare effects to be assessed based on variation 

in FGM concentration.  As an alternative physiological measure, activation of the SAM axis 

was traced by monitoring respiration rate in response to treatment (Langkilde and Shine 

2006), which was accomplished by counting total number of chest expansions per minute 

from camcorder footage (see Chapter 6 for further details).  

 

2.5 Statistical analysis  

The data obtained in the three studies was analysed using GenStat version 16. To 

determine the effect of treatment on behavioural and physiological measures, generalised 
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linear models (GLMs) were used where individual, treatment and session were included as 

independent variables, and behavioural and physiological measures were included as 

dependent variables. Similar methods have been used to analyse data in previously 

published studies investigating similar research questions with relatively small sample 

sizes (Learmonth et al. 2018; Sherwen et al. 2014). In all GLM analyses a post-hoc Fisher’s 

Least Significant Difference (LSD) was conducted to determine significance between the 

independent variables. A significance level of 0.05 was used in all analyses. Please refer to 

Chapter 4-6 for more specific details about the data analysis undertaken for each study.  

 

3.  A multi-national survey assessment of live animal encounter 

programs in accredited zoos and aquariums  

Abstract  

Live animal encounter programs are an increasingly common practice in the modern zoo. 

The number of institutions engaging in these programs, which species are particularly 

common program animals, and the welfare implications of participating animals is, 

however, poorly described in the literature to date. The aim of the current study was, 

therefore, to provide a comprehensive overview of encounter programs with non-

domesticated vertebrate taxa in accredited institutions, identify common welfare concerns 

and positive welfare experiences associated with encounters, and identify some 

prominent attitudes and beliefs of zoo professionals involved in these programs. To 

address this aim, a survey assessment was conducted with 557 accredited zoos and 

aquariums in Australia, New Zealand, South Africa, North America, the UK and other 

selected European countries. Zoo professionals (including managers, curators, husbandry 

and educational staff) at the surveyed institutions were invited to complete a brief online 

survey about their institution’s current encounter program and whether they had 

experienced any welfare concerns in regard to encounters. Upon completion of this 

survey, participants who agreed to a follow-up contact received an invitation to an 

additional survey that was more comprehensive and focused around welfare concerns, 

positive welfare experiences, and the respondent’s personal attitudes and beliefs. In total, 

participants from 68 institutions responded to the introductory survey, and an additional 

45 participants from 23 institutions responded to the follow-up survey. Survey responses 

in combination with reviews of zoo and aquarium websites indicate that the majority of 

surveyed institutions (85 %) currently engaged in an encounter program; these practices 
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were particularly common in Australian, British and North American institutions, and 

tended to focus mainly on various mammals. Reported welfare concerns most often 

referred to behavioural indicators of poor welfare in relation to encounters, many of 

which were indicative of a typical fight-or-flight response. Likewise, positive welfare 

experiences tended to be focused around behavioural indicators, or voluntary 

participation and/or interaction with visitors during encounters. Positive welfare 

experiences outnumbered reported concerns in mammals and birds, but the opposite was 

true for reptiles. Zoo professionals appeared to have an overall positive attitude towards 

encounter programs and the potential benefits these could offer individual zoo visitors 

and their institution in general, although a moderate level of concern was also apparent 

among respondents, particularly in regard to animal welfare and ethical concerns 

associated with encounters.  

 

3.1 Introduction  

Accredited zoos and aquariums have a strong commitment to education, conservation and 

animal welfare (Hosey et al. 2009). Central to the accreditation status is a rigorous 

educational framework that aims to educate visitors about contemporary environmental 

issues and sustainable living, and an ongoing investment in both captive breeding 

programs and field-based conservation (Moss and Esson 2013; Patrick et al. 2007). Along 

with these criteria, accredited institutions are also required to provide an excellent 

standard of welfare for their collection animals (Kagan et al. 2018). It has been argued that 

the modern zoo should raise the bar from providing an environment that merely involves 

basic husbandry and care, to ensuring each individual animal in their collection is thriving 

(Kagan et al. 2018; Melfi 2009). As such, the zoo environment should be a lifelong 

sanctuary where animals are cared for according to their needs and preferences, rather 

than what is easiest to achieve from a management point of view (Carter and Kagan 2010; 

Kagan et al. 2018).  

Optimising animal welfare while at the same time contributing to an enhanced experience 

for the paying visitor would be the ideal scenario, as it would clearly be a win-win for both. 

Live animal encounter programs (hereafter ‘encounters’) give visitors a highly sought-

after opportunity to interact closely with exotic animals (Szokalski et al. 2013a) and 

provides an opportunity for the zoo to convey educational and conservation-oriented 

messages relating to the animal ambassador and its wild counterparts (Ballantyne and 

Packer 2005; Falk and Dierking 2002). However, these practices have been scrutinised on 
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the basis of encouraging exotic pet ownership (Heinrich and Birney 1992; Kreger and 

Mench 1995), commercialisation of animals (Spannring 2017) and potentially negative 

welfare implications for participating animals (Kagan et al. 2018), a topic that has been 

poorly investigated to date (reviewed in Chapter 1).  

So far, systematic reviews of encounter programs in accredited facilities is lacking. While 

some studies have attempted to investigate welfare effects in relation to encounters in a 

few selected taxa, data are currently too scarce for any general patterns to be identified 

(reviewed in Chapter 1). Furthermore, the overall occurrence of these programs, including 

which species are most commonly involved, has not been well documented in the 

literature. For example, Jones et al. (2016) estimate that almost half of accredited zoos in 

Britain that house lemurs also offer lemur feeding encounters, and fifteen years ago it was 

estimated that at least twenty swim-with-dolphin programs operated in the United States 

(Trone et al. 2005). Although these figures are informative for these particular animals, a 

more encompassing taxonomic overview that compares general trends in encounter 

programs across several geographic regions is yet to be undertaken.  

The survey method is a useful means of rapidly gathering large amounts of data from 

several institutions. Survey assessments have been used to investigate welfare related 

matters in zoo-housed animals before; for example, Bashaw et al. (2001) 69 % collected 

data on over two hundred giraffes and okapi, Okapia johnstoni, in North American zoos to 

identify housing and husbandry related variables associated with oral stereotypies in 

these species. Keeper questionnaires have also been used to describe keeper-animal 

relationships and rate individual animal personalities (i.e. Carlstead 2009; Carlstead and 

Brown 2005, Carlstead et al. 2019; Phillips and Peck 2007; Polgar et al. 2017; Szokalski et 

al. 2013b), which have been subsequently correlated with independent measures of 

welfare or response to visitors. Given that many keepers have extensive knowledge of the 

species and individual animals they work with (Hosey and Melfi 2012), survey 

assessments, although considered less reliable than empirical studies, can be a highly 

valuable source of information and can be used to direct future research efforts within the 

zoo environment (Melfi 2009).  

The aim of the current study was, therefore, to provide a comprehensive review of live 

animal encounter programs in accredited institutions; i.e. how common these programs 

are, which animals frequently participate in encounters, and what type of encounters they 

normally participate in. Through a survey assessment with zoo professionals, the study 

also aimed to identify common welfare concerns, as well as positive welfare experiences, 
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related to participation in encounters, and to identify some prominent attitudes and 

beliefs among staff engaging in encounter programs. This information would be of value to 

zoo professionals currently undertaking an encounter program or planning on 

implementing such a program in future. Furthermore, the survey assessment provided 

direction and context for the subsequent experimental chapters (Chapter 4,5,6) in the 

current thesis.  

 

 

 

3.2 Methods 

All procedures in the current study were approved by the Human Research Ethics 

Committee of The University of Melbourne (ethics id 1647056.1).  

 

3.2.1 Survey participants  

Participating institutions included accredited zoos and aquariums in Australia, New 

Zealand, South Africa, North America, The United Kingdom and selected European 

countries (Table 3.1). These countries were chosen primarily because of the high number 

(>10) of accredited institutions within these countries, and because most of these 

countries are English speaking, which would prevent potential language barriers from 

influencing the rate of participation. To be eligible for participation, institutions had to be 

a fully accredited member of one or more of the following regional zoo and aquarium 

associations: ZAA (Zoo and Aquarium Association), AZA (Association of Zoos and 

Aquariums), CAZA (Canadian Association of Zoos and Aquariums), EAZA (European 

Association of Zoos and Aquariums), BIAZA (British and Irish Association of Zoos and 

Aquariums), PAAZAB (African Association of Zoos and Aquariums) or WAZA (World 

Association of Zoos and Aquariums). Since accredited institutions are required to fulfil a 

minimum standard of animal welfare, as well as having a strong focus on wildlife 

conservation, education and research, we considered these institutions to be the most 

suitable participants for this study. Institutions housing invertebrates (i.e. butterfly 

houses) or domestic animals (i.e. children’s petting farmyards) only were not included for 

participation, since the survey focused primarily on vertebrate taxa of non-domestic 

animals. A list of eligible institutions was obtained from websites of the above-mentioned 

associations, which typically listed their member institutions online. In total, 557 
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institutions were selected for participation in the present study (Table 3.1). Prior to 

recruitment, the regional accreditation associations were contacted via e-mail by the 

primary researcher (LA-R) with a request to endorse the current survey by providing a 

letter of research support, to provide an incentive for their member institutions to 

participate. Research support was granted from CAZA and BIAZA, hence a support letter 

from these associations preceded the survey invitation that was sent out to Canadian and 

British institutions. The remaining institutions did not respond to the enquiry, or advised 

that they did not endorse individual research projects, since it was up to their member 

institutions to decide which research they wished to participate in.  

 

 

Table 3.1  Survey participants   

 

Geographic region No. of surveyed institutions  

 

Australia/New Zealand 

 

74 

South Africa 20 

North America (Canada and The United States) 232 

The United Kingdom  97 

Europe (France, Germany, Spain,  

Netherlands, Denmark and Sweden) 

134 

Total no. of surveyed institutions  557 

  

 

3.2.2  Website review  

Prior to recruitment of institutions, the website of each selected institution (Table 3.1) 

was reviewed briefly with the aim of compiling information on current encounter 

programs. Each website was searched systematically for 10-15 minutes, using search 

terms such as ‘animal encounters’, ‘animal experiences’, ‘behind-the-scenes’, ‘VIP 

experiences’, and ‘zoo education’.  Details of which species that currently participated in 

encounters, and what type of encounters were offered with each species, were recorded 

for each institution. In case information was not provided at a species-specific level, details 

of the closest level of taxonomic relatedness (i.e. ‘pythons’, which could refer to any 

member of the family Pythonidae) was recorded instead.  Details were not recorded at the 



66 
 

level of sub-species, i.e.  tiger encounters were recorded as ‘Tiger, Panthera tigris ssp.’, 

regardless of which sub-species was involved. However, if encounters were advertised 

specifically with a certain sub-species, as in the case of the dingo, it was recorded as 

‘Dingo, Canis lupus dingo’. Encounters tailored towards the visiting public as well as school 

groups (i.e. zoo education and zoo outreach programs) were both included in the review. 

Encounters involving invertebrates or domestic animals were not included. Encounters 

were divided into two broad categories, Level 1 and 2, based on increasing visitor-animal 

interaction (Table 3.2). Encounters with education animals were recorded in a separate 

category, and in case no specific information was given about the type of encounter, it was 

recorded as ‘unspecified’. In case a species participated in two different types of 

encounters at the same institution, both encounters were recorded separately. In case an 

institution did not advertise an encounter program online, it was recorded as ‘none 

advertised’.  

The following were not defined as 
encounters for the purpose of the current 
survey  
 

Level 1 encounters: Low visitor-animal  
interaction  

Keeper talks/presentations, interpretive 
keeper feedings, trainings, or enrichment 
sessions  
 
Guided tours 
 
Walk-through exhibits, i.e. free-flight aviaries, 
free roaming animal exhibits, safari 
experiences, unless there is an opportunity 
for visitors to feed and/or touch the animals 
(in which case it is defined as a Level 2 
encounter). 
 
Animal shows, i.e. bird shows, sea lion shows 
 

Behind-the-scenes – visitors are allowed access to 
an otherwise restricted area (i.e. animal holding 
facilities), to view the animal at a close range. At all 
times, there is a protective barrier present between 
visitor and animal.  
 
Close-up encounters – visitors are allowed access to 
the animal’s enclosure or can view the animals at a 
close range without a protective barrier between 
animal and visitor, i.e. souvenir photos, bird of prey 
perching on glove that is held by handler or visitor. 
No feeding or physical interaction is involved.  

Encounters involving domestic animals (i.e. 
petting zoos, children’s farm yards) or 
invertebrates (i.e. butterfly gardens, touch 
tanks with marine invertebrates). 

Level 2 encounters: High visitor-animal 
interaction 

 Feeding encounters – visitors are allowed to feed 
the animal, either through a protective barrier or 
via free contact. Both hand feeding and feeding 
using a special device are included, i.e. giraffe 
feeding encounters, tong-feeding of big cats 
through a fence, scatter feeding of meerkats.  
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Table 3.2 Definitions of encounters for the purpose of the current survey 

3.2.3 Introductory survey  

Survey participants (Table 3.1) were recruited for the introductory survey via a 

customised survey invitation that was sent out via email. The invitation contained brief 

introductory information as well as a direct link to complete the survey via the online 

survey platform Qualtrics. It was acknowledged in the invitation that the current 

encounter program of the institution had been recently reviewed via their website, and 

the research team was interested to learn more about it through the survey. The primary 

respondents for the introductory survey included life science managers, curatorial or 

educational staff, which was stated in the survey invitation. However, in most cases, 

invitations were sent to the institution’s general email address which was obtained from 

zoo websites, since the websites did not typically list email addresses to specific staff 

members. Due to privacy regulations, the relevant zoo associations could not disclose 

contact details to individual staff of their member institutions. The information obtained 

from the website review (section 3.2.2) was used to customise the introductory survey 

for each institution. Hence, a unique survey link was created for each institution. The 

online questionnaire was preceded by a consent form and a plain language statement 

which provided brief background information about the study, along with information 

about dissemination of results, data retention and confidentiality (Appendix I). The 

 Tactile encounters – visitors are allowed to 
physically interact with the animal by for example 
patting or holding the animal, either through a 
protective barrier or via free contact, i.e. koala 
holdings, seal ‘kisses’, patting a snake or a lizard, 
grooming a rhinoceros through a protective barrier.  
 

 Animal rides – encounters involving a visitor riding 
on the animal’s back, i.e. camel or elephant rides.  
 

 Animal walks – encounters involving a visitor, in 
the vicinity of a keeper, taking animal for a walk on 
a lead, such as cheetah or dingo walks.  
 

 
 
 
 
 
 
 
 
 
 
 
 

Immersion encounters – encounters with aquatic 
animals where visitors are immersed in the 
animal’s habitat, i.e. wading, swimming or diving 
with dolphins, seals, sharks etc. 
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questionnaire contained a few brief introductory questions about the respondent’s 

current position and experience within the zoo environment, followed by two 

substantive questions, the first of which was concerned with the current live animal 

encounter program at the institution (Appendix I). This question was presented to the 

respondent as a pre-filled table with the information obtained from the website review 

(Appendix I). The respondent could then confirm whether this information was correct 

and make any amendments if necessary. The second question was in relation to potential 

welfare concerns that the institution may have experienced in relation to their encounter 

program. It was an open-ended question where the respondent was asked to list any 

species where welfare concerns had been identified, provide brief details about the 

nature of the concern, and, if applicable, any management strategies that had been 

implemented to address the concern (Appendix I). Welfare concerns could refer to an 

isolated incident or a recurring issue, and the concern could be related to an encounter 

that was currently offered or had been offered in the past. Welfare concerns included, but 

were not limited to, animal(s) presenting behavioural signs of stress or poor welfare 

during encounters, as well as changes to animal physical health, physical trauma or 

physical discomfort, or social issues within animal group, resulting from involvement in 

encounters. Respondents were given the opportunity to provide additional comments at 

the end of the questionnaire and were asked whether they would agree to a potential 

follow-up contact and dissemination of results at the conclusion of the study. The 

estimated completion time of the questionnaire was 10-15 minutes. Institutions were 

given a 30-day time frame to complete the survey. If no response had been received after 

20 days, a reminder was sent out to alert institutions that the survey was closing shortly. 

A second reminder was sent out after 30 days allowing institutions s another 14 days to 

complete the survey if no response had been received.  

 

3.2.4 Follow-up survey  

Institutions who completed the introductory survey and agreed to a follow-up contact 

received a personal e-mail acknowledging their contribution to the research project, along 

with an invitation with a direct link to participate in a follow-up survey, should they be 

interested. The follow-up survey had a more detailed content and focused mainly on 

personal attitudes and beliefs, as well as personal experiences, in relation to live animal 

encounter programs (Appendix II). Hence, this survey allowed multiple respondents from 

the same institution, since respondents were answering on behalf of their own 

experiences rather than on behalf of their current institution, which was the case in the 
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introductory survey (Appendix I). The primary respondent was therefore encouraged to 

circulate the invitation to a few colleagues that may also be interested in completing the 

survey. To be eligible for participation, respondents had to have at least 12 months 

experience working in a zoo or aquarium and have some level of experience with live 

animal encounter programs, either directly (i.e. supervising encounters and training 

animals for encounters, including various husbandry staff) or indirectly (i.e. implementing 

and/or managing an encounter program, including various management, curatorial and 

educational staff). The eligibility criteria were similar to these used in a keeper survey by 

Carlstead et al. (2019) and sought to ensure that participants had enough industry 

experience and insight to make a reliable assessment. The eligibility criteria were stated in 

the invitation. The follow-up survey consisted of an online questionnaire that was 

completed using the survey platform Qualtrics. The questionnaire was preceded by a plain 

language statement and a consent form (Appendix II), identical to the introductory survey 

(Appendix I). A few introductory questions about the respondent’s age, gender and 

experience within the zoo environment were then followed by two Lickert scale questions 

with a number of statements relating to perceived benefits and concerns arising from 

encounters, with the aim of capturing the respondent’s overall attitudes and beliefs in 

relation to these programs (Appendix II). This was followed by a section of open-ended 

questions where the respondent was asked to report any positive as well as negative 

welfare experiences they may have come across while being involved in live animal 

encounter programs (Appendix II). These questions were similar to the question about 

welfare concerns in the introductory survey, i.e. the respondent was asked to list the 

species, type of concern and, if applicable, management strategies applied, and in case of 

positive experiences, species and positive welfare indicators were listed (Appendix II). If 

multiple respondents from the same institution mentioned the same species in regard to 

either positive or negative welfare, the species was only recorded once to avoid potential 

duplication of responses, since it was likely that the respondents were mentioning the 

same individual animal(s). The same applied if the respondent of the introductory survey 

mentioned the same species and the same type of concern in both surveys. Respondents 

were given the opportunity to provide additional comments at the end of the 

questionnaire and were asked whether they would be interested in dissemination of 

results at the conclusion of the study. The estimated completion time of the questionnaire 

was 20-30 minutes. There was no set time frame to complete this survey, since invitations 

were sent out at various stages to institutions who completed the introductory survey. 

Hence, the survey link remained open until the conclusion of the data collection period, 

and no reminders were sent out.  
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3.2.5 Data analysis  

Frequency data regarding species participation in encounter programs, as well as data 

regarding welfare concerns, positive welfare experiences and management strategies, 

were all treated as qualitative data and were therefore analysed using descriptive 

statistics. Attitude data were analysed using SPSS version 25. Principal component 

analysis (PCA) was used to reduce the number of attitude variables to a smaller number of 

independent components (Tabachnick and Fidell 2013) that could then be used for further 

analysis. The suitability of the data for analysis was assessed using the Kaiser Meyer 

Olkin’s measure of sampling adequacy and the scree plot in conjunction with Kaiser’s 

criterion [25] to determine the number of components to retain. Only components with 

eigenvalues above 1.0 were considered and the point in the scree plot were eigenvalues 

levelled off was used to determine the number of components to retain. To aid 

interpretability, varimax (orthogonal) or oblimin (oblique) rotations were used, the 

method used being the one which resulted in simple structure (Tabachnick and Fidell 

2013). Attitude data were then analysed further using Pearson correlation analysis, to 

investigate potential correlations between perceived benefits and concerns regarding 

encounters, and respondent age, gender, level of experience with encounter programs, and 

overall industry experience.  

3.3  Results  

 

3.3.1 Survey demographics   

Out of the 557 institutions that were invited to participate in the introductory survey, 68 

institutions submitted a response, which gave an overall response rate of 12.2 % (Table 

3.3). The response rate was similar across the various geographic regions, although 

slightly higher in Australia/New Zealand and South Africa (Table 3.3). The majority of 

responses were from zoos, and a smaller proportion from aquariums or combined zoos 

and aquariums (Table 3.3). Respondents occupied various positions within their 

institutions, most commonly management roles (i.e. general manager, life sciences 

manager, operations manager), but a variety of other staff, including for example 

curatorial, educational and husbandry staff, also participated in the survey (Table 3.3). 

Respondents’ level of experience within their current position ranged from 0.25 – 30 

years, with an average of 6.2 years of experience.  
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Out of the 68 institutions that responded to the introductory survey, 48 were contacted 

with an invitation to complete the follow-up survey. 23 of these institutions participated in 

the follow-up survey, which gave an overall response rate of 47.9 % (Table 3.3). Since the 

follow-up survey allowed multiple respondents from the same institution, this survey 

received a total of 45 responses, hence an average of approximately two respondents per 

institution (Table 3.3). Most respondents were from zoos, were female, between 26-45 

years of age, and occupied educational, husbandry or management roles within their 

current institution (Table 3.3). Respondents’ level of experience within their current 

position, as well as total experience with live animal encounter programs, ranged from 

0.25 – 17 years and 1 – 28 years, respectively, with an average of 5.2 years and 9.9 years of 

experience, respectively.  

 

 

 

 

 

 

 

 

 

 

Table 3.3 Demographics of survey participants 

 

 

 No. of selected 
institutions  

No. of responses 
received  

Response rate 
(%) 

Introductory survey     
Australia/New Zealand 74 12 16.2 
South Africa 20 4 20.0  
North America  232 26 11.2 
The United Kingdom 97 10 10.3 
Europe  134 16 11.9 
Total  557  68 12.2  
    
Follow-up survey     
Total 48 45 responses from  

a total of 23 
institutions   

47.9  

    
 No. of responses 

received – 
introductory survey 

No. of responses 
received –  
follow-up survey  

 

Type of institution    
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3.3.2 Current encounter programs  

Out of the 68 institutions that responded to the introductory survey, 57 institutions (a 

total of 84 %) reported that they currently offered a live animal encounter program with 

one or more species. Out of the remaining institutions that did not respond, 412 

institutions (a total of 85 %) advertised a live animal encounter program online. The 

information obtained from survey responses was used to create a compilation of species 

that currently participate in encounter programs, what type of encounters they participate 

in and in what regions these encounters are offered (Table 3.4; Appendix III). In case 

institutions did not complete the survey but advertised an encounter program online 

(which was the case for most institutions), the information from the website was assumed 

to be correct at the time of writing and these data were therefore included in the 

compilation in lieu of the survey data. Although all major vertebrate taxa were originally 

included, very few institutions advertised or reported encounters with amphibians, hence 

this taxon was excluded from further analysis.  

 

Zoos 53 35  
Aquariums  9 6  
Combined institutions  6 4  
Total  68  45  
    
Positions     
Management  25 9  
Curatorial  11 4  
Director/owner  9 0  
Educational  9 16  
Husbandry  7 15  
Administrative 4 0  
Veterinary  2 1  
Not specified  1 0  
Total 68 45  
    
Gender    
Male n/a 11  
Female  34  
Total   45  
Age    
18-25 n/a 4  
26-35  27  
36-45  9  
46-55  4  
55+  1  
Total  45  
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Fish: Compared to other vertebrate taxa, encounters involving fish were less frequently 

observed in all geographic regions (Fig. 3.1; Table 3.4; Appendix III). Nevertheless, 

encounters involving elasmobranchs, including various species of stingrays and sharks, 

were relatively common, particularly in North American and Australian zoos (Fig. 3.1; 

Table 3.4; Appendix III). These encounters were most often immersive experiences (Level 

2 encounters), i.e. visitors diving or swimming with sharks, or feeding and/or tactile 

encounters, including for example stingray touch-pools (Table 3.4; Appendix III).  

 

Reptiles: Encounters involving reptiles appeared to be particularly common in Australia 

and North America, compared to other geographic regions (Fig. 3.1; Table 3.4; Appendix 

III). Australia had the highest number of reptile encounters per accredited institution (Fig. 

3.1), and a strong focus on reptiles was indeed apparent from the websites of many 

Australian zoos. Non-venomous snakes, including for example pythons (Pythonidae), boas 

(Boidae), corn snakes, Pantherophis guttatus, and milk snakes, Lampropeltis sp., as well as 

various tortoises (Testudinidae), bearded dragons, Pogona sp., and blue-tongued skinks, 

Tiliqua sp., were frequently involved in encounter programs in several geographic regions 

(Table 3.4; Appendix III). These encounters were most often tactile in nature (Level 2 

encounters), i.e. allowed visitors to pat or hold a reptile, and a large number of reptile 

encounters were also included as part of educational programs (Table 3.4; Appendix III). 

Encounters with crocodilians were comparatively less frequent, though a large number of 

Australian zoos offered pole-feeding encounters with saltwater crocodiles, Crocodylus 

porosus, or close interaction with juvenile crocodiles or alligators (Table 3.4; Appendix III).  

 

Birds: Encounter programs with birds were most frequently advertised in the United 

Kingdom and North America, although the regional trends were slightly less prominent 

compared to reptiles (Fig. 3.1; Table 3.4; Appendix III). The UK had the highest number of 

bird encounters per accredited institution (Fig. 3.1). Birds of prey, owls in particular, as 

well as various penguins and psittacines, accounted for most encounters (Table 3.4; 

Appendix III). Raptors and banded penguins, Spheniscus sp., were frequently involved in 

encounter programs in the UK, North America and Europe, whereas psittacines, 

particularly cockatoos (Cacatuidae), lorikeets, Trichoglossus sp., and macaws (Arini), 

tended to be involved more often in North American, Australian and European programs 

(Table 3.4; Appendix III). Many bird encounters were advertised as close-ups where the 

handler or the visitor would hold a raptor on a glove or have a parrot perching on their 

shoulder, but these encounters rarely advertised physical interaction or feeding, hence 

were mainly classified as Level 1 encounters (Table 3.4; Appendix III). Level 2 encounters 
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involving feeding was, however, very commonly offered with lorikeets or parakeets in free 

flight aviaries, where visitors could often purchase a seed stick or a cup of nectar to feed 

the birds. Penguin and pelican, Pelecanus sp., encounters often involved a feeding element 

as well. Bird encounters sometimes formed part of educational programs, which most 

often involved certain owls or psittacines (Appendix III).  

 

Mammals: In all geographic regions, encounter programs with mammals vastly 

outnumbered other taxa (Fig. 3.1; Table 3.4; Appendix III). Australia and the UK had a 

substantially higher number of mammal encounters per accredited institution, 

approximately twice as many as the other regions (Fig. 3.1). Although mammal encounters 

were frequently observed worldwide, there were some prominent regional differences 

between the various mammalian groups (Fig. 3.2; Table 3.4; Appendix III). Australian 

programs were strongly focused on native mammals, macropods (Macropodidae) and 

koalas, Phascolarctos cinereus, in particular (Fig. 3.2; Table 3.4; Appendix III). Institutions 

often housed a variety of kangaroos and wallabies that were typically free-roaming 

amongst visitors or in a walk-through setting, and visitors could then purchase a bag of 

pellets and feed and pat the animals as they approached (Level 2 encounter). Koala 

encounters often involved souvenir photos where visitors were either standing next to 

(Level 1 encounter), patting or holding a koala (Level 2). A substantial number of zoos also 

offered encounters with the native Australian canid, the dingo, Canis lupus dingo, where 

visitors could often interact closely with the dogs and sometimes take them for walks 

(Level 2 encounter). South Africa had a strong focus on felid programs, and frequently 

offered experiences with native felids such as cheetahs, Axinonyx jubatus, and lions, 

Panthera leo (Fig. 3.2; Table 3.4; Appendix III). Cub experiences, where visitors interact 

closely with juvenile animals (Level 2 encounter), was particularly common in this region.  

 

North American programs tended to be focused around ungulates (Fig. 3.2). Giraffe, 

Giraffa camelopardalis, feedings, followed by camel, Camelus sp., rides, were by far the 

most common ungulate encounters in the region (Table 3.4; Appendix III). North America, 

along with the UK, also incorporated a variety of small mammals into their education 

programs (Table 3.4; Appendix III), including for example hedgehogs (Erinaceinae), 

armadillos (Chlamyphoridae, Dasypodidae), chinchillas, Chinchilla lanigera, skunks, 

Mephitis mephitis, and porcupines (Hystricidae, Erethizontidae). The UK, along with the 

other European countries, tended to focus mainly on ungulates and primates, and the UK 

also had a strong emphasis on felid programs (Fig. 3.2; Table 3.4; Appendix III). Like North 
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America, ungulate programs in these regions commonly involved giraffes, though 

encounters with elephants, Loxodonta africana and Elephas maximus, rhinoceroses 

(Rhinocerotidae) or tapirs, Tapirus sp., were also frequently observed (Table 3.4; 

Appendix III) and involved a variety of experiences ranging from behind-the-scenes (Level 

1 encounters) to protected contact feeding and/or physical interaction (Level 2 

encounters). Primate programs were centred mainly around lemurs, the ring-tailed lemur, 

Lemur catta, being the most frequent candidate, and often involved feedings or close-ups 

(Level 1 or 2 encounters; Table 3.4; Appendix III). In the UK, encounters with tigers, 

Panthera tigris, lions or other big cats, as well as meerkat, Suricata suricatta, encounters, 

were offered at a substantial number of institutions (Table 3.4; Appendix III). These 

encounters often involved a feeding component, where visitors could tong-feed a piece of 

meat to a big cat through a protective barrier, and scatter feed and interact closely with 

meerkats (Level 2 encounters).   

 

Compared to other mammalian taxa, encounters with aquatic mammals (pinnipeds and 

cetaceans) were overall less frequently observed, and there were no prominent regional 

trends among these groups (Fig. 3.2; Table 3.4; Appendix III). Encounters with various 

species of seals and sea lions were, however, relatively common across all regions, and 

these were often immersive experiences (Level 2 encounters) allowing visitors to wade or 

swim with the animals, or close-up land interactions involving patting or other physical 

contact (Level 2 encounters). Encounters with cetaceans, although substantially fewer in 

number, often involved similar experiences, and the majority of these were with 

bottlenose dolphins, Tursiops sp. (Fig. 3.2; Table 3.4; Appendix III).  
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Figure 3.1  a) Top graph depicts total number of encounters offered with fish, reptiles, birds 

and mammals at surveyed institutions in the various geographic regions specified.  

 

b) Bottom graph depicts total number of encounters offered with fish, reptiles, 

birds and mammals in relation to the number of surveyed institutions in each 

geographic region, i.e. total number of encounters offered with each taxon divided 

by the total number of surveyed institutions per region.  
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Figure 3.2 a) Top graph depicts total number of encounters offered with different 

mammalian taxa at surveyed institutions in the various geographic regions 

specified.  

 

b) Bottom graph depicts total number of encounters offered with different 

mammalian taxa in relation to the number of surveyed institutions in each 

geographic region, i.e. total number of encounters offered with each taxon divided 

by the total number of surveyed institutions per region.  
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Table 3.4  Summary of species involved in live animal encounter programs  

Table depicts total number of encounters, as well as type of encounter (Level 1, 2 or Educational), 

offered with fish, reptiles, birds and mammals in surveyed institutions, and in which region(s) these 

encounters are offered.  

Species (or group of closely related 

species)  

Total no. of 

encounters 

offered  

No. of Level 

1/Level 

2/Ed.  

encounters 

offered 

Region(s) where 

encounters are 

offered (in 

declining order) 

    

Fish     

Stingrays, unspecified  32 1/31/0 3,1,4,2,5 

Atlantic/southern stingray, Hypanus sp.  28 0/28/0 3,4  

Cownose ray, Rhinoptera bonasus 22 0/22/0 3,4 

Whaler sharks, Carcharhinus sp.  22 1/21/0 3,4,1,5  

Grey nurse shark, Carcharias taurus 14 0/14/0 3,4,1,2,5 

Nurse shark, Ginglymostoma cirratum 13 1/12/0 3,4,5 

    

Reptiles     

Pythons, various (Pythonidae)  77 1/33/43 1,3, 5, 4, 2 

Tortoises, various (Testudinidae)  74 8/40/20 3, 5, 4, 1 

Bearded dragons, Pogona sp.  34 2/10/17 3, 5, 4, 1, 2 

Blue-tongued skinks, Tiliqua sp.  33 0/6/21 1, 3, 4 

Boas, various (Boidae)  32 0/12/15 3, 5, 1, 2, 4 

Corn snakes/rat snakes/fox snakes, 

Pantherophis sp. 

30  0/4/20 3, 4, 1, 5, 2 

Saltwater/freshwater crocodile, 

Crocodylus sp.  

21 0/19/2 1 

Milk snakes, Lampropeltis sp. 17 0/4/12 3, 5, 4, 1 

Terrapins, various (Emydidae)  17 0/1/12 3, 4  

Sea turtles, unspecified  16 3/13/0 3, 4, 1 

American alligator, Alligator 

mississippiensis 

13 0/5/7 1, 3 

Leopard geckos, Eublepharis sp.  12 0/4/7 3, 4, 5 

    

Birds     

Banded penguins, Spheniscus sp.  79 28/50/1 3,4,5 

Lorikeets, Trichoglossus sp.  41 3/34/2 3,1,5,4 

Eagle-owls, Bubo sp.  30 18/3/9 3,4,5,2 

Barn owl, Tyto alba  29 18/0/10 4,3,1,5 

Cockatoos, various (Cacatuidae)  26 4/11/8 3,1,5,2 

Wood-owls, Strix sp.  20 10/2/8 3,4,5 

King penguin, Aptenodytes patagonicus 19 4/15/0 5,3,1,4 

Macaws, various (Arini)  18 8/1/7 3,5,1,4 

Crested penguins, Eudyptes sp. 16 5/11/0 3,4,5,2 

Falcons/kestrels, Falco sp. 16 8/0/8 3,5,4 

Harris’s hawk, Parabuteo unicinctus 15 13/0/2 4,3,5 

Buzzards, Buteo sp.  14 6/3/5 3,4,5 

Eagles, various (Accipitridae) 13 7/3/3 3,4,1,5 

Pelicans, Pelecanus sp.  13 1/11/1 5,3,4,1 



79 
 

Species (or group of closely related 

species)  

Total no. of 

encounters 

offered  

No. of Level 

1/Level 

2/Ed.  

encounters 

offered 

Region(s) where 

encounters are 

offered (in 

declining order) 

    

Mammals     

Giraffe, Giraffa camelopardalis ssp.  132 25/107 3,4,5,1,2 

Macropods, various (Macropodidae) 110 6/101/3 1,4,3,5 

Meerkat, Suricata suricatta 78 23/53/0 4,1,5,3 

Tiger, Panthera tigris ssp. 69 39/30/0 4,3,5,1,2 

Lion, Panthera leo ssp. 65 35/30/0 4,3,5,1,2 

Ring-tailed lemur, Lemur catta 64 14/46/0 4,5,3,1,2 

Rhinoceros, C. simum ssp., D. bicornis, or 

R. unicornis 

54 30/24/0 3,4,5,1 

Elephants, E. maximus or L. africana 51 31/19/0 5,4,3,1,2 

California sea lion, Z. californianus 40 18/22/0 3,4,5,1 

Camels, Camelus sp.  39 5/33/1 3,5,1 

Cheetah, Axinonyx jubatus 36 21/14/1 3,4,2,5,1 

Koala, Phascolarctos cinereus 36 8/24/3 1,3 

Bears, Ursus sp. 35 19/15/0 3,5,4,1 

Hedgehogs, various (Erinaceinae)  31 3/4/20 3,4,2,5 

Leopards/ jaguars, Panthera pardus ssp., 

P. onca, P. uncia  

31 16/13/0 4,5,3,2,1 

Otters, various (Lutrinae) 29 9/19/0 3,4,5,1 

Ruffed lemurs, Varecia sp. 29 4/23/0 5,4,1,2,3 

Deer, various (Cervidae)  26 4/19/2 3,4,5,1 

Bottlenose dolphins, Tursiops sp. 25 5/20/0 5,3,1,2 

Wolves, Canis lupus ssp.  25 16/9/0 4,3,5 

Dingo, Canis lupus dingo 24 5/16/2 1,4,3 

Linnaeus’s two-toed sloth, C. didactylus 20 10/6/2 3,5,4 

Tapirs, Tapirus sp. 20 5/13/0 4,5,3,1 

Armadillos, various (Chlamyphoridae, 

Dasypodidae)  

20 6/6/8 3,4,5 

Red panda, Ailurus fulgens 19 8/9/0 1,3,4,5 

Western lowland gorilla, G. gorilla 

gorilla 

18 16/2/0 3,4,5,1 

Foxes, Vulpes sp. 17 1/8/6 3,4,5 

Harbor seal, Phoca vitulina 17 8/9/0 3,5,4 

Brown lemurs, Eulemur sp. 16 2/12/0 4,5,3,2 

Orangutans, Pongo sp. 16 15/1/0 3,5,1,4 

Squirrel monkeys, Saimiri sp. 15 5/10/0 5,4,1 

Zebras, Equus sp. 15 10/4/0 5,3,4,1 

Hippopotamus, H. amphibius 14 4/10/0 3,5,1,2 

Porcupines, various (Hystricidae, 

Erethizontidae) 

14 2/4/7 3,4 

Ring-tailed coati, Nasua nasua 14 4/10/0 5,4,1 

Chimpanzee, Pan troglodytes  13 10/2/0 5,1,4,2,3 

Fur seals, Arctocephalus sp. 13 3/9/0 1,5,2,4 

Serval, Leptailurus serval 13 1/6/6 3,2,1 

Regions: 1: Australia/New Zealand, 2: South Africa, 3: North America, 4: The United Kingdom,  

Table 3.4 continued 
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5: Europe.  

3.3.3 Welfare concerns and positive welfare in relation to encounter programs  

 

In the introductory survey, little under half (47 %) of the 57 institutions that currently 

offered an encounter program also reported one or more welfare concerns in relation to 

their program. The remaining institutions did not provide an answer to this question  

(24 %) or mentioned that they had not experienced any concerns (29 %). The number of 

concerns reported in the follow-up survey was comparatively higher, with 80 % of 

respondents reporting one or more welfare concerns. However, 91 % of respondents also 

reported that they had experienced positive welfare with one or more species in relation 

to encounter programs. (The question relating to positive welfare was absent from the 

introductory survey due to response time considerations).  

 

Responses relating to welfare concerns were pooled across both surveys, and concerns 

were broadly collapsed into three different categories, relating to behavioural, 

physiological and intra-group social issues (Table 3.5). The majority of concerns 

(approximately 70 %) were of the first category, i.e. animal(s) showing behavioural 

indications of poor welfare in relation to encounter programs. Hence, this category was 

further subdivided into several smaller categories, in which escape attempts, defensive 

body postures or displays, and overt aggression, i.e. swiping, biting or clawing, were the 

most frequently reported concerns (Table 3.5). Physical welfare issues accounted for 

approximately 20 % of reported concerns and were mainly related to minor occurrences 

of physical trauma or discomfort. For example, one respondent mentioned that one of 

their resident snow leopards tended to get overexcited during feeding encounters and get 

his claws caught in the exhibit fence, resulting in mild injuries. Another case involving 

handling of juvenile alligators, Alligator mississippiensis, mentioned that the animals 

became uncomfortable with the handling as they grew larger, hence for welfare and safety 

concerns handling could only be undertaken with this species at a very young age. Social 

issues within animal groups, which accounted for the remaining 10 %, most commonly 

involved intra-group aggression in relation to food competition during encounters, but 

issues such as social incompatibility between individuals was occasionally reported as 

well (Table 3.5).  

 

Positive welfare experiences were collapsed into three broad categories, relating to 

behavioural indicators of positive welfare, voluntary participation and/or interaction with 

visitors, or other perceived welfare improvements resulting from participation in 

encounters (Table 3.6). Like welfare concerns, positive experiences were frequently 
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related to behavioural indicators of welfare (approximately 45 %). These were subdivided 

into several smaller categories, in which behavioural signs of relaxation, active exploration 

and affiliative vocalisations were some of the more frequently reported indicators (Table 

3.6). A substantial number of reports (approximately 45 %) also referred to voluntary 

participation and, to a lesser extent, voluntary interaction with visitors as indicators of 

positive welfare (Table 3.6). Several respondents mentioned that their animal(s) had the 

option to retreat or avoid participation but chose to approach visitors and participate in 

encounters at their own will, and sometimes also initiated or solicited physical interaction 

from visitors (Table 3.6). Noticeably, a few cases, involving dingos, a blue-and-gold macaw, 

Ara ararauna, and a wood duck, Aix sponsa, even mentioned how the animals regularly 

engaged in play behaviour with visitors during encounters (Table 3.6; Appendix IV).  

 

The number and type of reported concerns, as well as positive experiences, varied 

substantially across taxa. Although not originally included in either survey, a small 

number of concerns were reported in regard to invertebrates, mainly marine 

invertebrates in touch-pools (Fig. 3.3a; Table 3.5). Only one welfare concern, involving 

mild physical trauma, was reported in relation to encounter programs with fish, and no 

positive welfare experiences were reported in this animal group (Fig. 3.3a; Table 3.5, 3.6; 

Appendix IV). In reptiles, close to twenty cases of negative welfare was reported, which 

mainly involved lizards or snakes (Fig. 3.3a; Table 3.5, Appendix IV). Some of the more 

frequently reported issues involved escape attempts, i.e. animals ‘squirming’, ‘wriggling 

around’ or attempting to get away while handled, animals biting or attempting to bite 

handlers, or urinating/defecating while handled (Table 3.5).  A comparatively small 

number of positive experiences, most of them describing animals as being relaxed while 

encountering visitors, was reported in this animal group (Fig. 3.3a; Table 3.6; Appendix 

IV). Interestingly, two cases where reptiles solicited grooming from visitors were also 

reported, one involving a tortoise and the other a tegu lizard, Salvator merianae (Table 3.6; 

Appendix IV).  In contrast to reptiles, cases of positive welfare outweighed the number of 

concerns reported in both birds and mammals (Fig. 3.3a; Table 3.5, 3.6; Appendix IV). 

Positive welfare was mentioned particularly often in regard to various psittacines, small 

carnivores, including for example meerkats, coatis, Nasua nasua, and otters (Lutrinae), and 

small primates, including lemurs and tamarins (Fig. 3.3b; Appendix IV). Respondents 

typically mentioned how these animals appeared inquisitive and curious about visitors, 

and how they commonly approached and climbed onto visitors although not specifically 

encouraged to do so. In regard to welfare concerns, escape attempts appeared to be rather 

prominent also with birds, which was manifested as erratic flight, wing flapping etc. (Table 
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3.5). Noticeably, physical trauma resulting from visitors accidentally stepping on ground-

feeding parrots in free-flight aviaries was reported twice (Table 3.5).  Amongst mammals, 

some of the more frequently reported concerns included the use of defensive body 

postures or displays, animals being immobile and passive, hiding or retreating from visitor 

interaction (Table 3.5). Small mammals that commonly participate in educational 

programs, including for example hedgehogs, armadillos and porcupines, as well as various 

felids, were the two groups of mammals where concerns were most frequently reported 

(Fig. 3.3b; Appendix IV).  
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Figure 3.3 a) Top graph depicts total number of reported cases of positive welfare versus 

welfare concerns in mammals, birds, reptiles, fish and invertebrates participating 

in encounter programs at institutions that completed the current survey(s).  

 

Figure 3.3 b) Bottom graph depicts total number of reported cases of positive welfare versus 

welfare concerns in different mammalian taxa participating in encounter 

programs at institutions that completed the current survey(s).  
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Table 3.5 Summary of reported welfare concerns in relation to encounter 

programs in selected taxa  

 

 Invert Fish Reptile Bird Mammal 

      

Category 1: Animal(s) expressing behavioural signs of 

negative welfare in relation to (prior, during, after) 

encounters  

     

 

Defensive body postures or displays  

 

3 

  

3 

 

1 

 

7 

Escape attempts, i.e. animal tries to escape while 

handled. 

  8 4 2 

Overt aggression, i.e. animal(s) swiping, biting, clawing 

handler or visitor, or attempts to do so. 

  5 2 4 

Defensive vocalisations, i.e. hissing, growling    1 2 4 

Immobility, 'freezing'    1 6 

Hiding   1 1 4 

Retreat, i.e. animal leaves area of interaction or moves 

further away from visitors.  

   1 6 

Nervousness, agitation, increased vigilance     5 

Animal urinates or defecates while handled.    4  1 

Unwillingness to approach or participate in encounters     1 3 

Reduced appetite     2 

Increase in stereotypic behaviour, i.e. pacing     2 

Reduction of positive welfare indicators, i.e. purring      1 

Total no. of reported concerns – Category 1  3 0 22 13 47 

      

Category 2: Adverse changes to physical health, physical 

discomfort or physical trauma as a result of encounters  

 

     

Physical trauma, i.e. rough handling by visitors, animals 

accidentally injure themselves during encounters.  

1 1 1 2 2 

Animal showing signs of physical discomfort while 

participating in encounters  

  1  3 

Dietary imbalances due to high consumption of food 

rewards  

   1 2 

Other physical issue 1  1   

Higher incidence of disease  1     

Total no. of reported concerns – Category 2  3 1 3 3 7 

      

Category 3: Social issues in animal group in relation to 

(prior, during, after) encounters  

 

     

Food competition     1 3 

Increased levels of intra-group aggression      3 

Social incompatibility between participating individuals      2 

Total no. of reported concerns – Category 3  0 0 0 1 8 

Numbers in table refer to total number of reported cases per animal group.   
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Table 3.6 Summary of reported positive welfare experiences in relation to    
encounter programs in selected taxa  

 

 Invert  Fish Reptile Bird Mammal  

      

Category 1: Animal(s) expressing behavioural signs of 

positive welfare in relation to (prior, during, after) 

encounters  

     

Animal appears relaxed/calm around visitors, i.e. slow 

breathing, smooth movements, or fell asleep while 

handled. 

  4 3 7 

Active exploration during encounters   1 1 6 

Affiliative vocalisations    2 3 

Animal appears excited prior to encounters, i.e. expresses 

positive anticipatory behaviours.  

   2 2 

Affiliative body postures or displays    1 2 

Animal appears curious about visitors   1 1 1 

Animal plays during encounters      4 

Total no. of reported positive experiences – Category 1  0 0 6 10 25 

      

Category 2: Voluntary participation and interaction during 

encounters   

 

     

Animal voluntarily participates in and approaches visitors 

during encounters  

   3 19 

Animal voluntarily initiates physical interaction with 

visitors, i.e. by climbing/perching on visitors, sniffing 

visitors, jumping up in visitors’ laps.  

   1 8 

Animal soliciting physical interaction, i.e. pats, rubs, 

scratches, from visitors.  

  2 1 6 

Animal remains in close proximity to visitors for extended 

periods of time 

    5 

Animal plays with visitors during encounters     2 1 

Animal accepts food from visitors during encounters      2 

Animal is reluctant to separate from visitors at the 

conclusion of encounters  

   1 1 

Total no. of reported positive experiences – Category 2  0 0 2 8 42 

      

Category 3: Other positive welfare indicators       

Improved social relationships within animal group     1 

Improved keeper-animal relationships      4 

Improved physical health     2 1 

Animal becomes more active and engaged with its 

environment   

  1 1 2 

Reduction of stereotypic behaviour or other undesirable 

behaviours  

   1 1 

Total no. of reported positive experiences – Category 3  0 0 1 4 9 

Numbers in table refer to total number of reported cases per animal group.   
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3.3.4  Management strategies  

Respondents reported a variety of management strategies that had been implemented to 

address welfare concerns. A frequently used approach was to change the overall protocol 

around the encounter (Table 3.7), which could be achieved in different ways. For example, 

one institution reported issues with weight gain in relation to giraffe feeding encounters. 

In response to this concern, they substituted wheat crackers with lettuce as food rewards 

during encounters. Another institution reported issues with a Patagonian mara, Dolichotis 

patagonum, that became overstimulated and exhibited flight responses while kept on a 

leash during encounters. The issue was resolved by having a handler carrying the mara 

during encounters instead.  Similar accounts, involving changes to the handling regime or 

other changes to protocol was frequently reported in other mammals and reptiles as well 

(Table 3.7).  

 

Terminating encounters in response to welfare concerns was another commonly 

implemented management strategy (Table 3.7). In case of recurring issues, respondents 

often mentioned that they permanently withdrew encounters with a particular species, or, 

somewhat less frequently, withdrew participation of a certain individual (Table 3.7). For 

example, one institution mentioned recurring issues with food competition, along with 

altered behaviour patterns and fear responses in relation to feeding encounters in a 

captive colony of Humboldt penguins, Spheniscus humboldti. Hence, they made the 

decision to terminate future encounters with this species.  However, in case animals 

exhibited poor welfare occasionally, or as a result of an isolated incident, it appeared to be 

common practice to terminate the encounter when deemed necessary, rather than 

permanently withdraw encounters. Reducing various elements around the encounter was 

another frequently reported strategy (Table 3.7). One respondent mentioned how one of 

their outreach animals, an American marten, Martes americana, used to express signs of 

positive welfare around visitors, but since reaching senior age, the animal had become 

agitated and nervous during encounters and suffered from reduced appetite. The issue 

was resolved by reducing the frequency at which the animal undertook encounters, along 

with a reduction in the number of visitors attending the sessions. A number of accounts 

involving various mammals also managed concerns by reducing visitor-animal proximity, 

i.e. by implementing a ‘no-touch’ policy during encounters that previously allowed visitors 

to touch the animal, or by restricting visitor access to the animal’s enclosure during 

encounters (Table 3.7).  
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Another pertinent strategy that was commonly reported in aquatic mammals and birds of 

prey was to adjust the training associated with encounters (Table 3.7). For example, one 

institution described how social incompatibility between two bottlenose dolphins made 

one individual reluctant to participate in interactive swimming sessions. With the use of 

positive reinforcement training and social bonding exercises, the two animals could 

amicably participate in encounters together. Multiple respondents mentioned that animal 

welfare had been compromised by visitors refusing to adhere to rules or listen to keeper 

instructions during encounters. Consequently, correcting visitor behaviour was yet 

another strategy that was commonly applied (Table 3.7). One institution mentioned how a 

spectacled owl, Pulsatrix perspicillata, was startled and attempted to escape when visitors 

used flash photography near the animal. The situation was managed by removal of the 

stressful stimulus and emphasising the rules to the attendees. Similar situations were 

reported in relation to other taxa as well. As a precautionary measure, some respondents 

mentioned that it was necessary to ensure visitors remain calm, and to manage visitor 

expectations carefully, during encounters.  
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Table 3.7 Management strategies applied to address welfare concerns in 

relation to encounters in selected taxa  

 

 

Management strategy 

 

Total no. of 

reported 

cases  

 

Taxa where strategy has been 

applied (no. of cases) 

   

   

Changes to protocol around encounter, i.e. 

changes in animal handling regime, rewards 

etc.  

13 Mammals (6), reptiles (4), 

birds (2), invertebrates (1)  

Terminate a particular encounter when 

deemed necessary  

12 Reptiles (5), mammals (4), 

birds (2), invertebrates (1) 

Permanent withdrawal of encounters with a 

particular species  

 

10 Mammals (6), reptiles (3), 

birds (1) 

Adjust training schedule, i.e. retrain animal, 

provide additional training.  

8 Mammals (4), birds (3), 

reptiles (1)  

Correcting visitor behaviour, i.e. emphasise 

rules, improve signage etc.  

7 Birds (3), mammals (2), 

invertebrates (2) 

Terminate involvement of a particular 

individual from encounters  

 

6 Mammals (2), birds (2), 

reptiles (2)  

Provide rest, i.e. pause encounter and allow 

animal to become comfortable/resettle.  

6 Reptiles (5), birds (1) 

Reduce frequency of encounters  

 

6 Mammals (4), reptiles (2) 

Reduce length of encounters  6 Mammals (4), reptiles (2) 

Reduce visitor-animal proximity during 

encounters  

 

6 Mammals  

Reduce group size (no. of visitors per 

encounter)  

5 Mammals (2), birds (2), 

reptiles (1) 

Increased staff supervision  4 Birds (2), mammals (1), 

invertebrates (1) 

 

Changes to animal husbandry  

 

 

4 

 

Mammals 

Changes to animal group, i.e. separation of  

incompatible individuals  

 

3 Mammals 

Provide rewards  2 Birds (1), mammals (1) 

Provide retreat space  2 Birds (1), mammals (1) 

 



89 
 

3.3.5 Attitudes and beliefs in relation to encounter programs  

Attitude and belief variables comprised ten statements about possible benefits of 

encounters, and five statements about possible concerns (Appendix II). Each set of 

variables was analysed using PCA. The correlation matrix for benefits showed a KMO of 

0.67 which is acceptable (Tabachnick and Fidell 2013) and Bartlett’s test of sphericity was 

highly significant (p<.001). PCA analysis showed that all ten statements loaded on a single 

component (Table 3.8). Therefore, a total Benefits score was computed by averaging the 

ratings for the ten items (Table 3.8). Cronbach’s alpha for this scale was 0.85, which is 

considered to indicate a high level of internal consistency (Tabachnick and Fidell 2013). 

The composite Benefits score (1.81) indicate that respondents tended to agree with the 

statements about perceived benefits of encounters, thus had an overall positive attitude 

towards encounter programs (Table 3.8). Statements regarding the effectiveness of 

encounters in creating emotional connections between visitors and wildlife, educating 

visitors, as well as attracting visitors, enhancing visitor experience and the institution’s 

general reputation, generated a particularly high level of agreement among respondents 

(Table 3.8). Although most respondents tended to agree that encounters could be effective 

in raising funds for conservation and the zoo in general, these statements generated 

slightly less agreement among respondents (Table 3.8).  
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Table 3.8  PCA analysis of perceived benefits of encounters. 

 

 

Loading Mean  St. dev.  

   

Are an effective means of obtaining financial revenue for wildlife 

conservation 

.743 2.32 1.029 

Are an effective means of attracting visitors to the 

zoo/aquarium 

.733 1.70 .777 

Provide visitors with an incentive to introduce positive lifestyle 

changes that will benefit wildlife, (i.e. by choosing sustainable 

products, reduce littering and pollution, promote recycling etc. 

.703 2.05 .780 

Are an effective means of obtaining financial revenue for the 

maintenance of the zoo/aquarium 

.692 2.32 1.180 

Enhance the zoo’s/aquarium’s general reputation .689 2.05 .941 

Help fostering a positive attitude towards zoo/aquariums in 

general 

.683 1.65 .978 

Enhance the overall visitor experience .678 1.38 .545 

Are an effective means of educating visitors about the biology, 

management and conservation of zoo animals 

.630 1.46 .558 

Provide visitors with an incentive to contribute financially to 

wildlife conservation efforts (i.e. by adopting a zoo 

animal/making a donation to the zoo 

.630 2.05 .911 

Help create an emotional connection between visitors and zoo 

animals 

.439 1.11 .315 

Composite score Benefits   1.81  

Extraction Method: Principal Component Analysis. 

Mean values for each statement ranged between 1-5, where 1 = strongly 

agree, 5 = strongly disagree.  
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The correlation matrix for concerns showed a KMO of .71 which is adequate (Tabachnick 

and Fidell 2013) and Bartlett’s test of sphericity was highly significant (p<.001). PCA 

analysis showed that all five statements loaded on a single component (Table 3.9). 

Therefore, a total Concerns score was computed by averaging the ratings for the five items 

(Table 3.9). Cronbach’s alpha for this scale was 0.75, which is considered to indicate a 

satisfactory level of internal consistency (Tabachnick and Fidell 2013). The composite 

score for Concerns (2.50) indicates that most respondents expressed a moderate level of 

concern in regard to encounter programs (Table 3.9). In particular, statements regarding 

potential welfare effects of participating animals, as well as ethical issues related to 

encounters, generated a high level of concern among respondents (Table 3.9). The level of 

concern expressed in regard to animal welfare effects did, however, vary substantially 

among respondents, given that this statement contributed to most variation (Table 3.9) 

Statements regarding visitor and keeper safety during encounters, as well as potential 

risks of encounters giving a skewed image of wildlife and encouraging the use of animals 

for entertainment, generated an overall lower level of concern amongst respondents 

compared to welfare-related and ethical issues (Table 3.9).  

 

Table 3.9 PCA analysis of concerns about encounters. 

 

     

 

Loading     Mean      St. dev.       

      

Potential welfare impacts of animals participating 

in encounter programs 

.819            2.09           1.13      

Live animal encounter programs may give a 

skewed image of wildlife; i.e. encourage the belief 

that animals in the wild will be generally accepting 

of close human contact. 

.783            2.67           1.04      

The safety of visitors and/or staff attending live 

animal encounters 

.657            2.60           1.07                

Ethical issues in relation to live animal encounter 

programs; i.e. intentionally hand rearing certain 

animals in order to making them better suited for 

close human contact in future. 

.655            2.28           1.08      

Live animal encounter programs encourage the 

belief that wildlife is there for human 

entertainment.  

.616            2.88            1.05      
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Composite score Concerns                       2.50      

Extraction Method: Principal Component Analysis. 

Mean values for each statement ranged between 1-5, where 1 = strongly agree,  

5 = strongly disagree.  
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The composite score for Benefits and Concerns were used to conduct further analysis into 

potential correlations between these variables and demographic variables of respondents, 

including age, gender, level of experience with encounter programs and within the 

industry in general. There was, however, no significant correlations between perceived 

benefits or concerns and the above-mentioned variables (Table 3.10).  

 

 

 

Table 3.10 Correlations between composite score for Benefits,  

Concerns and demographic variables of survey respondents  

 

 Benefits  Concerns  

 

 r2 p value r2 p value 

Demographic      

 

Age 

 

 

0.10 

 

ns 

  

-0.23      0.12 

Gender 

 

0.05 ns  -0.17      ns 

Years in current role 

 

0.06 ns  -0.13      ns 

Total experience encounter 

programs (years) 

 

0.09            ns -0.05      ns 

Total industry experience 

(years)  

 

0.01 ns  -0.17      ns 
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3.4 Discussion  

 

3.4.1 General trends in current encounter programs  

A considerable portion of accredited zoos and aquariums now engage in live animal 

encounter programs with one or more species, as evidenced by the current survey and 

website review. There appears to be some prominent regional differences in terms of 

which animal groups that are most frequently involved in encounter programs, and the 

extent to which these programs are offered in general (Fig. 3.1). Perhaps not surprisingly, 

mammals outweighed other taxa as the most commonly featured program animals in all 

geographic regions (Fig. 3.1; Table 3.4). Australia and the UK also had a strong focus on 

reptiles and birds, respectively (Fig. 3.1). Australia and South Africa mainly featured native 

fauna in their programs, whereas other regions had a strong focus on exotic animals as 

well as natives (Table 3.4; Appendix III). For most taxa, Australia and the UK had the 

highest number of encounters per accredited institution (Fig. 3.1b). Encounter frequencies 

for South Africa and Europe were comparatively low, and North America was in the 

middle of the range (Fig. 3.1b). There could be several possible explanations for these 

differences. Australia and South Africa are both home to a number of so called 

‘biodiversity hotspots’, i.e. regions of exceptional species richness and high endemism 

(Mittermeier et al. 2011). Showcasing the uniqueness of the native fauna and educating 

the public on how to protect these species in the wild may therefore be a priority within 

these regions (Higginbottom et al. 2004), which could explain the high proportion of 

native animals in encounter programs. South Africa also has a multitude of national parks 

and game reserves with wildlife-based tourist activities (Odeniran et al. 2018), which may 

partially explain the lower frequency of animal encounters in zoos, since opportunities for 

close encounters with wildlife are readily available in other contexts as well. By contrast, 

biodiversity hotspots are substantially fewer or non-existent in parts of Europe and North 

America (Mittermeier et al. 2011), which may provide an increased incentive for 

interactions with exotic animals in zoos. Cultural and philosophical differences, as well as 

differences in management and regulatory frameworks, may also contribute significantly 

to the variation observed across regions and institutions (Hosey et al. 2009). For example, 

keeping cetaceans in captivity has been outlawed in British aquariums (Hosey et al. 2009), 

which explains the absence of such encounter programs in the UK. Indeed, some survey 

respondents reported that they deliberately choose not to engage in encounter programs 

due to animal welfare considerations, and certain institutions stated explicitly on their 
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websites that they do not offer encounter programs, although the reasons for this was not 

explained in further detail.  

Within current encounter programs, certain species, or groups of closely related species, 

were consistently involved in encounters at a high rate across institutions as well as 

geographic regions (Table 3.4; Appendix III).  Given their widespread occurrence in 

encounter programs, one might expect these species to possess certain traits that render 

them particularly suitable for close human interaction. This may be the case for species 

such as the ring-tailed lemur, Lemur catta, the meerkat, Suricata suricatta, and the 

rainbow lorikeet, Trichoglossus haematodus (and close relatives).  All three species are 

frequently involved in close proximity encounters involving feeding and/or direct physical 

interaction (Appendix III). Although based on a small number of accounts, these species 

were mentioned by survey respondents as having experienced positive welfare during 

encounters on a number of occasions, and very few concerns were reported (Appendix 

IV). The welfare of lemurs and lorikeets in captivity is considered positive in general, as 

indicated by low prevalence of health issues and stereotypic behaviour (Petter 1975; 

Tarou et al. 2005; van Zeeland et al. 2009) along with high reproductive success (Juniper 

and Parr 1998; Petter 1975). All three species are highly social, gregarious and commonly 

form large colonies in the wild (Daoud-Opit and Jones 2016; Sussman 1991; Thornton and 

Clutton-Brock 2011). Meerkats have an intricate social organisation with cooperative 

nursing of young (Clutton-Brock et al. 2008), and the species habituates readily to human 

presence both in wild (Thornton and Clutton-Brock 2011) and captive (Sherwen et al. 

2014) settings. Rainbow lorikeets appear to thrive in close human proximity, as evidenced 

by the vast roosting colonies that sometimes form in suburban areas of Australia (Daoud-

Opit and Jones 2016). The high sociability and affinity to humans may indeed predispose 

these species to positive human interactions in captivity, which may to some extent 

explain their popularity as program animals. This may also apply to animals that have a 

long-standing association with human societies, i.e. camels and birds of prey (Kreger and 

Mench 1995), or animals with a high level of domestication, i.e. domestic goats, chicken 

and ponies, which are common additions to petting zoos and children’s farmyards 

(Farrand et al. 2014).  

From a welfare perspective, the appropriateness of certain species and individuals for 

close human interaction should be of utmost importance when implementing an 

encounter program. It is however unlikely that the inherent suitability of certain animals 

is the sole reason for their frequent involvement. Pragmatic and logistical reasons may 

also play a vital role. For instance, in case of the rainbow lorikeet, many institutions 
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advertise how visitors can purchase a seed stick or a cup of nectar to feed the birds in a 

walk-through aviary. This type of encounter most likely requires little staff supervision 

and safety protocols. Likewise, giraffe feeding encounters, which is a common feature of 

many American zoos (Fig 3.2; Table 3.4; Appendix III), are often staffed by zoo volunteers 

(Dagg 2014) and takes place from an elevated feeding platform outside the exhibit, which 

greatly reduces any safety concerns since there is a protective barrier between visitors 

and animals. The high prevalence of mammal encounters in Australian zoos is 

undoubtedly due to the common practice of hand feeding a free-ranging mob of kangaroos 

and wallabies (Fig. 3.2; Table 3.4; Appendix III). These encounters are often unsupervised 

(LA-R, pers.obs.), and some of the more common species of macropods require only basic 

licensing for ownership and are considered easy to care for in captive settings (Marsupial 

Society 2019). Many institutions advertised an encounter program with education animals 

or ‘animal ambassadors’ only, which often involved terrestrial, small-bodied reptiles and 

mammals (Appendix III). These animals do not typically require extensive, specialised 

facilities in captivity, and are considered ‘low risk’ species (Andrew Eadon, education 

officer, Melbourne Zoo, pers.comm., 25.7.2018). Hence, even many of the smaller facilities 

that are limited in terms of resources and space may be able to implement and maintain 

encounter programs such as these.  

The involvement of certain species is nonetheless difficult to explain based on behavioural 

biology or ease of implementation. This includes many of the large felids, with the tiger 

being one of the most frequently featured cats in encounter programs (Table 3.4; 

Appendix III). As a solitary, elusive apex predator (Sunquist and Sunquist 2002), there are 

few aspects of the tiger’s biology that fits the description of a typical program animal. 

Tigers, as well as many other wide-ranging carnivores, are prone to a range of welfare 

issues in captivity (Clubb and Mason 2003, 2007), and felids in general are 

overrepresented in attacks towards both keepers and visitors (Hosey and Melfi 2015). 

Hence, for tiger encounters to be implemented successfully, this would most likely require 

extremely careful selection and extensive conditioning of individuals from a young age, 

along with strict safety protocols and staff supervision. Yet, encounters with tigers and 

other large felids are a common occurrence in many zoos (Fig. 3.2; Table 3.4; Appendix 

III). Visitor demand is likely to be the key driver behind these programs. Close encounters 

with large, conspicuous predators such as big cats and sharks may invoke a sense of 

delight mingled with fear, or as Grassmann (2018, p.92) states: ‘The sight of a shark 

effortlessly gliding through the water inspires a mixture of curiosity, fear, awe and 

excitement in many people’. People’s desire for a thrilling experience may thus explain the 
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popularity of shark dives, tiger or crocodile feedings, and similar encounters (Table 3.4; 

Appendix III). Broadly speaking, public attitudes towards animals indicate a strong bias 

for large, attractive mammals, including for example chimpanzees, Pan troglodytes, 

dolphins and lions, since these animals are generally considered more intelligent, 

responsive and loveable compared to other vertebrates and less charismatic mammals 

(Driscoll 1995). People also tend to think of large, conspicuous mammals as individuals 

more readily than other animals (Akerman 2019). Given their likeability with the general 

public, it is perhaps not surprising that some of the more common program animals are 

iconic zoo species such as giraffes, elephants and large felids (Table 3.4; Appendix III), and 

this may also explain why encounter programs tend to be have a strong focus on mammals 

in general (Fig. 3.1; Table 3.4).  Interaction with native mammals could also be a major 

drawcard for international tourists (Higginbottom et al. 2004), including the abundance of 

marsupial encounters that are offered almost exclusively in Australian zoos (Fig. 3.2; Table 

3.4; Appendix III). The koala was mentioned in relation to poor welfare by a number of 

survey respondents (Appendix IV), and koala holdings have been outlawed in some 

Australian states due to welfare considerations (Jackson et al. 2007). Despite potential 

concerns, koala encounters, ranging from close-ups to gentle patting and holding, continue 

to operate in a substantial number of Australian zoos (Table 3.4; Appendix III), which is 

most likely due to high visitor demand. The reasons underpinning the involvement of 

certain species in encounters, and the overall purpose behind encounter programs, was 

not included as questions in the present survey, but a more detailed investigation into 

these factors would make a suitable topic for future research.  

 

3.4.2  Welfare concerns and positive welfare in relation to encounter programs 

Welfare concerns in relation to encounter programs was reported more often by 

respondents of the follow-up survey. This survey was mainly completed by husbandry or 

educational staff, as opposed to the introductory survey which involved a greater 

proportion of staff occupying management roles (Table 3.3). It is possible that the former 

included a higher number of on-ground staff that works closely with program animals on a 

regular basis, therefore may have experienced more welfare concerns overall. 

Respondents of the follow-up survey were also asked to base their response off personal 

experiences, which they could have gained from previous as well as current positions. This 

was not the case for the introductory survey, where respondents answered on behalf of 

their current institution. Although the consent form clearly stated complete anonymity of 

participants in relation to dissemination of results, certain respondents may still have 
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been reluctant to disclose sensitive information about welfare concerns in a survey that 

was linked to their institution. Respondents of the follow-up survey were also prepared 

for a longer time commitment compared to the introductory survey, which was very brief. 

Hence, respondents who willingly participated in the more extensive survey may thus 

have been inclined to provide more information overall.  

The majority of reported concerns involved behavioural indicators of poor welfare, which 

mostly included easily observable behaviours such as escape attempts or overt aggression 

during encounters (Table 3.5). In most cases, this would be indicative of a typical fight-or-

flight reaction in response to a stressful stimulus (Barnett and Hemsworth 1990; Broom 

and Johnson 1993; Moberg 2000). Escape attempts were more commonly reported in 

reptiles and birds than mammals (Table 3.5), presumably because the former more often 

participate in encounters involving physical restraint or participation that is not typically 

initiated by the animal, i.e. snake holdings, bird of prey perching on a glove etc. By 

contrast, mammal encounters, which more often rely on voluntary participation (i.e. 

interactive feedings), instead reported a higher incidence of typical avoidance behaviours 

such as retreat or reluctance to approach visitors (Table 3.5; Hemsworth and Coleman 

2011; Smith 2014; Waiblinger et al. 2006). Animals adopting a more passive strategy by 

hiding or being immobile was also commonly reported among mammals (Table 3.5; 

Barnett and Hemsworth 1990; Broom and Johnson 1993; Moberg 2000).  Overt 

aggression, as well as defensive body postures, displays and vocalisations, were frequently 

reported in most animal groups (Table 3.5). Most of the above-mentioned behaviours are 

widely recognised behavioural indicators of distress and essentially represent a range of 

coping strategies, where the animal attempts to deal with an aversive situation by passive 

or active means (Barnett and Hemsworth 1990; Broom and Johnson 1993; Moberg 2000).   

Despite the accounts of poor welfare in relation to encounters, respondents of the follow-

up survey reported a higher total number of positive welfare experiences than they did 

concerns, which is an encouraging finding. (Positive welfare experiences were not 

included as a question in the introductory survey due to the brevity of the first 

questionnaire). Most reports of positive welfare were in relation to voluntary participation 

(Table 3.6), i.e. animal willingly approaches visitors, accepts food from visitors etc., which 

multiple respondents identified as a key factor in assuring positive welfare during 

encounters. For example, one respondent stated:  
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‘Truly providing animals choice and control is a concept that has taken hold only in 

recent years. This strategy is essential to ensure that we are respectful of animals. 

For their own welfare’s sake, they need to be able to choose to engage’.  

Although voluntary approach is likely to be indicative of an underlying motivation to 

participate (Clegg et al. 2018), it may not necessarily indicate that the animal finds visitor 

interaction stimulating or enriching. Most encounters that rely on voluntary participation 

also rely on some form of rewards, such as palatable treats. Many survey respondents 

reported how they trained their program animals using positive reinforcement so that the 

animal would willingly participate in encounters and/or approach visitors. However, 

positive reinforcement training relies on the anticipation of rewards for an animal to 

perform a certain behaviour on cue (Clegg et al. 2018; Melfi and Thomas 2005), hence it is 

possible that voluntary participation merely reflects a conditioned response rather than a 

genuine desire to interact with visitors, and other aspects of the encounter (i.e. food 

rewards) may be what contributes to seemingly positive welfare. In some cases, this could 

also be true in relation to concerns, i.e. it may not necessarily be the interaction with 

visitors that contributes to poor welfare. Some respondents described how animals who 

were eager to acquire food from visitors accidentally injured themselves or how animals 

in social groups competed over food rewards, which led to high levels of intra-group 

aggression (Table 3.5). Although this could clearly result in poor welfare in both cases, it 

may not be the presence of visitors per se, but more likely the rewards they carry, that is 

responsible for these incidents.   Some respondents did, however, report that animals 

actively sought to interact with visitors by soliciting physical contact, playing with visitors 

or appeared curious about visitors in general (Table 3.6). Others described how animals 

chose to remain in close proximity to visitors even after the rewards had been depleted, or 

when close interaction was not specifically encouraged by zoo staff (Table 3.6). These 

behaviours could possibly serve as more reliable indicators that visitor interaction was 

indeed contributing to positive welfare in certain animals. Regardless of the underlying 

motivation, the fact that many respondents mentioned behaviours such as active 

exploration, playfulness and affiliative vocalisations in relation to encounters (Table 3.6) is 

an important finding in itself, since these behaviours are all recognised indicators of 

positive welfare (Boissy et al. 2007; Kendrick 2007; Mellor 2011, 2015; Yeates and Main 

2008; Watters 2014). From a management perspective, the presence of such behaviours, 

and the absence of negative welfare indicators, may be sufficient to lend support to the 

continued involvement of certain animals in encounter programs.   
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The number of reported concerns and positive welfare experiences varied substantially 

across taxa (Fig. 3.3). Mammals accounted for the highest total number of concerns as well 

as positive experiences (Fig. 3.3; Table 3.5, 3.6), which may not be surprising given their 

central role in encounter programs (Fig. 3.1; Table 3.4).  Perhaps more interesting is the 

proportion of reported concerns in relation to positive experiences among the different 

taxa. Positive experiences outweighed the number of reported concerns in both birds and 

mammals, whereas the opposite was true for other taxa including reptiles (Fig. 3.3; Table 

3.5, 3.6). There could be several plausible explanations for this disparity. It is possible that 

reptiles are generally less suitable as program animals, hence more prone to experiencing 

poor welfare, compared to birds and mammals, which could explain the higher proportion 

of reported concerns. Alternatively, it may be more difficult for zoo staff to recognise 

positive welfare indicators in this animal group, since many reptiles are considered cryptic 

and unintuitive by nature, which makes behavioural interpretation a challenge (Benn et al. 

2019). While it may be relatively easy to recognise signs of fear or distress, including 

animals attempting to bite, escape or urinating while handled (Warwick et al. 2013), 

positive welfare indicators in reptiles are poorly described to date (Benn et al. 2019). By 

contrast, signs of positive affect in mammals and birds often included widely recognised 

and easily observable changes in demeanour or vocalisation, including reports of a dingo 

with a lifted tail and alert head and ears, a purring cheetah, and a parrot that was ‘bob 

dancing’ and vocalising in anticipation, to name a few. Also, many of the positive welfare 

experiences reported in mammals were in relation to voluntary participation (Table 3.6), 

which is particularly common in mammal encounters but comparatively rare in reptile 

encounters, except for crocodile, sea turtle and giant tortoise feedings (Appendix III).  By 

contrast, most snake and lizard encounters involve the animal being held by, and brought 

forward to visitors, by a handler. Thus, the nature of these encounters may in some 

instances contribute to poor welfare since the animal has limited opportunities for choice 

and control, which have been identified as key factors for promoting good welfare in both 

display animals and program animals (Anderson et al. 2002; Baird et al. 2016; Bonnie et al. 

2016; Smith and Kuhar 2010; Szokalski et al. 2013a; Trone et al. 2005). This could also 

explain why a relatively high number of concerns was reported among small mammals 

such as hedgehogs (Appendix IV), since encounters with small mammalian animal 

ambassadors are typically undertaken in a similar manner to snake and lizard encounters 

(Appendix III).  

Positive welfare did not outweigh the number of reported concerns in all birds and 

mammals, but was more frequently reported among psittacines, small primates and small 
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carnivores from various taxonomic families (Fig. 3.3; Appendix IV). Although positive 

welfare in relation to human interaction has been observed in psittacines and small 

carnivores before (Nimon and Dalziel 1992; Owen et al. 2004), this finding contradicts 

many of the previous visitor studies in primates, which have indicated primarily aversive 

effects of visitors in display exhibits (reviewed in Chapter 1). It has been acknowledged, 

however, that visitors may be a positive stimulus when providing food (Cook and Hosey 

1995), and more recent work has indicated an overall positive effect of interactive visitor 

feedings in crowned lemurs, Eulemur coronatus (Jones et al. 2016). Apart from meerkats, 

many of the small carnivores that were mentioned in relation to positive welfare, i.e. 

coatis, racoons, Procyon lotor, and Asian small-clawed otters, Aonyx cinerea, are not 

entirely common in encounter programs, at least not in comparison to some of the larger 

and more charismatic species in this order (Table 3.4; Appendix III). Further research into 

the suitability of these animals in encounter programs would be encouraged at this stage.  

A number of different management strategies were mentioned in relation to welfare 

concerns, one of the more frequently applied interventions involved various changes to 

encounter protocols (Table 3.7). Many respondents described how concerns had arisen at 

the beginning of an encounter program, and by making certain adjustments to protocol, 

this appeared to have resolved the issue. This highlights the importance of close 

monitoring of animals during the implementation phase of an encounter program, and the 

necessity of carefully developed protocols, which many respondents stated as a key factor 

in ensuring positive welfare during encounters.  

For some animals, reductions in encounter frequency, visitor group size or visitor-animal 

proximity appears to have been effective at resolving welfare issues (Table 3.7). Keeping 

encounter programs at a low intensity was also used as a proactive measure by some 

institutions, i.e. some respondents mentioned how their encounter program involved 

small, pre-booked groups of visitors only and that encounters was an occasional rather 

than regular occurrence, due to considerations for animal welfare. Visitor studies in 

display exhibits have often revealed positive correlations between visitor density and 

various negative welfare indicators (see Table 1.1, 1.2, Chapter 1), and it is possible that 

animals in encounter programs may react in a similar manner to large groups of people 

up-close. Withdrawal of certain species or individuals from encounters, either temporarily 

or permanently, was yet another widely used strategy (Table 3.7). Indeed, multiple 

respondents mentioned that individual animal characteristics was often the deciding 

factor in determining whether an animal should remain in the program or not.  As one 

respondent stated:  
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‘Some animal species are more suited for close encounters and that should be 

taken into consideration in the collection plan, but the response from the 

individual animal is the most important factor’.  

 

 

Another respondent shared similar views.  

‘A lot of good ambassador animals are good because of their particular personality 

traits. We may influence them with positive-based training, enrichment etc., but 

some individuals naturally appear to love [visitor] contact and the more the 

better’.  

Overall, it was more common to terminate an encounter when deemed necessary, i.e. 

when an animal showed signs of poor welfare (Table 3.7), rather than terminating 

encounters altogether. This often referred to isolated incidents or animals that 

occasionally reacted adversely to human interaction, i.e. reptiles that urinated or 

defecated while handled was commonly withdrawn from the current session only, if the 

behaviour was infrequent in general. In case of recurring issues, permanent withdrawal of 

participation was not uncommon (Table 3.7), and some respondents mentioned how they 

had attempted other strategies but ultimately terminated encounters altogether when 

interventions proved ineffective. The possible drawback of relying on a reactive approach 

of intervening when necessary is that welfare may already be at risk by the time 

intervention is sought (Melfi 2009). However, since many of the incidents described were 

unforeseen, i.e. visitors accidentally frightening or injuring animals, solutions such as 

these may be unavoidable at times.      

 

3.4.3 Attitudes and beliefs regarding encounter programs  

Zoo professionals in the current survey seemed to have an overall positive attitude 

towards encounter programs, since the majority of respondents agreed with the 

statements about possible benefits associated with encounters (Table 3.8). Despite this, a 

moderate level of concern was also apparent among respondents (Table 3.9). Perhaps not 

surprisingly, the statement that generated the strongest agreement in terms of benefits, 

and the least amount of variability, was that regarding emotional benefits to visitors from 

encounters (Table 3.8). Respondents unanimously agreed that encounters effectively 

create emotional connections between visitors and zoo animals, which aligns well with 
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recent literature on this topic (Clayton et al. 2009; 2011; Luebke et al. 2016; Myers et al. 

2004; Pennisi et al. 2017). The importance of these connections should not be 

understated, since it has been argued that people who feel connected to the natural world 

are more likely to adopt a pro-environmental attitude (Akerman 2019; Dunstan et al. 

2016; Pennisi et al. 2017; Young et al. 2018). Whether this translates into genuine 

conservation efforts is, however, uncertain (Dunstan et al. 2016; Schultz 2011; Smith et al. 

2008), and this uncertainty was also reflected in the current survey, since statements 

regarding the effectiveness of encounters in obtaining financial revenue for wildlife 

conservation, or promoting a more sustainable lifestyle in visitors, tended to generate less 

agreement, and more variability, among respondents (Table 3.8).  For example, one 

respondent stated:  

‘I believe most visitors and students appear to enjoy animal encounters and they 

have the capacity to create connections to wildlife, but I am not sure if that 

translates into positive sustainable actions or donations to conservation 

organisations.’ 

Another respondent reported the following:  

‘I find that when people have already made the decision to donate financial means 

to a facility, live animal encounters may encourage, reinforce or justify their 

decision, but they likely won't entice others to donate.’  

Most respondents agreed that encounters enhance the overall visitor experience, and 

promote a positive attitude towards zoos in general, which surveys with visitors attending 

interactive experiences have also indicated (Table 3.8). Interestingly, some respondents 

did, however, disagree that the zoo’s general reputation is enhanced by engaging in 

encounters, which appears to be related to the belief that negative publicity around these 

practices have influenced the attitudes and perceptions of the public towards encounter 

programs. As one respondent stated: 

‘The large amount of unethical operations in this country has created negative 

publicity towards captive facilities in general. Therefore, our reputation is tarred 

with the same brush which has a negative impact on attracting visitors’.  

Another respondent expressed similar concerns.  

‘I believe that the facility's general reputation can be affected by the nature and 

type of live animal encounter program that is offered. However, the reputation is 
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not always enhanced. In my experience, reputation can at times be harmed by 

offering interactions with cetaceans. I sometimes find that guests feel the need to 

reassure themselves or morally justify their enjoyment of an interaction with a 

captive animal due to some guilt resulting from activist pressure.’ 

Despite the lack of evidence regarding the overall efficacy of zoo-based education (Moss 

and Esson 2013; Ojalammi and Nygren 2018; Pearson et al. 2013), most respondents 

believed that encounters are a valuable means of delivering educational and conservation-

related messages to zoo visitors (Table 3.8). Multiple respondents did, however, 

emphasise that far from all encounters fulfil this purpose, and it largely depends on the 

individual institution, as well as the keeper/educator in charge, to ensure that encounters 

are delivered in a purposeful and educational manner.  For example:  

‘It all depends on the content of the encounter. If the encounter does not aim to 

talk about lifestyle changes, conservation etc., then you won’t get that out of it. 

Some encounters take on a “Disney” approach, so they mainly emphasise the 

cuteness and fluffiness of the animal. With these encounters, I feel that you miss 

the target.’  

Similar views were expressed by another respondent.  

‘A bad encounter would encourage "selfies" and nothing else. The way an 

encounter is packaged, how information is shared, and how the animal is 

respected in the process is the deciding factor. There are effective encounters, and 

the type that are commercial and disrespectful to the animals. Just like there are 

good zoos and bad zoos. ‘ 

Animal welfare effects in relation to encounters was the statement that generated the 

highest level of concern, and the most variability, among respondents (Table 3.9). Not only 

does this indicate that zoo professionals are overall concerned about the welfare of 

program animals, but also that there is a discrepancy within the profession as to how 

animals are affected by these practices. Certain respondents did, however, report that 

while they were concerned about welfare in regard to encounter programs in general, they 

felt comfortable that the animals participating in encounters at their current institution 

experienced good welfare. As one respondent stated:  

‘I answered this question based on our current animal encounter program. At our 

aquarium, the animals we use and the protocol we have in place do not have me 

concerned about this issue. My answer may be slightly different if we are talking 
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about animal encounters in general, but at most accredited institutions I feel good 

about these things’.  

A high level of concern was also apparent in regard to ethical aspects of encounter 

programs, and in contrast to welfare concerns, this statement generated substantially less 

variability among respondents (Table 3.9), indicating that most zoo professionals felt a 

certain level of concern around ethical issues. For instance, the intentional hand rearing of 

animals to increase tameness and affinity to humans is indeed controversial and have 

been discouraged on ethical and welfare-related grounds (Kelling et al. 2013; Mellen 1992; 

Read and Meier 1996). Respondents of the current survey seemed to agree, since a 

number of them expressed their dissent over these practices.  

‘I have worked extensively with raptors and some of those individuals were 

intentionally imprinted to be better program animals. I do not agree with that 

practice since there are enough non-releasable animals that would make great 

ambassadors with proper training and time.’  

Another respondent stated:  

‘Not all zoos are "good" zoos. I know that "roadside zoos" take the young from 

their mother to be petted all day long by visitors. This is not what we do, and this is 

not, from my point of view, the way to do animal encounters’.  

Statements regarding visitor and keeper safety, as well as the risk of encounter programs 

sending the wrong message that wildlife can be used for entertainment and are generally 

accepting of human contact, appeared to be less of a concern for the respondents in the 

current survey (Table 3.9). It was, however, apparent from multiple respondents that 

these issues, similar to the issues around educational content, animal welfare and ethics, 

are largely dependent upon how the individual institution operates and manages their 

encounter program.  

As one respondent stated:  

‘I am always very concerned when it comes to the welfare of the animals and the 

safety of staff and visitors. Even though we have high standards at our institution 

there are facilities that don't have the correct staff training in place and do not put 

the focus on safety and this is where problems occur. Even though we put a strong 

emphasis on how negative the exotic pet trade is I cannot say that all institutions 

will have this effect and therefore people can get the wrong impression.’  



106 
 

Overall, the current state of belief among zoo professionals engaging in encounter 

programs appear to be one that is in favour of these practices as long as the individual 

institution pays careful attention to animal welfare, ethical issues and educational content. 

One respondent summarised this in a concise and informative statement:  

‘I feel that when conducted well, with animal welfare the primary motivator, 

encounters can enhance a reputation, attract visitors and increase revenue. 

However, if done poorly, they can have the opposite effect’.  

Interestingly, the composite score obtained for perceived benefits as well as concerns 

regarding encounters, did not vary significantly with demographic variables, i.e. age and 

gender, or the level of experience, of individual respondents (Table 3.10). This is in 

contrast with another recent study of industry professionals, which observed a higher 

level of concern for animal welfare among female respondents (Cornish et al. 2018). The 

fact that the majority of respondents in the current survey were females from the younger 

age groups (Table 3.1) may, however, have masked any trends relating to age and gender, 

and the current distribution may therefore not be entirely representative of the industry 

in general. Future studies would clearly benefit from a more diverse sample, involving 

more male participants and participants from the higher age groups. It is also possible that 

other factors, i.e. cultural and philosophical differences, as well as personal experiences of 

individual respondents, are more important predictors of attitudes and beliefs in this area. 

Although respondents were all zoo professionals with previous experience in encounter 

programs, they occupied a variety of positions and were experienced with different taxa, 

which may have influenced their attitudes and beliefs accordingly.  

 

3.4.4 Study limitations  

The current study had a few methodological issues that need addressing. The response 

rate of the introductory survey was relatively low (Table 3.3), in comparison with the 

survey conducted by Bashaw et al. (2001) which utilised similar methods and acquired a 

response rate of 69 %. Hence, the results obtained in the current study were based on 

relatively few accounts, which limits the reliability of these findings. There was, however, 

a fairly equal representation across the geographic regions in the current response (Table 

3.3), which reduces potential regional bias in the sample. There could be multiple reasons 

for the low participation rate. Given that survey invitations were in most cases sent to the 

institution’s general email address (see section 3.2.3), it is possible that the invitation may 

not have reached the appropriate respondent (i.e. life science managers, curators) but may 

have gotten lost in the process of forwarding it. It may also be possible that some 
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respondents, despite clear statements assuring complete anonymity in any future 

publications, may have been reluctant to disclose information about animal welfare 

concerns, which resulted in a large number of non-responders or respondents who chose 

not to provide an answer to the question relating to concerns. Respondents may also have 

found this question somewhat daunting, since it was mentioned by some that the time 

commitment involved in searching through animal records and listing all potential 

concerns would be too substantial. These respondents were re-assured that they could 

respond to this question from memory, i.e. there was no need to search through extensive 

animal records, and providing brief details on one or a few cases would suffice. Stating this 

more explicitly in the actual survey question (Appendix I) and clearly emphasise the brief 

time commitment (10-15 min) that was expected from the introductory survey may have 

increased the response rate, hence would be encouraged in future work.  

The information regarding current encounter programs was largely obtained from zoo 

websites (see section 3.2.2), which may not be an entirely reliable source of information, 

given that websites can be poorly updated, it is possible that the researcher in some cases 

misinterpreted the information etc. Institutions also tend to make changes to their 

encounter programs on a regular basis, i.e. by introducing new encounters (LA-R, 

pers.obs.), hence some of the information in the current dataset may be outdated already. 

The current dataset is also likely to be somewhat conservative, as some institutions 

mentioned online that they offer a live animal encounter program with certain animal 

groups (i.e. snakes, lizards, birds) but due to the low level of taxonomic detail, this 

information was not included in the overall compilation (Appendix III). In most cases, 

however, it appears as if the information contained on the websites was correct at the time 

of writing, since most respondents tended to confirm the details provided in the pre-filled 

table of current encounter programs (Appendix I), with occasional minor modifications. 

The aim of the current survey was to provide a general overview of current encounter 

programs; hence the current data would still be considered a fair representation of 

general trends. This data does, however, refer to involvement of certain species in 

encounter programs only, and does not take into account how many of the surveyed 

institutions that house these species as part of their collection overall. For example, the 

reason why a comparatively small number of institutions offer encounter programs with 

fish and aquatic mammals, could be because there are few institutions that have the 

necessary facilities to house aquatic animals, hence these animals are most likely less 

common in captivity in general. Likewise, certain species may be commonly involved in 

encounters because they are common additions to zoos overall. A comparison of the 
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overall occurrence of certain species in captivity in relation to the number of facilities that 

offer encounters with these species would have been useful information to include in the 

current review, although it was beyond the scope of the current study to provide this level 

of detail for every species involved in encounters. 

In regard to reported welfare concerns and positive experiences, these questions are 

subjected to a certain degree of subjectivity, since respondents may differ in their 

perceptions of what constitutes a genuine welfare concern, or a positive welfare 

experience. Although a list of potential welfare concerns was provided as a guide for 

respondents (Appendix I, II), these questions undoubtedly rely on the judgement of the 

individual respondent to some extent. The current findings regarding concerns and 

positive welfare are therefore likely to reflect the opinions of zoo professionals in this 

matter and should be interpreted as such. However, respondents of the current survey 

were all trained professionals with extensive experience in working with program animals 

(Table 3.1), hence their judgement in these matters was considered trustworthy. In case 

respondents made claims that were considered vague or dubious (i.e. a few respondents 

reported animals experiencing positive welfare because they didn’t seem to care about the 

presence of visitors), the response to these questions was excluded from the final dataset.  

Despite the current methodological issues, and the arguably low reliability of survey data 

compared to empirical studies (Melfi 2009), the present study identified valuable trends in 

relation to current encounter programs, areas of potential concern and positive welfare, 

and the prevailing attitudes of zoo professionals working in this field. This information 

could be used to identify future avenues of research effort, both in the current thesis and 

in this field in general.  

Conclusions  

The following conclusions can be drawn from the present study:  

1. Live animal encounter programs are a very common occurrence in accredited zoos 

and aquariums, since 85 % of surveyed institutions currently engaged in such a 

program with one or more species.  

2. There were prominent regional differences in overall occurrence of encounter 

programs and taxa involved. Encounter programs were particularly common in 

Australia, the UK and North America, and tended to have a strong focus on 

mammals, although certain birds, reptiles and fish were also frequently involved in 

encounters.  
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3. Reported cases of welfare concerns most often involved behavioural indicators of 

poor welfare in relation to encounters, many of which were indicative of a typical 

fight-or-flight response. Likewise, reports of positive welfare often referred to 

behavioural indicators, or voluntary participation and/or interaction with visitors 

during encounters. Positive welfare experiences outnumbered reported concerns 

in mammals and birds, but the opposite was true for reptiles. 

4. Welfare concerns were managed using a variety of strategies, including changes to 

protocol around encounters, termination of encounters for particular species or 

individuals, reduction of encounter frequency, visitor-animal proximity or visitor 

group size, and changes to animal training schedules.  

5. Zoo professionals had an overall positive attitude towards live animal encounter 

programs, since most respondents believed that encounters could effectively 

create emotional connections between visitors and zoo animals, enhance visitor 

experience and attract visitors to the facility. A moderate level of concern was also 

apparent among respondents, particularly in regard to animal welfare effects and 

ethical issues associated with encounters.  
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4.  The effect of behind-the-scenes encounters and interactive 

presentations on the welfare of captive servals (Leptailurus 

serval)  
 

 

Abstract   

 

The serval (Leptailurus serval) is a small African felid that is well represented in zoos and 

often serves as an animal ambassador in live animal encounter programs. The impact on 

serval welfare in relation to such programs has not been investigated to date, and the aim 

of this study was, therefore, to assess short-term welfare effects of varying levels of visitor 

interaction in two captive servals. Weekly blocks of four different treatments between 

which the two servals alternated was imposed three times on each animal over 12 weeks, 

and the treatments involved 1) Presentations (serval undertaking a routine training 

session in a designated presentation space, typically attracting high visitor numbers), 2) 

Behind-the-scenes (BTS, a close encounter allowing a small group of visitors to feed, pat 

and interact with the cat in its enclosure), 3) Presentations and BTS combined and 4) No 

visitor interaction. Serval behaviour, including inactive, active and maintenance 

behaviours, stereotypic pacing and behavioural diversity, was monitored from CCTV 

footage over three consecutive days per week.  Behaviour was monitored over four daily 

recording sessions per animal, using instantaneous scan sampling every 60 s. Behaviour 

was also monitored by filming the servals with a camcorder during presentations, to 

investigate potential correlations between visitor numbers and selected behaviours. 

Individual faecal samples were collected daily to monitor changes in faecal glucocorticoid 

metabolite (FGM) concentration. Results of general linear models indicate that the 

incidence of stereotypic pacing was significantly reduced (p = 0.01) during Treatment 1 

and 3 when cats participated in presentations only or the two activities combined. Both 

cats appeared highly motivated to participate in these activities, as high levels of pacing 

usually resulted whenever a cat was denied an opportunity to participate.  The 

involvement in such a program may therefore exert an overall positive effect on serval 

welfare, though it could not be determined whether the cats found the actual visitor 

interaction rewarding or whether they were attracted to other factors, i.e. food rewards, 

cognitive stimulation etc. A significant reduction in behavioural diversity (p <.001) was 

observed when cats participated in both presentations and BTS; i.e. cats expressed fewer 

behaviours outside of visitor interaction when interaction was more frequent. Although 

not considered a negative welfare impact in the short term, potential long-term negative 
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effects of a more intense activity schedule could not be ruled out in the present study. 

There were no significant correlations between visitor numbers and serval behaviour 

during presentations (including vigilance, time spent hidden, proximity to audience and 

non-compliance with keeper instructions). FGM concentrations did not vary significantly 

with treatment; hence there was no evidence that adrenocortical output was affected by 

short term variation in visitor interaction. Based on these findings, involvement in an 

interactive program appears to exert an overall positive effect on the welfare of the two 

individual servals, if managed in a controlled setting and under similar circumstances to 

those implemented in the study.  

 

4.1 Introduction         

The serval (Leptailurus serval) is a small cat belonging to the diverse and widely 

distributed family known as the Felidae (Sunquist and Sunquist 2002; Wilson and Reeder 

2005). Native to various regions of sub-Saharan Africa, the species is a wetland specialist 

that navigates between marshes and reed beds in search of its main food source which is 

small rodents (Herrmann et al. 2008; Perrin 2002; Ramesh and Downs 2015; Smithers 

1978). A characteristic hunting technique where the serval uses its superior sense of 

hearing to locate prey in tall grasses and then leaps and pounces on the prey item, makes 

it a highly successful predator (Perrin 2002; Smithers 1978). Like most other felids, the 

serval is a solitary species (Smithers 1978).  The female commonly gives birth to a litter of 

1-3 kittens in summer and cares for her young for a considerable amount of time after 

they become mobile (Smithers 1978).  

 

According to the IUCN Red list (2018), 26 out of the 40 recognised species of felids are 

under some degree of threat to their long-term survival in the wild. The serval is currently 

classified as “least concern” (IUCN Red List 2018), although wild populations have recently 

declined in parts of their range due to secondary poisoning by consumption of poisoned 

rodent prey (Ramesh and Downs 2015). Wild servals are also subjected to attacks by 

domestic dogs or are shot by local farmers to prevent predation on domestic poultry 

(Foley et al. 2014). Fortunately, the species is well represented in captivity (Sunquist and 

Sunquist 2002) and attempts at re-introducing captive individuals into the wild has 

proven successful (Perrin 2002). The reproductive success rate among captive servals is, 

however, relatively low (Mellen 1991). As is the case with many small felids, very little is 

known about the welfare of servals in captivity, since research as well as conservation 

efforts tend to focus mainly on the larger and more conspicuous felids, i.e. tigers, lions and 
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snow leopards, Panthera sp. (Brodie 2009; Ripple et al. 2014).  Welfare-oriented research 

in large felids has mainly focused on implementing and assessing the effects of various 

enrichment strategies (see for example Bashaw et al. 2003; McPhee 2002; Ruskell et al. 

2015; Skibiel et al. 2007), exhibit designs (see for example Breton and Barrot 2014; Lyons 

et al. 1997) and housing constellations (see for example De Rouck et al. 2005; Miller et al. 

2008). Although this research has often led to measurable improvements in welfare, 

similar studies in small cats are comparatively scarce (but see for example Resende et al. 

2009; Moreira et al. 2007; Wells and Egli 2004). Additionally, only a handful of studies to 

date have addressed the topic of visitor-animal interaction and its welfare consequences 

for captive felids, even though these animals may be exposed to unfamiliar humans on a 

daily basis (Hosey 2000), and close visitor interaction with felids is becoming increasingly 

common worldwide (Szokalski et al. 2013a).  

 

As such, a range of interactive programs are now offered with various felids in zoos 

worldwide. A common feature is to grant visitors access to off-limit areas where they 

interact with and tong-feed a big cat, most commonly a lion or a tiger, through a protective 

barrier (reviewed in Chapter 3). Encounters with small felids, including cheetahs, Axinonyx 

jubatus, and servals, are often more tactile in nature and commonly allow visitors to pat 

and have their photos taken with a cat, or engage in an interactive walk together with a cat 

and its keeper (Appendix III, Chapter 3). Certain zoos also offer cub experiences where 

visitors interact with juvenile animals (Appendix III, Chapter 3). The current website 

review in Chapter 3 estimates that no less than 20 different species of cats, including 

servals, are currently participating in an interactive program at one or more institutions. 

To date, twelve institutions are currently engaged in a live animal encounter program with 

servals, eight of which are in North America, and the remaining four are in either Australia 

or South Africa (Appendix III, Chapter 3). These numbers are likely to be conservative 

though, as servals are commonly used as animal ambassadors in serendipitous encounters 

or educational workshops, and many institutions do not typically advertise their 

ambassador species online.  

Although encounter programs with captive felids is now commonly offered in many zoos, 

Szokalski et al. (2013a) consider this a controversial practice, given the solitary and 

elusive nature of many cats. Hence, close visitor interaction could potentially exert a 

negative welfare impact on participating animals. There is, however, not enough empirical 

data available to warrant this claim, as very few studies to date have been focused around 

this topic. Szokalski et al. (2013a) studied the effects of interactive programs on the 
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behaviour of captive lions, Panthera leo, and cheetahs at two Australian zoos and observed 

high levels of stereotypic pacing among lions prior to encounters. The encounters involved 

protected contact feeding, and it was suggested that food anticipation, rather than stress 

caused by close visitor interaction, may have been responsible for this effect. Cheetahs, on 

the other hand, frequently expressed signs of affiliative behaviour towards both visitors 

and keepers during interactive walks, suggesting that it may have been a positive welfare 

experience for these individuals (Szokalski et al. 2013a).  Another Australian research 

team studied fluctuations in faecal glucocorticoid (FGM) concentration in tigers, Panthera 

tigris, participating in walks, interactive presentations and guest photo opportunities at 

two different zoos, and found that program animals had higher overall concentration of 

FGMs compared to non-participating animals at one institution, but the opposite trend 

was observed at the second zoo (Narayan et al. 2013). The authors suggest that variation 

in the level of conditioning and familiarity with the public may have been the reason for 

this disparity. There were, however, no behavioural observations that could further 

strengthen this claim, since the main focus of this study was to validate a physiological 

assay (Narayan et al. 2013). Given the paucity of information on this topic, it is far too 

early to make any inferences on how cat welfare is affected by close visitor interaction. 

However, as with traditional exhibit viewing, it may be that effects of visitors vary on both 

a species-specific and individual basis (reviewed in Chapter 1), which warrants the need 

for further research into this topic in order to support the continued use of various felids 

in interactive programs.  

Given their widespread occurrence in zoos and their popular role as program animals, 

studies investigating the welfare impacts of visitor encounters with captive servals is 

clearly worthwhile. Such research would optimise the care and welfare of individual 

animals and contribute to our understanding of visitor-animal interaction in small non-

domesticated felids, which is very limited. The aim of the current study was therefore to 

explore the overall impact of an interactive encounter program on the behaviour, 

physiology and potentially short-term welfare of individual zoo-housed servals. 

Specifically, the aim was to determine whether potential welfare impacts were affected by  

i. Encounter frequency 

ii. Type of encounter (behind-the-scenes encounter involving a small number 

of visitors and close visitor interaction, versus an interactive presentation 

with higher numbers of visitors but less visitor-animal interaction).  
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To address this aim, serval behaviour and adrenal activity was monitored in response to 

manipulations of these variables. Due to the paucity of information on this research topic, 

and the wide variability obtained from similar studies in other species, it was difficult to 

predict the outcome of the current investigation. It was therefore hypothesized that 

variation in encounter frequency, as well as type of encounter, would elicit changes in 

serval behaviour and physiology that could be indicative of a welfare impact, though it 

could not be predicted whether this impact would be positive or negative. To our 

knowledge, our study was the first of its kind to investigate a potential cause-effect 

relationship between visitor interaction and behavioural and physiological welfare 

measures in captive servals.  

 

 

4.2  Methodology 

  

All animal procedures in the current study were approved by the Zoos Victoria Research 

and Animal Ethics Committee (ZV16003).        

 

4.2.1  Study animals – housing and husbandry routine  

Study animals included two adult servals (Table 4.1) housed at Werribee Open Range Zoo 

(WORZ), which is situated 35 km’s southwest of Melbourne, Victoria, Australia. The 

servals, named Nanki and Morilli, were both captive bred females from the same litter 

(Table 4.1). Although parent reared from birth, once they arrived at WORZ they were 

bottle-fed by keepers while being introduced to solid foods and were subsequently 

weaned at around six months of age. Their current feeding regime included two main 

meals per day; one morning and afternoon feed consisting of 2-3 mice or day-old chicks 

each, and a rabbit or chicken leg each. In addition, each serval received two small portions 

of diced red meat per day, which was usually given as a reward during training sessions or 

visitor interaction. The servals also received small prey items, i.e. crickets and meal 

worms, as well as herbs such as rosemary and catnip, on a regular basis for enrichment 

purposes. The keepers also performed basic husbandry procedures and weighing on a 

regular basis.  

 

The servals were housed off public display and could only be seen by the visiting public 

during presentations or encounters. Although the servals had been housed together since 

birth, a recent change in their social dynamics that triggered aggression between the two 

led keepers to permanently separate them approximately 12 months prior to the onset of 
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the study. Since then, the servals were housed solitarily, and the cats alternated between 

an open yard (Fig. 4.1b) and three adjacent pens (Fig. 4.1a). The keepers swapped the cats 

over on a daily basis. The cats could still have visual, auditory and olfactory contact 

through the exhibit fence, but could not physically interact with each other. The open yard 

had a total area of approximately 75 m2 and a ground cover of sand and mulch. The yard 

was interspersed with logs, elevated platforms and climbing structures, had a covered nest 

with a straw bed, a drinking trough, and a designated area for visitor interaction (Fig. 

4.1b). The pens had a total combined area of approximately 36 m2 and a ground cover of 

synthetic turf mats and sand. The pens also had elevated shelves, burlap hammocks, cat 

tunnels, drinking troughs, and heated beds for overnight rest (Fig. 4.1a).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a)  

b)  
BTS area  
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Figure 4.1 a) Serval pen. The cats could move between the three adjacent pens via hatches 
that could be closed from the outside by the keeper when necessary. Pens were 
identical in size and had similar environmental features to the pen shown in the 
picture.  

  b) Serval yard with designated area for BTS encounters on the right.  

 

Figure 4.1 c) Serval presentation space, depicting the three different levels of visitor 
proximity (1, 2 and 3, 1 being the nearest to participating visitors) used in 
behavioural measures (Table 4.5).   

 

Table 4.1  Study animals  

Name Sex D.O.B.  Origin  Rearing 

history  

Years at 

WORZ  

Years in 

encounter 

program  

Nanki F 21.12.2008 Captive born at 

Mogo Zoo, New 

South Wales, 

Australia  

Partially 

hand 

reared  

Arrived in 

March 

2009  

Approx. 7 years at 

time of study 

Morilli F  21.12.2008 Captive born at 

Mogo Zoo, New 

South Wales, 

Australia 

Partially 

hand 

reared  

Arrived in 

March 

2009  

Approx. 7 years at 

time of study 

 

4.2.2 Visitor interaction program     

Shortly after the servals arrived at WORZ as young kittens, the keepers began conditioning 

the cats for becoming ambassador animals in an interactive program. The animals were 

taught to follow basic instructions such as recall and sitting on command and were given 

c)  

Level 1  

Level 3 

 Level 2 
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food rewards and verbal praise to reinforce such behaviours.  At the time of the study, the 

servals were able to perform a complex series of behaviours on command, with the aim of 

highlighting some of the serval’s natural foraging techniques to visitors (i.e. beam walks to 

simulate capture of roosting birds in a tree, leaps and pounces to simulate capture of small 

rodents, and retrieving a meat reward out of a pond to simulate capture of fish and frogs).  

The current program involved a daily presentation and a behind-the-scenes encounter 

(BTS) that took place four days a week. The servals alternated in participating in the daily 

presentation, but both individuals usually participated in BTS (although one animal at a 

time, to avoid aggression between the two). The daily presentation was included in the 

general zoo admission and took place at 11.00 am in a designated presentation space 

adjacent to the servals’ holding facilities (Fig. 4.1c). The presentation typically attracted 

large numbers of visitors (max. 250 people), but the audience did not interact with the 

serval (i.e. no feeding, touching) and the front row was seated approximately 2 metres 

away from the front of the stage.  The participating serval was escorted on a leash by its 

keeper to the presentation space. Once secured inside the space, the serval was 

encouraged to undertake a routine training session in front of the audience. The serval 

was rewarded with red meat for its efforts.  The presentation typically lasted for 10-15 

minutes and involved an educational message from the keeper about serval biology and 

captive management, as well as conservation of wild populations of servals and other 

African species.  

 

The behind-the-scenes encounter incurred an additional fee for visitors and took place at  

1.30 pm every Tuesday, Thursday, Saturday and Sunday, in a designated interaction space 

inside the serval yard (Fig 4.1b). A small group of visitors (max. 6 people) were escorted 

by a zoo volunteer into the yard where they got to meet the keeper and the servals. 

Children had to be at least 8 years old to participate, and participants were to stay seated 

and follow the keeper’s instructions at all times. The encounter involved a training session 

that was typically longer and involved more spectacular leaps than the presentation. The 

visitors were also given the opportunity to interact with the serval up close, as the keeper 

would position the cat in front of the respective visitors.  They could then have their 

photograph taken with the cat, and gently stroke the cat on its back and chest if the cat 

allowed. The keeper would also supply a small quantity of cream cheese for the cat to lick 

from the visitor’s finger. The encounter typically lasted for 30-40 minutes and involved a 

similar educational message as seen in the presentation. At the conclusion of the 

encounter, visitors were given a brief tour of the holding facilities together with the 

keeper.    
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The servals occasionally encountered visitors during keeper led walks as well.  The 

keepers usually took the servals for a daily walk on a leash near the main visitor path and 

would sometimes attract the attention of nearby visitors for a serendipitous encounter. 

Visitors could view the serval at a close distance, but there was no interaction involved, 

and this was only a brief encounter that lasted for a minute or two. On days when servals 

did not participate in any visitor interaction, they typically received a one-on-one training 

session with their keeper inside the serval yard instead.  

 

4.2.3 Experimental design  

Using a repeated treatments design, the present study imposed changes to the regular 

program by implementing weekly blocks of four different treatments. The treatments 

were designed with the aim of separating the effects of presentations and BTS, as visitor 

number and visitor-animal proximity was markedly different between the two. Hence, the 

treatments involved participation in either presentations or BTS, the two combined, or no 

involvement in any visitor interaction (Table 4.2). Treatments were imposed for seven 

consecutive days and changed over every Friday of the week. Each study animal was 

subjected to each treatment for a total of three weeks, resulting in a total study period of 

12 weeks. The two cats alternated between the four treatments, so that each animal was 

subjected to a different treatment each week. Treatment 1 and 2 always occurred 

together, i.e. when one cat undertook presentations, the other cat undertook BTS (Table 

4.2). Likewise, treatment 3 and 4 always occurred together, so that one cat undertook both 

presentations and BTS while the other cat did not participate in any visitor interaction 

(Table 4.2). The reason for this was to cause minimal interference with the regular 

program, by ensuring that at least one cat would be available for either presentations or 

BTS in any given week. The order of the treatments was randomised prior to the onset of 

the study.  

 

Apart from changes to the level of visitor interaction, no other alterations to husbandry 

and housing were implemented during the study period. Keepers were encouraged to 

continue taking the cats for walks and undertake one-on-one training sessions when 

deemed necessary, so that the amount of training and physical activity remained relatively 

constant across treatments. However, when a cat was withdrawn from visitor interaction, 

keepers were instructed to avoid walking the cat in close vicinity of the visitor path, to 

keep the cat completely separated from the visiting public. The study was undertaken 
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between May-September 2016, with a two-week interim for the winter school holidays in 

the middle of the study period. It was not feasible to continue the study over the holidays 

due to the substantial increase in visitor numbers and alterations to the regular program 

(the zoo offered special evening presentations over the holidays). 

 

 

 

Table 4.2  Treatments imposed during study period  

Treatment Presentations BTS Treatment  

combination  

1 – Pres.  Yes No 1+2 * 

2 – BTS  No Yes 1+2  

3 – Pres.+BTS Yes Yes 3+4 ** 

4 – No interaction No No 3+4  

* Treatment 1 and 2 always occurred together throughout the study, so that one  
cat undertook presentations while the other undertook BTS 
** Treatment 3 and 4 always occurred together throughout the study, so  
that one cat undertook presentations and BTS while the other did not participate 
 in any visitor interaction 

 

 

4.2.4 Behavioural observations  

Behaviour was monitored over the last three treatment days of each study week (Tues-

Thurs) using cameras installed in the serval holding quarters. A total of 14 cameras 

(PACOM Dome CCTV) were used, and they were positioned accordingly: 2-3 cameras in 

each serval pen, and seven cameras in the yard. The cameras were all connected to a DVR 

(PACOM Digital Video Recorder, Pacific Communications, Melbourne, Australia) and an 

external viewing source positioned in a crate in the nearby airlock. The software I-Watch 

was used for all subsequent video analysis. The cameras were set to record throughout 

each observation day. Four designated recording sessions were then sub-sampled from 

the footage, with the aim of capturing behaviour immediately prior to, during and after 

visitor interaction, as well as in the morning and afternoon (Table 4.3). During 

presentations and BTS, only the behaviour of the non-participating cat was monitored 

(Table 4.3), since the participating cat was either in the presentation space or 

participating in BTS at this time. Since BTS was of longer duration than the presentation 

(typically lasted for 30 min), behaviour of the non-participating cat was monitored for the 

first 15 min of the encounter only. For the purpose of analysis, the four sessions were 

collapsed into two daily observation blocks (Table 4.3).  
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Behaviour was monitored by instantaneous scan sampling every 60 seconds. Continuous 

behavioural monitoring was not feasible due to the large number of cameras involved, 

which made it too difficult to follow the cats as they moved between the different cameras. 

However, instantaneous scan sampling was still considered representative of the cats’ 

overall behaviour patterns, as most behaviours tended to be of relatively long duration 

(behavioural states) rather than brief, behavioural events.  Behaviour was not recorded if 

the keeper was in the enclosure at the time of scanning, as their presence tended to affect 

the cats’ behaviour. A comprehensive ethogram developed by Stanton et al. (2015) was 

used as a basis for scoring serval behaviour, though interactive behaviours were omitted 

since the servals were housed solitarily. The final ethogram used in this study (Table 4.4) 

contained four different behavioural categories; passive, active, maintenance and 

abnormal repetitive behaviours. At each observation session, the total number of 

behaviours that the cat was engaged in was quantified and referred to as behavioural 

diversity.  

In addition to remote monitoring by CCTV, behaviour was also monitored by camcorder 

footage during serval presentations on each observation day. The principal researcher 

(LA-R) positioned herself in the audience and filmed the entire presentation with a 

handheld camcorder (Panasonic HC-V750M). Behavioural measures including vigilance, 

percentage time spent hidden, non-compliance with keeper instructions and proximity to 

audience (Table 4.5) were then scored from the footage upon analysis. The number of 

visitors attending each presentation (adults and children recorded separately) was also 

recorded by the researcher.   

 

 

Table 4.3  Timeline of behavioural observations  

* Observations were undertaken15 min prior to, during and after presentation 
** Observations were undertaken 15 min prior to, first 15 min during and 15 min after BTS 

 

 

Session Block  Time of day Duration Total obs. time per animal  

Morning 1 9.00 – 9.30 30 min  30 min for both cats  

Presentation  1 10.45 – 11.30 * 45 min  45 min for the non-participating 

cat, 30 min for the participating cat  

BTS 2 13.15 – 14.15 

** 

60 min  45 min for the non-participating 

cat, 30 min for the participating cat  

Afternoon  2 16.00 – 16.30 30 min  30 min for both cats  
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Table 4.4  Ethogram of serval behaviour, adapted from Stanton et al. (2015)  

Inactive behaviours Active behaviours Maintenance behaviours  Abnormal repetitive 

behaviours  

Sitting: Cat is in an 

upright position, with 

the hind legs flexed 

and resting on the 

ground, while front 

legs are extended and 

straight, or crouching 

on top of all fours.  

Resting awake: Cat is 

lying down with its 

head raised and eyes 

open.  

Sleeping: Cat is lying 

down with its head 

down and eyes closed, 

performing minimal 

head or leg 

movement, and is not 

easily disturbed.  

Standing: Cat is in an 

upright position and 

immobile, with all 

four paws on the 

ground and legs 

extended, supporting 

the body. 

Hidden: Cat is fully 

concealed behind 

dense vegetation or 

burlap drape, to the 

point where it cannot 

be determined 

Walking: Forward 

locomotion at a slow 

gait 

Running: Forward 

locomotion in a 

rapid gait, which is 

faster than walking 

or trotting.  

Investigate: Cat 

moves around 

attentively while 

sniffing the ground 

and/or objects, or 

shows attention 

towards a specific 

stimulus by sniffing 

and/or pawing at it. 

Climbing: Cat 

ascends and/or 

descends an object 

or structure  

Jumping: Cat leaps 

from one point to 

another, either 

vertically or 

horizontally.  

Playing: Cat 

interacts with and 

manipulates an 

object in a “playful” 

manner  

Eat: Cat ingests food (or 

other edible substances) by 

means of chewing with the 

teeth and swallowing.  

Groom: 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.  

Defecate: Cat releases 

faeces on the ground while 

in a squatting position.  

Urinate: Cat releases urine 

on the ground while in a 

squatting position.  

Clawing: Cat drags front 

claws along an object or 

surface. 

Scratching: Cat scratches its 

body using the claws of its 

hind feet.  

Stretching: Cat extends its 

forelegs while curving its 

back inwards.  

Scent mark: While standing 

with tail raised vertically, 

cat releases a jet of urine 

backwards against a vertical 

surface or object. The tail 

Pacing: Cat walks or 

runs back and forth in 

a repetitive manner 

along a designated 

path, without obvious 

purpose or intention. 

The cat had to 

traverse the same 

path at least twice to 

be considered pacing.  
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Table 4.5  Behaviour and space use monitored during serval presentations  

Behaviour Definition   

Vigilance No. of times the participating cat made a brief pause in the routine to 

visually focus its attention on the audience. This was usually 

preceded by a quick head-turn, since the cat tended to be more 

vigilant when having its back turned towards the audience or facing 

the audience sideways.  

Time spent hidden Proportion of time the participating cat spent hidden from the 

audience, i.e. concealed behind shrubs, tall grass and trees. Relative 

time measures were used since length of presentation varied.  

Non-compliance with 

keeper instructions 

No. of times the participating cat was ignoring or refusing to comply 

with keeper instructions, or when the keeper had to repeat an 

instruction more than twice for the cat to comply.  

Space use  Definition  

Proximity to audience Every 60 s, it was recorded whether the participating cat was in 

section 1, 2 or 3 of the presentation space (Fig. 4.1c), section 1 being 

nearest to the audience.  

 

4.2.5 Physiological measures  

Adrenal activity was monitored throughout the study period by analysing variation in 

excreted levels of faecal glucocorticoid metabolites (FGMs). This technique has been 

validated previously in a variety of mammal species, including felids (Graham and Brown 

1996; Wasser et al. 2000), and is considered a reliable and non-invasive approach to 

measuring patterns of adrenal activity. Typically, the cats defecated once a day, though 

occasionally somewhat more or less frequently. Each study day, keepers were instructed 

to collect all faecals from both individuals. As soon as the keeper in charge became aware 

that a cat had defecated, the keeper collected the entire scat, placed it in a plastic zip-lock 

bag labelled with animal ID, date and collection time. Samples could be anywhere between 

<1 hr – 15 hours old upon collection (the latter applied if the cat(s) had defecated 

confidently which 

other behaviour(s) it 

is currently engaged 

in.  

 may quiver as urine is 

discharged.  

Yawn: Cat opens its mouth 

widely while inhaling, then 

closes mouth while exhaling 

deeply. 
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overnight and the sample was not collected until the next morning). Immediately upon 

collection, samples were transferred to a freezer (-20˚C) where they were stored until 

extraction and analysis. FGMs were extracted using the methanol-vortex method 

(Schwarzenberger et al. 1991; Wasser et al. 2000) by adding 4 ml of 80 % ethanol to 0.5 

(±0.01) g of homogenised, wet faeces placed in 5 ml polypropylene vials. Capped vials 

were vortexed and placed on an orbital shaker overnight. The following day, samples were 

centrifuged for 5 minutes at 5000 rpm. The supernatant was then decanted into 1 ml 

microcentrifuge vials and assayed immediately.  

FGMs were measured using a group-specific glucocorticoid enzyme immunoassay that had 

previously been validated for felids in general (Fanson et al. 2012; Watson et al. 2013) and 

servals in particular (Rebecca Hobbs, Taronga Western Plains Zoo, pers.comm., 

19.07.2017). The corticosterone antibody and corresponding horseradish peroxidase 

conjugate were both obtained from C. Munro (University of California, Davis, CA, USA; Lab 

code Cs6).  Assay protocols followed previously described methods (Fanson et al. 2012). 

Briefly, 96-well microtitre plates were coated with 150 µl of goat anti-rabbit IgG (2 μg/ml). 

Immediately prior to use, plates were washed three times. 50 µl of standard, control or 

diluted faecal extract were added to each well, immediately followed by 50 µl of HRP-

conjugate (1:80,000) and antibody (1:100,000). The plate was then incubated for two 

hours at room temperature while shaking, then washed four times to remove unbound 

steroids. Subsequently, 150 µl of substrate solution was added to each well, and the plate 

was then incubated at room temperature for approximately 45 minutes, until the optical 

density of the maximum binding wells was >0.7. Optical density was read immediately on 

an Anthos 2010 plate reader (Anthos Labtec Instruments, Austria) at a wavelength of 450 

nm. All samples were diluted 1:80 with assay buffer and assayed in duplicate.  FGM 

concentrations (expressed as ng/g wet faecal weight) were calculated from the standard 

curve using Skanlt RE 4.1 software. To monitor precision and reproducibility, low (∼70% 

binding) and high (∼30% binding) control samples were run on each plate. Inter-assay 

coefficients of variation (CVs) for low and high controls were 2.6 % and 4.5 %, 

respectively. Intra-assay CV was <15%.  The assay was biochemically validated by 

demonstrating parallelism between a serially diluted sample pool and the standard curve.  

 

4.2.6 Statistical analysis  

The data obtained in this study was analysed using GenStat version 16. To determine the 

effect of treatment on behavioural (Table 4.4) and physiological measures (section 4.2.5), 

a generalised linear model (GLM) was used where individual, treatment and session 

(observation block 1 or 2; Table 4.3) were the independent variables (Table 4.6), and time 
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spent in inactive, active, maintenance and abnormal repetitive behaviours as well as 

concentrations of faecal glucocorticoids were the dependent variables. Additionally, to 

account for the effect of housing on behaviour, treatment and housing (pens or yard) were 

used as independent variables, and the above-mentioned behavioural measures were used 

as dependent variables. Serval presentation behaviour was analysed with Pearson 

correlation analysis, to assess the effect of visitor numbers on behaviours specified in 

Table 4.5.  

In all GLM analyses a post-hoc Fisher’s Least Significant Difference (LSD) was conducted to 

determine significance between the independent variables. A significance level of 0.05 was 

used in all analyses. 

 

Table 4.6  Independent variables in GLM analyses  

Independent variable Degrees of freedom in GLM 

Treatment 3 

Individual 1 

Session 1 

Total d.f. 15 

 

 

4.3 Results        

 

Behaviour outside of visitor interaction  

4.3.1  Activity budget    

Outside of visitor interaction, the cats spent on average 55-75 % of their time in passive 

behaviours. Sitting, standing and resting awake were all frequently observed, whereas 

sleeping and hiding were seen more sporadically. Active behaviours and maintenance 

behaviours typically occupied between 5-15 % of the cats’ time. Walking was the most 

commonly observed activity, as the cats were frequently moving around within the 

enclosure or patrolling the enclosure perimeter. Similarly, eating was the most frequently 

observed maintenance behaviour that contributed most to overall maintenance levels. 

Pacing was observed in both cats, who spent on average 15-25 % of their time in this 

behaviour outside of visitor interaction.  
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4.3.2 Treatment effects  

Total time spent in passive behaviours, as well as time spent sleeping, hiding, playing and 

investigating, did not differ significantly between treatments (Table 4.7).  There was, 

however, a significant treatment effect of time spent sitting (p = 0.05), since cats spent less 

time in this behaviour during BTS (Table 4.7). Significantly higher levels of running, 

climbing and jumping (these three behaviours were observed in low frequencies and were 

therefore combined for the purpose of analysis) was also observed in the BTS treatment (p 

= 0.01; Table 4.7). BTS+Pres. appears to have induced overall lower activity levels, since 

total time spent in active behaviours, as well as time spent walking, was significantly 

reduced in this treatment (p = 0.04 and 0.03, respectively; Table 4.7).  Maintenance 

behaviours were highly consistent across treatments, apart from scent marking, which 

increased significantly during Presentations (p = 0.04; Table 4.7).  

Interestingly, treatment exerted a noticeable effect on pacing levels as pacing increased 

significantly during No interaction and BTS (p = 0.01; Fig. 4.2a, Table 4.7). A highly 

significant interaction between treatment and time of day (p = <.001) was also discovered 

in regard to pacing, as the cats spent more time pacing in the latter half of the day during 

Pres., but the opposite trend was observed in BTS (Fig. 4.2b).  No such effect was observed 

in Pres+BTS or No interaction, though (Fig. 4.2b). This difference was likely due to the 

timing of the daily visitor interaction. In Pres., cats participated in the morning 

presentation, but were excluded from the afternoon BTS. The pacing was then clustered in 

the latter half of the day (Fig. 4.2b), when the other cat was undertaking BTS. Likewise, in 

BTS, cats participated in the afternoon BTS but not in morning presentations. A surge in 

pacing was then observed in the first half of the day (Fig. 4.2b), when the other cat was in 

the presentation space. In Pres+BTS, cats participated in both activities, hence no peak in 

pacing behaviour was observed in either the morning or afternoon (Fig. 4.2b). In No 

interaction, cats did not participate in any visitor interaction, hence pacing peaked both in 

the morning and afternoon, which led to overall higher levels of pacing during this 

treatment, but no effect of day (Fig. 4.2).  

Behavioural diversity was shown to decrease markedly in Pres+BTS compared to other 

treatments (p = <.001; Fig. 4.3; Table 4.7), i.e. the cats undertook fewer behaviours outside 

of visitor interaction when visitor interaction was more frequent. Similar to pacing, a 

highly significant interaction (p = <.001) between treatment and time of day was also 

observed, as behavioural diversity increased in the latter half of the day in Pres, but the 

opposite was true for BTS (Fig. 4.3b). No such effect was observed in Pres+BTS or No 

interaction (Fig. 4.3b). This difference was most likely related to the activity the cat was 
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currently participating in. Higher behavioural diversity in the latter half of the day in Pres 

(when the cat was participating in morning presentations) versus the morning in BTS 

(when the cat was participating in afternoon BTS), suggests that whenever there was an 

absence of visitor interaction, this led to an engagement in a wider variety of behaviours.  

This result is also consistent with behavioural diversity being overall lower in Treatment 

3; the treatment where the cats participated in visitor interaction in both the morning and 

afternoon (Fig. 4.3).  

 

4.3.3     Effect of individual, session and housing  

Although the two cats responded similarly to treatment, there were some noticeable 

individual differences in time budgets. Whereas Morilli spent significantly more time 

standing (p = 0.01) and walking (p = 0.01), Nanki spent significantly more time resting (p 

= 0.01), running, jumping and climbing (p = 0.01), and engaged in play behaviour more 

often than her sister (p = 0.05; Table 4.8).  This was particularly evident in the latter half of 

the day (Table 4.9) when she received her afternoon feed, which she often manipulated in 

a playful manner (i.e. pouncing or tossing) before consuming it.   

The cats spent significantly more time standing (p = 0.01) and pacing (p = 0.04) in the 

latter half of the day (Table 4.9), presumably because they were anticipating their 

afternoon feed which often coincided with the afternoon observations. Hence, eating as 

well as total time spent in maintenance behaviours both showed a significant increase in 

the latter half of the day (p = <.001 for both; Table 4.9). Grooming followed a similar 

pattern, with heightened levels observed in the afternoon (p = 0.02; Table 4.9).  

Housing exerted a strong effect on behaviour. When housed in the yard, cats spent 

significantly more time in both passive (p = <.001) and active (p = 0.01) behaviours, 

whereas time spent pacing was significantly reduced (p = <.001; Fig. 4.4). Maintenance 

behaviours were unaffected by housing (Fig. 4.4), and there was no significant interaction 

between housing and treatment.  
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 a) Top graph depicts mean number of scans where pacing was observed 

during any given observation session across the four treatments imposed in the 

study. Error bars show standard error. Asterisks denote significant treatment 

differences.  

 

b) Bottom graph depicts mean number of scans where pacing was observed 

during the two different observation blocks across the four different treatments. 

Error bars show standard error. Asterisks denote significant treatment/session 

interactions.    
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Figure 4.3 a) Top graph depicts mean behavioural diversity (total number of behaviours 

expressed) during any given observation session across the four treatments 

imposed in the study. Error bars show standard error. Asterisks denote significant 

treatment differences.  

 

b) Bottom graph depicts mean behavioural diversity during the two different 

observation blocks across the four treatments. Error bars show standard error. 

Asterisks denote significant treatment/session interactions.    
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Figure 4.4 Graph depicts mean number of scans spent in passive, active, maintenance 

behaviours or pacing for any given observation session when servals were housed 

in the pens versus the open yard. Asterisks denote significant housing effects.  
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Table 4.7  Effect of treatment on serval behaviour  

 

 
Pres.  BTS   Pres+BTS  No inter-

action 

s.e.d. p value 

Passive behaviours*   
 

     

Total inactivity  
10.58 9.88 10.17 11.38 0.75 ns 

Sitting   
5.20bc 3.74ab 4.58b 5.02bc 0.53 0.05 

Standing   
1.75 2.22 1.55 1.99 0.25 0.06 

Resting awake  
1.97 2.78 2.46 2.65 0.60 ns 

Sleeping  
0.40 0.02 0.15 0.39 0.19 ns 

Hidden   
1.26 1.11 1.43 1.33 0.59 ns 

Active behaviours* 
      

Total activity  
1.80b 2.22ab 1.45bc 1.84b 0.25 0.04 

Walking  
1.28b 1.51ab 0.96bc 1.40ab 0.18 0.03 

Investigating   
0.31 0.33 0.21 0.31 0.08 ns 

Playing 
0.06 0.11 0.12 0.02 0.07 ns 

Other active  

(running, climbing, 

jumping) 

0.16a 0.26b 0.16a 0.11a 0.04 0.01 

Maintenance 

behaviours* 

      

Total maintenance  
1.19 1.28 0.78 1.18 0.33 ns 

Eating   
0.74 0.85 0.57 0.72 0.29 ns 

Grooming  
0.25 0.26 0.14 0.33 0.07 0.06 

Scent marking  
0.13ab 0.06b 0.03bc 0.03bc 0.04 0.04 

Other maintenance 

(urinating, defecating, 

clawing, scratching, 

stretching, yawning)  

0.07 0.11 0.04 0.10 0.03 ns 

Pacing* 
2.67a 3.54b 2.44a 4.12b 0.45 0.01 

Behavioural diversity** 
3.59a 3.74a 2.97b 4.00a 0.20 <.001 

 

* depicts mean number of scans for any given observation session.  

** depicts mean number of behaviours undertaken during any given observation session.  

Values with different superscript letters differ significantly from each other.  
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Table 4.8

  

Effect of 

individual 

on serval 

behaviour  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

*depicts mean number of scans for any given observation session. 

** depicts mean number of behaviours undertaken during any given observation session.  

 

 

 

 

 
Morilli Nanki  s.e.d. p value 

Passive behaviours*   
 

   

Total inactivity  
10.50  

10.50 0.53 ns 

Sitting   
4.98 4.29 0.38 0.08 

Standing   
2.14 1.62 0.17 0.01 

Resting awake  
1.79 3.14 0.43 0.01 

Sleeping  
0.15 0.34 0.14 ns 

Hidden   
1.45 1.11 0.42 ns 

Active behaviours* 
    

Total activity  
1.94 1.72 0.18 ns 

Walking  
1.49 1.08 0.12 0.01 

Investigating   
0.30 0.28 0.06 ns 

Playing 
0.02 0.13 0.05 0.05 

Other active  

(running, climbing, jumping) 

0.12 0.23 0.03 0.01 

Maintenance 

behaviours* 

    

Total maintenance  
1.05 1.16 0.23 ns 

Eating   
0.65 0.78 0.21 ns 

Grooming  
0.24 0.25 0.05 ns 

Scent marking  
0.08 0.04 0.03 ns 

Other maintenance (urinating, 

defecating, clawing, 

scratching, stretching, 

yawning)  

0.07 0.09 0.02 ns 

Pacing* 
3.21 3.18 0.32 ns 

Behavioural diversity** 
3.49 3.66 0.14 ns 
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Table 4.9  Effect of session on serval behaviour  

 

* depicts mean number of scans for any given observation session.  

** depicts mean number of behaviours undertaken during any given observation session.  

 

 
Block 1 

(Morning + 

Pres.) 

Block 2 

(BTS + 

Afternoon)   

s.e.d. p value 

Passive behaviours*   
 

   

Total inactivity  
10.84 10.16 0.53 ns 

Sitting   
4.58 4.69 0.38 ns 

Standing   
1.61 2.15 0.17 0.01 

Resting awake  
2.70 2.23 0.43 ns 

Sleeping  
0.32 0.17 0.14 ns 

Hidden   
1.64 0.93 0.42 ns 

Active behaviours* 
    

Total activity  
1.88 1.77 0.18 ns 

Walking  
1.33 1.24 0.12 ns 

Investigating   
0.33 0.25 0.05 ns 

Playing 
0.02 0.13 0.05 0.04 

Other active  

(running, climbing, 

jumping) 

0.20 0.15 0.03 ns 

Maintenance 

behaviours* 

    

Total maintenance  
0.61 1.60 0.23 <.001 

Eating   
0.28 1.16 0.21 <.001 

Grooming  
0.18 0.31 0.05 0.02 

Scent marking  
0.06 0.07 0.03 ns 

Other maintenance 

(urinating, defecating, 

clawing, scratching, 

stretching, yawning)  

0.09 0.07 0.02 ns  

Pacing* 
2.85 3.53 0.32 0.04 

Behavioural diversity** 
3.51 3.64 0.14 ns  
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4.3.4       Behaviour during serval presentations 

No significant correlations were identified between serval behaviour, space use and visitor 

numbers during presentations, suggesting that visitor number per se did not exert an 

effect on the cats’ behaviour (Table 4.10).  

 

Table 4.10 Correlations between serval behaviour and visitor numbers during   
presentations 

 
 

 Total no. of adults in 

audience 

Total no. of children 

in audience 

Total no. of visitors 

(adults and children 

combined)  

 

 R2  p value R2  p value R2  p value 

Behaviour     

Time spent hidden 0.12 ns -0.04 ns 0.04 ns 

Vigilance  0.14 ns 0.15 ns 0.20 ns 

Non-compliance  0.08 ns 

 

-0.24 ns -0.14 ns 

 

Space use     

Proximity to audience  0.17 ns 0.01 ns 0.10 ns 

 

 

4.3.5      Physiological measures  

Due to a technical error, a subset of the faecal samples collected during the study was 

considered compromised and was therefore excluded from further analysis, after a 

degradation study was undertaken (Appendix V). Results below refer to the remaining 

samples that were used for subsequent analysis. The total number of samples analysed per 

treatment was as follows: Treatment 1 (Pres. only) – 23 samples, Treatment 2 (BTS only) – 

22 samples, Treatment 3 (Pres. + BTS) – 27 samples, Treatment 4 (No interaction) – 23 

samples.  

Concentrations of faecal glucocorticoids did not vary significantly between the two cats or 

any of the treatments (Table 4.11). While FGM concentrations tended to be higher during 

the No interaction treatment (Table 4.11), this result was not statistically significant. 
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Hence, there is insufficient evidence that variation in visitor interaction affected 

adrenocortical output in the servals in the present study.  

 

Table 4.11  Effect of treatment and individual on mean FGM concentration 

 

 

 

4.4 Discussion         

The present study identified significant changes in serval behaviour in relation to 

temporary alterations to the visitor interaction program. Major findings included a 

pronounced increase in stereotypic pacing on weeks when visitor interaction was absent, 

or when the cats engaged in behind-the-scenes encounters only, as opposed to weeks 

involving both activities or presentations only. Behavioural diversity was strongly reduced 

when cats engaged in both presentations and BTS, i.e. cats undertook fewer behaviours 

outside of visitor interaction when interaction was more frequent. Although most other 

behaviours were consistent across treatments, cats appeared to have been more active 

when taking part in behind-the-scenes encounters only, as evident by overall higher 

activity levels as well as higher levels of walking during this treatment. The implications of 

these findings for serval welfare and management will be discussed in the following 

sections.  

 

4.4.1 Behaviour outside of visitor interaction  

Outside of visitor interaction, cats spent the majority of their time in passive behaviours, 

and a relatively short amount of time in active or maintenance behaviours. This is 

consistent with findings described by other authors, in zoo-housed servals (Markowitz 

and LaForse 1987) as well as many other felids including tigrinas, Leopardus tigrinus 

 Pres. BTS Pres.+BTS  No 

inter-

action 

s.e.d. p value 

 Mean FGM  

conc. (ng/g) 

385 384 366 466 68.20 ns 

  

Morilli 

 

Nanki 

 

 

   

 400 401   48.20 ns 
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(Moreira et al. 2007; de Souza Resende et al. 2014), fishing cats, Prionailurus viverrinus, 

and leopard cats, Felis bengalensis (Shepherdson et al. 1993), ocelots, Leopardus pardalis 

(Weller and Bennett 2001), tigers (Bashaw et al. 2007b), snow leopards, Panthera uncia 

(Macri and Patterson-Kane 2011) and even domestic pet cats (Parker et al. 2017). Hence, a 

daily pattern involving extended periods of rest interspersed with short bursts of activity 

appears to be a recurring phenomenon amongst captive felids.   

Overall levels of inactivity did not differ significantly across treatments (Table 4.7). 

However, the cats appear to have been somewhat more attentive and vigilant while 

participating in behind-the-scenes encounters only, as shown by a reduction in time spent 

sitting and a corresponding increase in standing time (Table 4.7). Activity levels also 

surged during this treatment; high energy activities (including running, jumping and 

climbing) in particular (Table 4.7). Interestingly, this effect was only seen in this 

treatment, and not in the treatment involving both BTS and presentations. If the increased 

vigilance and activity was due to close-up interaction with visitors, one would have 

expected to see a similar trend during this treatment as well, but in fact activity levels 

were significantly reduced when cats were involved in BTS+Pres. (Table 4.7).  Hence, 

close-up visitor interaction per se is unlikely to be responsible for the difference observed, 

and further investigation would be necessary to explain these effects.  

Although not commonly observed in this study, the fact that hiding was consistent across 

treatments is an important finding. Frequent hiding has been positively correlated with 

high levels of urinary cortisol in leopard cats (Carlstead et al. 1993a) and behavioural 

stress scores in domestic cats in confinement (Rehnberg et al. 2015). Hiding may also 

serve as a coping strategy while cats are exposed to a potentially stressful situation (Kry 

and Casey 2007; Rochlitz 2000; Rochlitz et al. 1998). The fact that hiding was rarely 

observed, and did not differ with any of the treatments, is undoubtedly important from a 

welfare perspective.  

Another behaviour that often serves as a welfare indicator is the incidence of stereotypic 

pacing. Pacing is a very common occurrence among captive felids (Clubb and Mason 2007; 

Clubb and Vickery 2006; Livingston 2009; Mason et al. 2007) and was frequently observed 

in the present study. Interestingly, some noticeable treatment effects were identified in 

relation to pacing.  Pacing was significantly increased when the cats were excluded from 

visitor interaction, or when participating in behind-the-scenes encounters only (Fig. 4.2a). 

A clear time-of-day effect was also seen when participating in BTS or presentations only, 

as pacing was clustered around the time when the cat was not engaging in these activities, 
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i.e. when the other cat was undertaking either activity, there was a clear spike in pacing for 

the non-participating cat (Fig. 4.2b). The servals would typically pace in anticipation as the 

keeper approached to collect a cat for presentations or BTS. Although pacing per se is not 

considered positive, anticipatory pacing may in some cases be indicative of positive 

welfare, since anticipatory behaviour is associated with the release of dopamine, which is 

linked to the expectation of rewards (Spruijt et al. 2001; Watters 2014). The cat who was 

not selected at the time often continued to pace until the conclusion of the activity, which 

is indicative of a certain level of restlessness and frustration when excluded from 

participation. The pacing is unlikely to have resulted from separation anxiety in the 

absence of the other cat, since the cats were housed solitarily and typically avoided 

interaction. Clearly, both individuals appeared highly motivated to participate in 

interactive activities, judging from the anticipatory pacing and the extended pacing that 

resulted when excluded from such an opportunity. The absence of presentations appears 

to have exerted a somewhat stronger effect, since overall pacing levels were higher during 

BTS and No interaction. Broom (2014) emphasises that when an animal shows a strong 

motivation to acquire a certain resource or action, it is most likely something that benefits 

the animal.  In other words, an animal’s preferences can help us identify what could lead to 

improvements in welfare as the choice often seem to optimise welfare (Broom 1988).  The 

results from the current study may therefore suggest that involvement in an interactive 

program exerts a positive effect on serval welfare, as they appear highly motivated to 

participate. Hence, visitor interaction may hold some enrichment potential for the servals 

in this study, and as such may be a fruitful strategy for optimising welfare for these 

individuals. The current program, where the cats alternate between the daily presentation 

and both participate in BTS, appears to be a suitable management regime as both cats get 

the opportunity to participate in both activities on a regular basis. If possible, it would also 

be valuable to provide some form of distraction for the non-participating cat at the time of 

presentation, i.e. an enrichment activity or a keeper-led walk or training session, that 

could deviate the cat’s attention, thereby reduce the incidence of pacing. From a welfare 

point of view, the pacing of the non-participating cat could, however, be considered a 

minor issue, since the presentation only lasted for about 15 minutes, hence the effect was 

temporary and short-lived.  

Of perhaps greater importance is the overall level of pacing that the cats experienced 

throughout the day, which averaged around 15-25 % in this study (see section 4.3.1). 

These numbers are on the high end compared to other studies in zoo-housed felids, which 

typically report daily pacing levels of around 5-15 % (see for example Bashaw et al. 
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2007b; Carlstead et al. 1993a; Lyons et al. 1997; Macri and Patterson-Kane 2011; Quirke 

and O’Riordan 2011). Our numbers may, however, be somewhat exaggerated as 

behavioural observations were undertaken mainly around the time of visitor interaction, 

when pacing tended to peak, thus may not be entirely representative of daily pacing levels. 

Still, it would be useful to consider a few strategies to reduce the overall occurrence of 

pacing and increase behaviours associated with active exploration and play, which are 

both considered positive welfare indicators (Boissy et al. 2007; Yeates and Main 2008). 

Earlier work on captive servals has shown that an artificial prey device that closely 

mimicked the natural hunting sequence elicited higher levels of foraging, swatting, 

pouncing and running, and reduced the incidence of stereotypic pacing and walking 

(Markowitz and La Forse 1987). Shepherdson et al. (1993) demonstrated that the 

provision of multiple, small meals throughout the day that were hidden within the exhibit 

increased active exploration and reduced pacing in leopard cats. Similar results were 

obtained in a more recent study on cheetahs, where a randomised feeding and enrichment 

schedule was introduced to the study animals (Quirke and O’Riordan 2011). Different 

forms of enrichment that elicits natural hunting and foraging behaviour, as well as 

introducing an element of novelty and unpredictability, may therefore be an efficient tool 

in counteracting the incidence of stereotypic pacing in servals and other captive felids.   

In the present study, it is likely that pacing would, to some extent, also have resulted from 

food anticipation. Irrespective of treatment, pacing and time spent standing were both 

significantly elevated in the latter half of the day (Table 4.9), suggesting that the cats were 

overall more attentive and tended to pace more while anticipating their afternoon feed. 

Pre-food pacing is very prevalent among zoo-housed carnivores (Clubb and Vickery 2006) 

and has been observed in various captive felids (i.e. Lyons et al. 1997; Mallapur and 

Chellam 2002; Moreira et al. 2007; Szokalski et al. 2013a) as well as Malayan sun bears, 

Helarctos malayanus (Vickery and Mason 2004), farmed minks, Mustela vison (Vinke et al. 

2002) and silver foxes, Vulpes Vulpes  (Moe et al. 2006) to name a few, and is most likely a 

consequence of predictable feeding regimes (Waitt and Buchanan-Smith 2001). Housing 

was also shown to exert a significant effect on pacing levels, since cats were less prone to 

pacing while housed in the open yard (Fig 4.4), most likely because the yard was more 

spacious, and had more complex environmental features compared to the pens (Fig 4.1). 

Before the cats were permanently separated, the pens were mainly used as night time 

quarters, hence the more basic enclosure design.  Similar findings have been reported 

previously in both large and small felids, where a small enclosure size (Bashaw et al. 2007; 

Moreira et al. 2007) and a relatively barren environment with few naturalistic features 



138 
 

(Lyons et al. 1997; Moreira et al. 2007) tend to be positively correlated with time spent 

pacing.  

 Along with a reduction in pacing, behavioural diversity was strongly reduced on weeks 

when cats engaged in both presentations and BTS, and a strong time-of-day effect was also 

observed (Fig. 4.3). When cats engaged in presentations or BTS only, behavioural diversity 

was reduced around the time of day when visitor interaction occurred (Fig. 4.3b). 

Rehnberg et al. (2015) identified a strong negative correlation between behavioural 

diversity and behavioural stress scores in domestic cats that were recently admitted to a 

new environment, with individuals experiencing higher stress load typically engaging in 

very few behaviours. In the present study, a more plausible explanation is that the 

cognitive and physical stimulation resulting from recent visitor interaction may have 

caused the cats to temporarily slow down and engage in fewer behaviours, which is 

consistent with the overall reduction in activity levels that occurred when visitor 

interaction was more frequent (Table 4.7). On weeks when cats engaged in both 

presentations and BTS, there was a clear but non-significant trend towards less time spent 

grooming (Table 4.7). Less grooming, a strong reduction in behavioural diversity along 

with lower overall activity levels while engaged in frequent visitor interaction may 

warrant some caution. The combined treatment exposed the cats to a higher level of 

interaction than what they would normally experience in the regular program, and to 

avoid the risk of potentially overworking the cats, a more intense activity schedule would 

need to be evaluated carefully if it was to be implemented long-term.  

 

4.4.2 Behaviour during serval presentations  

The present study did not identify any significant correlations between visitor numbers 

and serval behaviour during presentations (Table 4.10). Other visitor related factors, 

including sudden, unexpected noises or events (i.e. young children screaming, visitors 

knocking on the door to presentation space) did, however, tend to affect serval behaviour, 

as the cats would typically become increasingly vigilant when this occurred (pers. 

observation, serval husbandry staff at WORZ, pers.comm., 06.09.2016). Although not 

quantified in the present study, the fact that the cats responded to these occurrences 

suggest that a high level of predictability is necessary during interactive activities, since 

even slight deviations to the normal routine tended to affect the cats’ behaviour. Prior to 

the presentation, zoo personnel clearly emphasised to visitors that it was necessary to 

stay still and quiet while the serval was in the presentation space, but certain aspects of 

visitor behaviour, i.e. young children making noise or squirming in their seats, is 
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undoubtedly difficult to foresee and control. This was the main reason why young children 

were not allowed during BTS, since keepers deemed that close proximity to children could 

be too disruptive, and potentially stressful, for the servals (serval husbandry staff at 

WORZ, pers.comm., 06.09.2016). Towards the end of the study period, which was in early 

spring, the change of season and the increase in ambient temperature tended to affect 

behaviour as well. The cats became more non-compliant with keeper instructions as they 

were eager to explore the presentation space in search of small prey items which became 

abundant in early spring, including insects and lizards (pers. observation, serval 

husbandry staff at WORZ, pers.comm., 06.09.2016).  

 

The fact that the present study was conducted during low season meant that visitor 

numbers during presentations were overall quite low, which may also have contributed to 

the absence of correlations between visitor numbers and serval behaviour. Attempts to 

regulate visitor numbers or visitor behaviour (see for example Dancer and Burn 2019; 

Learmonth et al. 2018; Sherwen et al. 2014, 2015a,b) may have provided a more accurate 

explanation of how visitor density and certain visitor behaviours affected serval behaviour 

during presentations, hence a more controlled approach would be encouraged in future 

work.  

 

4.4.3 Physiological measures  

The current study identified insufficient evidence that adrenocortical output was affected 

by short-term variation in visitor interaction (Table 4.11). A higher concentration during 

No interaction does, however, align well with the higher incidence of pacing during this 

treatment (Fig 4.2a; Table 4.7). It is possible that the current sample size was too low to 

detect a significant difference, given that a subset of the study samples was considered 

compromised, which reduced the final sample size by almost half (section 4.3.5; Appendix 

V). The FGM values obtained in this study were, however, similar to those reported 

elsewhere in the literature on felids (see for example Fanson et al. 2012; Narayan et al. 

2013; Rehnberg et al. 2015; Wielebnowski et al. 2002), suggesting that this technique may 

be a useful tool for monitoring physiological stress load in servals as well. Also, the 

absence of a hormonal response does not necessarily mean an absence of a stressor 

(Wielebnowski 2003). Other biomarkers used in the assessment of short-term changes in 

adrenal activity (reviewed in Benn et al. 2019; Whitham and Wielebnowksi 2013) may 

offer additional insight and would be encouraged in future studies.  
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4.4.4 Other influences  

The present study identified a number of treatment effects on serval behaviour. However, 

it is difficult to determine if visitor interaction per se was responsible for the effects 

observed. While the servals showed a strong interest in participating in both 

presentations and BTS, it remains unclear whether the underlying motivation was related 

to visitor interaction or something else - i.e. palatable food rewards, cognitive stimulation, 

interaction with a familiar caretaker, or a temporary change in environment. The latter 

was only applicable to presentations, thus could perhaps explain why the servals appeared 

particularly motivated to participate in this activity. In fact, prior to keeper-led walks, the 

cats expressed similar anticipatory behaviour to that observed prior to presentations and 

BTS, and walks involved all the above-mentioned factors apart from visitor interaction. To 

ascertain the actual influence of visitors, the study could be replicated in the presence of 

familiar keepers only during presentations and BTS. If similar results were obtained, one 

could conclude that the opportunity to interact with visitors may not be the primary 

motivator for the servals.  Nevertheless, if the cats found visitor interaction highly 

aversive, the motivation to participate would most likely be diminished and one would 

expect to see some negative welfare indicators in relation to these activities.  It is therefore 

unlikely that visitors exerted a negative influence on the cats’ welfare, although it remains 

unclear whether visitors were a positive or merely a neutral influence for the cats.  

The provision of palatable food rewards is likely to have influenced the servals’ motivation 

to participate. Szokalski et al. (2013a) identified higher levels of anticipatory pacing in 

lions on days involving interactive tours as opposed to non-tour days, supposedly because 

visitors fed the lions during the tours. It is therefore plausible that the lions as well as the 

servals in the present study have learnt to associate visitor activities with food rewards 

(Carlstead 2009; Woolway et al. 2017). In the present study, contra-freeloading could 

potentially play a role as well. This phenomenon, where animals choose to work for food 

rather than obtaining it for free, has been described in hens (Duncan and Hughes 1972), 

pigeons (Neuringer 1969), rats (Carder and Berkowitz 1970) and Mongolian gerbils 

(Forkman 1991), to name a few. Although the reason for this behaviour is not fully 

understood, it has been suggested that the process of working for food can be rewarding 

in itself (Forkman 1993).  The servals typically received diced red meat as a reward for 

carrying out a certain behaviour on cue during interactive activities. Hence, it is possible 

that they were attracted not only to the food rewards but the activity of acquiring it as 

well. Cognitive challenges are thought to be an important contributor to positive welfare 

amongst zoo animals (reviewed in Meehan and Mench 2007), and could be highly relevant 
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to the serval, which is considered an active and intelligent species that requires 

opportunities for mental and physical stimulation in captivity (Livingston 2009).  

Another factor that possibly attracted the servals is the opportunity to spend time with a 

familiar caretaker. Both servals frequently initiated affiliative interactions (including for 

example leg rubbing and ‘head butting’) towards their primary keepers, in a similar 

manner to what has been described between domestic pet cats and their owners 

(Edwards et al. 2007). Similar findings were reported by Szokalski et al. (2013a), where 

cheetahs expressed affiliative behaviour towards both keepers and visitors during 

interactive walks. Broadly speaking, positive interaction with keepers has proven 

beneficial for the health and welfare in captive felids overall (reviewed in Chapter 1). 

Indeed, the servals appeared to be closely bonded to their two primary keepers, who had 

been working closely with the cats for several years, and one of the keepers were 

responsible for rearing them when they first arrived to WORZ as young kittens. Hand 

rearing may have increased their overall tolerance for close contact with people (Bonato 

et al. 2013; Carlstead 2009), hence rendered them more suitable for interactive activities. 

Szokalski’s (2013a) work on cheetahs also involved hand reared animals, and so did 

Narayan’s (2013) study on tigers at Australia Zoo that demonstrated a reduction in faecal 

glucocorticoids when participating in a similar program. In the present study, visitor 

interaction was only undertaken by the primary keepers, since the cats tended to be less 

compliant and sometimes reluctant to participate in these activities in the presence of 

other keepers (pers. comm., serval husbandry staff at WORZ, 06.09.2016). It has been 

suggested that a positive keeper-animal relationship might be an important mediator in 

zoo animals’ responses to visitors (Claxton 2011; Hosey 2008).  The influence of keepers, 

along with rearing history and early socialisation experiences, on the welfare of program 

animals is a relatively unexplored research topic that warrant further investigation.  

 

4.4.5 Study limitations  

The current study had a few methodological limitations that are worth considering. First 

of all, serval behaviour was shown to be influenced by the activity of the other cat. It is 

therefore questionable whether the same results would be obtained if different 

combinations of treatments would have been implemented throughout the study, i.e. if 

both individuals would have been absent from visitor interaction at the same time. Over 

the course of the study, both cats were occasionally taken off visitor interaction due to 

staff shortages, inclement weather etc, but there were not enough such days to quantify 

the effect this may have had on behaviour. It would be useful to investigate this in future 
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studies by more effectively randomising the treatments so that the same combinations did 

not always occur simultaneously. This approach was, however, not possible in the present 

study as it would have interfered too much with the regular program.  

Moreover, it is possible that novelty effects and transient knock-on effects may have 

influenced the results. The treatments imposed involved a change to the regular program, 

which may have introduced some unpredictability that could have influenced the overall 

response. The treatments also followed immediately after one another without an interim, 

thus it is possible that the events of the previous week could have affected the response to 

the upcoming treatment. The servals were, however, used to some fluctuations around the 

regular program, since the level of visitor interaction was occasionally intensified during 

school holidays and other high visitation periods, and reduced during inclement weather. 

Hence, the cats were not completely naïve to the treatments imposed in the present study.  

The fact that this study relied on only two test subjects strongly limits the generalisations 

that can be drawn from these results. Hence, the outcome of this study is mainly applicable 

to the management of these particular individuals. Nevertheless, the methodology for 

assessing short-term welfare in relation to encounter programs should come in useful for 

future studies of servals and other zoo-housed felids participating in similar programs. 

The results from the current study will hopefully provide an incentive for further research 

in this field, since it has been demonstrated clearly that even short-term alterations in 

visitor interaction may exert some noticeable effects on behaviour and welfare.  

 

Conclusions  

The following conclusions can be drawn from the present study:  

1. The current study found no evidence of a negative welfare impact in relation to 

participation in interactive presentations or behind-the-scenes encounters, at 

either a behavioural or physiological level. In fact, participation in these activities 

was shown to significantly reduce the incidence of pacing, suggesting that visitor 

interaction may contribute to positive welfare for the servals.  

2. A significant reduction in behavioural diversity was observed on weeks when cats 

participated in both presentations and BTS. Although not considered a negative 

welfare impact in the short term, one cannot disregard potential long-term 

negative effects of a more intense activity schedule, hence careful monitoring 
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would be advised if the level of interaction was to be increased on a more 

permanent basis.  

3. It could not be determined whether visitor interaction per se or some other factors 

(i.e. food rewards, cognitive stimulation etc.) was responsible for the effects 

observed, but for management purposes, the current findings are sufficient to lend 

support to the continued involvement of the servals in the encounter program, at 

the level of interaction that the cats normally experience.  

4. There were no significant correlations between visitor numbers and serval 

behaviour during interactive presentations, suggesting that visitor number per se 

did not exert an effect on the cats’ behaviour.  
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5.  The effect of guest feeding encounters on the welfare of 

captive giraffes (Giraffa camelopardalis) at Melbourne Zoo 

 

Abstract  

The giraffe (Giraffa camelopardalis) is a charismatic megaherbivore that is well 

represented in zoos worldwide and frequently participates in interactive programs such 

as guest feeding encounters. Despite being common practice, the impact on giraffe welfare 

in relation to such programs has not been studied extensively to date, and the aim of this 

study was, therefore, to assess short-term welfare effects of varying levels of visitor 

interaction in a captive herd of three giraffes. Two-day blocks of three different treatments 

were imposed five times each over a period of 15 weeks, and the treatments were as 

follows: 1) Baseline – giraffes participate in one daily feeding encounter where a small 

group of visitors feed the giraffes carrots from a purpose-built feeding platform. 2) No 

encounter – the daily feeding encounter was cancelled. 3) Additional encounter – giraffes 

participate in three instead of one daily feeding encounter. Giraffe behaviour in response 

to treatment, including food-related, locomotory and abnormal repetitive behaviours, as 

well as social interactions, was monitored by camcorder footage during four daily 

recording sessions, using focal animal sampling and continuous behavioural monitoring 

for 10 minutes per animal per session. Behaviour was also monitored during encounters, 

to investigate approach behaviour and willingness to accept foods from visitors. Individual 

faecal samples were collected three days per week to monitor changes in faecal 

glucocorticoid (FGM) output in response to treatment. Results of general linear models 

indicate that most individual behaviours remained consistent across treatments, but 

noticeable treatment effects were observed in relation to the frequency of social 

interactions. Amicable interactions were more commonly received when giraffes 

participated in encounters, whereas non-friendly interactions were more commonly 

received in the absence of encounters. Participation in an interactive program may 

therefore promote more amicable social behaviour between giraffes, which could be 

considered a positive welfare effect. Approach behaviour and acceptance of foods differed 

significantly between individuals, since one study animal rarely participated in encounters 

and thus accepted fewer foods from visitors compared to the other animals. The reason 

for this was most likely due to intra-group social factors. FGM concentration did not vary 

significantly with treatment, hence there was no evidence that adrenocortical output was 

affected by short term variation in visitor interaction. Based on these findings, regular 

guest feeding encounters did not appear to exert a negative welfare impact on 
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participating animals, which supports the continued involvement of the giraffes in this 

program.   

5.1  Introduction  

The giraffe, Giraffa camelopardalis, is the tallest living land animal and the largest of all 

ruminants; a charismatic megaherbivore with nine recognised sub-species inhabiting 

savannahs and open woodlands across Africa (Dagg 2014). Giraffes are selective browsers 

that cover wide distances in search of food and typically form large herds that 

communicate via infrasound, hence enabling members to keep track of each other over 

vast distances (Bercovitch and Deacon 2015).  Herds are usually matrilineal, consisting of 

giraffe cows and their young, whereas bulls typically roam between herds in search of 

potential mates (Bashaw et al. 2007a; Carter et al. 2013; VanderWaal et al. 2014). 

Breeding occurs at any time during the year, and the only natural predator of the giraffe is 

the lion (Dagg 2014). However, due to anthropogenic threats such as poaching and habitat 

degradation, wild populations of giraffes, certain sub-species in particular, have declined 

in recent years (Giraffe Conservation Foundation 2019; Strauss et al. 2015) and the 

species is currently listed as ‘vulnerable’ (IUCN 2018). Hence, captive populations may 

become increasingly important in preserving the different sub-species, thereby the 

distinct genetic lineages, that exist among giraffes today.  

Nowadays, giraffes are a common addition to modern zoos worldwide (Jolly 2003). 

Although undoubtedly popular among visitors, and potentially of high conservation value, 

zoo-housed giraffes are prone to developing a range of health issues (Gage 2012). Many 

individuals die prematurely due to dietary related disease (Clauss et al. 2007; Gage 2012), 

and survey estimates have revealed that no less than 80 % of captive giraffes in North 

American zoos develop some form of oral stereotypy (Bashaw et al. 2001). Oral 

stereotypies are thought to arise from frustrated feeding motivation due to a shortage of 

browse and opportunities for food manipulation in the captive diet (Baxter and Plowman 

2001; Tarou-Fernandez et al. 2008) but may also develop or increase in response to 

environmental stress (Tarou et al. 2000).  Indeed, Dagg (2014) emphasises that giraffes 

are ‘highly nervous and sensitive’ by nature, hence susceptible to high levels of stress 

during husbandry and medical procedures, and potentially other aspects of the captive 

environment.  

So far, research on captive giraffe populations has focused mainly on social relationships 

amongst herd mates (see for example Bashaw et al. 2007a; Horova et al. 2015; Tarou et al. 

2000) or alterations in dietary regimes, with the aim of mitigating or reducing the 

performance of oral stereotypies (see for example Baxter and Plowman 2001; Tarou-
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Fernandez et al. 2008). The effect that visitors may have on giraffe welfare has been 

comparatively underreported, even though many zoos not only offer traditional exhibit 

viewing but also incorporate opportunities for close visitor-animal interaction with 

captive giraffe.  The current website review in Chapter 3 estimates that as much as 25 % of 

selected accredited institutions currently offer a live animal encounter program with 

giraffes.  Most commonly, these programs involve guest feeding encounters, where visitors 

feed giraffes palatable treats from purpose-built feeding platforms within or outside the 

exhibit (reviewed in Chapter 3). Some institutions offer guest feedings according to a 

regular schedule, i.e. once daily, and other zoos practice ‘all day’ feedings where visitors 

can feed the giraffes continuously throughout the day (Orban et al. 2016). The effect of 

guest feeding programs on giraffe welfare is largely unknown, however Orban et al. (2016) 

observed higher levels of vigilance among giraffes in zoos practicing ‘all day’ feedings 

compared to zoos with scheduled or no guest feeding programs. Specifically, giraffes 

participating in ‘all day’ feedings were often standing near the feeding station in 

anticipation of food, thereby spending more time inactive in a vigilant state, as they were 

constantly scanning their environment for potential feeders (Orban et al. 2016). Likewise, 

a survey by Bashaw et al. (2001) found a positive correlation between oral stereotypies 

and guest feedings in North American zoos; giraffes that were fed by visitors were more 

likely to exhibit abnormal levels of tongue rolling and object licking compared to giraffes 

that were fed by husbandry staff only. These findings, although not demonstrating a causal 

relationship, may suggest that the level of unpredictability involved in continuous guest 

feeding programs may exert a negative effect on giraffe welfare.  

Given their widespread occurrence in zoos and their popular role as program animals,  

cause-effect studies investigating the welfare impacts of guest feeding programs with 

captive giraffes is clearly worthwhile. Such research would optimise the care and welfare 

of individual animals and contribute to our understanding of visitor-animal interaction in 

non-domesticated ungulates, which is very limited. The aim of the current study was 

therefore to explore the overall impact of a guest feeding program on the behaviour, 

physiology, and potentially short-term welfare of individual zoo-housed giraffe. To 

address this aim, giraffe behaviour and stress physiology was monitored in response to 

manipulations of encounter frequency. Due to the paucity of information on this research 

topic, it was difficult to predict the outcome of the current investigation. We therefore 

hypothesized that variation in encounter frequency would elicit changes in giraffe 

behaviour and physiology that could be indicative of a welfare impact, though it could not 

be predicted whether this impact would be positive or negative. To our knowledge, our 
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study was the first of its kind to investigate a potential cause-effect relationship between 

visitor interaction and behavioural and physiological welfare measures in captive giraffes.  

 

5.2  Methodology 

All animal procedures in the current study were approved by the Zoos Victoria Research 

and Animal Ethics Committee (ZV15021).  

 

5.2.1  Study animals – housing and husbandry routine    

Study animals included one male and two female Rothschild’s giraffes (Giraffa 

camelopardalis rothschildii) housed at Melbourne Zoo (MZ), which is situated in central 

Melbourne, Victoria, Australia (Table 5.1). The bull, named Makulu, and the giraffe cow 

named Twiga, were both senior animals that had been housed together in the same exhibit 

for most of their lives (Table 5.1). Together they had sired four calves whom had all been 

relocated to other zoos. The other giraffe cow, named Nakuru, was a young female that 

was not yet fully grown at the time of the study (Table 5.1). Although unrelated to Makulu 

or Twiga, she had been co-housed with the two since her arrival at MZ. The giraffes were 

fed a diet of lucerne hay which was supplemented with fresh browse, and a morning and 

afternoon oat feed which was enriched with vitamin supplements. They also received 

carrots during the daily visitor encounter, and occasionally other vegetables such as 

parsnip, pumpkin and celery. The keepers undertook a brief training session with the 

giraffes every morning, and husbandry procedures including hoof trimming and weighing 

were performed on a regular basis. The giraffes were all sexually intact and the two 

females were cycling at the time of the study. Makulu was, however, unlikely to breed 

again due to old age and low levels of circulating testosterone.   

The giraffes were housed on public display in a paddock that was subdivided into a front 

and back area which were sectioned off by an automated gate (Fig. 5.1).  The total exhibit 

area measured approximately 2350 m2 (0.6 acres). The giraffes usually had access to both 

areas during daytime hours and shared the paddock space with a small herd of Grevy’s 

zebra (Equus grevyi). However, at the time of the study, the gate was being repaired and 

the two groups of animals were therefore separated, with the giraffes housed in the front 

section of the exhibit during most study weeks. The exhibit contained scattered trees and 

other vegetation, an elevated feeding platform for visitor encounters, two hay feeding 

towers, a number of drinking troughs and two giraffe barns (Fig. 5.1). The barns were 
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used mainly as night time quarters but remained open on days when extra shelter was 

required, i.e. on days with high temperature or rainfall.  

 

 

Figure 5.1 a) Top paddock with giraffe feeding platform and bull barn (was only used 
occasionally for extra shelter) on the right, cow barn (main indoor quarters) on 
the left.  

a) 
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 b) Bottom paddock with one of the feeding towers in view. The second feeding 
tower was situated in the top paddock near the feeding platform (not in view).  

 

 

 

 

Figure 5.1 c) Giraffe feeding platform. Visitors entered the exhibit via a gate in the off-limit 

area just behind the platform.   

 

Table 5.1  Study animals  

Name Sex D.O.B.  Origin  Rearing 

history  

Years at MZ  Years in 

encounter 

program  

Makulu M 27.10.1995 Captive born at 

Perth Zoo, 

Western Australia  

Parent reared Arrived in 

Dec 1996 

Approx. 20 

years at time 

of study  

Twiga F 13.04.1996 Captive born at 

Ouwehands Zoo,  

The Netherlands  

Parent reared, 

but assisted by 

hand 

Arrived in 

March 1997 

Approx. 20 

years at time 

of study  

Nakuru F 16.01.2012 Captive born at 

Auckland Zoo,  

New Zealand  

Parent reared Arrived in 

May 2013 

Approx. 3 

years at time 

of study  

 

c) 
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5.2.2  Visitor interaction program    

The current visitor interaction program involved a daily feeding encounter that took place 

at 1.45 pm at a purpose-built feeding platform within the giraffe exhibit (Fig. 5.1c). Visitor 

feedings had been part of the giraffes’ daily routine at MZ for most of their lives (Table 

5.1), and all animals had been pre-conditioned for hand feeding. The encounter was 

preceded by a keeper talk in which the keeper informed visitors about giraffe biology, 

captive management and conservation of wild giraffe populations.  The talk was included 

in the general zoo admission and typically attracted large numbers of people. The 

encounter incurred an additional fee and involved a small group of visitors (max. 8 

people) being escorted by a staff member into an off-limit space adjacent to the giraffe 

exhibit. They were then greeted by a giraffe keeper who explained the procedure and 

escorted the visitors onto an elevated feeding platform via a gate. Children had to be at 

least 5 years old to participate, and participants were to avoid making loud noises, sudden 

movements or attempt to touch the giraffes whilst on the platform. Visitors took turns 

feeding the giraffes with a few carrots each, and, if requested, could have their photos 

taken while feeding the animals. At all times, giraffes could choose whether to participate 

in the visitor feedings or not, although they typically approached visitors for these 

palatable food rewards. Occasionally, fresh browse or other vegetables were used instead 

of carrots. The encounter lasted for 5-10 minutes and concluded with a brief Q&A session 

where visitors had the opportunity to ask questions about the giraffes.  

Apart from the daily feeding encounter, giraffes were sometimes fed by visitors on other 

occasions as well, including for example VIP events, zoo weddings and sleepover 

programs. On days with inclement weather or when no bookings were received, the daily 

feeding encounter was cancelled.  

 

5.2.3 Experimental design  

Using a repeated treatment design, the present study imposed changes to the frequency of 

visitor feedings by implementing two-day blocks of three different treatments. The 

treatments involved a baseline frequency of one daily feeding encounter, i.e. no changes to 

the regular program, a ‘no encounter’ treatment where the daily feeding encounter was 

cancelled, as well as a higher than normal frequency treatment where two additional 

encounters were undertaken each day (Table 5.2).  The public feeding encounter 

continued during this treatment, and the two additional encounters were undertaken with 

zoo staff members in plain clothing (staff had to be previously unfamiliar to the giraffes 
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since they simulated zoo visitors, hence were not part of the keeper team but were 

sourced primarily from other precincts at the zoo) and members from the research centre 

where the principal researcher (LA-R) was based. Although participants were sourced 

internally, the additional encounters were undertaken in a similar manner to the public 

feedings. 

Treatments were imposed for two consecutive days (Tues-Wed) each week. Each 

treatment was implemented five times, resulting in a total study period of 15 weeks. The 

regular program, involving one daily visitor feeding, continued as usual in the interim 

(Thurs-Mon). The order of the treatments was randomised prior to the onset of the study. 

To minimise interference with the regular program, treatments could only be imposed for 

a short period, since it was not feasible to cancel the daily visitor feedings for more than 

two days at a time. The study was undertaken between September-December 2016.  

 

Table 5.2  Treatments imposed during study period    

 

 

5.2.4 Behavioural observations   

Each treatment day, behavioural observations were conducted in four 30-min observation 

sessions; morning, pre- and post-encounter, and afternoon (Table 5.3). During the 

Additional treatment, pre- and post-encounter behaviour was monitored in relation to the 

public encounter only (Table 5.3). During the No encounter treatment, pre- and post-

encounter behaviour was monitored at corresponding timeslots to when the encounter 

would have taken place (Table 5.3). Hence, the amount of data collected outside of visitor 

interaction remained consistent across the three treatments.      

Observations took place from the public viewing area using a small camcorder (Panasonic 

HC-V750M) mounted on a tripod to record giraffe behaviour. Behaviour was monitored by 

focal animal sampling, where individual giraffes were observed in a randomised order, 

and each animal was monitored continuously for 2x5 min time intervals throughout the 

Treatment  No. of encounters  

per day 

Time of encounter(s)  

1 – Baseline (normal frequency of 

interaction)  

1 1.45 pm  

2 – No encounter  0  n/a (daily encounter cancelled)  

3 – Additional (higher than normal 

frequency of interaction)  

3 11.00 am, 1.45 pm, 3.30 pm  
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observation session (Table 5.3). A comprehensive ethogram developed by Seeber et al. 

(2012) was used as a basis for scoring giraffe behaviour, and the final ethogram contained 

two different categories; individual and interactive behaviours (Table 5.4). Individual 

behaviours tended to be of relatively long duration and were therefore measured as 

behavioural states. The smallest time unit recorded was five seconds. If a behaviour 

occurred for less than that it was not recorded, and the length of any recorded behaviour 

was rounded up to the nearest five seconds. Interactive behaviours were usually brief in 

nature, hence measured as behavioural events, i.e. frequency of interactions per 

observation session. When recording interactions, it was also noted whether the focal 

animal was the instigator or the recipient of the interaction.  At each observation session, 

the total number of behaviours that each giraffe was engaged in was quantified and 

referred to as behavioural diversity. 

 Giraffe behaviour was also monitored during all feeding encounters on each treatment 

day. The principal researcher (LA-R) positioned herself at the base of the feeding platform 

and recorded the entire encounter with a handheld camcorder (Panasonic HC-V750M). 

Verbal consent to videotape the giraffe feeding was sought from participating visitors 

prior to the start, as their faces would potentially appear on camera while recording 

giraffe behaviour. Approach behaviour, measured as the approximate distance each giraffe 

kept from the feeding platform, was monitored by scan sampling every 60 seconds 

throughout the encounter (Table 5.5). The number of times each giraffe accepted or 

declined food offered by visitors was also monitored, by keeping a total tally per 

encounter (Table 5.5).   

Table 5.3  Timeline of behavioural observations  

 

Session Time of day Duration Total obs. time  

per animal  

Morning 10.00 – 10.30 am 30 min 10 min  

(2x5 min intervals)  

Pre-encounter 1.15 – 1.45 pm  30 min 10 min  

Post-encounter Approx. 2.00 – 2.30 pm  

(session commenced  

immediately after the  

encounter concluded, which  

varied slightly)  

30 min 10 min   

Afternoon 3.00 – 3.30 pm  30 min 10 min  
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Table 5.4  Ethogram of giraffe behaviour, adapted from Seeber et al. (2012) 

Individual behaviours         Interactive behaviours 

Feed*: Giraffe is manipulating or ingesting food 

source such as fresh browse, hay or other.  

Ruminate*: Giraffe is chewing a bolus of already 

ingested food after regurgitation.  

Drink*: Giraffe is drinking from drinking trough 

or ground.  

Urinate/defecate**: Giraffe urinates or defecates.  

Walk*: Giraffe moves around in a four-beat 

motion.  

Canter*: Giraffe moves around in a three-beat 

motion, a swift gait over short distances.  

Inactive*: Giraffe is standing still with an erect 

neck and is actively watching its surroundings.  

Object licking*: Giraffe is exploring object with its 

tongue that is neither a food source nor a mineral 

donator, abnormal if it persists for extended 

periods of time. 

Tongue rolling*: A twisting movement of the 

tongue outside the animal’s mouth, often observed 

during or shortly after feeding, abnormal if it 

persists for extended periods of time.  

 

Amicable interactions**: Interactions 

between two giraffes including (but not 

limited to) social necking/rubbing, nuzzle, 

social grooming 

Non-friendly interactions**: Interactions 

between two giraffes including (but not 

limited to) bumping, aggressive neck 

sparring, displacement behaviour.  

Sexual interactions**: Interactions between 

two giraffes including (but not limited to) 

sniffing of anogenital region, urine tasting, 

mating and attempted mating.  

*denotes behavioural states, which was measured as number of bouts, average bout length, and 
total duration of time (s) a certain behaviour was observed during any given session. 
**denotes behavioural events, which was measured as frequencies, i.e. total number of events 
observed during any given session. 

 
 
 
Table 5.5  Behaviour monitored during guest feeding encounters  
 
Behaviour Measure  
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Proximity to feeding 
platform (approach 
behaviour)   

Approximate distance each giraffe kept from the feeding platform, 
estimated every 60 s throughout the encounter as follows:  
 
1 = Giraffe is <1 metre from the feeding platform  

2 = Giraffe is 1-3 metres from the feeding platform  

3 = Giraffe is >3 metres from the feeding platform 
Acceptance of food Total number of times each giraffe accepted food from visitors 

during the encounter. 
Rejection of food  Total number of times each giraffe rejected food from visitors 

during the encounter. 

5.2.5 Physiological measures  

Adrenal activity was monitored throughout the study period by analysing excreted levels 

of faecal glucocorticoid metabolites (FGMs). This technique has been validated previously 

in a variety of ungulate species, including giraffes (Bashaw et al. 2016b), and is considered 

a reliable and non-invasive approach to measuring patterns of adrenal activity. Each study 

week, faecal samples were collected for three consecutive days (Wed-Fri) to account for 

excretion lag time (Bashaw et al. 2016b). Since the giraffes were co-housed, a dietary 

marker was given to each animal to enable individual identification of faeces. Giraffes 

were provided with two teaspoons (10 ml) of coloured craft glitter mixed in with their 

morning oat feed for three consecutive days (Tues-Thurs) of each study week, each animal 

was given a unique colour. Glitter has been shown to pass through the digestive system 

inertly in other mammals (Griffin 2002; Hogan et al. 2011), hence is considered a useful 

means of identifying faeces from individual animals. On the morning of each collection 

day, keepers were instructed to collect ten faecal samples from various locations within 

the giraffe paddock at the time of routine exhibit maintenance which took place every 

morning around 8 am. Thus, samples could have been passed any time within a 24-hour 

window prior to collection. Keepers were instructed to target fresh faeces if possible. 5-6 

faecal pellets from each location were collected. Samples were placed in plastic zip-lock 

bags, labelled with date and collection time, and immediately transferred to a freezer (-20° 

C) where they were stored until extraction and analysis.  

 

Prior to extraction, faecal samples were identified by breaking apart individual pellets and 

visually checking for specks of glitter. The volume provided (10 ml per animal per day) 

was deemed the minimal volume required to leave a distinct trace within the faeces, as 

each faecal pellet typically contained one or a few specks of glitter upon examination. 

Apart from the dietary marker, individual faeces could often be identified based on size, 

shape and consistency as well. Sample bags containing faeces from multiple individuals 

was discarded to avoid potential cross-contamination. On average, 1-3 samples per animal 

per collection day could be reliably identified and used for subsequent analysis. FGMs 
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were extracted using the methanol-vortex method (Schwarzenberger et al. 1991; Wasser 

et al. 2000) by adding 4 ml of 80 % ethanol to 0.5 (± 0.01) g of homogenised, wet faeces 

placed in 5 ml polypropylene vials. Capped vials were vortexed and placed on an orbital 

shaker overnight. The following day, samples were centrifuged for 5 minutes at 5000 rpm. 

The supernatant was then decanted into 1 ml microcentrifuge vials and assayed 

immediately.  

 

 

FGMs were measured using a group-specific glucocorticoid enzyme immunoassay that had 

previously been validated for giraffes (Bashaw et al. 2016b). The 11-oxoetiocholanolone 

antibody and corresponding biotin-labelled hormone were both obtained from R. Palme 

(University of Veterinary Medicine, Vienna, Austria; Lab code 72a).  Assay protocols 

followed previously described methods (Fanson et al. 2012). Briefly, 96-well microtitre 

plates were coated with 150 µl of goat anti-rabbit IgG (2 μg/ml). Immediately prior to use, 

plates were washed three times. 50 µl of standard, control or diluted faecal extract were 

added to each well, immediately followed by 100 µl of biotinylated steroid (1:800,000) 

and antibody (1:10,000). The plate was then incubated overnight at 4 °C while shaking, 

then washed four times to remove unbound steroids. Subsequently, 250 µl of streptavidin 

solution was added to each well, and the plate was then incubated at 4 °C for 45 minutes 

while shaking. The plate was then washed another four times before 250 µl of 

tetramethylbenzadine solution was added to each well, followed by incubation at 4 °C for 

approximately 1.5 hours while shaking. 50 µl of stop reagent was then added to each well, 

and the optical density was read immediately on an Anthos 2010 plate reader (Anthos 

Labtec Instruments, Austria) at a wavelength of 450 nm. All samples were diluted 1:20 

with assay buffer and assayed in duplicate.  FGM concentrations (expressed as ng/g wet 

faecal weight) were calculated from the standard curve using Skanlt RE 4.1 software. To 

monitor precision and reproducibility, low (∼70% binding) and high (∼30% binding) 

control samples were run on each plate. Inter-assay coefficients of variation (CVs) for low 

and high controls were 2.7 and 6.7, respectively. Intra-assay CV was <15%.  The assay was 

biochemically validated by demonstrating parallelism between a serially diluted sample 

pool and the standard curve.  

         

5.2.6 Statistical analysis  

The data obtained in this study was analysed using GenStat version 16. To determine the 

effect of treatment on behavioural and physiological measures, a generalised linear model 
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(GLM) was used where individual, treatment and session were the independent variables 

(Table 5.6), and time spent in individual behaviours, frequency of social interactions, 

behavioural diversity and concentration of faecal glucocorticoids were the dependent 

variables. To analyse behaviour during guest feeding encounters, another GLM was used 

where individual and treatment were the independent variables, and approach behaviour 

(proximity to feeding platform), acceptance and rejection of foods (Table 5.5) were the 

dependent variables. Group size (i.e. number of visitors attending the encounter) was 

included as a covariate in the analysis of proximity, to determine whether this exerted an 

influence on approach behaviour.  Participation rate and acceptance rate, i.e. proportion of 

encounters a giraffe participated in, and proportion of food offerings that the giraffe 

accepted, was analysed using descriptive statistics. In all GLM analyses a post-hoc Fisher’s 

Least Significant Difference (LSD) was conducted to determine significance between the 

independent variables. A significance level of 0.05 was used in all analyses. 

 

Table 5.6  Independent variables in GLM analyses  

Independent variable Degrees of freedom in GLM 

Treatment 2 

Individual 2 

Session 3 

Total d.f. 35 

 

 

 

5.3 Results  

 

Behaviour outside of visitor interaction  

 

 

5.3.1 Activity budget  

Outside of visitor interaction, the giraffes spent on average 50-65 % of their time in food 

related behaviours (feeding and rumination). Walking and inactivity typically occupied 

between 10-25 % of the giraffes’ time. Oral stereotypies (object licking and tongue rolling) 

was observed in all three animals, who spent on average 5-15 % of their time in these 

behaviours. Other behaviours observed sporadically included drinking, urination and 

defecation, manipulation of objects with hooves and muzzle (i.e. branches, palm leaves), 

and cantering. These behaviours did, however, contribute very little to the overall activity 

budget and were therefore excluded from further analysis.  
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5.3.2 Treatment effects  

Time spent in individual behaviours, including feeding, rumination, walking, inactivity and 

oral stereotypies, showed a high level of consistency across treatments. All these 

behaviours appeared to be relatively unaffected by short-term variation in visitor 

interaction, since total number of bouts, average bout length and total duration did not 

differ significantly with treatment (Table 5.7). Behavioural diversity did not differ 

significantly with treatment (Table 5.7).  

In contrast to individual behaviours, frequency of social interactions showed some 

noticeable effects of treatment.  Giraffes received significantly more amicable interactions 

(p = 0.03; Fig. 5.2; Table 5.7) during Baseline and Additional compared to the No 

encounter treatment. Conversely, non-friendly interactions were received significantly 

more often during No encounter compared to Additional (p = 0.02; Fig. 5.2; Table 5.7), but 

there was no significant difference in instigation of either friendly or non-friendly 

interactions (Fig 5.2; Table 5.7). Frequency of sexual interactions, both instigating and 

receiving, remained consistent across the three treatments (Table 5.7).  

 

5.3.3 Effect of individual and session  

Although state behaviours were consistent across treatments, there were some prominent 

individual differences in time budgets. While feeding was consistent between the three 

individuals, Nakuru had more frequent rumination bouts compared to the other giraffes (p 

= 0.02; Table 5.8). A strong individual effect was found in relation to walking and 

inactivity, with Makulu spending significantly more time in locomotory behaviour 

compared to the two females (p = <.001), who were significantly more inactive than the 

male giraffe (p = <.001; Table 5.8). Oral stereotypies also differed between the three 

animals, with the two senior animals, particularly Twiga, allocating significantly more time 

to object licking (p = 0.01) and tongue rolling (p = 0.01) compared to the young giraffe 

(Table 5.8).  Behavioural diversity did not differ significantly between individual giraffes 

(Table 5.8).  

 

With regard to social interactions, Nakuru received significantly fewer friendly 

interactions  

(p = 0.03) and instigated more non-friendly interactions (p = 0.02) compared to the other 

giraffes (Table 5.8). Twiga, on the other hand, tended to receive more non-friendly 

interactions compared to Nakuru (Table 5.8). This suggests that the majority of friendly 
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interactions took place between Makulu and Twiga, whereas Nakuru more often engaged 

in non-friendly interactions, which were commonly directed towards Twiga. Sexual 

interactions were more commonly instigated by the bull (p = <.001), and in return, both 

females received more sexual interactions compared to Makulu (p = 0.01; Table 5.8). 

Hence, sexual behaviour consisted mainly of bull-cow interactions, where Makulu directed 

sexual attention towards the two females.  

 

Time spent feeding, object licking and tongue rolling remained consistent over the course 

of the day (Table 5.9). More frequent bouts of rumination were, however, more readily 

observed in the morning (p = 0.02; Table 5.9). Giraffes were also significantly less inactive 

in the morning (p =<.001), and longer inactive bouts were observed pre- and post-

encounter compared to morning and afternoon (p = <.001; Table 5.9). Walking appeared 

to peak in the afternoon, with a higher total duration (p = 0.01) as well as more frequent 

walking bouts (p = 0.01) observed in the afternoon compared to other sessions (Table 

5.9). Behavioural diversity remained consistent throughout the day (Table 5.9).  

Sexual interactions were instigated significantly more often post-encounter and afternoon  

(p = <0.001, Table 5.9). Non-friendly interactions were less frequently observed in the 

morning compared to other sessions (p = 0.01; Table 5.9). Overall, it appears that 

interactive behaviours were more frequently observed in the latter half of the day (Table 

5.9).  
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Figure 5.2 Graph depicts mean number of amicable versus non-friendly interactions that were 

instigated or received by giraffes at any given observation session during Baseline, No encounter 

and Additional treatments. Asterisk denotes a significant difference. Error bars show standard 

error. 

 

 

 

 

 

 

 

 

 

 

Table 5.7  Effect of treatment on time budgets and interactive behaviours  

 

 Baseline No encounter Add.  s.e.d. p value 

Individual behaviours       

Feeding       

Total bouts  1.9 2.0 2.1 0.27 ns 

Average bout length (s)  99.1 99.2 109.8 13.36 ns 

Total duration (s)  224.5 223.3 235.1 28.89 ns 

Rumination      

Total bouts  0.9 1.0 1.1 0.17 ns 

Average bout length (s)  48.5 73.5 71.7 12.25 0.09 

Total duration (s)  95.6 130.3 126.4 20.60 ns 

Walking       

Total bouts  3.8 3.4 3.5 0.30 ns 

Average bout length (s)  19.9 19.7 16.8 2.10 ns 

Total duration (s)  86.3 83.0 72.2 11.10 ns 

Inactivity       

Total bouts  3.1 2.7 2.5 0.22 0.07 

Average bout length (s)  22.3 27.5 27.5 3.63 ns 

Total duration (s)  87.2 92.0 82.5 9.90 ns 

Object licking       

Total bouts  0.7 0.7 0.5 0.16 ns 

Average bout length (s)  14.8 8.6 14.1 5.25 ns 

Total duration (s)  34.9 24.3 22.6 9.56 ns 

Tongue rolling       

Total bouts  1.1 0.9 1.0 0.19 ns 

Average bout length (s)  18.3 13.0 19.0 4.99 ns 
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Table depicts mean values for any given observation session. Values with different superscript letters differ 

significantly from each other.  

 

Table 5.8  Effect of individual on time budgets and interactive behaviours  

 

 Makulu Nakuru Twiga s.e.d. p value 

Individual behaviours      

Feeding       

Total bouts  2.2 2.0 1.7 0.27 0.14 

Average bout length (s)  106.3 95.2 106.6 13.36 ns 

Total duration (s)  241.7 219.5 221.7 28.89 ns 

Rumination      

Total bouts  0.8a 1.3b 0.9a 0.17 0.02 

Average bout length (s)  51.2 69.9 72.7 12.25 0.19 

Total duration (s)  89.1ab 146.0bc 117.1b 20.60 0.04 

Walking       

Total bouts  3.8a 4.0a 3.0b 0.30 0.01 

Average bout length (s)  24.1a 16.8b 15.4b 2.10 <.001 

Total duration (s)  114.7a 74.1b 52.8b 11.10 <.001 

Inactivity       

Total bouts  1.9a 3.7b 2.8c 0.22 <.001 

Average bout length (s)  20.9 26.4 30.0 3.63 0.06 

Total duration (s)  60.3a 108.6b 92.8b 9.90 <.001 

Object licking       

Total bouts  0.4a 0.5a 1.0b 0.16 0.01 

Average bout length (s)  12.0b 4.5ab 21.1bc 5.25 0.02 

Total duration (s)  22.2a 10.0a 49.5b 9.56 0.01 

Tongue rolling       

Total bouts  1.0b 0.7ab 1.3bc 0.19 0.02 

Average bout length (s)  24.6ab 9.6bc 16.1b 4.99 0.02 

Total duration (s)  55.8a 18.3b 44.1a 11.38 0.01 

Total duration (s) 40.6 27.9 49.7 11.38 0.18 
 

Interactive behaviours       
      
Amicable interactions       

Total no. instigated  1.7 1.6 2.2 0.33 0.15 
Total no. received  2.1a 1.3b 2.2a 0.36 0.03 

      
Non-friendly interactions      

Total no. instigated  1.5 1.4 1.2 0.22 ns 

Total no. received  1.3b 1.6ab 1.1bc 0.19 0.02 
      
Sexual interactions       
Total no. instigated  0.8 0.8 0.5 0.19 ns 
Total no. received  0.9 0.9 0.5 0.32 ns 

Behavioural diversity 
Total no. of behaviours 
expressed per session 

3.80 3.57 3.82 0.12 ns 
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Interactive behaviours      

Amicable interactions       

Total no. instigated  2.0 1.4 2.0 0.33 0.17 

Total no. received  2.0a 1.2b 2.2a 0.36 0.03 

Non-friendly interactions       

Total no. instigated  1.3a 1.8b 1.1a 0.22 0.02 

Total no. received  1.3 1.1 1.6 0.19 0.07 

Sexual interactions       

Total no. instigated  1.3a 0.2b 0.7c 0.19 <.001 

Total no. received  0.1a 1.3b 1.0b 0.32 0.01 

Behavioural diversity 3.49 3.85 3.85 0.21 0.09 

Total no. of behaviours 
expressed per session 

     

Table depicts mean values for any given observation session. Values with different superscript letters differ 

significantly from each other.  

 

 

Table 5.9  Effect of session on time budgets and interactive behaviours  

 Morning Pre-

encounter 

Post-

encounter 

Afternoon s.e.d. p value 

Individual behaviours        

Feeding        

Total bouts  2.2 2.1 1.9 1.8 0.31 ns 

Average bout length (s)  101.8 118.1 94.4 96.4 15.43 ns 

Total duration (s)  259.4 231.4 217.0 202.8 33.36 ns 

 

Rumination 

      

Total bouts  1.4a 0.9b 0.9b 0.8b 0.20 0.02 

Average bout length (s)  73.5 72.0 53.5 59.3 14.14 ns 

Total duration (s)  154.8 111.4 101.2 102.1 23.79 0.10 

 

Walking  

      

Total bouts  3.0ab 3.4ab 3.7b 4.3bc 0.34 0.01 

Average bout length (s)  14.5 19.6 20.1 20.9 2.43 0.06 

Total duration (s)  58.7a 71.3a 80.5a 111.6b 12.82 0.01 

 

Inactivity  

      

Total bouts  1.7a 2.9b 3.2b 3.3b 0.26 <.001 

Average bout length (s)  13.1a 33.0b 34.0b 22.9c 4.20 <.001 

Total duration (s)  41.3a 93.3b 114.9b 99.6b 11.43 <.001 

 

Object licking  

      

Total bouts  0.6 0.8 0.6 0.5 0.18 ns 

Average bout length (s)  12.0 13.3 11.0 13.8 6.06 ns 

Total duration (s)  26.8 34.2 23.4 24.7 11.04 ns 

 

Tongue rolling  

      

Total bouts  0.8 1.3 0.9 1.0 0.22 ns 
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Average bout length (s)  14.3 20.0 15.3 17.5 5.76 ns 

Total duration (s)  36.0 49.3 31.2 40.9 13.14 ns 

Interactive behaviours        

       

Amicable interactions        

Total no. instigated 1.5 1.4 2.1 2.2 0.38 0.09 

Total no. received  1.7 1.4 2.2 2.0 0.41 ns 

       

Non-friendly interactions       

Total no. instigated 0.9a 1.6b 1.4b 1.8b 0.25 0.01 

Total no. received  0.9ab 1.4bc 1.3b 1.8bc 0.22 0.01 

       

Sexual interactions        

Total no. instigated  0.3a 0.3a 1.2b 1.0b 0.22 <.001 

Total no. received  0.4ab 0.3ab 1.3bc 1.0b 0.37 0.04 

Behavioural diversity  

Total no. of behaviours 

per session   

3.53 3.94 3.72 3.73 0.17 ns 

Table depicts mean values for any given observation session. Values with different superscript letters differ 

significantly from each other.  

5.3.4 Behaviour during feeding encounters  

Approach behaviour differed significantly between the three individuals, with Nakuru 

remaining further from the feeding platform compared to the two other giraffes (p = 

<.001, Table 5.10; Fig. 5.3). Makulu and Twiga tended to approach the platform at the start 

of the encounter and remain in close proximity for the first 5-6 min, but in case the 

encounter lasted for longer, they appear to have retreated towards the end (Fig. 5.3). Both 

giraffes had a high participation rate and readily accepted foods from visitors, as Makulu 

and Twiga participated in 95 versus 85 % of all encounters, and accepted food from 

visitors 100 versus 98 % of the time, respectively (Table 5.10; Fig. 5.4b). (A giraffe was 

deemed to have participated if the animal at some point during the encounter had 

approached the feeding platform and accepted food from a visitor at least once). Makulu 

accepted a significantly higher number of foods compared to Twiga (p = <.001; Table 5.10; 

Fig. 5.4a).  

Nakuru did not readily approach the platform during encounters (Table 5.10; Fig. 5.3) and 

had a participation rate of only 22 % (Fig. 5.4b). Consequently, she accepted significantly 

fewer foods from visitors than both Makulu and Twiga (p = <.001; Fig. 5.4a; Table 5.10) 

but there was no significant difference regarding rejection of foods (Table 5.10). Her 

acceptance rate was 87 %.  

Approach behaviour, as well as average number of foods accepted or rejected, did not 

differ significantly between the two different levels of visitor interaction (Table 5.10). 
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Group size (number of visitors during encounters) did not exert an effect on approach 

behaviour (R2 = 0).  

 

Table 5.10 Effect of treatment and individual on approach behaviour and food 
acceptance during feeding encounters 

 

 Baseline  Add. s.e.d. p  Makulu 

 

Twiga Nakuru s.e.d.  p  

Measure            

Proximity 

rating   

(1-3, 3 being 

the most 

distant)   

1.67 1.70 0.14 ns 1.12a 1.46a 2.51b 0.14 <.001 

No. of foods 

accepted  

8.10 7.20 1.13 ns 12.80a 8.30b 1.30c 1.20 <.001 

No. of foods 

rejected   

0.00 0.20 0.11 ns 0.00 0.20 0.20 0.11 ns 

Table depicts mean values for any given encounter. Values with different superscript letters differ significantly 

from each other. Add. = Additional encounter treatment.  

 

Figure 5.3. Graph depicts mean proximity to feeding platform for each individual giraffe during any 

given encounter. Proximity was recorded every 60 s throughout the encounter and was estimated 

as the distance each giraffe kept from the platform: 1 – giraffe is <1 m away, 2 – giraffe is 1-3 m 

away, 3 – giraffe is >3 m away. Dashed line indicates where most encounters concluded, i.e. 

encounters rarely lasted beyond 5 minutes. Proximity ratings beyond 5 minutes were therefore 

excluded from further analysis.  
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 b) 

 

Figure 5.4  a) Graph depicts mean number of food acceptances per giraffe during any given 

encounter. Error bars show standard error.  

b) Charts depict participation rate (%) for each individual giraffe based on all 

encounters observed throughout the study. Shaded areas indicate percentage of 

encounters a giraffe participated in.    

5.3.5 Physiological measures  

 

Concentration of FGMs did not vary significantly between the three giraffes or with any of 

the treatments (Table 5.11). Hence, there was no evidence that short-term variation in 

visitor interaction affected adrenocortical output in the giraffes in the present study.  

 

Table 5.11  Effect of treatment and individual on FGM concentration 

 

 Baseline No 

encounter 

Additional  s.e.d. p value 

 Mean FGM conc. (ng/g) 216 203 227 45.0 ns 

  

Makulu 

 

Twiga 

 

Nakuru 

  

 154 259 233 45.0 0.16 

 

 

5.4 Discussion  

The present study identified significant changes in giraffe behaviour in relation to short-

term variation in the frequency of interactive feeding encounters. While individual 

behaviours remained consistent across treatments, noticeable treatment effects were seen 

Twiga Nakuru Makulu 
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in regard to social interactions. Amicable interactions occurred significantly more often 

when visitor interaction was present, at either Baseline or Additional level. Conversely, 

non-friendly interactions were more frequent in the absence of visitor interaction. During 

encounters, there were significant individual differences in approach behaviour, as 

Makulu and Twiga, the two senior animals, readily approached and accepted food from 

visitors, whereas the young female Nakuru did not tend to participate in encounters.  

Approach behaviour as well as acceptance of foods was consistent across the two different 

levels of visitor interaction. The implications of these findings for giraffe welfare and 

management will be discussed in the following sections.  

 

5.4.1  Behaviour outside of visitor interaction  

Outside of visitor interaction, giraffes spent the majority of their time feeding and 

ruminating. This appears to be a recurring pattern in both captive (Bashaw 2011; Baxter 

and Plowman 2001; Tarou-Fernandez et al. 2008; Veasey et al. 1996) and wild (Pellew 

1984; Veasey et al. 1996) giraffe herds, although captive giraffes generally spend 

considerably less time in feeding related behaviours due to shorter processing time of 

concentrated captive diets (Veasey et al. 1996). This may in turn contribute to the 

development of oral stereotypies, which is a very common occurrence among captive 

giraffes and other ungulates (Bashaw et al. 2001; Bergeron et al. 2006). In the present 

study, object licking and tongue rolling was readily observed in all three giraffes; however, 

significantly more so in the two senior animals. This supports the argument that 

stereotypies develop as an animal matures (Mason 1991) and may be more difficult to 

alleviate in older animals (Cooper et al. 1996; Cronin et al. 1984). In terms of overall 

activity, Makulu was significantly more active than the two females, given more time spent 

walking and less time inactive. This is perhaps not surprising, given that males in wild 

populations tend to roam over vast differences in search of potential mates, whereas 

females are more sedentary in nature (Cameron and du Toit 2005; Dagg 2014). Makulu 

was often seen following the two females or circling around the giraffe barn in anticipation 

of the afternoon oat feed, which explains the elevated levels of walking later in the day.  

In terms of treatment effects, time spent in individual behaviours appeared to be mostly 

unaffected by short-term variation in the frequency of guest feeding encounters (Table 

5.7). This consistency is undoubtedly important from a welfare point of view, since a 

significant variation in any of these behaviours, i.e. a reduction in feeding or rumination, or 

an increase in oral stereotypies in response to treatment, could possibly have been 

indicative of a negative welfare effect (Tarou et al. 2000; Veasey et al. 1996). There was a 
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trend towards heightened levels of inactivity during the Baseline treatment (Table 5.7), 

and it appears to have affected Twiga more than the other giraffes (Table 5.8). This is, 

however, difficult to explain in terms of treatment effects. If close visitor contact was 

responsible for this difference, one would expect to see a similar trend during the 

Additional treatment as well. Since this was not the case, other factors, including for 

example oestrus state (see Section 5.4.4), is a more plausible explanation.  

The present study identified insufficient evidence that oral stereotypies would be affected 

by variation in visitor interaction. Although there was a slight tendency towards a higher 

total duration of tongue rolling during Additional compared to No interaction (Table 5.7), 

this difference was not statistically significant. However, some caution may be warranted 

if a more intense interaction program was to be implemented long-term. In contrast to our 

results, Bashaw et al. (2001) identified a positive correlation between stereotypic licking 

and guest feedings among giraffes in selected North American zoos. This study was, 

however, based on survey data only, hence did not demonstrate a causal relationship. The 

authors suggest that all-day guest feeding programs, which are common in North 

American zoos, may create an unpredictable feeding regime where cues associated with 

feeding (i.e. keepers and visitors approaching with food) are non-consistent, which in turn 

may contribute to a higher incidence of oral stereotypies (Bashaw et al. 2001). In the 

present study, encounters were undertaken according to a regular schedule, even though 

frequency varied between treatments. Hence, the level of unpredictability imposed in this 

study would be less than that typically described in a continuous guest feeding program, 

and this may have contributed to the consistency in behaviour across treatments.  

Moreover, Orban et al. (2016) found that giraffes participating in continuous guest feeding 

programs were more often found near the feeding platform, scanning the environment for 

potential feeders, and were therefore exhibiting higher levels of vigilance compared to 

giraffes that did not participate in such programs. Our study observed significantly longer 

inactive bouts immediately before and after the encounter compared to later in the 

afternoon (Table 5.9), which may be somewhat similar to Orban’s (2016) findings. It is 

plausible that the giraffes would spend more time scanning their environment for feeders 

pre-post encounter, because the cues associated with the feeding encounter, i.e. the pre-

encounter keeper talk, a group of people approaching the feeding platform etc., is likely to 

induce such behaviour.   

The current study identified significant treatment effects in regard to interactive 

behaviours, which is an intriguing result. Amicable social interactions were more 

commonly received when visitor interaction was present at either the regular or more 
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intense level, and a significantly higher number of non-friendly interactions was observed 

during No interaction compared to Additional (Fig. 5.2; Table 5.7). Given that most 

affiliative interactions took place between Makulu and Twiga (Table 5.8), one might 

suggest that participation in guest feeding encounters may have promoted more amicable 

behaviour between these two individuals, thus contributed to a positive welfare effect 

(Boissy et al. 2007). Whilst sexual interactions were consistent across treatments, they 

were more commonly instigated post-encounter, and a similar trend was observed in 

relation to amicable interactions (Table 5.9). Participation in these programs may 

therefore have prompted Makulu to engage in sexual behaviour immediately after 

encounters, since Makulu instigated most sexual interactions. Indeed, Makulu and Twiga 

were often seen close together after encounters, engaging in sociosexual behaviour. 

Conversely, during days without encounters, the two appeared less amicable towards each 

other in the latter half of the day, with more frequent ‘bumping’ and displacement 

behaviour observed. Although Nakuru appears to have instigated more non-friendly 

interactions in general (Table 5.8), the reason for the heightened frequency observed 

during No interaction is more likely a result of more frequent non-friendly behaviour 

between Makulu and Twiga. These findings are important, for multiple reasons.  Firstly, it 

highlights the close relationship that existed between the two senior animals in this study, 

which lends support to previous research in social behaviour in captive giraffes. Captive 

giraffes commonly maintain social relationships and social preferences over time (Bashaw 

2011; Bashaw et al. 2007a) and have been shown to express signs of separation anxiety, 

i.e. increased locomotion and oral stereotypies, upon relocation of a familiar conspecific 

(Tarou et al. 2000). Although social preferences have been observed in wild giraffe 

populations as well (Carter et al. 2013; Pratt and Anderson 1982), social relationships and 

dominance hierarchies are thought to be more prominent in captive environments where 

resources are clumped and in limited supply (Horova et al. 2015). This may be particularly 

relevant in small enclosures, which appears to induce higher levels of amicable, sexual and 

dominance related behaviour among resident giraffes (Bashaw 2011). The fact that 

Makulu and Twiga engaged in frequent social interactions is probably a consequence of 

having co-habited in the same exhibit for most of their lives, and since most interactions 

were friendly in nature, one may assume that the long-standing social relationship that 

existed between the two contributed to positive welfare. Secondly, the apparent increase 

in amicable interactions while participating in encounters suggests that this program may 

have exerted an overall positive welfare effect on the giraffes in this study, particularly so 

for Makulu and Twiga, but possibly even for Nakuru if she was to receive more friendly 

interactions from the two senior giraffes. On the contrary, a temporary withdrawal of 
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encounters may instead have exerted a short-term negative welfare effect, since non-

friendly behaviour became more frequent in the absence of encounters.  

 

5.4.2 Behaviour during feeding encounters  

Approach behaviour and acceptance of foods during feeding encounters was consistent 

across both levels of visitor interaction but differed significantly between individuals. 

Makulu and Twiga readily approached, and accepted food from, visitors (Table 5.10; Fig. 

5.3, 5.4).  The giraffes had most likely learnt to associate visitors with food rewards 

(Carlstead 2009; Woolway and Goodenough 2017), since Makulu tended to approach the 

feeding platform as soon as he became aware of any movement around the back gate, 

whether it be keepers or a group of visitors. Once the encounter had begun, Twiga usually 

appeared next to Makulu at the platform a minute or so later, suggesting that Makulu may 

have been using the activity near the back gate as a feeding cue (Bashaw et al. 2001), and 

Twiga may in turn have cued in to Makulu’s presence at the feeding platform. Both animals 

had been participating in the program for many years and had obviously become 

accustomed to the routine of being fed by visitors. Makulu in particular showed a strong 

motivation to acquire food from visitors, since anticipatory behaviour including restless 

trampling on the spot and frequent neck movements was readily observed immediately 

prior to the feeding, or while he was waiting his turn to be fed. Neither of the two senior 

animals appeared fearful of visitors, although visitors were told to refrain from touching 

the giraffes, since they are head-shy animals that rear back if touched (giraffe husbandry 

staff, MZ, pers. comm, 06.09.2016). However, neither of the two showed any apparent 

interest in visitors either, since they would typically retreat from the feeding platform 

when the food supply was depleted, even though visitors would occasionally remain on 

the platform for a short while afterwards (Fig. 5.3).  

Nakuru’s approach behaviour differed significantly to Makulu and Twiga. The young 

female participated in significantly fewer encounters, hence consumed fewer food 

rewards (Fig. 5.3, 5.4; Table 5.10), compared to both senior animals. There could be 

several reasons for this behaviour. Although all three giraffes had been pre-conditioned 

for hand feeding (giraffe husbandry staff, MZ, pers. comm., 06.09.2016), Nakuru’s young 

age rendered her more inexperienced with close visitor contact, hence she may have been 

more apprehensive to approaching and accepting food from visitors. Nakuru did, however, 

appear curious about visitors in general, since she would readily approach the public 

viewing area and stand still while watching visitors for extended periods of time. A more 

likely explanation for her unwillingness to approach could be because of social factors 
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within the giraffe herd. Captive giraffe populations are known to establish clear 

dominance hierarchies that are strongly affected by age and appear to be stable over time 

(Horova et al. 2015). Since access to certain resources (i.e. palatable foods) are limited in a 

captive setting, older and more dominant animals usually gain priority access to these 

(Horova et al. 2015), which is generally considered a conflict avoidance strategy to 

prevent intra-group aggression (Kaufmann 1983). Similar hierarchies, where individuals 

of mature age and in some cases large body size acquire sought after resources more 

easily than younger herd mates, appears to be a widespread phenomenon among 

ungulates, both in wild (see for example Holand et al. 2004; Roden et al. 2005; Veiberg et 

al. 2004) and captive environments (see for example Barroso et al. 2000; Cransac and 

Aulagnier 1996; Jorgensen et al. 2007; Sarova et al. 2013). In this case, Makulu would most 

likely have been the dominant individual, given his mature age and large body size. 

Anecdotal evidence from husbandry staff indicated that he often tended to get ‘pushy’ 

when palatable foods were offered. Nakuru, who was a subadult giraffe at the time of the 

study, may therefore have chosen not to participate in encounters, in order to avoid 

potential confrontations with a dominant individual. Further support for this argument 

can be gained from observing Nakuru’s behaviour in the absence of the bull. On the rare 

occasion that he chose not to participate, or when the senior animals had dispersed after 

an encounter, Nakuru would commonly approach the feeding platform. Makulu was 

euthanised due to old age and overall poor health in late 2018, and after his passing 

Nakuru participates in encounters on a regular basis (giraffe husbandry staff, MZ, 

pers.comm.,24.04.2019). Hence, she may have been motivated to participate in encounters 

also at the time of the study but avoided this because of a possible social dominance 

situation.  

 

5.4.3  Physiological measures 

The current study identified no evidence that adrenocortical output would be affected by 

short-term variation in visitor interaction. The FGM values obtained in this study were, 

however, similar to those reported elsewhere in the literature on giraffe and other 

ungulates (see for example Bashaw et al. 2016b; Carlstead and Brown 2005; Rajagopal et 

al. 2011), suggesting that this technique may still be a useful tool for monitoring 

adrenocortical activity in captive giraffes. Also, the absence of a hormonal response does 

not necessarily mean an absence of a stressor (Wielebnowski 2003). Other biomarkers 

used in the assessment of short-term changes in adrenal activity (reviewed in Benn et al. 

2019; Whitham and Wielebnowksi 2013) may offer additional insight and would be 

encouraged in future studies.  
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5.4.4 Other influences  

The present study identified a number of treatment effects on giraffe behaviour. However, 

it is difficult to determine if visitor interaction per se was responsible for the effects 

observed. While the two senior giraffes readily approached visitors during encounters, it 

remains unclear whether the underlying motivation was related to visitor interaction or if 

the desire for palatable food rewards was the primary motivator. Judging from the 

giraffes’ behaviour suggests the latter, since the animals typically retreated as soon as the 

food supply was depleted. This does not necessarily indicate a complete non-interest in 

visitors, but most likely visitors were more of a neutral rather than positive influence for 

Makulu and Twiga. It is, however, unlikely that the two found visitor interaction aversive, 

since they would most likely refrain from approaching the feeding platform if this was the 

case. Conversely, it is unclear whether Nakuru’s unwillingness to approach was due to fear 

of visitors or a social dominance situation. Given that Nakuru often approached when 

Makulu was absent, again suggest that factors other than visitor interaction may influence 

giraffe behaviour in relation to encounters. To ascertain the actual influence of visitors, 

one could replicate the study but allow keepers to feed the giraffes during the ‘No 

interaction’ treatment. This would more accurately test for the effect of visitor interaction 

since food rewards would then remain constant across treatments. According to the 

regular program, though, giraffes do not receive food rewards on days without guest 

feeding encounters (i.e. when no bookings are received), and since this study primarily 

aimed to evaluate the effects of the current management regime, keepers were instructed 

to avoid feeding carrots during the ‘No interaction’ treatment.  

 

Another important factor that may have influenced the results is oestrus. Both females 

were cycling and had regular oestrus episodes at the time of the study, although Twiga 

appeared to be in oestrus more often than Nakuru, who was a subadult at the time and, 

according to husbandry staff, had become sexually receptive shortly prior to the onset of 

the study. Makulu was the most reliable indicator of oestrus, since he would follow the 

oestrus female closely, frequently examine her anogenital area, taste her urine and 

sometimes attempt to mount or copulate with her. Hence, the level of amicable and sexual 

interactions most likely increased during oestrus, which has been observed previously in 

giraffe (Bercovitch et al. 2006). The effect of oestrus on female individual behaviours and 

physiology is more difficult to disentangle. While behaviour was shown to be affected by 

reproductive state in a group of pregnant, cycling and acyclic female captive giraffes (del 

Castillo et al. 2005), it is unclear whether giraffe behaviour is also affected by the various 
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stages of the oestrus cycle. Behavioural changes in relation to oestrus has, however, been 

studied extensively in dairy cows, who appear to become more active (Arney et al. 1994; 

Jonsson et al. 2011; Zebari et al. 2018), restless (Diskin and Sreenan 2000; Jonsson et al. 

2011), reduce food intake (Halli et al. 2015; Zebari et al. 2018) and ruminate less (Reith 

and Hoy 2012) while in oestrus. Increased restlessness and locomotor activity have also 

been observed in rats (Kennedy 1964) and domestic goats during oestrus (Llevelyn et al. 

1993). In the present study, oestrus episodes were distributed fairly equally across 

treatments, hence it is more likely that this factor would have contributed to some random 

statistical noise, rather than systematic bias, in the current dataset.  

 

5.4.5 Study limitations 

The current study had a few methodological issues that are worth addressing. The 

relatively short replicates of the various treatments may have been insufficient to detect 

certain effects on behaviour and physiology in response to variation in the frequency of 

guest feeding encounters. Hence, longer replicates may have unravelled further effects 

that may have gone unnoticed in the present study. In this case, however, it was not 

feasible to impose treatments for more than two consecutive days, since even a temporary 

withdrawal of guest feeding encounters exerted a substantial impact on financial revenue 

and visitor experience. Availability of husbandry staff to assist with additional encounters 

was also limited.  

Moreover, it is possible that the alteration to the regular program may have resulted in a 

novelty effect that could have influenced the results. The giraffes were highly accustomed 

to their daily routine where the public feeding encounter took place at the same time 

every day. A temporary change to this program may have introduced an element of 

unpredictability that could have affected the overall response. The changes imposed in the 

present study were, however, within the range of what the giraffes would normally 

experience, since there were days when guest feeding encounters were withdrawn due to 

booking cancellations, inclement weather etc., and certain days involved additional visitor 

feedings with special guests. Hence, a certain level of unpredictability occurred even in the 

regular program, so the giraffes were not completely naïve to random fluctuations. 

Another factor that is worth mentioning is potential observer effects. The researcher was 

present at the visitor viewing area and the feeding platform during behavioural 

observations, and it is possible that the giraffes may have responded to her presence. 

Given that the viewing area usually contained large crowds of visitors, though, the 

researcher would most likely have gone unnoticed by the giraffes most of the time. 



172 
 

Occasionally, the young giraffe Nakuru would approach the fence, lower her neck and look 

at the researcher at the beginning of an observation session, as she often did with other 

visitors, but she would disperse after a short while when no interaction was initiated. 

Visitor density at the giraffe exhibit varied on a daily basis and appeared to increase 

towards the latter half of the study at the onset of summer, when the zoo receives more 

visitors in general. On top of that, the outdoor temperature was steadily increasing as the 

seasons were shifting. Regulating visitor numbers at the exhibit was not feasible in the 

present study, but by randomising treatments over the course of the study period, this 

would most likely have minimised any seasonal effects of visitor numbers and weather 

patterns.  

The fact that this study relied on only three test subjects strongly limits the 

generalisations that can be drawn from these results. Hence, the outcome of this study is 

mainly applicable to the management of these particular individuals. Nevertheless, the fact 

that some noticeable effects on behaviour was detected even when the management 

regime was altered for a very short amount of time, suggests that the techniques used in 

the present study could be an efficient tool for assessing short-term welfare in relation to 

encounter programs with giraffes and other zoo-housed ungulates in future. There is 

scope for more investigation since many questions in this field remain unanswered. The 

results from the current study will hopefully provide an incentive to further expand on 

this topic.  

Conclusions  

The following conclusions can be drawn from the present study:  

1. State behaviours were largely unaffected by short term variation in visitor 

interaction, although general variation in time budgets were prominent between 

individual giraffes.  

2. Participation in feeding encounters may have promoted more amicable social 

behaviour between giraffes, thus contributed to a positive welfare effect, since 

amicable interactions were more commonly received when feeding encounters 

were present, at either the regular or more intense level, and the opposite was true 

for non-friendly interactions.  

3. Approach behaviour during encounters, as well as acceptance of food from 

visitors, differed significantly between individuals. Whereas the two senior 

animals readily approached and accepted foods from visitors, this was not the case 

for the young female giraffe. This effect was most likely due to social factors within 

the giraffe herd rather than a fear response to visitors.  
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4. There was no evidence that adrenal activity was affected by short-term variation 

in feeding encounters, since FGM concentration did not vary significantly with 

treatment.  

5. The current study could not determine whether visitor interaction per se or other 

factors (i.e. acquisition of food rewards) were responsible for the effects observed, 

but for management purposes, the current findings are sufficient to lend support 

to the continued involvement of the giraffes in the encounter program, at the level 

of interaction that the giraffes normally experience in the regular program.  
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6.  Welfare in relation to interactive handling sessions in the 

shingleback lizard (Tiliqua rugosa)   

 

 

Abstract  

The shingleback lizard, Tiliqua rugosa, is a native Australian skink that is a common 

addition to the modern zoo. Due to its large size and generally tractile nature, the 

shingleback, along with other blue-tongued lizards, are often featured as animal 

ambassadors in interactive programs. The impact on shingleback welfare in relation to 

such programs has not been investigated to date, and the aim of this study was, therefore, 

to assess short-term welfare effects of varying frequencies of interactive handling sessions 

in two captive shinglebacks. Five-day blocks of three different treatments were imposed 

three times each over a period of nine weeks, and the treatments were as follows: 1) 

Baseline – lizards received one daily handling session where a group of school-aged 
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children could gently touch the lizard under supervision of a zoo staff member. 2) No 

handling – lizards did not participate in any handling. 3) Additional handling – lizards 

received three instead of one daily handling session. Lizard behaviour in response to 

treatment, including locomotory, passive and abnormal repetitive behaviour, as well as 

space use, respiration rate and tongue flicking, was monitored by camcorder footage 

during four daily recording sessions. Continuous behavioural monitoring for 10 minutes 

pre- and post-handling, and 30 minutes in the morning and afternoon, was undertaken for 

each animal over two consecutive observation days per week. Behaviour was also 

monitored during each handling session. Results of general linear models indicate that 

time budgets were relatively unaffected by treatment, although lizards were significantly 

more active (p = 0.03) post-handling, suggesting that the handling stimulated a burst of 

activity. The use of shelter within the enclosure was significantly affected by treatment, 

since lizards were more likely to retreat into concealed locations, i.e. burrows and hides, 

when handled at either the Baseline or Additional frequency (p = 0.03). This may suggest 

that the lizards found the handling aversive and therefore retreated into concealed 

locations more often when handled. While handled at the Additional frequency, lizards 

were significantly more likely to adopt a coiled body posture (p = 0.02), compared to when 

handled according to Baseline levels. Given the paucity of reliable welfare indicators in 

reptiles, and the difficulty of interpreting reptile behaviour in general, these findings may 

still be considered preliminary and should be interpreted with caution. However, further 

investigations would be recommended if the shinglebacks were to persist in the program.  

6.1         Introduction  

The shingleback, Tiliqua rugosa, belongs to a group of lizards known as the blue-tongued 

skinks, which contains the largest members of the Scincidae family (Pough et al. 2001; 

Wilson 2012). The genus is comprised of eight different species, the majority of which are 

found exclusively in Australia (Cogger 2014; Wilson 2012). T. rugosa is a diurnal, ground 

dwelling skink that is widely distributed across southern and central Australia and can be 

found in a variety of habitats from   coastal heaths to open woodlands and sandy deserts 

(Cogger 2014). The species is an opportunistic omnivore feeding on small invertebrates, 

snails, bird eggs and vertebrate carrion, as well as various native and non-native plants 

(Cogger 2014; Dubas and Bull 1991). The shingleback has a lifespan of up to 50 years in 

the wild and has few natural predators due to its large size, tough scales and effective 

predator defence mechanisms (Bull 1995; Jones et al. 2016). Extensive field studies have 

revealed that the lizard appears to be socially monogamous, since male and female 

shinglebacks associate for extended periods of time during the spring breeding season, 

and commonly reunite with the same partner for several years (Brooker 2016; Bull 1988, 
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1990). Females give birth to a litter of 2-3 live young in late summer (Bull et al. 1993). The 

shingleback is commonly known as the ‘sleepy lizard’ as it is particularly slow-moving and 

rarely stays active for more than three hours per day, even under optimal climatic 

conditions (Bull 1995; Wilson 2012).  

Although the shingleback is considered ‘least concern’ (IUCN 2018), wild reptile 

populations in general are inherently susceptible to threats from anthropogenic processes, 

including for example habitat modification, urban development and the introduction of 

invasive species (Anderson and Marcus 1992; Bohm et al. 2013). Consequently, between 

15-20 % of the reptilian fauna worldwide is now estimated to be at risk of extinction 

(Bohm et al. 2013). The modern zoo plays a vital role in raising awareness of the threats to 

wild populations and by contributing to conservation efforts aimed at mitigating these 

threats. Zoo-housed reptiles, particularly non-venomous snakes, lizards and tortoises, act 

as ‘animal ambassadors’ for their wild counterparts and are commonly involved in 

educational workshops and other interactive programs in zoos worldwide (reviewed in 

Chapter 3). Blue-tongued lizards, including the shingleback and its close relative, the 

common blue-tongued skink, Tiliqua scincoides, are deemed particularly suitable 

candidates for these programs due to their large body size, characteristic appearance and 

generally tractile nature (reviewed in Chapter 3). The website review in Chapter 3 

estimates that no less than twenty different species of lizards are currently participating in 

an interactive program at selected accredited institutions. To our knowledge, twenty 

institutions are currently engaged in a live animal encounter program with blue-tongued 

lizards, eleven of which are in Australia, and the remaining in North America and the UK 

(Chapter 3). These numbers are likely to be conservative though, since many institutions 

do not provide species-specific information about their program animals online, but 

instead use general terms such as ‘lizard’ or ‘snake’ when describing their encounter 

program.  

Encounter programs with reptiles often involve direct physical interaction between visitor 

and animal, under supervision of a zoo staff member (Chapter 3). Despite being a common 

practice at many zoos, very little is known about the welfare effects that regular 

interaction with visitors may have on participating animals. Welfare-oriented studies with 

zoo-housed reptiles in encounter programs is yet to be undertaken, though a handful of 

studies in different contexts could perhaps shed some light on the effects of human 

handling in reptiles in general. A series of early laboratory studies involving green iguanas, 

Iguana iguana, dwarf tegus, Callopistes maculatus, and wood turtles, Glyptemys insculpta, 

demonstrated that human handling invoked physiological responses indicative of stress, 
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including increased heart rate and body temperature, in the above-mentioned species 

(Cabanac and Bernieri 2000; Cabanac and Cabanac 2000; Cabanac and Gosselin 1993). A 

more recent investigation showed that handling also induced skin colour changes in water 

anoles, Anolis aquaticus, which could be an indication of stress since camouflage is usually 

considered a predator avoidance strategy (Boyer and Swierk 2017). Moreover, brief and 

extended handling by observers resulted in increased locomotor activity in a wild 

population of shinglebacks up to one-hour post-handling (Kerr et al. 2006). Other authors 

have measured pre- and post-handling levels of stress hormones in various species, which 

has generated mixed results. While plasma corticosterone levels were unaffected by gentle 

handling in captive yellow-bellied water skinks, Eulamprus heatwolei (Langkilde and Shine 

2006), royal pythons, Python regius, and blue-tongued skinks (Kreger and Mench 1993), 

significantly elevated levels were reported in a wild population of red-eared slider turtles, 

Trachemys scripta elegans, after capture and handling (Cash et al. 1997). Similarly, faecal 

corticosterone metabolites increased as a result of daily handling sessions in captive green 

iguanas (Kalliokoski et al. 2012). Inter-species variation along with methodological 

differences probably account for a large proportion of the discrepancy in previous 

investigations. The fact that none of these studies were undertaken in a zoo setting, clearly 

emphasises the need for future research into the welfare effects of interactive handling in 

this environment.  

Given their widespread occurrence in zoos and their popular role as program animals, 

studies investigating the welfare impacts of encounter programs with captive blue-

tongued lizards is clearly worthwhile. Such research would optimise the care and welfare 

of individual animals and contribute to our understanding of visitor-animal interaction in 

zoo-housed reptiles, which is very limited. Thus, the aim of the current study was to 

explore the overall impact of interactive handling sessions on the behaviour, and 

potentially short-term welfare, of individual zoo-housed shinglebacks. To address this aim, 

shingleback behaviour was monitored in response to manipulations of handling 

frequency. Due to the paucity of information on this research topic, it was difficult to 

predict the outcome of the current investigation. We therefore hypothesized that variation 

in handling frequency would elicit changes in shingleback behaviour that could be 

indicative of a welfare impact, though it could not be predicted whether this impact would 

be positive or negative. To our knowledge, our study was the first of its kind to investigate 

a potential cause-effect relationship between interactive handling sessions and 

behavioural measures of welfare in captive shingleback lizards.  
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6.2           Methodology  

All animal procedures in the current study were approved by the Zoos Victoria Research 

and Animal Ethics Committee (ZV17017).  

 

6.2.1  Study animals – housing and husbandry routine   

Study animals included two adult shingleback lizards (Tiliqua rugosa), one male and one 

female, housed at Melbourne Zoo (MZ), Victoria, Australia (Table 6.1). The female lizard, 

named Pyrenees, was a senior animal that had been housed at MZ for most of her life 

(Table 6.1). Although not surgically sexed, she was believed to be a female based on her 

large body size, since females of the genus Tiliqua are usually heavier and have a longer 

snout-vent length compared to males (Phillips et al. 2016). Pyrenees was co-housed with a 

female central bearded dragon (Pogona vitticeps) in an indoor enclosure with a total area 

of approximately 1.35 m2 (Fig 6.1a). The male lizard, named Frankie, resided at a 

neighbouring zoo, Healesville Sanctuary, which is situated 65 km north-east of Melbourne. 

For the purpose of the study, Frankie was temporarily relocated to MZ where he was 

housed solitarily in an indoor enclosure with a total area of approximately 0.85 m2 (Fig. 

6.1c). Upon arrival at MZ, Frankie was initially held at a quarantine facility at the Vets 

Department for four weeks, then spent another four weeks in his enclosure prior to the 

onset of the study, to allow the lizard to acclimatise to the new environment before data 

collection begun. Both lizards were kept in enclosures with low humidity and an ambient 

temperature ranging between 27-30 °C. Basking temperature under the heat lamps, which 

were operated by a thermostat, ranged between 35-40 °C.  Ground substrate consisted of 

river sand and peat, and the enclosures also contained green vegetation, tree branches, 

hollow logs, large pieces of bark and scattered leaf litter for shelter and concealment, and 

water bowls (Fig. 6.1a, 6.1c). The lizards were fed a diet of live crickets and fresh mixed 

vegetables. They were regularly taken out of their enclosures to be ‘exercised’ (i.e. free 

movement on the floor) by husbandry staff, and body weight as well as overall health 

condition was monitored on a regular basis. Both lizards were housed on public display in 

the zoos’ learning spaces (Fig. 6.1b, 6.1d), which were reserved for visiting school groups 

between 10 am- 2 pm every Mon-Fri during school terms. At all other times, the learning 

spaces were accessible to the visiting public.  
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Figure 6.1  a) Enclosure housing the female lizard, Pyrenees.  

  b) The Growing Wild learning space with Pyrenees’ enclosure in the background.  

 

a) 

b) 
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Figure 6.1 c) Enclosure housing the male lizard, Frankie.  

d) The Gorilla Ranger Station learning space with Frankie’s enclosure in the right 

corner.  

 

 

Table 6.1 Study animals  

c) 

d) 
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6.2.2  Visitor interaction program       

Melbourne Zoo offered an educational program involving live animal interaction, which 

was tailored to school groups of varying stages of primary and secondary school. The zoo 

had a number of learning spaces (zoo ‘classrooms’) where a variety of reptiles, amphibians 

and invertebrates were housed for the purpose of educational handling sessions. Pyrenees 

was housed in Growing Wild (Fig. 6.1b), a learning space designed for young students aged 

5-8 years (pre-school – Grade 2), and Frankie was housed in the Gorilla Ranger Station 

(Fig. 6.1d), which was designed for older students aged 9-13 years (Grade 3-7). Although 

the educational content and age of participating students varied, the animal handling was 

undertaken in a similar manner in both spaces. Group size typically ranged between 15-25 

students per session. The session usually began with an educational message or workshop 

(i.e. identification of animal features and habitats, current threats to wild animal 

populations) and concluded with an animal encounter. The education officer in charge 

would select an animal and bring it out to the class, who were instructed to stay seated the 

entire time, and avoid sudden movements and loud noise. The animal was held securely by 

the education officer, who walked over to each student and offered them to give the 

animal a gentle pat on the back if they wished. After all students had a turn, the education 

officer would occasionally let the animal roam freely on the floor for a short while (mainly 

in Growing Wild) or would have a brief Q&A session in front of the class while holding the 

animal. The handling session typically lasted between 5-10 minutes. Any animal 

participating in the program could be handled for a maximum of two sessions per day, and 

the education officers kept track of this using a tick-off sheet. All reptiles were taken off 

handling during ecdysis, or after a recent feed (snakes only). Handling sessions were 

undertaken Mon-Fri during school terms, though animals were occasionally handled on 

Name Sex D.O.B.  Origin  Years at MZ  Years in encounter 

program  

Pyrenees F Undetermined 

(but considered 

a senior animal)  

Unknown, 

animal was 

donated to 

the zoo 

25 years at time of 

study (arrived Nov 

1993)  

20+ years at time of 

study 

Frankie M 20.02.2012 Captive born 

at 

Healesville 

Sanctuary, 

Victoria, 

Australia  

n/a (temporarily 

relocated from HS 

between May-Sep 

2018)  

5+ years (at a similar 

program at HS) at time 

of study  
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weekends during special programs (i.e. zoo camps and sleepovers) as well. All education 

officers had undergone basic training in reptile handling by husbandry staff. Animals were 

assigned a Level 1 or 2 rating; level 1 was considered a low-risk category of animals (i.e. 

shingleback lizard, elongated tortoise, Indotestudo elongata, White’s tree frog, Litoria 

caerulea) that were generally easy to handle and suitable for most school groups, level 2 

animals required experienced staff to be handled (i.e. Dumeril’s ground boa, Acrantophis 

dumerili, Fiji crested iguana, Brachylophus vitiensis) and were considered non-suitable for 

school groups with special needs.   

 

6.2.3 Experimental design  

Using a repeated treatment design, the present study imposed changes to the frequency of 

shingleback handling sessions by implementing five-day blocks of three different 

treatments. The treatments involved a baseline frequency of one daily handling session, a 

‘no handling’ treatment where the lizard was taken off handling for the entire five-day 

period, as well as a higher than normal frequency treatment where the lizard was handled 

three times a day (Table 6.2). Although a lizard could be handled for a maximum of twice a 

day in the regular program, a baseline frequency of one daily handling was considered a 

more appropriate reflection of what the animals normally experienced, since the 

shinglebacks were not usually handled more than once a day under normal circumstances. 

During the additional handling treatment, lizards were occasionally handled twice instead 

of three times a day, depending on availability of school group participants. Handling 

sessions took place any time between 10 am – 2 pm. When lizards were handled more 

than once a day, handlings were spaced out over the four-hour block to enable at least a 30 

min interim between sessions.  

Treatments were imposed for five consecutive days (Mon-Fri) each week, with a two-day 

interim (Sat-Sun) between treatments. Each animal was subjected to each treatment three 

times, resulting in a total study period of 9 weeks. The order of the treatments was 

randomised prior to the onset of the study. Since the lizards were housed in different 

learning spaces, and a range of other species were available for handling, alterations in 

shingleback handling frequency (i.e. temporary withdrawals) did not affect the regular 

program. Hence, the two lizards could be on the same or different treatments on any given 

study week. However, for practical reasons relating to timing of behavioural observations, 

it was not feasible to have both lizards on the Additional treatment during the same study 

week.  The study was undertaken between July-September 2018. Apart from changing the 

frequency of handling sessions, no other alterations to husbandry and housing were 
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implemented during the study period, and the lizards did not participate in any handling 

outside of the designated handling sessions, i.e. special events on weekends.  

 

Table 6.2  Treatments imposed during study period   

 

 

6.2.4 Behavioural observations   

Behaviour was monitored over two consecutive treatment days (Wed-Thurs) of each 

study week. The principal researcher (LA-R) filmed each lizard from outside its enclosure 

using a small camcorder (Panasonic HC-V750M) that was either mounted on a tripod or 

hand held, depending on the lizard’s position within the enclosure. Behaviour was 

monitored continuously during four daily recording sessions per animal; morning, pre- 

and post-encounter, and afternoon (Table 6.3). The morning and afternoon sessions were 

of 30 min duration each, whereas the pre-and post- encounter sessions lasted for 10 min 

each (Table 6.3). For the purpose of analysis, the four sessions were collapsed into two 

daily observation blocks (Table 6.3). During the Additional treatment, pre- and post-

encounter behaviour was monitored in relation to the first of the three daily handling 

sessions only. During the No handling treatment, behaviour was monitored for a 

continuous 20 min time slot at a corresponding time to when the handling would have 

taken place (i.e. any time between 10 am-2 pm). Hence, this served as a basis for 

comparison with pre- and post-encounter data collected during the two other treatments, 

and the amount of data collected outside of visitor interaction remained consistent across 

all three treatments.  

To our knowledge, there was no published ethogram specific to shingleback lizards. 

Hence, an ethogram developed by Bashaw et al. (2016a) for use in leopard geckos, 

Treatment  No. of encounters  

per day 

Time of 

encounter(s)  

Frequency  

1 1 Between 10.00 am – 

2.00 pm  

Baseline (the rate of handling 

that most closely reflected 

the lizards’ normal routine)  

 

2 0  n/a (no handling)  Lower than Baseline  

3 3 (occasionally 2) Between 10.00 am – 

2.00 pm  

Higher than Baseline  
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Eublepharis sp., served as a basis for scoring shingleback behaviour. The final ethogram 

was then modified to accurately reflect the behavioural repertoire of the shingleback 

(Table 6.4). Behaviours that were of relatively long duration, including locomotor activity, 

alertness, and resting with eyes open versus closed, were scored as behavioural states 

(Table 6.4). The smallest time unit scored was five seconds. If a behaviour occurred for 

less than that it was not recorded, and the length of any recorded behaviour was rounded 

up to the nearest five seconds. Tongue flicking, as well as interaction with transparent 

boundaries (ITB), was measured as brief behavioural events, i.e. total tally per observation 

session (Table 6.4). At each observation session, the total number of behaviours that the 

lizard was engaged in was quantified and referred to as behavioural diversity. 

In addition to behavioural measures, use of shelter (i.e. burrows and hides) was also 

monitored simultaneously at each observation session using instantaneous scan sampling, 

by recording the lizard’s level of concealment (non-concealed, partially or fully concealed) 

every 60 seconds (Table 6.4).  Since physiological assays of glucocorticoid metabolites 

have not yet been validated for use in shingleback lizards, an alternative physiological 

measure involving respiration rate was included instead (Table 6.4). Respiration rate was 

estimated twice per observation session by counting lateral chest expansions (Langkilde 

and Shine 2006) for a period of 60 s, and the mean value of the two estimates was then 

included for analysis.  

Shingleback behaviour was also monitored during all handling sessions on each 

observation day. The principal researcher positioned herself next to the education officer 

during the lizard handling and filmed the entire session with a handheld camcorder 

(Panasonic HC-V750M). Verbal consent to videotape the session was sought from school 

teachers prior to the start, and the researcher also explained that none of the children’s 

faces would appear on camera since only the lizard was in focus. Behavioural events 

including tongue flicking, limb movements and urination/defecation events were recorded 

as total tallies for each handling session (Table 6.5), and body posture of the animal while 

handled (i.e. straight, semi-coiled or fully coiled) was monitored by scan sampling every 

60 seconds throughout the session (Table 6.5).   
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Table 6.3  Timeline of behavioural observations  

 

  

 

 

 

 

Table 6.4  Ethogram of shingleback behaviour, adapted from Bashaw et al. 

(2016a) 

Behaviour Definition  

Active* Lizard is actively moving or climbing around its enclosure at 

a slow gait.  

Alert* Lizard is standing still but remains alert; eyes fully open, 

head raised slightly above ground, head might be moving 

slightly.  

Resting (eyes open) * Lizard is resting with head low, eyes are fully or partially 

open.  

Resting (eyes closed) * Lizard is resting/sleeping with head low, eyes closed.  

Digging* Lizard digs with a forelimb in the ground substrate.  

Tongue flicking** Lizard quickly extends and retracts tongue.  

Interaction with transparent 

boundaries (ITB)**  

Lizard attempts to crawl up or push against a transparent 

barrier (exhibit window) of the enclosure.  

Space use   

Full use of shelter  

(fully concealed) *** 

The entire body of the lizard is concealed under log, bark, 

leaf litter, or other type of shelter within enclosure.  

Partial use of shelter  

(semi-concealed) *** 

The lizard is partially concealed under log, bark, leaf litter or 

other type of shelter within enclosure, but one or more body 

parts (i.e. head, tail) is non-concealed.  

Non-concealed*** The entire body of the lizard is in an open space of the 

enclosure, i.e. no body parts are concealed under log, bark, 

leaf litter, or other type of shelter within enclosure.  

Physiology   

Respiration rate  No. of lateral chest expansions per minute. 

*denotes behavioural states, which was measured as number of bouts, average bout length, and 
total duration of time (s) a certain behaviour was observed during any given session. 
**denotes behavioural events, which was measured as frequencies, i.e. total number of events 
observed during any given session. 
*** measure was quantified by instantaneous scan sampling every 60 s throughout any given 
session.  

Session Block  Time of day Total obs. time  

per animal  

Morning 1 Between 9-10 am 30 min  

Pre-handling 1 Any time between 10 am-1.30 pm  10 min  

Post-handling 2 Any time between 10.30 am-2 pm  10 min  

Afternoon  2 Between 3-4 pm 30 min  
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Table 6.5 Behaviour monitored during handling sessions  
 

Behaviour Definition  

Tongue flicking* Lizard quickly extends and retracts tongue.  

Limb movements* Lizard moves one or more of its legs back and forth in a ‘paddling’ 

motion.   

Cloacal evacuation* Lizard urinates or defecates while handled.  

Body posture** Lizard adopts a straight, semi-coiled, or fully coiled position (Fig. 

6.2).  

*denotes behavioural events, which was measured as frequencies, i.e. total number of events 
observed during any given session. 
** measure was quantified by instantaneous scan sampling every 60 s throughout any given 
session.  

 

 

  

Figure 6.2. Shingleback adopts a straight (left picture), semi-coiled (middle picture) or fully coiled 

(right picture) body posture while handled.  

 

6.2.5      Statistical analysis   

The data obtained in this study was analysed using GenStat version 16. To determine the 

effect of treatment on behavioural measures, a generalised linear model (GLM) was used 

where individual, treatment and session (observation block 1 or 2; Table 6.3) were the 

independent variables (Table 6.6), and state behaviours, behavioural events, space use, 

behavioural diversity and respiration rate (Table 6.4) were the dependent variables. 

Further analysis was conducted by using a post hoc GLM to look specifically at these 

effects pre- and post-handling. To analyse behaviour during handling sessions, another 

GLM was used where individual and treatment were the independent variables, and 

tongue flicking, limb movements and body posture (Table 6.5) were the dependent 

variables. A Mann-Whitney U test was performed to compare the number of cloacal 

evacuations between the two different levels of handling frequency (Baseline versus 

Additional).  
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In all GLM analyses a post-hoc Fisher’s Least Significant Difference (LSD) was conducted to 

determine significance between the independent variables. A significance level of 0.05 was 

used in all analyses. 

 

Table 6.6  Independent variables in GLM analyses  

Independent variable Degrees of freedom in GLM 

Treatment 2 

Individual 1 

Session 1 

Total d.f.  11 

 

6.3 Results  

 

Behaviour outside of handling sessions    

 

6.3.1 Activity budget  

Outside of handling sessions, the lizards spent on average 60-70 % of their time in passive 

behaviours, including resting with eyes open or closed. Activity and alertness each 

occupied around 10-15 % of the lizards’ time. Other behaviours observed sporadically 

included eating, drinking and digging with a forelimb in the substrate. These behaviours 

did, however, contribute very little to the overall activity budget and were therefore 

excluded from further analysis.  

 

6.3.2 Treatment effects  

State behaviours, including time spent active, alert, and resting with eyes closed, as well as 

behavioural events, all showed a high consistency across treatments (Table 6.7). These 

behaviours appeared to be relatively unaffected by short-term variation in handling 

frequency, since neither of them differed significantly with treatment (Table 6.7). Resting 

with eyes open did, however, differ significantly between Baseline and the two other 

treatments, with fewer resting bouts observed during Baseline (p = 0.03; Table 6.7). No 

significant treatment effects were observed in regard to respiration rate or behavioural 

diversity (Table 6.7).  

The use of shelter within the enclosure showed some noticeable effects of treatment. 

Lizards were found fully concealed significantly more often in the Baseline or Additional 

treatment compared to when no handling occurred (p = 0.03; Table 6.7; Fig. 6.3). There 
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was, however, no difference across treatments in time spent semi-concealed or non-

concealed (Table 6.7).  

 

 

 

Figure 6.3. Graph depicts mean number of scans per observation session where lizards were in a 

sheltered location, i.e. the entire body was concealed under logs, leaf litter or other type of shelter 

within the enclosure, in relation to the various treatments imposed during the study. Asterisk 

denotes a significant result. Error bars show standard error.  

 

6.3.3 Effect of individual and session  

Despite the high consistency of behaviour across treatments, the two lizards varied  

substantially in their time budgets. Time allocated to passive behaviours, as well as space 

use, was similar between the two, but Frankie was significantly more active (p = 0.04; 

Table 6.8) and had longer active bouts (p = 0.01; Table 6.8) than Pyrenes, and a higher 

respiration rate (p = 0.05; Table 6.8), more frequent tongue flicking (p = 0.03; Table 6.8) 

and more frequent ITB (p = 0.03; Table 6.8) was also observed in the male lizard. Bouts of 

alertness were, however, significantly longer in the female (p = 0.03; Table 6.8). 

Behavioural diversity did not differ significantly between the two individuals (Table 6.8).  

 

Effects of session were seen primarily in regard to active behaviours, with a significantly 

higher number of active bouts (p = 0.03; Table 6.9) observed in the latter half of the day, 

which involved post-encounter and afternoon. Post-hoc comparison of behaviour pre- and 

post-handling revealed that lizards had significantly longer bouts of activity (p = 0.02; Fig. 
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6.4), spent more time alert (p = 0.03; Fig. 6.4) and less time resting with eyes closed (p = 

0.01; Fig. 6.4) immediately after handling sessions, as opposed to pre-handling. A 

significantly elevated respiration rate (p = 0.04; Fig. 6.4) and more frequent tongue 

flicking (p = 0.02; Fig.6.4) was also observed post-handling. 

 

Figure 6.4. Graph depicts mean differences in pre-post handling respiration rate, frequency of 

tongue flicking, total time spent resting with eyes closed, total time spent alert, and average length 

of activity bouts in the two shinglebacks.   
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 Baseline No handling Additional s.e.d. p value 

Behaviour         

Active        

Total bouts  2.67 2.92 3.02 0.63 ns 

Average bout length (s)  47.49 33.29 53.37 8.06 0.14 

Total duration (s)  123.02 116.67 118.96 42.54 ns 

Alert       

Total bouts  2.48 2.69 2.67 0.79 ns 

Average bout length (s)  44.33 38.91 43.11 3.43 ns 

Total duration (s)  104.06 102.88 111.77 32.12 ns 

Rest (eyes open)        

Total bouts  2.33a 4.22b 3.94b 0.47 0.03 

Average bout length (s)  370.83 93.94 82.12 215.30 ns 

Total duration (s)  319.48 344.05 396.46 53.28 ns 

Rest (eyes closed)       

Total bouts  1.85 3.16 2.77 0.62 ns 

Average bout length (s)  303.19 182.11 123.91 114.34 ns 

Total duration (s)  256.15 518.45 368.75 153.62 ns  

Tongue flicking        

Total tally per session   13.29 16.50 23.20 4.81 ns  

Interaction with 

transparent boundaries 

(ITB)  

     

Total tally per session  4.75 1.81 8.58 7.73 0.16 

Behavioural diversity  

Total no. of behaviours 

expressed per session  

3.06 3.71 3.58 0.46 ns 

Space use       

Fully concealed        

Total scans   19.29a 2.00b 18.00a 4.56 0.03 

Semi-concealed       

Total scans  10.04 11.75 14.24 3.31 ns  

Non-concealed       

Total scans    13.38 16.85 15.49 3.15 ns  

Physiology       

Respiration rate       
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Table 6.7  Effect of treatment on lizard behaviour and physiology  

Table depicts mean values for any given observation session. Values with different superscript letters differ 

significantly from each other.  

 

Table 6.8  Effect of individual on lizard behaviour and physiology 

Total no. of chest 

expansions/minute  

8.09 8.66 10.97 1.33 0.18 

 Pyrenees Frankie s.e.d. p value 

Behaviour        

Active       

Total bouts  2.71 3.03 0.52 ns 

Average bout length (s)  22.96 66.48 6.58 0.003 

Total duration (s)  67.78 171.32 34.73 0.04 

Alert      

Total bouts  2.43 2.80 0.65 ns 

Average bout length (s)  46.22 38.02 2.80  0.04 

Total duration (s)  112.22 100.25 26.22 ns 

Rest (eyes open)       

Total bouts  3.81 3.19 1.06 0.18 

Average bout length (s)  249.27 115.32 175.79 ns 

Total duration (s)  329.72 376.94 43.50 ns  

Rest (eyes closed)      

Total bouts  2.86 2.33 0.51 ns 

Average bout length (s)  253.98 152.16 93.36 ns 

Total duration (s)  397.43 364.80 125.43 ns  

Tongue flicking       

Total tally per session   11.52 23.81 3.92 0.03 

Interaction with 

transparent 

boundaries (ITB)   

    

Total tally per session  1.14 8.96 2.27 0.03 

Behavioural diversity  

Total no. of behaviours 

expressed per session  

 

3.01 

 

3.82 

 

0.79 

 

0.18 

Space use     

Concealed       

Total scans   12.36 13.83 3.72 ns 

Semi-concealed      

Total scans  11.69 12.33 2.71 ns 

Non-concealed      

Total scans    14.07 16.41 2.57 ns 
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Table depicts mean values for any given observation session.  

Table 6.9  Effect of session on lizard behaviour and physiology  

Physiology      

Respiration rate      

Total no. of chest 

expansions/minute  

7.79 10.69 1.08 0.05 
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Table depicts mean values for any given observation session.  

6.3.4 Behaviour during handling sessions   

 Block 1 

(Morning + 

pre-handling) 

Block 2  

(Post-handling+ 

Afternoon)  

s.e.d. p value 

Behaviour        

Active       

Total bouts  2.00   3.74 0.52 0.03 

Average bout length (s)  46.81 42.63 6.58 ns 

Total duration (s)  77.71   161.39 34.73 0.07 

Alert      

Total bouts  2.02   3.21 0.65 0.14 

Average bout length (s)  46.02 38.22 2.80 0.05 

Total duration (s)  89.28   123.19 26.22 ns 

Rest (eyes open)       

Total bouts  3.84   3.15 1.06 0.15 

Average bout length (s)  109.84 254.75 175.79 ns 

Total duration (s)  387.49   319.17 43.50 0.19 

Rest (eyes closed)      

Total bouts  2.88   2.31 0.51 ns 

Average bout length (s)  126.96 279.18 93.36 0.18 

Total duration (s)  374.45 387.78 125.43 ns 

Tongue flicking       

Total tally per session   15.07   20.26 3.92 ns 

Interaction with 

transparent boundaries 

(ITB)  

    

Total tally per session  6.50   3.60 2.27 ns 

Behavioural diversity  

Total no. of behaviours 

expressed per session 

 

3.35 

 

3.56 

 

0.56 

 

ns 

Space use      

Concealed       

Total scans   12.89 13.31 3.72 ns 

Semi-concealed      

Total scans  12.61  11.41 2.71 ns 

Non-concealed      

Total scans    15.69 14.79 2.57 ns 

Physiology      

Respiration rate      

Total no. of chest 

expansions/minute  

8.67 9.81 1.08 ns 
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The duration of shingleback handling sessions was on average 6.4 minutes. Handling 

sessions with Pyrenees tended to be of slightly longer duration since she was usually 

allowed to walk freely on the ground for a brief period at the start of the encounter. Due to 

differences in room layout, free movement on the ground was not suitable in the learning 

space that housed Frankie, hence these handling sessions tended to be briefer and not 

involve this activity. The variation in encounter length was, however, not statistically 

significant (p = 0.19), and apart from the difference in free movement the sessions were 

undertaken in a very similar manner.  

Body posture was significantly affected by handling frequency, since lizards were more 

readily observed in a fully coiled position during the Additional treatment compared to 

Baseline (p = 0.02; Fig. 6.5; Table 6.10). No significant effects of handling frequency were 

found in relation to the other measures of body posture (semi-curled or straight), rate of 

tongue flicking, or limb movements (Table 6.10). Cloacal evacuation events did not differ 

significantly between the two different levels of handling (Mann-Whitney U = 156.0, p = 

0.08). Individual effects of handling were seen in relation to body posture, with Frankie 

adopting a fully coiled position significantly more often than Pyrenees (p = 0.01; Fig. 6.5; 

Table 6.10).  

 

 

Figure 6.5.  The graph on the left depicts mean no. of scans per handling session where lizards 

adopted a fully coiled position during either the Baseline or Additional treatment. The graph on the 

right depicts individual differences in body posture during handling, i.e. mean number of scans 

where each of the two lizards adopted a fully coiled position. Error bars show standard error.  

Table 6.10  Effect of treatment and individual on lizard behaviour while handled. 
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Table depicts mean values for any given session.  

 

 

6.4          Discussion  

The present study identified significant changes in shingleback behaviour in relation to 

short-term variation in the frequency of interactive handling sessions. While most 

behaviours remained consistent across treatments, noticeable treatment effects were seen 

in relation to the use of shelter within the enclosure. Lizards were observed fully 

concealed under logs, leaf litter or other type of shelter significantly more often while 

handled, at either Baseline or Additional frequency. During handling sessions, lizards were 

observed in a fully coiled position significantly more often during the Additional treatment 

compared to Baseline, and Frankie, the male lizard, would adopt this position more often 

than Pyrenees. The implications of these findings for shingleback welfare and 

management will be discussed in the following sections.  

 

6.4.1 Behaviour outside of handling sessions  

Outside of handling sessions, shinglebacks spent the majority of their time in passive 

behaviours, i.e. resting with eyes open or closed. This is perhaps not surprising, given that 

the shingleback is commonly known as the ‘sleepy lizard’ (Bull 1995; Wilson 2012). Field 

studies of wild populations have concluded that the species rarely stays active for more 

 Baseline  Additional s.e.d. p  Pyrenees 

 

Frankie s.e.d.  p  

Measure           

Body fully 

coiled (no. of 

scans)   

1.60 2.12 0.02 0.02 1.25 2.47 0.02 0.01 

Body semi-

coiled (no. of 

scans)  

2.35 2.73 0.15 ns 2.62 2.47 0.15 ns 

Body straight 

(no. of scans)   

1.50 2.51 0.21 0.13 2.61 1.40 0.21 0.11 

Tongue flicking 

(rate/min) 

11.38 11.57 0.20 ns 10.42 12.53 0.20 0.06 

Limb  

movement 

(rate/min) 

3.17 6.01 1.51 ns 4.18 5.00 1.51 ns 
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than three hours per day, even under optimal climatic conditions, which is usually in 

spring and early summer (Bull 1995; Firth and Belan 1998). Hence, daily activity levels of 

10-15 %, which was recorded in the present study, aligns well with previous field 

observations. Frankie was overall more active than Pyrenees and tended to have fewer 

bouts of resting with eyes open (Table 6.8), which could be due to younger age, or perhaps 

a sex difference. A recent study by Spiegel et al. (2018) found that male shinglebacks 

occupy substantially larger home ranges than females in the wild, and appear to actively 

defend these from intruding males, thus may spend more time in locomotory behaviour 

while upholding their territory. Tongue flicking was more frequent in the male lizard as 

well (Table 6.8), and is most likely related to higher activity levels, since the lizards were 

often exhibiting this behaviour while moving around in the enclosure. Many reptiles scan 

their immediate environment by picking up scent cues with the tongue and transferring 

these to the vomeronasal organ (Pough et al. 2001), hence this behaviour would be 

expected to occur at higher frequencies during active exploration.  

 

In terms of treatment effects, state behaviours including resting, active and alert 

behaviour appeared to be relatively unaffected by short-term variation in handling 

frequency. This consistency is undoubtedly important from a welfare point of view, since a 

pronounced change in activity levels, including for example hyper-activity and hyper-

alertness, have been identified as potential indicators of stress in captive reptiles 

(Warwick et al. 2013). Fewer bouts of resting with eyes open were, however, observed 

during the Baseline treatment (Table 6.7), but this difference is difficult to explain in terms 

of treatment effects since one would expect a similar trend during the Additional 

treatment if the handling was contributing to this variation. A significantly higher number 

of active bouts was observed during the latter half of the day, which involved post-

handling and afternoon activities (Table 6.9). Immediately after handling, lizards were 

also observed to have longer activity bouts, spend more time alert and less time resting, 

along with an elevated respiration rate and more frequent tongue flicking (Fig. 6.4). It is 

plausible that the handling may have prompted the heightened activity and alertness, 

which may have resulted in a corresponding increase in respiration rate post-handling. 

Wild shinglebacks responded with increased locomotor activity when exposed to brief and 

extended handling by observers, and this effect lasted for up to one-hour post-handling 

(Kerr et al. 2006). The effect was more pronounced if the lizard was active, i.e. its body 

temperature was higher, when the handling was initiated (Kerr et al. 2006). Given that the 

shingleback is an inherently slow-moving and docile lizard, Kerr et al. (2006) concluded 

that the species is highly sensitive to human disturbance, judging from the long-lasting 
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effect on activity levels post-handling. This study was, however, undertaken with a wild 

population of shinglebacks that were not previously conditioned for human handling, 

which makes it difficult to extrapolate these results to the present study. Nevertheless, the 

overall effect of heightened activity levels post-handling may be similar. Whether this may 

be caused by stimulation induced by human handling or other factors, i.e. temperature 

variations, is difficult to determine from the current dataset. As an ectothermic species, it 

is possible that the lizards’ body temperature may have increased when coming into 

contact with the handler, which may have resulted in a surge in locomotory activity 

immediately after handling. Detailed measurements of lizard body temperature and 

ambient temperature pre- and post-handling would offer additional insight into the cause 

of this effect.  

 

Interaction with transparent boundaries (hereafter ‘ITB’) was observed in both lizards but 

occurred at a significantly higher frequency in the male (Table 6.8). Pyrenees would 

occasionally interact with the exhibit window, but not typically in the persistent manner 

that was sometimes observed with Frankie. There was a slight tendency towards an 

increase in ITB during the Additional treatment, albeit not statistically significant (Table 

6.7).  Warwick et al. (2013) suggest that ITB may be indicative of captivity-induced stress, 

since the behaviour possibly represents unsuccessful escape attempts, where the reptile is 

unable to recognise the exhibit window as an abstract, invisible barrier. The behaviour can 

be destructive and lead to potential self-harm if persistent (Warwick et al. 2013). Although 

the present study identified insufficient evidence that ITB was affected by handling 

frequency, the tendency towards a higher incidence of this behaviour in the Additional 

treatment may warrant some caution if a more intense handling regime was to be 

implemented long-term.  

 

A significant treatment effect was observed in regard to the use of shelter within the 

enclosure. Lizards were observed fully concealed significantly more often when handling 

was present, at either Baseline or Additional frequency (Fig. 6.3, Table 6.7). No effect of 

session was found in relation to shelter use, hence the preference for concealed locations 

was not specifically related to pre or post-encounter behaviour but appears to have 

occurred regularly throughout the day on weeks when lizards were handled. A large body 

of empirical evidence has demonstrated that provision of appropriate shelter and hiding 

spots within an animal’s enclosure provides measurable welfare improvements in a wide 

variety of taxa (reviewed in Morgan and Tromborg 2007). Hence, opportunities for 

concealment is a vital component of the exhibit design for many captive animals (Morgan 
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and Tromborg 2007). As a naturally ground-dwelling species that often shelters under low 

shrubs, in hollow logs or deep mammal burrows (Kerr and Bull 2004a; Kerr et al. 2003; 

Leu et al. 2011), the shingleback would be expected to spend a certain amount of time 

concealed also in a captive setting, and the enclosures in the present study contained 

ample opportunities for this behaviour. The indication that lizards were more often 

seeking shelter while handled could, however, be a potential cause for concern. Refuge use 

has been modelled extensively in wild lizard populations, leading several authors to 

conclude that seeking refuge in burrows is a commonly used anti-predatory behaviour, 

where time spent hidden has been positively correlated with perceived predation risk 

(Cooper and Frederick 2007; Cooper and Wilson 2010; Marcellini and Jenssen 1991; 

Martin and Lopez 1999). Interestingly, Cooper and Wilson (2010) also found that hiding 

time increased in striped plateau lizards, Sceloporus virgatus, when captured and handled 

by humans, compared to a control group that was approached but not handled. Refuge use 

has been recognised as an anti-predatory response in other taxa as well, including crabs 

(Reaney 2007; Scarratt and Godin 1992), fish (Gotceitas and Godin 1993; Johansson and 

Englund 1995) and frogs (Ryan 1985).  Carlstead et al. (1993b) observed a higher 

incidence of hiding in laboratory-housed cats when exposed to an unpredictable 

husbandry routine, and the same research team identified a positive correlation between 

the use of concealed locations and urinary cortisol concentration in captive leopard cats, 

Felis bengalensis (Carlstead et al. 1993a). Taken together, one may conclude that hiding 

serves as an important coping strategy when animals are faced with a perceived threat. It 

is therefore possible that the lizards in the present study found the handling aversive, thus 

responded with increased time spent hidden, which could be indicative of a negative 

welfare impact. Given that the above-mentioned studies were, however, concerned mostly 

with wild populations and species other than shinglebacks, further investigations in 

captive settings would be required before any firm conclusions can be drawn.  

 

6.4.2 Behaviour during handling sessions 

During handling sessions, lizards were significantly more likely to adopt a fully coiled 

position when handled intensely compared to when handled at regular frequency (Fig. 6.5, 

Table 6.10), and Frankie would adopt this position more often than Pyrenees (Fig. 6.5, 

Table 6.10). Whether the coiling increased due to discomfort or stress resulting from 

intense handling is difficult to interpret, since this behaviour has not been documented 

previously in the literature. The coiling was, however, often associated with a certain level 

of ‘squirming’, whereas the lizards tended to be more passive when in a semi-coiled or 

straight position (LA-R, pers.obs). Handlers would sometimes re-position the lizard when 
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frequent coiling or limb movements occurred, since it was believed that the lizard may 

have been uncomfortable if moving around frequently during the handling (LA-R, pers. 

obs). ‘Clutching’, in which a snake or lizard tightens its grip around a human or object, as 

well as ‘loop pushing’, where a snake uses the arch of its body to resist or deflect human 

contact, have been described as indicators of fear in captive reptiles (Warwick et al. 2013). 

Prolonged retraction of heads, limbs or tail amongst tortoises and turtles is another, 

perhaps more familiar, example that is thought to be associated with fear, pain or disease 

(Warwick et al. 2013). Whether the coiling behaviour of the shinglebacks is in any way 

similar to these expressions remains unclear. Given the significant treatment effect and 

the fact that Frankie exhibited this behaviour more frequently than Pyrenees, it would be 

worthy of further investigation. Although non-significant, there was a clear trend towards 

a higher incidence of urination and defecation events during the Additional treatment. 

Cloacal evacuations have been widely recognised as a sign of fear in captive reptiles 

(Warwick et al. 2013), hence it is possible that the reptiles in the present study found the 

intense level of handling aversive.  

 

6.4.3 Physiological measures  

Respiration rate was consistent across treatments, although a slight trend towards a 

higher respiration rate was observed during the Additional treatment (Table 6.7). 

Respiration rate has been positively correlated to plasma corticosterone levels in yellow-

bellied water skinks (Langkilde and Shine 2006).  Hence, the higher respiration rate 

observed in the present study, although non-significant, may warrant some caution if a 

more intense handling regime was to be implemented long-term. Results need to be 

interpreted with caution, though, since shinglebacks tend to be shallow breathers (John 

Birkett, Melbourne Zoo, pers. comm, 11.10. 2018) and it was therefore difficult to 

accurately estimate chest expansions from camcorder footage at times. It is also 

questionable whether short-term fluctuations in physiological measures such as 

respiration rate, heart rate and blood pressure should be incorporated into welfare 

assessments, since they are indicative of an immediate physiological response only, thus 

provides little insight into sustained welfare state (Benn et al. 2019). An increase in such 

measures could also be a result of arousal or excitement rather than distress (Benn et al. 

2019). Respiration rate in lizards typically increase during exposure to an external 

stimulus (Avery et al. 1993), but whether this constitutes a welfare effect is unclear. 

Alternative physiological indicators would therefore be encouraged in future studies. Non-

invasive monitoring of secreted glucocorticoids is currently unfeasible given the lack of 

baseline reference values for most reptile species, which makes interpretation difficult 
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(Benn et al. 2019). Validation of physiological assays that could accurately measure 

adrenocortical activity would be highly valuable, since it could possibly assess more long-

lasting physiological effects, thus provide a useful complement to behavioural welfare 

assessments in the shingleback and other reptiles.   

 

6.4.4 Study limitations  

The current study had a few methodological issues that are worth addressing. The male 

lizard, Frankie, was temporarily on loan from a different zoo (Table 6.1) for the purpose of 

the study, which may have influenced the results obtained for this individual. Although the 

lizard was given adequate time to acclimatise to his new enclosure, the education officers 

undertaking the handling sessions, as well as the keepers who oversaw the animal 

husbandry, were previously unfamiliar to Frankie, and the handling may have been 

undertaken in a slightly different manner to what Frankie was used to in his home 

environment. Pyrenees, on the other hand, had been participating in the encounter 

program at Melbourne Zoo for several years (Table 6.1), hence was already familiar with 

the education officers, the husbandry staff and the handling regime. Moreover, Frankie 

was co-housed with another shingleback that was euthanised due to health reasons 

shortly before the study began. The loss of his cage mate, along with the recent 

translocation to MZ, may have exacerbated his overall response to treatment, and this 

should be considered when interpreting the results.  

 

The present study did not measure temperature variations in relation to handling. 

Although the temperature within the enclosures was tightly controlled within a set range, 

the ambient temperature in the learning space was subject to some variation depending 

on outdoor temperature, time of day etc. It is possible that this variation could have 

affected lizard behaviour during and post-handling. Hence, future studies would benefit 

from assessments of ambient temperature, as well as measurements of enclosure 

microclimate, since it is likely that certain variations would occur between the different 

locations within the enclosure.  It would also have been valuable to record basking 

behaviour, not only because it may have influenced the body temperature, hence 

behaviour, of the lizard at the time of handling, but also because higher than usual levels of 

basking have been identified as a possible indicator of stress in captive reptiles (Warwick 

et al. 2013). Reptiles that have been subjected to stressful events are known to sometimes 

seek out warmer temperatures until they settle, a phenomenon known as ‘emotional fever’ 

(Warwick et al. 2013). Hence, basking behaviour should ideally be included in behavioural 

welfare assessments and would be encouraged in future studies.  
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Observer effects is another factor that could possibly have influenced the results. Although 

the lizards were on public display and were used to being viewed by visitors, it is possible 

that the regular presence of the researcher may have affected their behaviour, since wild 

shinglebacks tend to alter their behaviour in the presence of observers (Kerr and Bull 

2004b). To limit potential observer effects, the researcher (LA-R) mounted the camcorder 

on a tripod and positioned herself at a distance from the enclosure whenever possible and 

avoided making any noise or sudden movements during observation sessions. The 

researcher did not attempt to interact with the lizards at any stage. The original aim was 

to monitor behaviour remotely using wall-mounted action cameras within the enclosures. 

Although this approach would have eliminated potential observer effects, technical 

complications including difficulties with camera positioning, short battery life and 

potential overheating of cameras prompted the decision to use camcorder footage over 

remote behavioural monitoring.   

 

Finally, it cannot be determined from the current dataset whether the effects observed 

were due to close interaction with visitors, or if the lizards reacted mainly to the 

procedure of handling and restraint. To ascertain the influence of visitors per se, the study 

could be replicated in the presence of handlers or familiar keepers only, and if the same 

results were obtained, one could conclude that visitor interaction was not the main cause 

of the effects observed in the present study.  

 

The fact that this study relied on only two test subjects strongly limits the generalisations 

that can be drawn from these results. Hence, the outcome of this study is mainly applicable 

to the management of these particular individuals. Nevertheless, some noticeable effects 

on behaviour was detected even when the handling regime was altered for a short amount 

of time, which suggests that the techniques used in the present study could be an efficient 

tool for assessing short-term welfare in relation to encounter programs with shinglebacks 

and other zoo-housed reptiles in future. Since welfare assessments of reptiles is in its 

infancy compared to other vertebrate taxa, further development of behavioural and 

physiological techniques to accurately assess reptile welfare would be strongly 

encouraged at this stage.  

 

 

Conclusions  

The following conclusions can be drawn from the present study:  
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1. Shingleback behaviour was mostly consistent across treatments, hence were 

relatively unaffected by short-term variation in the frequency of interactive 

handling sessions. Individual differences in time budget were, however, quite 

prominent, with the male lizard being overall more active, spent more time 

interacting with transparent boundaries and had a higher respiration rate 

compared to the female.  

2. Lizards were significantly more active immediately after handling sessions, 

suggesting that the handling induced a temporary surge in locomotory activity.  

3. Refuge use within the enclosure increased significantly when lizards were exposed 

to either regular or intense handling, which suggests that the shinglebacks may 

have found the handling aversive and therefore retreated into concealed locations 

more often when handled. This could be indicative of a negative welfare impact 

and further investigations would be recommended if the lizards were to persist 

within the program.  

4. During the intense handling treatment, shinglebacks were more likely to adopt a 

fully coiled body posture while handled. Frankie adopted this position significantly 

more often than Pyrenees. Although this behaviour is subject to interpretation, 

other potentially aversive tendencies, including more frequent interaction with 

transparent boundaries, a higher respiration rate, and more frequent cloacal 

evacuations, was observed while lizards were handled according to the intense 

frequency. This may warrant some caution if a more intense handling regime was 

to be implemented long-term.  

 

Acknowledgements  

We would like to extend our warmest thanks to the Learning Experiences team and the 

management at Melbourne Zoo for their help in facilitating this study, and for assisting 

with shingleback handling sessions. Special thanks to managers John Birkett and Melanie 

Treweek, the Education Classroom keeper team, Andrew Eadon, Belinda di Muzio and all 

other education officers for their continuous support and involvement throughout the 

course of the study. Thanks also to the management and keepers at Healesville Sanctuary 

for facilitating the temporary relocation of Frankie for the purpose of the research project, 

and to the Veterinary team at Melbourne Zoo for overseeing the care of the lizard during 

the quarantine phase. This project was funded by a research grant from the Australian 

Research Council, Zoos Victoria and Taronga Conservation Society.  



202 
 

7.  Final discussion  
 

 

7.1         Main findings of current thesis  

 

The aim of the current thesis was to investigate animal welfare implications associated 

with live animal encounter programs in zoos, using a combined approach of survey data 

and empirical investigations in selected taxa. Survey data revealed that the majority of 

accredited institutions within the surveyed regions engaged in an encounter program with 

one or more species, most of which were mammals. Behaviours indicative of a typical 

fight-or-flight response i.e. escape attempts, overt aggression, defensive body postures or 

hiding, were the most commonly reported welfare concerns among program animals. A 

higher proportion of concerns were reported in reptiles compared to other taxa. On the 

contrary, positive welfare indicators such as affiliative vocalisations, relaxed demeanour, 

active exploration and play, as well as voluntary participation and interaction with 

visitors, were more commonly reported in mammals and birds. Zoo professionals had an 

overall positive attitude towards encounter programs, as they believed these programs 

were capable of creating emotional connections between visitors and zoo animals and 

could be an effective means of sharing educational messages and attracting visitors to the 

facility, if undertaken in a purposeful and controlled manner. However, a moderate level of 

concern was also apparent in regard to welfare-related and ethical implications of 

encounter programs. 

 

In light of these findings, a series of investigations aimed at identifying short-term welfare 

effects in relation to participation in encounters was conducted with zoo-housed servals, 

giraffes and shingleback lizards. Species were selected based on their frequent 

involvement as program animals (Table 3.4) and the paucity of visitor studies in these 

species to date (reviewed in Chapter 1). These studies sought to identify a potential cause-

effect relationship between short-term variation in encounter frequency and welfare of 

individual study animals, by monitoring behavioural and physiological changes in 

response to manipulations of encounter frequency. A similar methodology involving a 

controlled experimental approach was adopted in all three studies. The main findings of 

the empirical studies seemed to be in agreement with the survey data, since noticeably 

positive behavioural changes were seen in response to encounters in the two mammals, 

but a potentially adverse effect of encounters was observed in the reptiles. Specifically, the 

servals exhibited a significant reduction in stereotypic pacing, which could be indictive of 
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a positive welfare effect, when participating in interactive presentations, or presentations 

and behind-the-scenes encounters (BTS) combined, as opposed to weeks with no visitor 

interaction or BTS only. The giraffes engaged in more frequent amicable social 

interactions, which could be indicative of positive welfare, when feeding encounters were 

present, either according to the regular or intensified regime. The shinglebacks, on the 

other hand, were more prone to seeking refuge in sheltered locations within their 

enclosures when involved in visitor interaction, at either regular or intensified frequency 

of handling, which may indicate that the lizards found the handling aversive. Prominent 

individual differences in response to treatment was seen in both shinglebacks and giraffes, 

with more frequent coiling behaviour observed in the male lizard while handled, and a 

reluctance to participate in feeding encounters observed in the young female giraffe. The 

significant behavioural changes identified in all three species suggest that even short-term 

alterations to encounter frequency may have implications for the welfare of participating 

animals, suggesting that the frequency at which animals engage in encounters is an 

important aspect to consider when implementing and managing an encounter program. 

Main findings of chapter 3-6 have been summarised in Table 7.1.  

 

7.2        Implications of findings for animal welfare and management  

The potentially positive welfare effects in relation to encounter programs in both servals 

and giraffes, which was further strengthened by survey data indicative of a similar trend in 

mammals and birds in general, are encouraging findings indeed. It may suggest that 

encounter programs could hold some enrichment potential in these animal groups. Ideally, 

this could lead to improvements in animal welfare while enhancing the overall experience 

for zoo visitors, who appear to find great enjoyment in close animal interaction. These 

findings contrast most of the pre-existing visitor studies of animals in display exhibits, 

which have identified visitor presence as a predominantly negative or neutral influence 

for various ungulates, felids as well as other mammalian and avian taxa, although there are 

some exceptions to these trends (reviewed in Chapter 1). Plausible reasons for this 

disparity could be variation in the level of conditioning and training between program 

animals and display animals, as well as the extent to which visitor behaviour is controlled 

in the two different settings. For instance, the study animals in the current thesis were all 

pre-conditioned for close human interaction and had been extensively trained for these 

purposes since a young age (Table 4.1; 5.1; 6.1). As such, both the servals and the giraffes 

had most likely learnt to associate visitors with rewarding elements (Clegg et al. 2018; 

Hemsworth and Coleman 2011; Watters 2014), since the servals received palatable beef 
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strips, verbal praise and pats from their keepers when performing certain behaviours on 

cue in front of visitors, and the giraffes were rewarded with carrots when approaching 

visitors on the feeding platform. Likewise, survey respondents frequently reported that 

their program animals were trained using similar positive reinforcement techniques, 

which was also considered by some respondents to be a fruitful management strategy to 

address welfare concerns. Animals in display exhibits may not have been conditioned for 

close human interaction to the same extent as program animals, and while display animals 

may gradually habituate to the presence of visitors (Hemsworth and Coleman 2011; 

O’Donovan et al. 1993; Sherwen et al. 2014), visitors per se may not be associated with 

any particularly rewarding elements. Program animals are also likely to encounter visitors 

under more controlled circumstances, since encounters typically take place under 

supervision of zoo staff members and follow a strict protocol. Both the serval BTS and the 

giraffe encounter in the present studies involved small groups of visitors over a certain 

age, and in both encounters, visitors were clearly instructed to avoid making loud noise, 

sudden movements etc. while interacting with the animals. By contrast, traditional exhibit 

viewing is typically unsupervised, and may attract large crowds of people that result in 

loud noise and sometimes unruly visitor behaviour such as banging on exhibit windows or 

shouting and throwing objects at animals (Mitchell et al. 1992b; Sherwen et al. 2014).  

Hence, with adequate training and carefully developed protocols, visitors could potentially 

be perceived more positively by zoo animals when encountered up-close, as opposed to 

when viewing animals on exhibit. Exhibit viewing is a comparatively uncontrolled setting 

with limited scope for positive visitor-animal interaction, since visitors do not typically 

provide food rewards or other positive stimuli, i.e. grooming, in this context.  

The idea that visitors may be a positive influence when providing food has been 

postulated previously. An early investigation by Cook and Hosey (1995) observed how 

captive chimpanzees on display were commonly ‘begging’ visitors for food. In response, 

visitors occasionally threw food items to the apes (Cook and Hosey 1995). Although 

uncontrolled visitor feedings are typically discouraged or prohibited in modern zoos 

(Kreger and Mench 1995), the chimpanzees may nevertheless have found the interaction 

positive since it allowed them to obtain a reward (Cook and Hosey 1995). More recent 

publications studying the effects of controlled visitor feeding encounters in giraffes (Orban 

et al. 2016), lions (Szokalski et al. 2013a) and harbor seals (de Vere 2017) have found that 

all three species appear highly motivated to acquire food from visitors, since the animals 

would typically orient towards the feeding stations (Orban et al. 2016; de Vere et al. 2017) 

or pace in anticipation of visitor feedings (Szokalski et al. 2013a). Similar results were 
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obtained in the current studies with servals and giraffes, as the servals often began to pace 

in anticipation of an interactive activity, and the giraffes typically approached the feeding 

platform as soon as they became aware of a group of visitors behind the gate. However, as 

mentioned in earlier chapters, whether the underlying motivation to participate was 

related purely to food rewards, or if the animals in fact found visitor interaction 

stimulating, is difficult to disentangle from the current research. In case of the servals, 

interaction with familiar keepers, whom they appear to be strongly bonded with, cognitive 

and physical stimulation from training, or a temporary change in environment, were other 

plausible factors that could have enticed the cats to participate. Likewise, multiple survey 

respondents stated voluntary approach as a behavioural indication of positive welfare 

during encounters (Table 3.6), although this behaviour alone is probably not sufficient to 

demonstrate positive welfare related to visitor interaction. If the anticipation of reward is 

the sole reason for the animal’s approach, then visitor interaction is most likely a neutral, 

rather than positive, influence, although the overall welfare experience may be positive 

since the animal acquires a sought-after resource (Broom 2014; Clegg et al. 2018). It is 

also possible that the animal may still be fearful of close visitor contact, but the motivation 

to acquire a reward may be stronger than the underlying fear or aversion. Other 

behavioural indicators, including animals soliciting physical interaction or play from 

visitors, or remain in close proximity even after food rewards are depleted, were reported 

by some survey respondents (Table 3.6) and may serve as more reliable indicators that 

the animal finds visitor interaction stimulating. However, from a management point of 

view, voluntary approach and absence of negative welfare indicators may be sufficient to 

lend support to the continued involvement of animals in encounters, particularly if the 

main goal of the institution was to offer an encounter program for the purpose of 

enhancing visitor experience or raise funds for wildlife conservation or zoo maintenance. 

However, if the encounter program was designed specifically to improve animal welfare 

by using visitor interaction as an enrichment strategy, it may be of further interest to 

verify that visitor interaction per se is indeed a positive influence for participating animals 

(see section 7.3).  

Undoubtedly, it has been demonstrated clearly from the current thesis, as well as previous 

work in this field (Jones et al. 2016; Orban et al. 2016; Szokalski et al. 2013a; de Vere 

2017), that food rewards are a highly effective means of bringing visitors into close 

proximity with program animals. Visitor-animal interaction that revolves entirely around 

food could, however, have its drawbacks. Animals that have learnt to associate visitors 

with food can become overly tame to the point where they turn aggressive and scratch, 
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bite or jump on visitors in an attempt to acquire food rewards, particularly in free-range 

settings (Woods 1992; LA-R, pers. obs.). Survey data also revealed that animals may 

accidentally injure themselves, or visitors may accidentally injure animals, in the 

commotion that results from overexcited animals anticipating food (Table 3.5). Moreover, 

food competition resulting in higher incidence of intra-group aggression, or 

monopolisation of food rewards by socially dominant individuals, which was most likely 

the case in the current giraffe study, represent other potentially negative consequences of 

feeding encounters. Adverse effects on physical health, including overweight and dietary 

imbalances, were occasionally reported in the survey as well (Table 3.5). A recent study by 

Morfeld et al. (2016) demonstrated a positive correlation between body condition score 

and training regimes involving food rewards among elephants in selected North American 

zoos; a situation that is very similar to feeding encounters which also rely on food as 

positive reinforcement. Hence, the authors recommended the use of food rewards with a 

low caloric content, such as fresh browse or greens (Morfeld et al. 2016), rather than 

energy rich concentrates including fruits, vegetables, pellets or grains (Lintzenich and 

Ward 1997; Oftedal et al. 1996). Broadly speaking, encounter programs that rely on food 

rewards ought to be carefully managed to reduce the incidence of the above-mentioned 

complications. To minimise accidental harm to animals and visitors, feeding encounters 

should be under staff supervision, with a protocol that pays careful attention to how food 

is presented. Physical health issues can be avoided by careful sanctioning of food rewards 

(Farrand et al. 2014), and by choosing healthy alternatives that, if possible, are part of the 

species’ natural diet (Morfeld et al. 2016). Feeding encounters with group-housed animals 

should ideally consider social relationships within the animal group, to minimise the 

occurrence of food competition and monopolisation of food rewards by socially dominant 

individuals.  

Despite potential concerns around the use of food rewards, a potential benefit of 

encounters that rely on these practices is that they introduce an element of choice and 

control for participating animals. In both the serval and the giraffe study, as well as many 

other cases described by survey respondents, animals exerted control over their own 

participation since they were not physically restrained, thus could choose to engage with 

visitors or retreat from visitor interaction at their own will. Encounters that rely on 

voluntary approach typically also make use of positive reinforcement.  These animals have 

therefore learnt to associate visitor interaction with rewarding elements (Clegg et al. 

2018; Hemsworth and Coleman 2011), since the animals obtain a reward when 

approaching or interacting with visitors up close. By contrast, most encounters involving 
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small-bodied reptiles and mammals (reviewed in Chapter 3), including the shingleback 

encounter in the current study, do not provide the same opportunities for choice and 

control, and animals are typically not rewarded for participation. Choice of participation 

lies with the keeper or handler, who decides when and how the animal interacts with 

visitors by holding the animal and bringing it forward to visitors, and although the animal 

may attempt to exert control over an aversive situation by attempting to escape, bite, 

urinate or defecate, the ultimate decision to terminate the involvement lies with the 

handler and not the animal itself. Although animals would most likely have been 

conditioned for human handling by repeated exposure to these practices since an early 

age, including the shinglebacks in the current study (Table 6.1), encounters that do not 

rely on voluntary approach may not have conditioned animals with positive 

reinforcement, hence visitors may not be associated with rewarding elements. Eliminating 

or reducing the animal’s opportunity for choice, control and rewards may explain why a 

potentially aversive welfare effect was observed in the current shingleback study, and why 

a relatively high number of welfare concerns in the current survey were associated with 

reptiles and small mammals such as hedgehogs, skunks and armadillos (Figure 3.3). These 

findings align well with Baird’s (2016) study on program animal welfare, in which small 

animal ambassadors including armadillos, hedgehogs and red-tailed hawks experienced 

potentially negative welfare effects in response to intensified handling by visitors 

(reviewed in Chapter 1). The importance of choice and control in optimising animal 

welfare has been strongly emphasised in relation to both interactive experiences (see for 

example Anderson et al. 2002; Baird et al. 2016; Szokalski et al. 2013a; Trone et al. 2005) 

and traditional exhibit viewing (see for example Blaney and Wells 2004; Bonnie et al. 

2016; Sherwen et al. 2015a; Smith and Kuhar 2010) and is considered a widely accepted 

view in animal welfare science in general (Boissy et al. 2007; Carlstead and Shepherdson 

2000; Morgan and Tromborg 2007; Wolfensohn et al. 2018). Thus, the nature of the 

encounter may in some cases be a deciding factor, in which encounters that maximise 

choice and control, and where the animal is rewarded for participation, may be more likely 

to contribute to positive welfare.  

Individual characteristics may be another major determinant of program animal welfare. 

Demonstrable individual effects were identified in the empirical studies, both in response 

to treatment and in general time budgets. Multiple survey respondents also stressed the 

importance of selecting appropriate individuals for encounter programs, since some 

individuals appeared better suited for these purposes. These results align well with 

previous studies of animals in both display exhibits (Carder and Semple 2008; Kuhar 
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2008; Polgar et al. 2017) and interactive programs (Anderson et al. 2002; Baird et al. 

2016; Kyngdon et al. 2003; Miller et al. 2011), which have demonstrated noticeable 

individual differences in response to visitors. Newly emerging evidence in the field also 

suggest that animals should be viewed primarily as individuals, and welfare assessments 

should, wherever possible, be conducted on an individual basis (Barber et al. 2010; Broom 

2007; Butterworth et al. 2011; Fraser 2008; Morton 2007). The results of the current 

thesis support this view and emphasises the careful selection of individual animals for 

encounter programs, as well as close monitoring of individual responses to human 

interaction.   

 

7.3  Limitations of current thesis  

Due to the logistical and practical challenges of conducting zoo-based research (reviewed 

in Chapter 2), the work presented in the current thesis was subjected to some 

methodological limitations. Due to animal-related factors, the sample sizes of the empirical 

studies were reduced to a few subjects per study. Although substantial efforts were made 

to conduct cross-institutional studies, thereby increase sample sizes, this was not feasible 

in the current studies due to practical constraints. Hence, any effects observed in the 

current research is mainly applicable to the individual study animals at the particular 

institutions, which limits the generalisability and the external validity of these results. The 

main findings of the empirical studies were reinforced to some extent by survey data, 

which may suggest that some general trends are beginning to emerge from the current 

thesis. However, the current findings should still be viewed as preliminary and until 

further data has been collected that can strengthen or contrast these findings, firm 

conclusions would be considered premature.  

The various treatments in the current studies were imposed for a short period of time, 

hence any observed effects are reflective of short-term welfare implications only. Since 

any prolonged manipulations to encounter frequencies would have interfered too much 

with the regular program, it was necessary to ensure replicates of the various treatments 

were of short duration. Any effects resulting from a temporary withdrawal or 

intensification of regime should therefore be viewed cautiously, since potential long-term 

negative effects may have gone unnoticed in the present studies. As mentioned in previous 

chapters, permanent changes to the frequency of encounters, particularly a more intense 

management regime that involved a consistently higher level of visitor interaction, would 

require close monitoring of individual animals.   
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Although the current studies adopted a controlled experimental approach with a study 

design that was considered robust to internal fluctuations, the zoo environment is 

nevertheless a highly dynamic research environment with a multitude of variables that 

cannot be effectively controlled. In the current studies, this involved variation in the 

overall number of visitors at the zoo, seasonal and weather-induced changes, fluctuations 

in housing and husbandry (i.e. staff shortages, repair works within the exhibit) and 

animal-related factors (i.e. oestrus state). These variables most likely introduced some 

minor error in the final datasets, but due to the robusticity of the experimental design, are 

unlikely to have had any confounding effects.  

The research conducted in the current thesis was concerned entirely with accredited 

institutions within developed countries. Hence, the results are likely to be reflective of 

institutions that have an overall high standard of welfare and is likely to place a high value 

in welfare-oriented research (Kagan et al. 2018). The data obtained may therefore be 

representative mainly of encounter programs in accredited institutions, within the 

countries in which the current research was undertaken.  

  

7.4    Suggestions for future research  

Despite certain limitations of the current work, the research approach adopted in the 

thesis appeared effective at recognising short-term welfare impacts in relation to 

encounter programs. Thus, the current experimental design could potentially be 

applicable across several species and institutions, thereby serve as a valuable assessment 

tool for short-term welfare in relation to similar programs. Although modifications to 

ethograms, behavioural observations etc. would be necessary depending on species and 

type of encounter studied, the basic design involving repeated treatments that also 

account for individual and sessional effects, appears to be a suitable experimental 

approach to address the current research question. A similar methodology could also be 

used to manipulate other aspects of encounters, such as number of participating visitors, 

visitor-animal proximity or the type of interaction that takes place, since these aspects 

have, along with encounter frequency, been identified as potentially important influences 

on program animal welfare (Table 3.7). Replicating the current studies to include a larger 

number of animals across multiple institutions would also increase the external validity of 

results and allow generalisations beyond the individual animals in the current studies.  

 

To gain a deeper understanding of the effect of visitors on participating animals, future 

studies that more clearly separate the influence of visitors themselves from that of the 
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rewards they carry, would be encouraged at this stage. Replicating the current work in the 

vicinity of familiar keepers would be one way of disentangling the various effects, since 

rewarding elements of the encounters would remain constant, while visitor interaction 

would be the only aspect that varied. Preference testing would be another useful method 

(Bloomfield et al. 2015; Broom 2014), since it would introduce another level of choice for 

participating animals. For example, the giraffes could be given a choice of acquiring food 

rewards by approaching visitors, a familiar keeper or an automated device within the 

exhibit. Depending on the animals’ preferences, which would be monitored after the 

animals were given ample time to adjust to the various options, one could begin to make 

inferences about the underlying motivation behind the animals’ participation, and 

whether animals appear to find visitor presence stimulating, or if they’d rather avoid 

visitors if presented with the choice to acquire rewards in a different way. Implementing 

this level of choice may, however, be considered undesirable from a management point of 

view, should the animals prefer not to interact with visitors, or interact only sporadically, 

since this could potentially compromise the visitor experience. As mentioned earlier 

(section 7.2), the individual institution’s purpose behind the encounter program would 

probably determine the feasibility of such strategies.   

 

The current thesis clearly indicated that different taxa, as well as individual animals, 

appear to respond differently to close human interaction. Although the reasons behind the 

frequent involvement of certain species in encounter programs was discussed briefly in 

Chapter 3, the current research did not aim to identify species-specific or individual traits 

that could render certain animals particularly suitable for these purposes. This would, 

however, be a fruitful topic for future research, since the identification of such traits would 

allow for a predictive framework to be developed, in which suitable candidates could be 

selected as program animals on a pro-active basis. This could potentially lower the 

incidence of welfare concerns in relation to encounters, thus reduce the need for reactive 

management strategies (Melfi 2009).  The idea that certain species are inherently more 

suitable for human interaction depending on their ecological niche and evolutionary 

history, a topic known as ‘behavioural biology’ (Mason 2010), is currently gaining more 

acceptance within animal welfare science (Ward et al. 2018). With more extensive survey 

data, one could adopt a comparative taxonomic approach in which certain species that 

attracted a high number of reported concerns, versus those who attracted mainly positive 

experiences, could be compared in terms of life history traits, a method that has been 

applied previously to contrast the suitability of closely related species in captivity (Mason 

2010). A similar approach for assessing individual suitability, in which individual 
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responses to treatment could be compared against animal personality ratings (see for 

example Carlstead and Brown 2005; Polgar et al. 2017; Wielebnowski 1999), would be 

achievable with a higher number of study animals, but was not attempted in the current 

studies due to the low number of subjects.  

 

The effectiveness of food rewards in encounter programs was demonstrated clearly in the 

current thesis. Due to the complications that can also arise in regard to feeding 

encounters, research focusing on alternative means of ensuring a rewarding experience 

would be encouraged at this stage. Noticeably, some survey respondents mentioned how 

their program animals appeared to find visitor contact stimulating by soliciting physical 

interaction from visitors or by playing with or exploring visitors up close, suggesting that 

the physical or cognitive stimulation that visitors provide may in some cases be rewarding 

in itself. Interestingly, research exploring how visitor interaction can be used as a novel 

form of enrichment is currently being undertaken in zoo-housed tortoises (Mark 

Learmonth, pers. comm., 05.06.2019).  A similar approach can hopefully be extended to 

include other program animals in future. Introducing choice and control, along with a 

suitable reward system, for program animals that have traditionally been interacted with 

on the handler’s rather than the animal’s terms, is yet another research priority at this 

stage. Intriguingly, such novel approaches are already being trialled at a number of 

different zoos, including Zoos Victoria (the study site of the current research), which have 

begun to phase out tactile encounters with reptiles for educational purposes and are 

instead attempting a new encounter regime which emphasises choice and control (Dr. 

Sally Sherwen, Zoos Victoria, pers. comm., 26.06.2019). A similar change to protocol was 

described by a survey respondent, who mentioned that their institution had recently 

implemented a positive reinforcement training program with guinea pigs, with the aim of 

maximising choice, control and rewards for these animal ambassadors. Although these are 

recent developments that are yet to be evaluated, it is indeed promising that a shift 

towards voluntary participation has begun to take place among some of the smaller 

animal ambassadors, since this will hopefully contribute to a more positive welfare 

experience in these animal groups.  

 

Finally, research investigating the ethical implications associated with encounter 

programs would be worthwhile at this stage. Although not the main research objective of 

the current thesis, a high level of concern regarding ethical issues was apparent from 

multiple survey respondents, which warrants the justification of encounter programs from 

an ethical standpoint. Breeding and raising exotic animals for the purpose of becoming 
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suitable program animals has been criticised by multiple authors on welfare-related and 

ethical grounds (Kagan et al. 2018; Kelling et al. 2013; Mellen 1992; Read and Meier 

1996), and a strong negative consensus against these practices was apparent among 

survey respondents. From a philosophical viewpoint, it is also questionable whether a zoo 

animal that is readily accepting of close human contact, hence bears little resemblance 

behaviourally to its wild relatives, can be considered a good ambassador for its species. 

This warrants the question of whether zoos truly benefit from bringing visitors close to a 

tamed version of exotic animals, i.e. does a souvenir photo with a tiger or a koala benefit 

the conservation of these species in the wild, or could this goal be more readily achieved 

by emphasising other, more natural aspects of their behaviour? By adopting a cross-

disciplinary approach that incorporates both welfare-related, ethical and philosophical 

aspects of close visitor-animal interaction, this could hopefully generate the most positive 

outcome of live animal encounter programs overall. Future research directions stemming 

from the outcomes of the current thesis have been summarised in Table 7.1.  

 

7.5        Significance of current thesis  

 

The research presented in the current thesis represent a vital first step in the systematic 

investigation of animal welfare effects associated with live animal encounter programs. To 

our knowledge, the current work is the first of its kind to have investigated a potential 

cause-effect relationship between participation in encounters and short-term behavioural 

and physiological welfare indicators in selected taxa. Given the novelty of the research, 

this information provides a significant contribution to the current knowledge of visitor-

animal interaction in zoo-housed vertebrates, which is very limited to date. These results 

could provide valuable guidance to zoo professionals that are currently engaging in an 

encounter program or planning on implementing such a program in future. Apart from zoo 

professionals, the large number of independent contractors who engage in community 

outreach programs with exotic animals, petting zoos etc., could also benefit from this 

information since their programs represent a similar captive setting in which animals are 

brought into close contact with unfamiliar humans. More specifically, the detailed 

investigations of individual study animals would be highly valuable to the specific 

institutions in which the research was conducted, since this information can be effectively 

used to guide management changes tailored to improve welfare of individual animals. 

Moreover, the outcome of the current thesis could be used to identify avenues of future 

research effort, and to formulate hypotheses for further investigations in this field.  While 

the current thesis has established some valuable findings, novel research questions have 

also arisen that warrant further investigation. We hope that the current work has shed 
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some light on the complexity of this topic, thus provides an incentive to conduct further 

research in this field. Ultimately, gaining more clarity into the effects of close human 

interaction with  zoo-housed animals will hopefully contribute to optimised welfare in 

these taxa over time.  

 

 

7.6       General conclusion  

The current thesis sought to explore animal welfare effects associated with participation 

in live animal encounter programs, using a combined approach of empirical research in 

selected zoo-housed species and survey data. The main conclusion that can be drawn from 

the current work is that close visitor-animal interaction is capable of exerting potentially 

positive or negative welfare implications in participating animals. Taxonomic and 

individual variation, as well as the nature of the encounter the animal participates in, were 

identified as key factors that most likely contribute to the observed effects. Encounters 

that maximise choice and control for participating animals, and where animals associate 

visitors with rewarding elements, appear more likely to contribute to an overall positive 

welfare experience. Research focused at identifying suitable species and individuals for 

encounter programs, and novel means of making visitor interaction stimulating and 

enriching while improving choice and control, should be given a high priority at this stage.  
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Table 7.1 Major findings, practical recommendations, and future research 
directions in relation to the current thesis.  

 
Study  Major research 

findings/conclusions  
Practical 
recommendations for 
program animal 
management 

Future research 
directions   

Survey 
assessment 
(Chapter 3)  

- Live animal encounter 
programs, involving mainly 
mammals, were offered at 
most surveyed institutions.  

- Behavioural indications of 
positive or negative welfare 
were commonly reported by 
respondents. Positive 
welfare experiences 
outweighed number of 
reported concerns in 
mammals and birds, but the 
opposite was true for 
reptiles.  

- Zoo professionals had an 
overall positive attitude 
towards encounter 
programs, but also a 
moderate level of concern 
regarding animal welfare 
effects and ethical 
implications of encounters.  

- Develop careful and 
rigorous protocols for how 
encounters should be 
undertaken, and monitor 
protocol carefully, 
especially during 
implementation phase of 
program.  

- Pay careful attention to 
encounter frequency, 
visitor-animal proximity 
and visitor group size 
during encounters.  

- Keep visitor-animal 
interaction under staff 
control at all times.  

-Training/conditioning 
animals with positive 
reinforcement training 
(PRT) appears beneficial for 
welfare, since it improves 
animal choice and control.    

- More carefully 
investigate the 
suitability of certain 
animal groups and 
individuals for 
encounters, by using a 
comparative approach. 
* 

- Develop novel training 
schedules using PRT to 
improve choice and 
control for small animal 
ambassadors, i.e. 
reptiles and small 
mammals. * 

- Investigate learning 
outcomes and positive 
behavioural change in 
visitors attending 
encounters. * 

- Investigate intentional 
hand rearing and early 
conditioning of program 
animals from a welfare, 
ethical and 
conservation point of 
view. * 

Servals 
(Chapter 4) 

- Participation in interactive 
presentations and BTS 
encounters significantly 
reduced levels of stereotypic 
pacing, which could be 
indicative of a positive 
welfare effect.  

- Behavioural diversity was 
strongly reduced during high 
encounter frequency. 

- Food rewards, cognitive 
stimulation and positive 
keeper-animal interactions in 
relation to encounters may 
have contributed to the 
observed effects.  

- The individual servals in 
this study are encouraged to 
continue their participation 
in the encounter program, 
at the level they normally 
experience. A more intense 
activity schedule ought to 
be monitored carefully.  

- To reduce overall levels of 
stereotypic pacing for the 
individuals in this study, 
novel enrichment strategies 
and increased space 
allowance ought to be 
considered.  

- Replicate the current 
study to involve a larger 
number of study 
animals at multiple 
institutions, to improve 
external validity.  

- Replicate the current 
methodology with other 
felids that are 
commonly involved as 
program animals, i.e. 
cheetahs, snow 
leopards, lions and 
tigers. * 

- Investigate the 
significance of a 
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positive keeper-animal 
relationship in 
mediating animal 
response to visitors. * 

 

Study  Major research 
findings/conclusions  

Practical 
recommendations for 
program animal 
management 

Future research 
directions   

Giraffes 
(Chapter 5)  

- Participation in feeding 
encounters significantly 
increased amicable social 
interactions between the two 
senior giraffes. In the 
absence of encounters, non-
friendly interactions 
significantly increased. This 
may be indicative of a 
positive welfare effect since 
encounters appear to have 
elicited more amicable social 
behaviour.  

- Participation in encounters, 
and acceptance of food from 
visitors, differed significantly 
between individuals, with the 
young female giraffe typically 
absent from participation.  

- Food rewards provided 
during encounters may have 
contributed to the observed 
effects.  

- The individual giraffes in 
this study are encouraged to 
continue their participation 
in the encounter program, 
at the level they normally 
experience.  

- Encounter programs with 
group-housed animals 
should, if practicable, take 
into consideration social 
dominance relationships 
within animal groups, to 
prevent subordinate 
individuals from missing 
out of opportunities to 
interact and acquire 
rewards.  

- Replicate the current 
study to involve a larger 
number of study 
animals at multiple 
institutions, to improve 
external validity.  

- Replicate the current 
methodology with other 
ungulates that are 
commonly involved as 
program animals, i.e. 
elephants, rhinoceroses, 
tapirs. * 

- Conduct preference 
testing in relation to 
encounters, to 
determine whether 
animals are primarily 
attracted to food 
rewards, visitor 
interaction, or 
interaction with 
familiar keepers. *  

Shinglebacks 
(Chapter 6)  

- Interactive handling 
sessions significantly 
increased the use of 
sheltered locations within 
the enclosure, i.e. lizards 
were more prone to hiding 
on weeks when participating 
in handling sessions, which 
could be indicative of a 
negative welfare effect.  

- On weeks when handling 
was more frequent, lizards 
were more likely to adopt a 
coiled body posture while 
handled.  

- Further investigations 
would be recommended if 
the individual lizards in this 
study were to continue their 
participation in the 
encounter program.  

- Encounter programs with 
small animal ambassadors 
(i.e. reptiles, small 
mammals) should ideally 
provide the animals with 
some level of choice and 
control over their 
participation.  

- Replicate the current 
study to involve a larger 
number of study 
animals at multiple 
institutions, to improve 
external validity.  

- Replicate the current 
methodology with other 
reptiles that are 
commonly involved as 
program animals, i.e. 
non-venomous snakes, 
tortoises, bearded 
dragons*. 

- Conduct studies aimed 
at validating 
behavioural and 
physiological welfare 
indices in reptiles, to 
gain a better 
understanding of how 
positive/poor welfare is 
manifested in this 
animal group. * 

Table 7.1 continued  
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Study  

 

 

 

 

Major research 
findings/conclusions  

 

 

 

 

Practical 
recommendations for 
program animal 
management 

 

 

 

Future research 
directions   

Integrated 
analysis 
(Chapter 3-6)  

- Encounter programs may 
exert both positive and 
negative welfare implications 
on participating animals.  

- Taxonomic and individual 
variation, as well as the 
nature of the encounter the 
animal participates in, were 
identified as key factors that 
may have contributed to the 
observed effects.  

- Encounters that maximise 
choice and control, and 
where the animal is 
rewarded for participation, 
are likely to contribute to an 
overall more positive welfare 
experience.    

Please see previous 
chapters 

- Replicate the current 
methodology to involve 
different species and 
manipulations of other 
aspects of encounters, 
i.e. visitor-animal 
proximity, visitor group 
size.  

- Conduct studies that 
more carefully 
disentangle the effects 
of visitors from that of 
other potentially 
rewarding elements in 
relation to encounters.  

- Utilise the concept of 
behavioural biology to 
identify suitable species 
for encounter 
programs. * 

- Identify specific 
animal personality 
traits that could render 
individuals particularly 
suitable for encounter 
programs. * 

- Identify novel 
strategies for making 
visitor interaction 
stimulating and 
enriching for program 
animals, i.e. alternatives 
to food rewards. * 

- Introduce elements of 
choice and control in 
encounter programs, 
focusing particularly on 
small animal 
ambassadors. * 

- Evaluating the overall 
impacts of encounter 
programs with cross-
disciplinary research 
involving animal ethics, 
philosophy, 
conservation biology. * 
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* asterisk denotes research that is considered to be of particularly high priority at this time.   
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The suitability of zoo-housed animals for interactive encounters – 

what makes a good program animal?     

Principal researcher: Dr. Ian Bland1   

Student researcher: Mrs. Lydia Acaralp-Rehnberg1 (PhD)    

Co-researchers: Prof Grahame Coleman1, Dr. Michael Magrath2, Dr. Vicky Melfi3      

1) Animal Welfare Science Centre, Faculty of Veterinary and Agricultural Sciences, The 

University of Melbourne, Parkville, VIC, 3010, +61 (3) 8344 8933, ibland@unimelb.edu.au, 

lrehnberg@student.unimelb.edu.au, Grahame.Coleman@unimelb.edu.au   2) Zoos Victoria, 

Department of Wildlife and Conservation, Parkville, VIC 3010, +61 (3) 9340 2752, 

mmagrath@zoo.org.au   3) Taronga Conservation Society, Mosman, NSW 2088, +61 (2) 

9978 4615, victoria.melfi@sydney.edu.au    

 

Research aim: Over the last few decades, zoos and aquaria around the world have 

undergone profound changes. Apart from traditional exhibit viewing of animals, many 

institutions now incorporate opportunities for close visitor-animal interaction, e.g. 

behind-the-scenes encounters and the use of live animals in educational workshops. Some 

evidence suggests that these experiences may be beneficial from the visitors’ point of view 

by improving the visitors’ learning experience and fostering a positive attitude towards 

wildlife and conservation. The effect of close visitor-animal interaction on the welfare of 

participating animals has not, however, been studied in any detail yet. The aim of the 

present study was to identify general trends in relation to encounter programs in various 

geographic regions, and to identify common welfare concerns in relation to encounters. 

The results of this study could be of great benefit to many zoo professionals worldwide, 

since a comprehensive review of encounter programs in zoos and aquaria has, to our 

knowledge, not yet been published anywhere else. The results could provide important 

guidelines for zoo professionals that are currently engaging in an encounter program with 

live animals or planning on implementing such a program in future.       

Research approach: The research questions will be investigated with an international 

survey of accredited zoos and aquariums. Approximately five hundred institutions, 

including your institution, have been invited to participate in this survey. In this survey, 

you will be asked to provide information about your current live animal encounter 

program, and if any potential welfare concerns have been identified in relation to live 

animal encounters at your institution. The survey involves a time commitment of 

approximately 10-15 minutes but could possibly be of shorter duration if you do not 

currently offer a live animal encounter program at your institution. In some cases, you 

may need to seek additional information to complete certain questions, and in this case 

the time commitment may be slightly longer than 10-15 minutes. Involvement in this 

project is voluntary. You may withdraw your consent at any point in time. We understand 

that certain questions in this survey may be considered sensitive to discuss. Hence, you 

may choose not to provide an answer to questions you believe is a cause for concern. You 

will be completely anonymous in all written reports and publications that may arise from 

this study. If you choose to provide your contact details, only members of the research 
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team will be able to trace your answers back to you as an individual, since your answers 

will be de-identified in all future publications to protect your confidentiality. The findings 

of this study will form part of a PhD thesis, and may also be submitted for publication in a 

peer-reviewed journal. Survey responses will be stored in a password-protected database 

which only members of the research team will be able to access. Survey data will be used 

for the purpose of this research project only. Data will be retained for five years after 

publication of this project after which all records will be destroyed.  This research project 

has been approved by the Human Research Ethics Committee of The University of 

Melbourne. If you have any concerns or complaints about the conduct of this research 

project, which you do not wish to discuss with the research team, you should contact the 

Manager, Human Research Ethics, Office for Research Ethics and Integrity, University of 

Melbourne, VIC 3010. Tel: +61 3 8344 2073 or Fax: +61 3 9347 6739 or Email: 

HumanEthics-complaints@unimelb.edu.au. All complaints will be treated confidentially. In 

any correspondence please provide the name of the research team or the name or ethics 

ID number of the research project. This research project is funded by the Australian 

Research Council (ARC), Zoos Victoria and Taronga Conservation Society.  

 

    1.             I consent to participate in this project, the details of which have been explained 

to me, and I have been provided with a written plain language statement to keep (see 

above).     

 2.             I understand that after I sign and return this consent form it will be retained by 

the researcher.     

 3.             I understand that my participation will involve completing a survey and I agree 

that the researcher may use the results as described in the plain language statement.       

4.             I acknowledge that:     

 (a) the possible effects of participating in the survey have been explained to my 

satisfaction;     

 (b) I have been informed that I am free to withdraw from the project at any time without 

explanation or prejudice and to withdraw any unprocessed data I have provided;      

(c) the project is for the purpose of research;      

(d) I have been informed that the confidentiality of the information I provide will be 

safeguarded subject to any legal requirements;      

(e) I will remain anonymous in all written reports and publications to protect my 

confidentiality.       

o I have read and understood the terms and conditions outlined above and I consent 

to participate in this survey  

 

Signature:         Date:  
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Please provide us with some general information about your institution.  

 

Type of institution:             Zoo                Aquarium        Combined zoo and    

                                                                                                                     aquarium  

 

Geographic region:   Australia/NZ        South/Central America       Asia                               

 

                                           North America     Europe                                     Africa      

 

Your position at the institution:  

 

 

How long have you held this position (years)?  
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For the purpose of this survey, not all interactive experiences offered at zoos and 

aquariums that may be classified as ‘interactive encounters’ will be included. Before you 

answer the question below, please see definitions of which interactive experiences that 

are included in this survey. 
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A preliminary review of your institution’s website identified a number of species 

that participate in a live animal encounter program. In the table below, please 

confirm if these species are currently involved in encounters at your institution. If 

you have additional species that are currently participating in encounters but are 

not advertised on your website, please add these species in the table below.  

(Please refer to the definitions of ‘encounters’ above. If adding additional species, 

please provide the full common name or scientific name.) 

(Example: Melbourne Zoo) 

   

Species identified 

from your website 

Is this species 

currently included in 

a live animal 

encounter program?   

Comments  

Ring-tailed lemur Yes         No   

Giraffe Yes         No   

Giant tortoise Yes         No   

Kangaroo (species 

not specified, please 

provide details at 

species level in 

‘comment’ field if 

possible)  

Yes         No   

Slender-tailed 

meerkat 

Yes         No   

Squirrel monkey Yes         No   

Australian fur seal Yes         No   

Asian elephant Yes         No   

Tiger Yes         No   

Western lowland 

gorilla 

Yes         No   

Orangutan Yes         No   

   

Additional species 

that are involved in a 

live animal encounter 

program  
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Please list any species at your institution where you have experienced animal 
welfare concerns in relation to a live animal encounter program, including both 
encounters that are currently offered or have been offered in the past.  
  
You may also provide a brief explanation of the nature of your concern, and any 
management strategies that were implemented to address your concern (if 
applicable).   
 
If you need to seek additional information in order to complete this question 
(i.e. looking through animal records, asking staff members etc.), you may save 
and continue the survey at a later date.  

  
Welfare concerns including (but not limited to) for example change in animal physical 
health, altered behaviour patterns, animal(s) showing signs of distress or discomfort, 
altered social interactions within animal group, changes to reproductive output, etc. The 
concern may have been an isolated incident or something that happened regularly, it 
may or may not have resulted in the termination of a particular encounter or a change in 
the management regime.  

 

Welfare concern(s) have been identified in 

the following species that participate(d) in 

encounters:   

Comments  

  

  

  

  

  

  

  

 

If needed, please provide any additional comments to any of the previous questions 

in the survey here. 

 

Would you agree for us to contact you after we received your completed survey, if 

further clarification is needed in regard to any of your responses provided? 

 

Yes         No  

 

Would you like a copy of the research findings at the completion of this project?  

 

Yes         No  
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Your contact details  
  

Please note: If you choose to provide your contact details, these will only be available to 
members of the research team. You will remain completely anonymous in all future 
publications that may follow from this survey. The name of your institution will not be 
mentioned anywhere in relation to the results. 

 

This marks the end of the survey. Thank you for your participation!  

  

Your name:  

Name of institution:  

E-mail:  
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Appendix II 

Follow-up survey 
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The suitability of zoo-housed animals for interactive encounters – what 

makes a good program animal?     

Principal researcher: Dr. Ian Bland1   

Student researcher: Mrs. Lydia Acaralp-Rehnberg1 (PhD)    

Co-researchers: Prof Grahame Coleman1, Dr. Michael Magrath2, Dr. Vicky Melfi3      

1) Animal Welfare Science Centre, Faculty of Veterinary and Agricultural Sciences, The 

University of Melbourne, Parkville, VIC, 3010, +61 (3) 8344 8933, ibland@unimelb.edu.au, 

lrehnberg@student.unimelb.edu.au, Grahame.Coleman@unimelb.edu.au   2) Zoos Victoria, 

Department of Wildlife and Conservation, Parkville, VIC 3010, +61 (3) 9340 2752, 

mmagrath@zoo.org.au   3) Taronga Conservation Society, Mosman, NSW 2088, +61 (2) 

9978 4615, victoria.melfi@sydney.edu.au    

 

Research aim: Over the last few decades, zoos and aquaria around the world have 

undergone profound changes. Apart from traditional exhibit viewing of animals, many 

institutions now incorporate opportunities for close visitor-animal interaction, e.g. 

behind-the-scenes encounters and the use of live animals in educational workshops. Some 

evidence suggests that these experiences may be beneficial from the visitors’ point of view 

by improving the visitors’ learning experience and fostering a positive attitude towards 

wildlife and conservation. The effect of close visitor-animal interaction on the welfare of 

participating animals has not, however, been studied in any detail yet. The aim of the 

current study was to identify common welfare concerns, as well as positive welfare 

experiences, in relation to live animal encounter programs, and to identify some 

prominent attitudes and beliefs of zoo professionals engaging in encounter programs. The 

results of this study could be of great benefit to many zoo professionals worldwide, since a 

comprehensive review of encounter programs in zoos and aquaria has, to our knowledge, 

not yet been published anywhere else. The results could provide important guidelines for 

zoo professionals that are currently engaging in an encounter program with live animals 

or planning on implementing such a program in future.       

Research approach: The research questions will be investigated by conducting surveys 

with trained zoo professionals that have experience in live animal encounter programs. In 

this survey, you will be asked to provide information about your personal experiences 

with live animal encounter programs, and your personal attitudes and beliefs in relation to 

live animal encounters. The survey involves a time commitment of approximately 20-30 

minutes but could possibly be of slightly shorter or longer duration depending on the 

amount of information you wish to provide.   Involvement in this project is voluntary. You 

may withdraw your consent at any point in time. We understand that certain questions in 

this survey may be considered sensitive to discuss. Hence, you may choose not to provide 

an answer to questions you believe is a cause for concern. You will be completely 

anonymous in all written reports and publications that may arise from this study. If you 

choose to provide your contact details, only members of the research team will be able to 

trace your answers back to you as an individual, since your answers will be de-identified 

in all future publications to protect your confidentiality. The findings of this study will 
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form part of a PhD thesis, and may also be submitted for publication in a peer-reviewed 

journal. Survey responses will be stored in a password-protected database which only 

members of the research team will be able to access. Survey data will be used for the 

purpose of this research project only. Data will be retained for five years after publication 

of this project after which all records will be destroyed.  This research project has been 

approved by the Human Research Ethics Committee of The University of Melbourne. If you 

have any concerns or complaints about the conduct of this research project, which you do 

not wish to discuss with the research team, you should contact the Manager, Human 

Research Ethics, Office for Research Ethics and Integrity, University of Melbourne, VIC 

3010. Tel: +61 3 8344 2073 or Fax: +61 3 9347 6739 or Email: HumanEthics-

complaints@unimelb.edu.au. All complaints will be treated confidentially. In any 

correspondence please provide the name of the research team or the name or ethics ID 

number of the research project. This research project is funded by the Australian Research 

Council (ARC), Zoos Victoria and Taronga Conservation Society.  

 

    1.             I consent to participate in this project, the details of which have been explained 

to me, and I have been provided with a written plain language statement to keep (see 

above).     

 2.             I understand that after I sign and return this consent form it will be retained by 

the researcher.     

 3.             I understand that my participation will involve completing a survey and I agree 

that the researcher may use the results as described in the plain language statement.       

4.             I acknowledge that:     

 (a) the possible effects of participating in the survey have been explained to my 

satisfaction;     

 (b) I have been informed that I am free to withdraw from the project at any time without 

explanation or prejudice and to withdraw any unprocessed data I have provided;      

(c) the project is for the purpose of research;      

(d) I have been informed that the confidentiality of the information I provide will be 

safeguarded subject to any legal requirements;      

(e) I will remain anonymous in all written reports and publications to protect my 

confidentiality.       

o I have read and understood the terms and conditions outlined above and I consent 

to participate in this survey  

 

Signature:         Date:  
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Please provide us with some general information about yourself.  

 

I am:   

o Male   

o Female   

 

 

 

My age:   

o 18-25   

o 26-35   

o 36-45    

o 46-55    

o 55+    

 

 

 

 

I currently work at:  

o A zoo   

o An aquarium    

o A combined zoo and aquarium    
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My current position is:  

________________________________________________________________ 
 

 

 

How long have you held this position (years)?  

________________________________________________________________ 
 

 

 

How long have you worked in a zoo/aquarium environment overall (including previous 

positions, if applicable)?  

________________________________________________________________ 
 

 

 

How long have you been involved in live animal encounter programs (including previous 

positions, if applicable)?  

________________________________________________________________ 
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Please respond to the following statements about live animal encounter programs.  

 

Live animal encounter programs:  

 

 

 

Strongly 

agree 

Agree Neither 

agree nor 

disagree 

Disagree Strongly 

disagree 

Don’t 

know 

Are an effective 

means of educating 

visitors about the 

biology, management 

and conservation of 

zoo animals                

      

Help create an 

emotional connection 

between visitors and 

zoo animals 

      

Provide visitors with 

an incentive to 

contribute financially 

to wildlife 

conservation efforts 

(i.e. by adopting a zoo 

animal/making a 

donation to the zoo) 

      

Provide visitors with 

an incentive to 

introduce positive 

lifestyle changes that 

will benefit wildlife, 

(i.e. by choosing 

sustainable products, 

reduce littering and 

pollution, promote 

recycling etc.) 

      

Help fostering a 

positive attitude 

towards zoo/aquaria 

in general 

      

Are an effective 

means of obtaining 

financial revenue for 

wildlife conservation 

      

Are an effective 

means of obtaining 

financial revenue for 

the maintenance of 

the zoo/aquarium 

      

Enhance the overall 

visitor experience 
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Enhance the 

zoo’s/aquarium’s 

general reputation   

      

 

If you would like to comment on any of your responses provided, please feel free to do so 

here.  

 

 

Please respond to the following statements about live animal encounter programs.  

 

How concerned are you about the following?  

 

 Very 

concerned 

Concerned Somewhat 

concerned 

Not at all 

concerned 

Don’t 

know 

Potential welfare 

impacts of animals 

participating in 

encounter programs    

     

Safety of visitors 

and/or staff attending 

live animal encounters 

     

Live animal encounter 

programs may give a 

skewed image of 

wildlife; i.e. encourage 

the belief that animals 

in the wild will be 

generally accepting of 

close human contact  

     

Live animal encounter 

programs encourage 

the belief that wildlife 

is there for human 

entertainment  

     

Ethical issues in 

relation to live animal 

encounter programs; 

i.e. intentionally hand 

rearing certain animals 

in order to making 

them better suitable for 

close human contact in 

future  

     

 

If you would like to comment on any of your responses provided, please feel free to do so 

here.  
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During your involvement in live animal encounter programs, have you experienced any 

situations where you believe that the animals were experiencing particularly positive 

welfare either during encounters or in relation to encounters?  

 

o Yes   

        No   

 

(The question below was only displayed to respondents that answered ‘yes’ to the previous 
question.) 

 
Please provide some more details in the following table about which animal(s) you 

experienced this with, and how you could tell from the animal(s) that it was a positive 

welfare experience.  

Species 

 

Please provide full common 

name or scientific name.  

How could you tell from the animal(s) that it was 

a positive welfare experience, i.e. particular 

behaviours you observed, observed changes in 

animal physical health, etc. 
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During your involvement in live animal encounter programs, have you experienced any 

situations where you believe the animal(s) may have experienced negative welfare; during 

encounters, in relation to encounters, or while training animals for encounters?    

    

o Yes    

         No   
 

(The question below was only displayed to respondents that answered ‘yes’ to the previous 
question.) 

 
Please provide some more details in the following table about which animal(s) you 

experienced this with, how you could tell from the animal(s) that it was a negative welfare 

experience, and how you managed this concern (if applicable).   

Species  

 

Please provide full 

common name or 

scientific name.  

How could you tell 

from the animal(s) that 

it was a negative 

welfare experience, i.e. 

particular behaviours 

you observed, observed 

changes in animal 

physical health, etc. 

If applicable, how did you 

manage this concern, i.e. by 

termination of encounter, 

by changing the protocol 

around the encounter, etc. 
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If needed, please provide any additional comments to any of the questions in the previous 

sections of the survey here. 

 

 

 

 

 

Would you agree for us to contact you after we received your completed survey, if further 

clarification is needed in regards to any of your responses provided? 

o Yes   

o No    

 

 

 

Would you like a copy of the research findings at the completion of this project? 

o Yes   

o No    

Your contact details   

    

Please note: If you choose to provide your contact details, these will only be available to 

members of the research team. You will remain completely anonymous in all future 

publications that may follow from this survey. Your name, or the name of your current 

institution, will not be mentioned anywhere in relation to the results. 

Your name   

 

Name of current institution   
 

E-mail address   

 

This marks the end of the survey. Thank you for your participation!  
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Appendix III. Review of species involved in live animal encounter programs.  

 

Table 1. Fish involved in live animal encounter programs  

Table depicts number of encounters (Level 1* vs Level 2**) with species (or group of closely related species) of fish, and in which region(s) these encounters are 

offered.  

 Encounter 

 

Region 

 

 Level 1 Level 

2 

Aus/

NZ 

S. 

Africa 

N. America UK Europe 

Species (or group of closely related species)        

        

Sharks         

Blacktip reef shark, Carcharhinus melanopterus 1 5   3 3  

Broadnose sevengill shark, Notorynchus cepedianus  3 2  1   

Epaulette shark, Hemiscyllium ocellatum  4   3 1  

Catshark, unspecified (Scyliorhinidae)  3   1 1 1 

Hammerhead shark, Sphyrna sp.   6   4 1 1 

Grey nurse shark, Carcharias taurus  14 2 2 5 4 1 

Leopard shark, Triakis semifasciata  7 4  3   

Nurse shark, Ginglymostoma cirratum 1 12   8 3 2 

Sandbar shark, Carcharhinus plumbeus  9 1  6 2  

School shark, Galeorhinus galeus  2 2     

Shark, unspecified   1 12 1 1 7 1 3 

Smooth-hound, Mustelus sp.   3 1  1  1 

Swell shark, Cephaloscyllium ventriosum   2 1  1   

Tawny nurse shark, Nebrius ferrugineus  2 2     
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Species (or group of closely related species) 

Level 1 Level 

2 

Aus/

NZ 

S. 

Africa 

N. America UK Europe 

Whaler shark, various, Carcharhinus sp.   7 3  3  1 

Whitespotted bamboo shark, Chiloscyllium 

plagiosum 

 6   6   

Whitetip reef shark, Triaenodon obesus  6 3  2 1  

Wobbegong shark, unspecified (Orectolobidae)   2 1  1   

Zebra shark, Stegostoma fasciatum  3   3   

        

Rays         

Atlantic stingray, Hypanus sabina  11   11   

Bluespotted ribbontail ray, Taeniura lymma  2   1 1  

Cownose ray, Rhinoptera bonasus  22   21 1  

Raja skates, Raja sp.   3     3 

Round stingrays, Urobatis sp.   3   3   

Sawfish, unspecified (Pristidae)   2 1    1 

Southern stingray, Hypanus americanus  17   16 1  

Spotted eagle ray, Aetobatus narinari  6  2 4   

Stingray (unspecified)  1 31 6 1 20 2 1 

        

Fish, other         

Carp fish, unspecified (Cyprinidae)  3   1  2 

Halibut, Hippoglossus sp.   2   1  1 

Koi fish, Cyprinus rubrofuscus  4   3  1 

Napoleon wrasse, Cheilinus undulatus  2 1  1   

New Zealand long fin eel, Anguilla dieffenbachii  2 2     

Snapper, unspecified (Lutjanidae)  2 1  1   

Trout, unspecified (Salmoninae)  2 1  1   

Turbot, Scophthalmus maximus  2     2 
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Table 2. Reptiles involved in live animal encounter programs  

Table depicts number of encounters (Level 1* vs Level 2**) with species (or group of closely related species) of reptiles, and in which region(s) these encounters 

are offered.  

 Encounter Region 

  

Level 1* 

 

Level 2** 

 

Education 

 

Unspec. 

 

Aus/NZ 

 

S. Africa 

N. 

America 

 

UK 

 

Europe 

Species (or group of closely related species)          

          

Snakes           

Black-headed python, Aspidites melanocephalus  1 3 1 5     

Boas, unspecified (Boidae)   3 4 3 1 1 6  2 

Bull snake, gopher snake Pituophis sp.   2 3 1   6   

Carpet python, Morelia spilota   4 7 2 13     

Common boa, Boa constrictor   5 4 1 2 1 5 1 1 

Corn snakes, rat snakes, fox snakes Pantherophis sp.   4 20 6 2 1 22 3 2 

Dumeril’s ground boa, Acrantophis dumerili  1 2   1 1  1 

Hog-nosed snakes, Heterodon sp.    3 1   3 1  

Garter snakes, Thamnophis sp.    2 1   3   

Kenyan sand boa, Gonglyophis colubrinus   3 1   4   

Milk snakes, Lampropeltis sp.  4 12 1 1  9 3 4 

Pythons, unspecified (Pythonidae)   16 2 3 15 1 1  6 

Rainbow boa, Epicrates sp.   2     2   

Rosy boa, Charina trivirgata  1 2    3   

Royal python, Python regius 1 7 17 5 1  18 5 6 

Snakes, unspecified  2  2 4  1 4 1 2 

Woma python, Aspidites ramsayi  5 3  6  2   
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Level 1* 

 

Level 2** 

 

Education 

 

Unspec. 

 

Aus/NZ 

 

S. Africa 

N. 

America 

 

UK 

 

Europe 

Lizards          

African fat-tailed gecko, Hemitheconyx caudicinctus  1 2    1 2  

Bearded dragons, Pogona sp. 2 10 17 5 5 2 14 6 7 

Blue-tongued skinks, Tiliqua sp.   6 21 6 17  14 2  

Chuckwalla lizards, Sauromalus sp.  1  3    4   

Crested gecko, Correlophus ciliatus  1 3    2 2  

Green iguana, Iguana iguana  1 2  1  1 1  

Komodo dragon, Varanus komodoensis 4 1   1  1 1 2 

Leopard geckos, Eublepharis sp.   4 7 1   7 4 1 

Lizards, unspecified  1  4 2 1  6   

Monitor lizards, Varanus sp.  1 1 1 1  1 2 1  

Prehensile-tailed skink, Corucia zebrata   2 1   3   

Tegus, unspecified (Teiidae)   1 1   1 1   

          

Testudines           

Aldabra giant tortoise, Aldabrachelys gigantea 2 11 1 2   6 4 6 

Box turtles, Terrapene sp.    7 2   9   

Desert tortoises, Gopherus sp.   3 2    5   

Elongated tortoise, Indotestudo elongata  1 2  2  1   

Galapagos tortoises, Chelonoidis sp.  3 15 1  5  7 4 3 

Leopard tortoise, Stigmochelys pardalis  2  2 2  1  1 

Painted turtle, Chrysemys picta   2    2   

Pancake tortoise, Malacochersus tornieri   2    2   

Radiated tortoise, Astrochelys radiata  1 1  1  1   

Red-eared slider, Trachemys scripta   2    2   

Red-footed tortoise, Chelonoidis carbonarius  1 4 1   4 2  

Russian tortoise, Agrionemys horsfieldii  2 3 1   3 2 1 

Sea turtles, unspecified  3 13   1  12 3  
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Snapping turtles, unspecified (Chelydridae)  1 1 1    3   

Star tortoises, Geochelone sp.   1 1  1  1   

Sulcata tortoise, Centrochelys sulcata 2 2     2 2 3 

Tortoises, unspecified  1 1 3  2  2  1 

Turtles, unspecified  3 3 11  4  13   

Wood turtle, Glyptemys insculpta  1 1 2   3 1  

 

 

 

         

  

Level 1* 

 

Level 2** 

 

Education 

 

Unspec. 

 

Aus/NZ 

 

S. Africa 

N. 

America 

 

UK 

 

Europe 

Crocodilians          

American alligator, Alligator mississippiensis 5  7 1 7  6   

Crocodile, unspecified  1 1    1 1   

Freshwater crocodile, Crocodylus johnstoni  4   4     

Saltwater crocodile, Crocodylus porosus  15 2  17     

          

Other reptiles           

Tuatara, Sphenodon punctatus 1 1 1  3     

 

* Level 1 encounters refer to behind-the-scenes experiences or close-up encounters.  

** Level 2 encounters refer to feeding, tactile, or immersive encounters.  
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Table 3. Birds involved in live animal encounter programs  

Table depicts number of encounters (Level 1* vs Level 2**) with species (or group of closely related species) of birds, and in which region(s) these encounters are 

offered. 

 Encounter Region 

  

Level 1* 

 

Level 2** 

 

Education 

 

Unspec. 

 

Aus/NZ 

 

S. Africa 

N. 

America 

 

UK 

 

Europe 

Species (or group of closely related species)          

          

Owls           

Barn owl, Tyto alba  18  10 1 4  8 15 2 

Barred owl, Strix varia 2  6    8   

Boobook owl, Ninox sp. 4 1   3   2  

Eagle owls, various, Bubo sp.  10 2 2   1 3 7 3 

Great horned owl, Bubo virginianus 4  5    7 1 1 

Owl, unspecified  2 1 2    4 1  

Owlets, Athene sp.  4  2    2 4  

Screech owl, Megascops sp.  1  8    9   

Snowy owl, Bubo scandiacus 4 1 2    5 2  

Spectacled owl, Pulsatrix perspicillata   2    2   

Tawny owl, Strix aluco 3  2    2 2 1 

Wood-owls, various, Strix sp.  5 2  1   1 7  

          

Birds of prey, other          

Black vulture, Coragyps atratus  1 1    1 1  

Buzzards, Buteo sp.  3 3 1    3 2 2 

Eagles, other, Aquila sp.  3  1  2  2   

Falcons/kestrels, Falco sp.  8  8    13 1 2 

Harris’s hawk, Parabuteo unicinctus 13  2    4 10 1 
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Hooded vulture, Necrosyrtes monachus  1 1    1 1  

Red-tailed hawk, Buteo jamaicensis 3  4    6 1  

Sea eagle, Haliaeetus sp.  4 3 2    3 5 1 

Turkey vulture, Cathartes aura  2     1 1  

Vultures, other, Gyps sp.  2 2     1 2 1 

          

Ratites           

Emu, Dromaius novaehollandiae 1 7   6    2 

Ostrich, unspecified  1 1    1 1   

Southern cassowary, Casuarius casuarius  5   4  1   

          

Waterfowl           

Great white pelican, Pelecanus onocrotalus 1 4      2 3 

Hawaiian goose, Branta sandvicensis  5      5  

Pelicans, other, Pelecanus sp.   7 1  2  4  2 

Storks, Ciconia sp.   1 1    1  1 

Whooping crane, Grus americana 1  1    2   

          

Penguins           

African (black-footed) penguin, Spheniscus 

demersus 

17 13 1    24 5 2 

Adelie/Chinstrap penguin, Pygoscelis sp.  3      1  2 

Gentoo penguin, Pygoscelis papua 5 4   2  4 1 2 

Humboldt penguin, Spheniscus humboldti 8 32  1   7 23 11 

King penguin, Aptenodytes patagonicus 4 15   2  6 2 9 

Little penguin, Eudyptula minor  1 5   6     

Macaroni penguin, Eudyptes chrysolophus 1 4     2 2 1 

Magellanic penguin, Spheniscus magellanicus 3 5     5  3 

Penguin, unspecified  5 6     10 1  

Rockhopper penguin, Eudyptes chrysocome 4 7    1 6 3 1 
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Level 1* 

 

Level 2** 

 

Education 

 

Unspec.  

 

Aus/NZ 

 

S. Africa 

N. 

America 

 

UK 

 

Europe 

Parrots          

Amazon parrots, Amazon sp.  1  3    3 1  

Blue-and-gold macaw, Ara ararauna 4 1 3 2 1  4 2 3 

Budgerigar, Melopsittacus undulatus  10     10   

Cockatiel, Nymphicus hollandicus  8  1 1  8   

Galah, Eolophus roseicapilla 1  2  1  1  1 

Hyacinth macaw, Anodorhynchus hyacinthinus 1  1    2   

Kakarikis, Cyanoramphus sp.  2    2     

Kea, Nestor notabilis 1 2   3     

Kiwis, Apteryx sp.  2    2     

Macaws, unspecified (Arini)  3  3  1  3  2 

Palm cockatoo, Probosciger aterrimus 1  1  1  1   

Parakeets, unspecified   9     9   

Lorikeets, Trichoglossus sp.  3 34 2 2 7  23 5 6 

Red-tailed black cockatoo, Calyptorhynchus 

banksii 

1 3   4     

Rosellas, Platycercus sp.   2     2   

Sun conure, Aratinga solstitialis  2 1 1 1  2  1 

White cockatoos, Cacatua sp.  1  5 2 1 1 5  1 

          

Birds, other            

Laughing kookaburra, Dacelo novaeguineae  1 2   1 1 1  

Tawny frogmouth, Podargus strigoides 1 2 5  8     

* Level 1 encounters refer to behind-the-scenes experiences or close-up encounters.  

** Level 2 encounters refer to feeding, tactile, or immersive encounters.  
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Table 4. Mammals involved in live animal encounter programs  

Table depicts number of encounters (Level 1* vs Level 2**) with species (or group of closely related species) of birds, and in which region(s) these encounters are 

offered. 

 Encounter Region 

  

Level 1* 

 

Level 2** 

 

Education 

 

Unspec.  

 

Aus/NZ 

 

S. Africa 

N. 

America 

 

UK 

 

Europe 

Species (or group of closely related species)          

          

Ungulates           

African elephant, Loxodonta africana  11 8  1  2 4 5 9 

Asian elephant, Elephas maximus 13 11   3  4 5 12 

Bison, Bison bison 2 3  2 2  4  1 

Black rhinoceros, Diceros bicornis 8 7  1 2  7 4 3 

Bongo/Greater kudu, Tragelaphus sp.  2 2  1 1  2 1 1 

Camels, Camelus sp.  5 33 1  1  28  10 

Elephants, unspecified  7      7   

Elk, Cervus canadensis 3 2     5   

Fallow deer, Dama dama  6 1  1  3 2 1 

Giraffe, Giraffa camelopardalis ssp.  25 107   13 1 72 23 23 

Greater one-horned rhino, Rhinoceros unicornis 5 4     3 3 3 

Hippopotamus, Hippopotamus amphibius 4 10   1 1 7  5 

Okapi, Okapia johnstoni 4 2     3 2 1 

Red deer, Cervus elaphus  4 1 1   1 2 3 

Red river hog, Potamochoerus porcus 3 2     1 4  

Reindeer, Rangifer tarandus 1 5     4 2  

Rhinoceros, unspecified (Rhinocerotidae)  4 1   1  1  3 

Sika deer, Cervus nippon   2      1 1 

Tapirs, Tapirus sp.  5 13  2 1  2 12 5 
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Warthogs, Phacochoerus sp.  4      2 2  

White rhinoceros, Ceratotherium simum ssp.  13 12   5  8 10 2 

Zebras, Equus sp.  10 4  1 1  4 4 6 

          

  

Level 1* 

 

Level 2** 

 

Education 

 

Unspec.  

 

Aus/NZ 

 

S. Africa 

N. 

America 

 

UK 

 

Europe 

Felids           

Caracal, Caracal caracal   3   1 2    

Cheetah, Axinonyx jubatus  21 14 1  3 5 17 7 4 

Jaguar, Panthera onca 5 2    1 3 1 2 

Leopard, Panthera pardus ssp.  8 3  1  2 1 5 4 

Lion, Panthera leo ssp.  35 30   10 3 17 24 11 

Lynx, Lynx sp.  6 2     6 2  

Puma, Puma concolor  5 1  1   5 1 1 

Scottish wildcat, Felis silvestris silvestris   3      3  

Serval, Leptailurus serval  1 6 6  2 3 8   

Snow leopard, Panthera uncia  3 8  1 1   9 2 

Tiger, Panthera tigris ssp.  39 30   11 2 17 27 12 

          

Canids           

African wild dog, Lycaon pictus 6    1  2 2 1 

Arctic fox/Red fox, Vulpes sp.  1 4 1 1   5 1 1 

Bat-eared fox, Otocyon megalotis 1 2    1  1 1 

Dingo, Canis lupus dingo  5 16 2 1 21  1 2  

Fennec fox, Vulpes zerda  4 5 1   9 1  

Maned wolf, Chrysocyon brachyurus 3    1  1  1 

Spotted hyena, Crocuta crocuta 4   1 3   1 1 

Wolf, Canis lupus ssp.  16 9     10 11 4 

          

       N.   
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Level 1* Level 2** Education Unspec.  Aus/NZ S. Africa America UK Europe 

Pinnipeds          

Australian/NZ/S. American fur seal, 

Arctocephalus sp.  

3 9  1 7 2  1 3 

Australian sea lion, Neophoca cinerea  8   8     

California sea lion, Zalophus californianus 18 22   2  20 13 5 

Grey seal, Halichoerus grypus 1 1      1 1 

Harbor seal, Phoca vitulina 8 9     8 2 7 

Seal, unspecified  2 6  1  1 5  3 

Sea lion, unspecified  1 2       3 

South American sea lion, Otaria flavescens 2 4      1 5 

Walrus, Odobenus rosmarus 3 1     3  1 

          

Cetaceans and other aquatic mammals           

Beluga whale, Delphinapterus leucas 2 8     9  1 

Common bottlenose dolphin, Tursiops truncatus  5 16    2 8  11 

Dolphin, unspecified   6  1  1 6   

Indo-Pacific bottlenose dolphin, Tursiops 

aduncus 

 4   4     

Manatees, Trichechus sp. 1 4     1  4 

Pacific white-sided dolphin, Lagenorhynchus 

obliquidens 

1 1     2   

 

 

 

 

       N.   
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Level 1* Level 2** Education Unspec.  Aus/NZ S. Africa America UK Europe 

Carnivores, other           

Asian small-clawed otter, Aonyx cinereus 2 6   1   6 1 

Binturong, Arctictis binturong 3  1     3 1 

Black bear, Ursus americanus 3 3     6   

Brown bear, Ursus arctos 8 11  1 1  5 5 9 

Eurasian otter, Lutra lutra  2      1 1 

Giant otter, Pteronura brasiliensis 2 1     2 1  

Giant panda, Ailuropoda melanoleuca 2 2   2  2   

Meerkat, Suricata suricatta 23 53  2 13  3 52 10 

North American river otter, Lontra canadensis 4 6     8 1 1 

Polar bear, Ursus maritimus 8 1   1  3 2 3 

Racoon, Procyon lotor  7     1 2 4 

Red panda, Ailurus fulgens 8 9  2 6  6 4 3 

Ring-tailed coati, Nasua nasua 4 10   1   6 7 

Sea otter, Enhydra lutris 1 4  1   5  1 

Spectacled bear, Tremarctos ornatus 3      2 1  

Striped skunk, Mephitis mephitis 1 1 6 1   9   

Sun bear, Helarctos malayanus 3 2   2  2 1  

          

 

 

 

 

 

 

 

 

       N.   
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Level 1* Level 2** Education Unspec.  Aus/NZ S. Africa America UK Europe 

Marsupials and monotremes           

Agile wallaby, Macropus agilis  5   5     

Bettongs, Bettongia sp.   4  1 5     

Bilby, Macrotis lagotis 2  1  3     

Brushtail possums, Trichosurus sp.   2 1 1 4     

Common wombat, Vombatus ursinus 1 5   6     

Eastern grey kangaroo, Macropus giganteus  1 14 1  16     

Gliders, Petaurus sp.   2 1  2  1   

Kangaroo, unspecified   9   9     

Koala, Phascolarctos cinereus 8 24 3 1 35  1   

Pademelons, Thylogale sp.   7   7     

Parma wallaby, Macropus parma  5   3  1 1  

Platypus, Ornithorhynchus anatinus 1 2   3     

Potoroos, Potorous sp.   3   3     

Quokka, Setonix brachyurus  3   3     

Red kangaroo, Macropus rufus  2 17 2  11  4 4 2 

Red-necked wallaby, Macropus rufogriseus  13   3  1 8 1 

Rock wallabies, Petrogale sp.  1 5   6     

Short-beaked echidna, Tachyglossus aculeatus 3 4 4  11     

Southern hairy-nosed wombat, Lasiorhinus 

latifrons 

1 3 1  5     

Swamp wallaby, Wallabia bicolor  8   7    1 

Tammar wallaby, Macropus eugenii  4   3    1 

Tasmanian devil, Sarcophilus harrisii 2 4   6     

Virginia opossum, Didelphis virginiana 1 2 6    9   

Wallaby, unspecified  1 8   5  1 2 1 

Western grey kangaroo, Macropus fuliginosus 1 6   6  1   

Wombat, unspecified   3   3     

       N.   
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Level 1* Level 2** Education Unspec.  Aus/NZ S. Africa America UK Europe 

Primates           

Baboons, Papio sp.  2 1     1 1 1 

Black-and-white ruffed lemur, Varecia variegata 3 13  2 3 1 1 6 7 

Brown lemurs, Eulemur sp.  2 12  2  1 2 8 5 

Chimpanzee, Pan troglodytes  10 2  1 2 1 1 2 7 

Common marmoset, Callithrix jacchus  3 6   5   4  

Cotton-top tamarin/Emperor tamarin, Saguinus 

sp.  

3 4  2 4   4 1 

Gelada, Theropithecus gelada 3       1 2 

Golden-headed lion tamarin, Leontopithecus 

chrysomelas 

1 1  1    2 1 

Goeldi’s monkey, Callimico goeldii 1 1      2  

Lar gibbon, Hylobates lar 1 1  2 1 1   2 

Macaques, Macaca sp.  2       2  

Mandrill, Mandrillus sphinx 3    1   1 1 

Orangutans, Pongo sp. 15 1   3  6 3 4 

Pygmy marmoset, Cebuella pygmaea 1 2  1    2 2 

Red-ruffed lemur, Varecia rubra 1 10      4 7 

Ring-tailed lemur, Lemur catta 14 46  4 5 1 9 30 19 

Siamang, Symphalangus syndactylus 3  1  2   2  

Western lowland gorilla, Gorilla gorilla  16 2   2  6 5 5 

White-cheeked gibbons, Nomascus sp.  1 2   2    1 
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Level 1* 

 

Level 2** 

 

Education 

 

Unspec.  

 

Aus/NZ 

 

S. Africa 

N. 

America 

 

UK 

 

Europe 

Other mammals          

Aardvark, Orycteropus afer  4      4  

African pygmy hedgehog, Atelerix 

albiventris 

  2 1   3   

Armadillo, unspecified  2 2      3 1 

Capybara, Hydrochoerus hydrochaeris 1 6  1   2 5 1 

Crested porcupine, Hystrix cristata 1 2      3  

Egyptian fruit-bat, Rousettus aegyptiacus 2 4 2    3 5  

Giant anteater, Myrmecophaga tridactyla 2 1 1 1   2 2 1 

Hairy armadillos, Chaetophractus sp.  1  2    2 1  

Hedgehog, unspecified (Erinaceinae)  3 4 18 3  3 15 8 2 

Kinkajou, Potos flavus  2 1    3   

Linnaeus’s two-toed sloth, Choloepus 

didactylus 

10 6 2 1   10 3 6 

Long-tailed chinchilla, Chinchilla lanigera   10    9  1 

Maras, Dolichotis sp.  2  1    1 1 1 

Nine-banded armadillo, Dasypus 

novemcinctus 

 2     2   

North American beaver, Castor canadensis  1 1 1   2 1  

North American porcupine, Erethizon 

dorsatum 

1 1 5    7   

Prehensile-tailed porcupines, Coendou sp.   1 2 1   4   

Seba’s short-tailed bat, Carollia 

perspicillata 

 2 1     3  

Six-banded armadillo, Euphractus 

sexcinctus 

1 1      2  

Three-banded armadillos, Tolypeutes sp.  2 1 6    9   

* Level 1 encounters refer to behind-the-scenes experiences or close-up encounters. ** Level 2 encounters refer to feeding, tactile, or immersive encounters.  
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Appendix IV. Summary of positive and negative welfare experiences in species 

reported in survey 

 Reported cases of 

negative welfare  

Reported cases of 

positive welfare  

Species (or group of closely related species)   

   

Fish    

Small-spotted catshark, Scyliorhinus canicula 1  

 

Reptiles  

  

American alligator, Alligator mississippiensis 1  

Argentine black and white tegu, Salvator merianae  1 

Bearded dragon, Pogona sp.  1 1 

Blue-tongued skink, Tiliqua sp.  4 1 

Box turtle, Terrapene sp.  1  

Corn snake, Pantherophis sp.  1 

Dumeril’s ground boa, Acrantophis dumerili 2  

Fiji crested iguana, Brachylophus vitiensis 1  

Green iguana, Iguana iguana 1  

Python, unspecified (Pythonidae) 1 1 

Red-footed tortoise, Chelonoidis carbonarius  1 

Royal python, Python regius   1 

Snake, unspecified  4 1 

Sulcata tortoise, Centrochelys sulcata 1  

Tortoise, unspecified (Testudinidae) 1 1 

Veiled chameleon, Chamaeleo calyptratus 1  

   

Birds    

African (black-footed) penguin, Spheniscus demersus  1 

Barn owl, Tyto alba  1 

Barred owl, Strix varia 1  

Blue-and-gold macaw, Ara ararauna  1 1 

Eclectus parrot, Eclectus roratus  1  

Humboldt penguin, Spheniscus humboldti  3 3 

Kiwi, Apteryx sp.  1  

Owl, unspecified 1  

Parakeet, unspecified 2 1 

Parrot, unspecified 1 2 

Spectacled owl, Pulsatrix perspicillata 1  

Lorikeet, unspecified    1 

Macaw, unspecified (Arini)   1 

Major Mitchell’s cockatoo, Lophochroa leadbeateri  1 

Red-tailed black cockatoo, Calyptorhynchus banksii  1 

White cockatoo, Cacatua alba   1 

Wood duck, Aix sponsa  1 

   

  



278 
 

 Reported cases 

of negative 

welfare  

Reported cases of 

positive welfare  

Species (or group of closely related species)   

   

Mammals    

African pygmy hedgehog, Atelerix albiventris 2 1 

Alpaca, Vicugna pacos 1  

American marten, Martes americana 1  

Asian small-clawed otter, Aonyx cinerea  1 

Australian sea lion, Neophoca cinerea 1  

Banded mongoose, Mungos mungo  1 

Bat-eared fox, Otocyon megalotis 1 1 

Black-and-white ruffed lemur, Varecia variegata  1 

Bottlenose dolphin, Tursiops sp. 3 3 

Brown bear, Ursus arctos   1 

California sea lion, Zalophus californianus 1  

Camel, Camelus sp.   2 

Cheetah, Axinonyx jubatus 2 2 

Common brown lemur, Eulemur fulvus  2 

Crested porcupine, Hystrix cristata 1  

Dingo, Canis lupus dingo 2 2 

Emperor tamarin, Saguinus imperator  2 

Fennec fox, Vulpes zerda 1  

Fossa, Cryptoprocta ferox  1 

Fur seal, Arctocephalus sp.  2 

Giraffe, Giraffa camelopardalis  2 1 

Harbor seal, Phoca vittulina   1 

Koala, Phascolarctos cinereus 3  

Lesser hedgehog tenrec, Echinops telfairi 1  

Linnaeus’s two-toed sloth, Choloepus didactylus 1  

Meerkat, Suricata suricatta  2 

Palm civet, Paradoxurus sp.  1 

Patagonian mara, Dolichotis patagonum 1 1 

Prairie dog, Cynomys sp. 1  

Puma, Puma concolor 1  

Racoon, Procyon lotor  1 

Rhinoceros, unspecified 1 1 

Ring-tailed coati, Nasua nasua  1 

Ring-tailed lemur, Lemur catta 1 2 

Serval, Leptailurus serval 1 1 

Snow leopard, Panthera uncia 1  

Spotted-tail quoll, Dasyurus maculatus  1 

Striped skunk, Mephitis mephitis 1  

Three-banded armadillo, Tolypeutes sp. 1 2 

Tiger, Panthera tigris  1  

Wolverine, Gulo gulo  1 

Wombat, unspecified   1 
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Appendix V. FGM degradation in serval faecals subjected to varying lengths 

of  

sub-optimal storage temperature  

 

Rationale: Due to an unexpected freezer malfunction, faecal samples collected throughout 

the study period were subjected to sub-optimal storage temperature (+4 °C instead of -20 

°C) for varying lengths of time. Upon collection of serval faecals, all samples were 

immediately placed in a freezer at Werribee Open Range Zoo where they were stored 

between 1-20 days before the principal researcher (LA-R) relocated the samples to a 

freezer at the University of Melbourne for storage until subsequent analysis. Samples were 

kept on ice during transport to prevent thawing. However, once relocated, an unexpected 

freezer malfunction resulted in samples being stored at +4 °C for varying lengths of time 

before the error was detected and the samples were transferred to a functioning freezer. 

Due to the risk of possible microbial degradation of FGM’s while subjected to the higher 

storage temperature, a validation study was conducted with the aim of determining the 

extent of degradation in serval faecals subjected to similar conditions as the original 

samples, in order to determine the validity of original samples for subsequent analysis.  

 

Methods:  A total of 11 freshly voided (<3 hrs) faecal samples were collected from two 

servals over a period of two weeks. Upon collection, each sample was immediately 

homogenised and divided into seven subsamples. Each subsample was then allocated to a 

different storage category (Table 1), in order to replicate the variable lengths of time the 

original study samples had been kept in the higher storage temperature. Each subsample 

was placed in a plastic zip-lock bag and labelled with animal ID, collection date and time, 

and storage category.  

Original study samples were relocated in batches from the zoo to the university on three 

different occasions throughout the study period. Prior to relocation, original samples 

spent between 1-20 days frozen in the original location. Hence, original samples were 

subjected to different lengths of time in the freezer prior to relocation, as well as different 

lengths of time in the higher storage temperature once relocated. In the current study, the 

experimental approach that most closely recreated the situation with the original samples 

is specified in Table 1. Category 1 subsamples acted as controls and remained frozen 

throughout the entire validation study. Once a subsample had undergone its assigned 

freezer-fridge storage time, it was immediately moved to a freezer (-20 C) where it was 

stored until subsequent analysis.  
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Extraction and assaying of FGM’s took place once all subsamples had undergone their 

assigned freezer-fridge storage time. Extraction and assays followed the same procedure 

as outlined in Section 4.2.5.  

Descriptive statistics (i.e. comparison of means) was used to analyse data obtained during 

the validation study.  

 

Table 1. Storage categories for faecal samples collected during validation study. 

 

 

 

 

 

 

 

 

 

Results: FGM’s could be recovered from samples of all different storage categories, i.e. no 

samples were completely degraded (Fig. 1). However, degradation appears to have had a 

noticeable effect on samples from Category 2 and 5, which both spent an extended period 

of time (120 days) in +4° C storage (Fig. 1). A marked decrease in FGM levels compared to 

control samples (Category 1) could be seen in these categories for both cats (Fig 1).  On 

the other hand, samples from Category 3 and 6, as well as Category 4 and 7, which were 

kept in +4° C storage for 60 days and 12 days respectively, had FGM values similar to 

control samples (Fig. 1). Hence, it seems likely that degradation began to exert a 

significant effect at some point after 60 days at a storage temperature of +4° C. Initial 

freezer time (1 versus 20 days) did not seem to influence degradation, since samples that 

differed with respect to freezer time only had similar FGM values (Fig. 1).  

Conclusion: Based on these results, samples from Category 2 and 5, which were stored for 

120 days in +4°C storage was considered significantly affected by degradation. Hence, 

original study samples that had been stored under similar conditions were considered 

compromised and were therefore excluded from further analysis. These were samples 

 Days in freezer  

(-20 °C) prior to fridge  

relocation  

Days in fridge 

(+4 °C)   

Category 1   Control (remained frozen  

throughout the study) 

n/a  

Category 2  1 120 

Category 3  1 60 

Category 4  1 12 

Category 5  20 120 

Category 6  20 60 

Category 7   20 12 
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collected during the first five study weeks in the original study period. Samples collected 

during subsequent study weeks were all considered valid as they were stored at +4°C for a 

substantially shorter period of time (12 or 60 days).  

 

 

 

 

Figure 1. Graph depicts mean FGM concentration (ng/g) for each of the six different freezer/fridge 

cycles compared to the control faecals that were kept frozen the entire time. Error bars show 

standard error. Top graph (a) shows data for Morilli, bottom graph (b) shows data for Nanki.  
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