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Abstract 

The behavior of zoo animals may be influenced by visitors, with possible implications on 

animal welfare. We examined the effects of the presence of visitors on the presence and 

visibility of free-ranging quokkas (Setonix brachyurus) in preferred areas of a walk-through 

enclosure at Melbourne Zoo, Australia. In a controlled experiment, two visitor treatments 

were randomly imposed: (1) enclosure open to visitors as normal (‘Open’); and (2) 

enclosure closed to visitors (‘Closed’). Treatments were imposed for 2-day periods, with 

five replicates of each treatment (10 2-day periods in total). Instantaneous point sampling of 

camera footage at 1-min intervals from 0900h to 1600h each day recorded the location and 

visibility of quokkas. Data were analyzed using a two-factor ANOVA (visitor treatment and 

study area), with 2-day summary values as the unit of analysis. While the presence of 

quokkas in the study areas was not affected by treatment, fewer (p<0.05) quokkas were 

visible from the visitor paths and more (p<0.05) quokkas were obscured from the visitor 

paths in the ‘Open’ treatment than the ‘Closed’ treatment. Number of quokkas differed 

between study areas across treatments (p<0.01), but there was no interaction (p>0.05) 

between visitor treatment and study area. The reduction in quokka visibility when visitors 

were present indicates that visitors were at least moderately fear provoking for the quokkas 

in this experiment, but further research is required to examine the effects of visitor presence 

and behaviors on the behavior and stress physiology of quokkas in walk-through enclosures, 

as there may be possible welfare implications. 

 

Keywords: quokka behavior; human-animal interactions; visitor effects; zoo animals; 

animal welfare 

1. Introduction 
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Identifying and promoting optimal welfare states for zoo-housed animals has become a 

priority for many zoological institutions and associations worldwide (WAZA, 2015). Public 

interest in and perception of animal welfare issues have also increased rapidly in the recent 

past (Whitham & Wielebnowski, 2013), driving increased concern for improving captive 

animals’ conditions. Zoo animal welfare can be influenced (positively or negatively) by a 

myriad of factors, including husbandry practices (Balcombe, et al., 2004; Melfi, 2009; 

2013), enclosure design (Appleby, 1997; Fernandez, et al., 2009; Morgan & Tromborg, 

2007), environmental enrichment (Bashaw, et al., 2003; Claxton, 2011; Hosey, 2005) and 

exposure to visitors (Carder & Semple, 2008; Carlstead, 2009; Davey, 2007; Farrand, et al., 

2014). In relation to visitor effects on animals, there is evidence that these can be stressful 

(Birke, 2002; Davis, et al., 2005; Mason, 2010; Sherwen, et al., 2015a; 2015c), enriching 

(Claxton, 2011; Hosey, 2013; Jones, et al., 2016; Manna, et al., 2007), or innocuous (Choo, 

et al., 2011; Hosey & Melfi, 2015; Sherwen, et al., 2014; 2015b). Much of the variation in 

zoo animal responses to visitors may be the result of species-specific differences, the nature 

of the visitor interactions, enclosure design or individual animal characteristics (e.g. past 

experiences and coping style). 

Zoos may encourage visitor-animal interaction through the offering of animal presentations, 

behind the scenes and close-up/close-contact experiences, or through immersive, walk-

through enclosures with free-ranging animals (Morgan & Tromborg, 2007; Moss & Esson, 

2010; Sherwen, et al., 2015c). These activities are believed to enhance visitor experience 

and learning outcomes, and ultimately contribute to conservation goals (Clayton, et al., 

2008; Skibins & Powell, 2013). Walk-through enclosures often have minimal physical 

barriers between visitors and animals, and are designed to increase engagement and interest 

in zoo visitors. Walk-through enclosures are becoming increasingly popular in zoo designs, 
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however, research into the effects on animals and visitors in these environments is lacking 

(Sherwen, et al., 2015c).  

While fear is an adaptive response to aversive stimuli (Gray, 1987; Mellor, 2012), fear is a 

negative affective experience, and intense and prolonged fear is widely considered an 

undesirable state of suffering (Dawkins, 2004; Forkman, et al., 2007). Anecdotal 

observations on quokkas in the free-ranging exhibit at Melbourne Zoo (Zoos Victoria, 

Australia) suggested that the quokkas avoided many visible areas of their enclosure during 

zoo operating hours, when zoo visitors were likely to be present. The zookeepers reported 

that this group of quokkas were all generally timid, shy individuals, but would regularly 

approach familiar keepers and occasionally some visitors.  

To study the effects of visitors on the behavior of the quokkas, we examined whether visitor 

presence affected the presence and visibility of the quokkas from the visitor walking paths 

in a walk-through enclosure at Melbourne Zoo. 

 

2. Methodology 

2.1 Study animals and enclosure 

The study animals were seven adult female quokkas (Setonix brachyurus) located in an 

enclosure at Melbourne Zoo (Zoos Victoria, Australia). All quokkas were captive-born, and 

ranged from 2 to 9 years old. The enclosure was a walk-through exhibit, with a looping 

central path for visitors fenced off from several grass and shrubbery areas and an off-

display, sandy retreat area which provided the quokkas with nest boxes, food bowls and 

access for zookeepers. The layout of the enclosure is shown in Figure 1. This research 

received animal ethics approval from the Zoos Victoria Animal Ethics Committee 

(ZV15003; Zoos Victoria, Melbourne, Victoria, Australia).  

[FIGURE 1 PLACEMENT] 
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2.2 Experimental procedure 

We employed the classic experimental design paradigm to conduct a ‘cause and effect’ 

experiment in which two treatments were randomly allocated to the population. We used a 

completely randomized design (Cochran & Cox, 1957) to allocate five replicates of each of 

the two treatments. Under this framework, the population of quokkas was considered a 

single subject and each treatment replicate was the experimental unit, thereby giving a total 

of 10 experimental units. The two treatments were: (1) the quokka enclosure was open to 

visitors as normal (‘Open’); and (2) the enclosure was closed to visitors by locking the 

visitor access gates (‘Closed’). The treatments were imposed for 2 days for each replicate. 

Similar study designs on enclosures of zoo animals have been used previously to examine 

visitor effects (Bloomfield, et al., 2015; Sherwen, et al., 2014; 2015a; 2015b; 2015c). 

To allow the quokkas to acclimatize to the treatment, a minimum of 5 days separated each 

replicate irrespective of treatment. On all non-experimental days, the enclosure was open to 

visitors as per standard zoo conditions. Treatments were only imposed on weekdays to 

reduce the normal variation in visitor numbers between weekdays and weekends.  

2.3 Study areas and observations 

Preliminary observations during quiet and busy visitor periods identified five areas most 

preferred by the quokkas (i.e. most used areas during daytime hours); these areas were 

labelled “Shrubs”; “Retreat area”; “Open Grass1”; “Open Grass2”; and “OpenGrass3” as 

shown in Figure 1. Seven cameras in total were installed overhead or at visitor eye level in 

order to film both the number of the quokkas in these areas, and whether they were obscured 

from view from the visitor path by physical features in these areas (such as small shrubs and 

tall-grass). Each open grass area included a clear central space of short grass bordered by 

tall grasses and shrubs that the quokkas could move into for shelter. 
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Instantaneous point sampling at 1-min intervals from 0900h to 1600h each day was used to 

record the number of quokkas in each study area and whether visible or obscured from the 

view of visitors on the path by the physical features in the study area. 

2.5 Statistical analysis 

A single summary value, for each measurement, on each of the 10 2-day study periods 

(replicate) was calculated. Thus, the average number of quokkas in each study area per 

sample point, and the average number of quokkas either visible or obscured from the visitor 

path in each study area per sample point were calculated. Furthermore, the average 

proportion of quokkas visible from the visitor path in each study area per sample point was 

calculated. Measurements were analyzed using two-factor analysis of variance (IBM SPSS 

Statistics 21) with the 2-day measurements as the unit of analysis to examine the effects of 

treatment and study area. The analyses used between-2-day error for assessing the effect of 

treatment and enclosure area.  

Study areas were further classified as “Open” (Open Grass 1, 2 and 3) or “Undercover” 

(Shrubs and Retreat Area). The open areas were also analyzed excluding the undercover 

areas, as this was deemed to reflect the most prominent visitor-quokka proximity and 

visibility points. Analyses are presented for the open study areas only as well as all study 

areas. 

3. Results 

There were 5,083 visitors to the enclosure in the Open treatment during the experiment.  

There were no interactions between main effects (p>0.05) on any of the variables studied. 

There were no treatment effects on the total number of quokkas in each study area. There 

were significant effects of both treatment and enclosure area on the numbers of quokkas 

both visible and obscured from the viewing path, and the proportion of quokkas visible from 

the viewing path (Table 1).  
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[TABLE 1 PLACEMENT]  

Fewer quokkas were in visible positions from the visitor path (p<0.02) and more quokkas 

were in obscured positions from the visitor path (p<0.02) when the enclosure was open to 

visitors than when closed to visitors. Furthermore, the proportion of quokkas that were in 

visible positions from the viewing path was also lower when the enclosure was open to 

visitors (p<0.01). LSD comparisons showed that the number of quokkas observed differed 

between the areas (Table 2), with most quokkas in the Open Grass2 area.  

[TABLE 2 PLACEMENT] 

4. Discussion 

The presence of quokkas in the study areas was not affected by treatment. However, in both 

absolute and percentage terms, fewer quokkas were visible in the study areas from the 

visitor path when the enclosure was open to the visitors than when closed to visitors. The 

magnitude of the visitor effect was more pronounced when considering only the three open 

areas, with a 28% decrease in the proportion of quokkas visible in the open areas when the 

enclosure was open to visitors, suggesting that the quokkas were avoiding visible areas 

when visitors were present. Avoidance behaviors have been widely used as an indicator of 

fear of humans in animals (Forkman, et al., 2007; Gray, 1987; Hemsworth & Coleman, 

2011; Sherwen, et al., 2015a,b,c). Fear-provoking stimuli generally include environmental 

stimuli which are novel and have high intensity, such as loud, large and looming stimuli 

(Gray 1987), and thus unfamiliar humans whose interactions are close, loud, fast and 

unexpected may be threatening for many zoo species. Sherwen et al. (2015c) recently found 

that Australian Little Penguins at Melbourne Zoo positioned themselves further from visitor 

viewing area and spent more time behind enclosure features when visitors were present. In 

addition to exposure to unfamiliar humans, avoidance responses are evident in zoo animals 

when exposed to specific fear-provoking visitor behaviors (Hosey, 2000; 2008; 2013; Hosey 
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& Melfi, 2015; Sherwen, 2015a). The reduced visibility of quokkas when the walk-through 

enclosure was open to visitors in the present study suggest that visitors were at least 

moderately fear provoking for this group of quokkas. Whether it was merely the presence of 

unfamiliar visitors, or patterns of avoidance due to prior exposure to specific fear-provoking 

visitor behaviors was undetermined. Visitors may display a range of fear-provoking 

behaviors such as banging on exhibit features, shouting, waving, or throwing objects to 

elicit some response when animals are not visible or active (Sherwen, et al., 2014; 2015a). 

Indeed, incidental footage of visitors in the present study revealed children and adults 

running, shouting, crawling under bushes, traversing or forcibly breaching fence barriers, 

and approaching and attempting to physically interact with quokkas. Many of these visitor 

behaviors may be perceived by the quokkas as high intensity fear-provoking stimuli (Gray, 

1987) and thus learnt avoidance responses may be a successful strategy to reduce fear and 

stress. These learnt responses in the quokkas may arise through direct experience or 

observing their conspecifics, as they have been reported to exhibit partial social learning 

(Bonney & Wynne, 2004). Avoidance behaviors by the quokka group towards zookeeper 

presence and interactions were not reported by keepers, suggesting this avoidance response 

may be to specific visitor behaviors, not merely the presence of humans.  

Other reasons for the observed decrease in visibility may include environmental factors, 

such as temperature or weather, however the treatments were replicated over a 10-week 

period and thus there should not have been any systematic variation in the temperature and 

weather variables. Predatory avoidance may elicit the same fear response from quokkas – 

hiding in tall-grasses or under shrubs – and quokkas may be perceiving humans as 

predators. However, the avoidance behavior observed may not be predator avoidance due to 

documented predator-naїvety in the behaviors of wild quokkas (de Tores, et al., 2007). 
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It is interesting that while quokka visibility decreased when the enclosure was open to 

visitors, the quokkas’ presence in the study areas did not change. This suggests that there 

were features or conditions in these areas that were attractive, so the preference for these 

study areas was not affected when visitors were present. Features or conditions that may 

influence attraction to these areas include desirable environmental conditions (such as 

access to sunlight and shade), and foraging or feeding opportunities. Furthermore, quokkas 

may be territorial in their use of these areas, but individual territoriality has not been well 

documented in the species (de Tores, et al., 2007). 

The implications of this fear behavior on quokka welfare is unknown. Previous studies of 

other species have concluded that avoidance behaviors are indicative of fear responses, and 

animals displaying these behaviors may be experiencing heightened or prolonged levels of 

fear and consequently stress, which has obvious implications on welfare (Gray, 1987; 

Hemsworth & Coleman, 2011; Kuhar, 2008; Mason, 2010; Sherwen, et al., 2015c; Wells, 

2005). However, the avoidance shown by the quokkas when visitors were present may have 

been a successful coping mechanism, sufficient to ameliorate their fear and consequently 

stress. The focus of this preliminary investigation was to identify visibility of the quokkas 

during enclosure open and closed treatments, but clearly further research is required to 

investigate the implications of visitor presence and behavior on the behavior and 

physiological stress experience (by fecal glucocorticoid metabolite analysis) of the quokkas. 

More detailed observations of specific visitor and quokka behaviors, and stimulus-response 

patterns during visitor-quokka interactions, as well as further investigation of visitor factors 

(e.g. crowd size and time of day), would allow the possible welfare implications to be 

clearly identified. 

5. Conclusions 
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The finding that fewer quokkas were visible in their preferred areas (the study areas) when 

visitors were present indicates that visitors were at least moderately fear provoking for this 

group of quokkas. However, this result may only be applicable to this particular group of 

quokkas, or these particular conditions. Further research is required to examine the effects 

of visitor presence and behavior on the avoidance behavior and stress physiology of 

quokkas in walk-through enclosures because of the possible welfare implications identified 

in the present study. 
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FIGURE 1 IMAGE FILE UPLOADED 
TABLE 1: Effect of visitor presence on the presence and visibility of the quokkas from the visitor 

walking paths in five study areas of the exhibit.  

 

#average number of quokkas per sample point. 

TABLE 2: LSD multiple comparisons for number of quokka observed in areas. Significant P values 

presented in bold. 

Study 

area 

Mean 

number of 

quokkas# 

LSD p-value for each study area 

SHRUBS RETREAT OG1 OG2 OG3 

SHRUBS (0.143)  - 0.001 0.766 0.001 0.002 

RETREAT (0.969)  0.001 - 0.001 0.001 0.007 

OG1  (0.184)  0.766 0.001 - 0.001 0.004 

OG2  (1.764)  0.001 0.001 0.001 - 0.001 

OG3  (0.585)  0.002 0.007 0.004 0.001 - 
#average number per sample point. OG = Open Grass 1, 2 & 3. 

VARIABLE 

TREATMENT 
F-VALUE  

(DF 1,18) 
P-VALUE Closed to 

Visitors 

Open to 

Visitors 

ALL AREAS     

Number of quokkas# 0.699 0.749 0.485 0.495 

Number of quokkas visible#  0.357 0.248 6.861 0.017 

Number of quokkas 

obscured#  
0.341 0.501 6.632 0.019 

Proportion of quokkas 

present that are visible  
0.510 0.341 12.271 0.003 

OPEN AREAS     

Number of quokkas# 0.797 0.876 0.501 0.488 

Number of quokkas visible# 0.432 0.221 7.821 0.012 

Number of quokkas 

obscured# 0.365 0.654 11.695 0.003 

Proportion of quokkas 

present that are visible  
0.528 0.247 15.453 0.001 
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Figure 1 


