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ABSTRACT

Investigating the use of GIS for monitoring visitor effects and enclosure use of captive birds in a mixed
species, free-ranging aviary at Lowry Park Zoo, Tampa FL.
Mackenzie Blanchett
University of Guelph, 2017

Advisor:
Esther Finegan

Visitor effects and enclosure use were examined in a mixed species free-ranging exhibit using
Geographic Information Systems (GIS) within the Main Aviary at Lowry Park Zoo, Tampa FL. Scan
sampling was used to track the location of 24 bird species (n = 98) within the aviary, visitor numbers,
noise levels and weather conditions. Results revealed that birds responded to increasing visitors by
moving further away from the path, decreasing range sizes and increasing use of ground vegetation
cover. However, lack of interference with behaviour patterns suggests that the birds are not experiencing
negative welfare consequences, and that instead these responses are coping mechanisms used to reduce
the effects of increasing visitor numbers. It was determined that factors such as weather condition, habitat
preference and territoriality further play a role in influencing the space selectivity of the birds. Overall,
GIS was determined to be an effective tool for examining these effects.
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INTRODUCTION

The use of Geographic Information Systems (GIS) in zoos is a new and emerging topic. In
particular, GIS has the potential to provide information on many factors of enclosure use in zoos such as
space selection, individual and species range interactions (Smith, 2014), habitat preference, visitor effects
(Bonnie et al., 2016; Smith, 2014) and extent of enclosure use (Bonnie et al., 2016). This methodology
has been used previously to examine enclosure use and spatial dispersion in the distribution of five
orangutans in an outdoor enclosure at Lowry Park Zoo, FL (Smith, 2014). In this study, the researchers
were able to map out the individual patterns of enclosure use of each animal, comparing where species
clustered in the exhibit, and which areas were more important for which behaviour patterns. From this
they were able to discern that each orangutan preferred specific areas which were exclusively occupied,
and as a group, used most of the exhibit while avoiding areas of standing water. This kind of information
is crucial in understanding how animals are using the space provided for them in captivity and
subsequently, informing habitat design. With that said, one area of study which GIS lends itself to is
understanding how enclosure use changes in the context of increasing visitor numbers and presence.
Visitor effects are the impacts that humans have on animals in captivity, which can be a result of
their visual presence, their auditory presence, or their attempts to interact with the animals (Fernandez et
al., 2009; Hosey, 2000). It has been studied in a variety of settings such as labs (Chang & Hart, 2002),
petting zoos (Anderson, et al., 2002; Farrand et al., 2014), swim-with-dolphin experiences (Kyngdon et
al., 2003), giraffe feeding exhibits (Orban et al., 2016) and typical zoo enclosures (Fernandez et al., 2009;
Hosey, 2000). When discussing visitor effects in zoos, they highlight two key factors which zoos must
balance: providing an environment that is both entertaining and educational for visitors while managing
as well, the welfare and needs of the animals which they are viewing. There has been a lot of discussion
about the changing roles of zoos in the modern era, as they transition from places of primarily
entertainment, to settings which serve to drive research, conservation and education of the public on the
animals that they house and the threats that their wild counterparts face (Carr & Cohen, 2011; Fernandez
et al., 2009). As such, it makes sense that visitor effects are such a widely studied topic. Research
performed thus far has covered a vast number of species and their responses to visitors, which have been
categorized into three groups: (1) negative visitor effects, where the animals find visitors to be an aversive
stimulus, either as a disruption in the animal’s environment, or as a potential threat to animals either
territorially or predatorially (Hosey, 2008; 2013); (2) positive visitor effects, where animals find visitors
to be a positive stimulus providing novel interactions and variety in their daily routines, and; (3) no
visitor effects, where animals appear to habituate to visitors after repeated daily exposure (Davey, 2007;
1

Hosey, 2000; 2008; 2013). Often visitor effects are studied by examining animals’ behavioural and
physiological responses to increasing visitor levels. For instance, increases in fecal glucocorticoid levels,
aggression levels and stereotypic behaviour as visitor levels increase have all been documented as
evidence of negative visitor effects (Fernandez et al., 2009; Hosey, 2008; 2013). Alternatively, how
animals position themselves in relation to visitor viewing platforms or windows is another approach. In
theses studies, movement away from visitor viewing areas as visitor levels increase indicates a negative
visitor effect. Typically, this is studied by measuring the distance of animals from viewing windows, or
their position within different quadrants of the habitat (Larsen et al., 2014; Sherwen et al., 2015b). As
such, incorporating GIS into this line of study appears as a clear step forward for the research, providing
the opportunity for an alternative methodology which could be used to monitor an animal’s movement
throughout their enclosure.
GIS could be particularly useful as both enclosure and social dynamics increase in complexity,
for instance, when studying species which utilize space widely in both the horizontal and vertical
components of their environments. GIS provides the opportunity to analyze patterns in enclosure use not
just on a two-dimensional scale, but also a three dimensional one, incorporating the full range of
movement of the animals as a response to increasing visitor levels. With that said, this approach is
relatively novel with many aspects yet unexplored. For instance, visitor effects have not been examined in
this manner in more naturalistic enclosures which incorporate mixed species or free-ranging designs
which also add a greater degree of social and environmental complexity.
Free-ranging enclosures have been proposed to have many benefits including encouraging natural
behaviour patterns (Choo et al., 2011; Fanson & Wielebnowski, 2013), increasing the ability of visitors to
connect the captive animals which they are viewing with their wild counterparts and subsequent
conservation concerns (Burton and Ford, 1991; Reade & Waran, 1996), and overall positive viewing
experiences (Fernandez et al., 2009; Kellert and Dunlap, 1989; Mun et al., 2013; Reade & Waran, 1996;
Woolway & Goodenough, 2017). In addition, the theory that naturalistic, particularly free-ranging
enclosures minimize visitor effects is gaining more attention as well. It has been theorized that freeranging enclosures, allow for a greater range of movement and control within the environment, allowing
animals to remove or distance themselves from visitors at will and minimizing the potential for negative
visitor effects. (Anderson et al., 2002; Choo et al., 2011; Collins & Marples, 2016; Fernandez et al., 2009;
Hosey, 2000). Some case studies include research performed on orangutans (Choo et al., 2011), European
red squirrels (Woolway & Goodenough, 2017) and white-faced saki and cotton-top tamarins (Mun et al.,
2013), all in free-ranging zoo enclosures which showed diminished negative visitor effects. In addition to
the need for further study on diminished visitor effects in these enclosure types, there is also concern by
some that not enough is understood about how animals interact in mixed species enclosure or how
2

animals use the space provided to them in walk-through exhibits (Kawata, 2012; Valuska et al., 2013).
Despite the proposed benefits of mixed species enclosures, it is known that they can be
difficult to maintain due to the issues that arise when dealing with multiple species needs in one space
and the potential for inter-species territoriality (Valuska et al., 2013). Furthermore, there is the
potential that factors such as inter-species territoriality or social hierarchy in mixed-species aviaries
may play a role in how birds respond to visitors and use their enclosure space. For instance, it has
been suggested that groups with a more established social hierarchy may be more likely to respond to
perceived threats with aggression, whereas species without a social hierarchy may respond with flight.
Additionally, territoriality may influence how species provision space within their enclosures and
potentially limit the range within which they can retreat from visitors. In addition, studies concerning
how enclosure space is used in free-ranging environments are relatively novel, and the effects are
likely influenced at least in part by species, leaving a large number of animals not yet studied. As
such, it is evident that more research is required not only on visitor effects in these enclosure types,
but also how species interact, as well as use and partition the space available to them regardless of
visitor levels in these more naturalistic enclosures. One group which lends itself particularly well to
both topics is birds. Firstly, birds in zoos are largely understudied as a whole, especially when
considering the vast diversity of bird species which live in zoos. Therefore, any information on their
behaviour patterns or activity within captivity is valuable. Second, mixed species free-ranging aviaries
are relatively common in zoos, sometimes even being noted as one of zoos more popular enclosures
(Tofield et al., 2003), likely due to the immersive design of the exhibits and the opportunities they
provide for close-contact viewing. Third, birds present the opportunity to not only analyze enclosure
use on a two-dimensional scale, but a three-dimensional one, in species in which the vertical use of
the environment is arguably as important as the horizontal use. Finally, as mentioned above, birds are
incredibly diverse, providing the opportunity to examine how multiple species of mixed size, diet,
habitat preference, life strategy and geographic distribution respond in the same setting, to the same
stimuli. As such, two studies examining visitor effects and enclosure use of birds in a mixed species,
free-ranging enclosure using GIS have been performed.

1.1 Objectives
In both studies GIS was used to create a digital map of the Main Aviary at Lowry Park Zoo,
Tamp, FL: a mixed species free-ranging enclosure home to 24 species of birds native to a variety of
ranges and habitats across the globe. The first study concerned visitor effects, examining the response of
species to increasing visitor and noise levels through how the birds positioned themselves in the aviary.
3

Distance from the visitor path, distance from the ground, overall range size, use of ground vegetation
cover and behavioural patterns were all compared as visitor presence increased. The second study focused
more generally on the use of GIS in providing information on enclosure use, examining space selection of
each species, habitat preference and overlaps in range size and territoriality. In both studies GIS was used
for data collection, storage, organization, analysis and display. These are all relatively novel approaches
to the use of the software, which is traditionally applied in similar contexts while monitoring wildlife
populations and communities on a much larger scale (Asís et al., 2014; Finch, 1989; Fisher et al., 2007;
Grohmann et al., 2010; Polidori et al., 2008; Tanner & Keller, 2012). As such, methodology is still
evolving, and through these studies it is hoped that more knowledge can be gained on the suitability and
practicality of the technology use in this setting, hopefully providing methodology that could be
employed not only in future studies but by keepers as well who wish to learn more about enclosure use of
the species which they care for, in a variety of unique settings.
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2

THE EFFECTS OF INCREASING VISITOR AND NOISE LEVELS ON BIRDS
WITHIN A MIXED SPECIES FREE-RANGING ENVIRONMENT EXAMINED
THROUGH ENCLOSURE USE AND POSITION WITHIN THE EXHIBIT

2.1 Abstract

Twenty-four bird species were observed in a mixed species free-ranging enclosure to examine their
responses to increasing visitors and noise levels. A digital map of the aviary was made on which positions
of the birds were marked along with their vertical distance above the ground. In addition, behaviour
patterns of the birds, visitor numbers, noise levels and weather conditions were simultaneously
monitored. Data was collected for twelve, 6-hour days from June 12th, 2017 to July 7th, 2017. Methods
included scan sampling at 30-minute intervals to collect the birds’ data and 10-minute intervals to collect
the visitor and environmental data. Responses to increasing visitor levels were analyzed using Pearson’s
correlation coefficients and Chi square tests in SAS University Edition version SAS Studio 3.6 and SAS
9.4M4. As well, species ranges were estimated under periods of low and high visitor levels through the
calculation of a three-dimensional matrix in Python version 2.7. The birds responded to increasing visitor
levels in a variety of ways, including moving further away from the visitor pathway, decreasing range
size and increasing use of ground vegetation cover, particularly in non-flighted species. With that said,
the lack of interference with performance of daily behaviour patterns suggests that the birds are not
experiencing negative welfare consequences, and that instead these responses may be a part of a coping
mechanism used to reduce the effects of increasing visitor levels. This supports previous work in the
literature which proposes that the freedom of movement and greater degree of control allowed for in freeranging environments reduces the potential for visitor effects.
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2.2 Introduction

The relationship between zoo animals and the visitors who view them is a complicated one where
both parties can have considerable effects on the other. Largely, visitors appear to be positively affected
by the animals that they view. A study performed by Clayton et al. (2009) found that zoo visitors reported
their experiences as being accompanied with feelings of happiness, relaxation and interest in the animals
that they had seen. Similar results have been found in additional studies where visitors comments
concerning the animals largely indicated interest, excitement, happiness and empathy (Clayton et al.,
2009; Reade & Waran, 1996). However, without the aid of self-report, understanding the effects that
visitors have on the animals, can be a more complicated process.

For the past 50 years, scientists have been investigating the effects that humans have on animals
in captivity (Morris, 1964). The results have shown that there are many ways by which visitors can
influence zoo animals, including the visual presence of visitors at viewing areas, the noise that visitors
create and the attempts that visitors make to interact with the animals (Fernandez et al., 2009; Quadros et
al., 2014). These components can act independently or inter-relatedly to produce one of three different
types of visitor effects: negative, positive or neutral (Davey, 2007; Hosey, 2000; 2008; 2013). Negative
visitor effects suggest that animals may find visitors to be an aversive presence, which could be due to the
animals viewing visitors as a disturbance in their environment, potential predators or associations with
previous negative interactions with humans (Hosey, 2008; 2013). Alternatively, positive visitor effects
suggest that visitors may be stimulating for the animals (Hosey, 2000). In these instances, visitors may
provide novel interactions and even potentially a form of enrichment (Claxton, 2011; Hosey, 2013).
Finally, it has been observed that in some cases visitors appear to have no effect on the animals at all,
suggesting that the animals have habituated to the presence of humans in their environment due to
repeated exposure (Hosey & Melfi, 2014). Negative effects were the most commonly found in the early
stages of visitor effects research, which focused primarily on non-human primates (for example: Carder &
Semple, 2008; Davis et al., 2005; Mitchell et al., 1991; Stoinski et al., 2012). However, as studies expand
to more and more diverse species, a greater variety of responses are being found, which appear to be not
only species specific but dependent as well on management history and enclosure design (Fernandez et
al., 2009; Stoinski et al., 2012; Woolway & Goodenough, 2017). With this said, an area of study which is
beginning to receive more attention is that of the visitor effects in naturalistic and free-ranging enclosures.
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A few recent studies have found that free-ranging and naturalistic enclosures appear to minimize
negative visitor effects (Choo et al., 2011; Collins et al., 2017; Mun et al., 2013). There are still some
documented changes in the behaviour of animals in these enclosures during periods of high visitor
numbers, including increases in vigilance behaviour and activity levels (Anderson et al., 2002; Farrand et
al., 2014; Kyngdon et al., 2003; Larsen et al., 2014). However, many results appear to indicate that the
greater range of movement allowed for in these enclosures may minimize the potential for visitor effects.
In particular the ability for animals to remove themselves from view and visitor interactions at will,
giving them a greater control over their environment, seems to be a key component in reducing visitor
effects (Anderson et al., 2002; Choo et al., 2011; Collins & Marples, 2016; Fernandez et al., 2009; Hosey,
2000). In addition, naturalistic enclosures allow for more natural behaviour to be displayed, which may
also play a role in reducing overall stress levels of the animals (Choo et al., 2011; Fanson &
Wielebnowski, 2013). With this said, exploring further how zoo animals are using these types of
enclosures under differing levels of visitor presence is crucial for understanding not only potential visitor
effects, but how the animals may be acting to mitigate them.

Previous research surrounding free-ranging exhibits, including petting zoos, has largely focused
on the differences in animal behaviour, such as vigilance behaviour and activity, under varying levels of
visitor numbers (Anderson et al., 2002; Choo et al., 2011; Farrand et al., 2014; Woolway & Goodenough,
2017). Alternatively, there has been some focus on enclosure use itself as an effect. Although behaviour
data is valuable, understanding this behaviour also in the context of how animals are using their physical
environment is critical as well. Especially, as discussed previously, when the proposed benefits of freeranging environments stem from an animals’ ability to move more freely through their enclosure and
distance themselves from visitors at will. As such, understanding exactly how animals are using their
physical environment under varying levels of visitor numbers is essential. Thus far in the literature,
methodology used to assess enclosure use has largely been composed of measures such as distance from
visitor pathways (Larsen et al., 2014; Sherwen et al., 2015b), position in different quadrants of the
enclosure (Collins et al., 2017; Collins & Marples, 2015; de Azevedo et al., 2012; Downes, 2012; Larsen
et al., 2014; Thicks, 2008), use of retreat space (Anderson et al., 2002; Kyngdon et al., 2003) and overall
visibility (Schäfer, 2014). This paper aims to contribute to this research examining enclosure use through
the incorporation of digital maps and GIS to aid in data collection, storage, analysis and display.

This study aims to assess the visitor effects in a free-range mixed species aviary at Lowry Park
Zoo, Tampa FL. Although there has been an increase in free-ranging enclosure studies, to date
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none has yet been completed in free-ranging aviaries. This work is particularly important due to the
popularity of these types of enclosures. A study done at Hamilton Zoo in New Zealand, found that walkthrough aviaries were one of their most popular zoo enclosures, following only the Sumatran Tiger
(Panthera tigris sumatrae) and the rhinoceros (species unspecified) (Tofield et al., 2003). As well, mixedspecies aviaries create an environment where multiple, potentially unique, species’ needs must be
addressed in the same enclosure. As such, enclosure use of 24 bird species was monitored under differing
periods of visitor numbers in a free-ranging naturalistic enclosure at Lowry Park Zoo, Tampa FL, using
GIS to track the birds’ locations on a to-scale aviary map. It was hypothesized that birds who displayed a
negative visitor effect would respond to increasing visitor levels by: (1) moving further away from the
path; (2) moving further up in the canopy; (3) increasing their use of ground vegetation cover, and; (4)
decreasing the size of their overall range. In addition, it was hypothesized that any associated negative
welfare would been seen through changes in their regularly performed behaviours, such as increased
pacing, aggression and decreased performance of critical behaviour such as feeding, nesting and resting.
2.3 Materials and methods
2.3.1 Study site and animals
The study was conducted at Lowry Park Zoo, Tampa Florida (United States). Lowry Park Zoo
has several aviaries, however, the aviary of focus for this research was the Main Aviary (referred from
this point on as solely ‘the aviary’); a large, naturalistic, free-ranging enclosure (Figure 2.1; Appendix).
The aviary is an outdoor dome-shaped enclosure (approximately 34 x 28 meters across and 13.50 meters
high), enclosed with wire meshing allowing full exposure of the birds to the outside weather conditions.
In addition, the naturalistic design incorporates abundant vegetation cover and trees, a running waterfall,
river and pond, as well as several feeding stations, elevated perches and nesting boxes. A cement path
along the edges of the habitat allows visitors to walk through the aviary encountering the birds in close
proximity with no physical barriers, while prohibiting movement into the center and surrounding edges of
the enclosure. In the center of the aviary there is a raised viewing platform and stairs, on which visitors
can gain an elevated view of the birds approximately four meters above the ground, and underneath
which birds could feed, rest and dustbathe. However, the platform was closed to visitors throughout the
study period for repairs (Appendix 3).
The aviary is home to two Linne’s two-toed sloths (Choloepus didactylus) and 26 bird species, of
which 24 species (98 individual birds) were included in the study (Table 2.1). The aviary is divided into
two sections, section A and B, separated by wire mesh and chain curtains which allow visitors to pass
through. This division allowed for the separation of species as well as two related scarlet ibis populations.
8

However, it is of note that some species could pass through the curtains, accessing both sides of the
aviary at will (Table 2.1). In addition, there were several closed-off birds’ exhibits along the edges of the
aviary that visitors could also view once inside, however, these birds were not included in the study.

Table 2.1. An inventory of the Main Aviary at Lowry Park Zoo, Tampa Fl.
Species
Section A
African Openbill (Anastomus lamelligerus) ***
Scarlet Ibis (Eudocimus ruber)
Sacred Ibis (Threskiornis aethiopicus)
Boat-billed Heron (Cochlearius cochlearius)
Demoiselle Crane (Anthropoides virgo)
African Spoonbill (Platalea alba)
Great Curassow (Crax rubra)
Buff-banded Rail (Gallirallus philippensis) **
Sunbittern (Eurypyga helias) **
Helmeted Guineafowl (Numida meleagris)
Pied Imperial Pigeon (Ducula bicolor)
Blue-crowned Motmot (Momotus momota)
Black-bellied Whistling Duck (Dendrocygna autumnalis) **
Spotted Whistling Duck (Dendrocygna guttata) **
Hottentot Teal (Spatula hottentota) **
Mandarin Duck (Aix galericulata) **
Von der Decken’s Hornbill (Tockus deckeni) **
Section B

Sex *
2:0:0
16:17:6
2:0:0
4:1:0
1:1:0
1:1:0
1:0:0
1:0:1
3:0:0
1:1:3
1:1:0
1:1:0
2:2:4
2:0:0
2:0:0
1:1:0
0:1:0

Red-legged Seriema (Cariama cristata)
1:1:0
Little Blue Heron (Egretta caerulea)
0:1:0
Eastern Crested Guineafowl (Guttera pucherani)
0:1:0
Blue-bellied Roller (Coracias cyanogaster)
1:0:0
Blue-breasted Kingfisher (Halcyon malimbica)
0:1:0
Violet Turaco (Musophaga violacea)
1:1:0
Inca Tern (Larosterna inca)
2:3:0
Scarlet Ibis (Eudocimus ruber)
2:1:0
* Sex ratios represent individual Males:Females:Unknown Sex
** Species which can move between both sections of the aviary
*** After two days of observation, one of the African openbills was removed from the aviary for veterinary
treatment for the remainder of the study

2.3.2 Production of aviary map
2.3.2.1 Surveying of aviary
To survey the aviary a technique known as traversing (Wenger, 1984) was used. The entrance to
the aviary was selected as the known point (0,0), from which the distance (measured with a TruPulse
Laser Rangefinder Series 200) and the angle of degrees north (measured with the Compass App on
IPhone 6S) to subsequent points were measured and recorded. Key points along features such as the path,
river, pond, vegetation cover and interior walls of the aviary were measured. As well, features that could
be used to aid in positioning birds on the map such as, a large viewing structure, nesting boxes, feeding
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stations, structural beams and information signs were also included. Once completed the distance and
angle recordings were input into Microsoft Excel 2013 and converted to positions in a plane coordinate
system.
2.3.2.2 Input into GIS
To produce the to-scale map of the aviary on which bird locations could be recorded, QGIS
Desktop 2.18.3 with GRASS 7.2.0 was used (Figure 2.1). The plane coordinates collected through
surveying were uploaded to a blank georeferenced surface in QGIS as delimited text files with point
coordinates. Aviary features were then digitized from of these points as lines, shapes or point files
where appropriate.
2.3.3 Data collection
2.3.3.1 Bird data
Data collection occurred from June 12th, 2017 to July 7th, 2017. Data for 12 full days was
collected, with sampling occurring from 9:00am – 1:00pm and 2:00pm – 4:00pm, on both weekend and
weekdays. Feeding occurred twice a day at approximately 9:00am and 12:00pm, with keepers leaving
food out at various ground level and elevated feeding stations (1.7m from the ground) throughout the
aviary, both in the center of the aviary and along the exterior edges. Due to the outdoor design of the
enclosure, data collection had to be stopped during periods of heavy rain, so make-up periods were
conducted on additional days to produce an equal number of morning and afternoon sessions. Scan
sampling (Martin & Bateson, 2007) was used to collect location and behaviour data on the birds. At the
beginning of every 30-minute interval, the observer walked through the enclosure along the pathway
marking down: the location of each sited bird on hard copy versions of the aviary map, as well as the
species, behaviour (Table 2.2), the vertical distance of the birds from the ground (measured using the
TruPulse Laser Rangefinder Series 200), and the date and time of sampling. For groupings of birds more
than three, vertical distances and behaviour were recorded as a group measure, as has been used in
previous methodology where group effects are expected to occur (Collins et al., 2017).
Table 2.2. An ethogram of birds’ behaviour patterns observed in preliminary trial runs of data analysis.
Behaviour
Alert Inactive
Resting Inactive
Active
Pacing
Feeding and Drinking
Nesting
Agonistic Interactions
Other Interactions

Description
Sitting, perching, standing or wading with eyes open
Sitting, perching, standing or wading with eyes closed
Walking, running, collecting nesting materials, dustbathing, preening, swimming,
diving, flying or any vocalizing outside of an aggressive context
Walking back and forth in a set route with no apparent goal
Gathering, washing or consuming food, or drinking water
Sitting on nest or nesting structure
Chasing, biting or vocalising aggressively (e.g. hissing) at other birds
Neutral or positive interactions between birds
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Section B
Section A

Legend
Entrance
Exit
Noise reading locations
Visitor pathway
Pond and river

Viewing platform and stairs (closed for duration of
observation period)
Keeper offices
External contained aviaries
Ground vegetation cover
Wire mesh wall dividing sections A and B

Waterfall

Figure 2.1. An overhead map of the Main Aviary at the Lowry Park Zoo, Tampa FL, used for
data collection, analysis and interpretation.
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2.3.3.2 Visitor and environmental data
Using ten-minute scan sampling, a second observer simultaneously recorded visitor and
environmental variables. Number of visitors who entered the aviary and noise readings from five points
along the pathway were recorded (Figure 2.1; measured using a Dr. Meter MS10 Digital Decibel Sound
Level Meter Tester). In addition, temperature and humidity (measured using the Kestrel 4000), date and
time of scan were also recorded.
2.3.4 Statistical analysis
2.3.4.1 Data entry into GIS
In order to assess how the birds were distributed in the habitat, the locations of the birds were
digitized onto the digital aviary map in QGIS along with their corresponding attribute data. Attribute data
included vertical distance from the ground, species identifier and behaviour. In addition, to assess how
these distributions were affected by visitor levels and environmental factors, attribute data also included
visitor number per scan, average noise levels for the scan period, average temperature and humidity
readings for the scan period, date and time. To determine each birds distance from the path during each
scan, a spatial join which calculated the distance in meters from each individual bird data point to the
nearest part of the path was performed and added as an attribute as well. To map the distributions in
three-dimensions the points were converted to Z-points, using the vertical distance from the ground as the
Z coordinate.
To account for vegetation cover as a component of the birds’ responses to increasing visitor numbers,
locations of heavy ground vegetation were digitized onto the map. To determine which birds were using
this vegetation, a query for birds with a vertical distance of zero was run, and then a select by location
was run on those birds against the vegetation cover and added as an attribute.

2.3.4.2 Pearson correlation coefficients: Effects of visitor and environmental variables on position in the aviary
To determine how visitor and noise levels, as well as weather conditions, affected the birds’
position in the enclosure, Pearson Correlation Coefficients were calculated through SAS University
Edition version SAS Studio 3.6 and SAS 9.4M4 with a significance level of α = 0.05. Variables tested for
correlation included the number of visitor per scan, the average noise, humidity and temperature readings
per scan, the horizontal distance from the path, the vertical distance from the path and the presence of
birds in ground vegetation cover. To aid in ensuring accurate sampling of the birds, species which were
not successfully sighted and recorded in at least 70 percent of the scans were excluded from the formal
results.
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2.3.4.3 Chi square tests: Behaviour data
To determine how behaviour changed under increasing visitor levels, a Chi square test was run in
SAS University Edition at a significance level of α = 0.05, with the null hypothesis that there would be
no difference in the proportion of time spent performing behaviour under low and high visitor periods.
Visitor numbers were categorized into periods of low visitor levels (two to 60 visitors per half hour scan)
and periods of high visitor levels (61 to 189 visitors per half hour scan). Behaviour counts from all of the
species were combined into a single data set for the Chi square test in order to maximize the potential for
behaviour comparisons between low and high visitor levels.

2.3.4.4 Three-dimensional matrix: Changes in overall range size
To assess how each species’ range changed as visitor numbers increased, the size of each
species’ range was estimated using a three-dimensional matrix. Python version 2.7 was used to break
the study area into a series of three-dimensional 1m x 1m x 1m grid cells. To determine which species
were observed in each cell, the X, Y, Z coordinates for each locational data point were collected in
QGIS and overlaid on the grid cells. To determine each species’ range size, cell counts were then
performed for each species under periods of low (two to 60 visitors per half hour scan) and high visitor
levels (61 to 189 visitors per half hour scan), providing a range estimate in meters cubed. Percentage
increase or decrease of range size from low to high periods were then calculated.

2.4 Results
2.4.1 Environmental Variables
Environmental variables fluctuated throughout the study period. Visitor levels ranged from two
to 189 guests per half hour scan (mean = 68 guests) and average noise level readings ranged from
51.54 dBa to 66.61dBa per half hour scan period (mean = 59.04 dBa), equating to an approximately two
times perceived increase in noise. Visitors appeared to move steadily through the aviary, spending two to
three minutes moving along the path. Most commonly guest stopped at the kookaburra cage, the waterfall and
the pond. Guest flow was relatively steady, with large camp groups of children coming through
sporadically throughout the day, and visitor levels increasing at midday, and dropping off in the morning
and after 3:00pm. Calculation of correlation coefficients also showed that noise levels and visitor levels
were moderately correlated (r = 0.43, p = <.0001). Finally, average temperature levels ranged from
26.7° C to 34.2° C (mean = 31.2° C) per half hour scan, and humidity levels ranged from 51.3 percent to
88.6 percent (mean = 65.0 percent) per half hour scan. Correlation coefficients showed that temperature
and humidity were strongly negatively correlated (r = -0.92, p = <.0001).
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2.4.2 Response to increasing visitor and noise levels
2.4.2.1 Horizontal and vertical distance from the path
In order to determine how increasing visitor presence affected the birds position in the enclosure,
Pearson’s correlation coefficients were calculated, comparing increasing visitor numbers and noise levels
to the birds’ horizontal distance from the path and vertical distance from the ground (Figure 2). Only two
species did not meet the cut-off of a success rate of finding of 70 percent (the pied imperial pigeon and
the blue-crowned motmot), all other species were included in the formal analysis. Five species showed a
weak positive trend between distance from the path and visitor numbers and or noise levels. The eastern
crested guineafowls (r = 0.19186, p = 0.0281), the great curassow (r = 0.19317, p = 0.0338) and the
demoiselle cranes (r = 0.22863, p = 0.0002) were all found at increasing distances from the path during
periods of increasing noise levels. The Hottentot teals (r = 0.20520, p = 0.0018) were found at greater
distances from the path during periods of increasing visitor numbers. The helmeted guineafowls were
found at a greater distance from the path during periods of both increasing visitor numbers (r = 0.24695, p
= <.0001) and increasing noise levels (r = 0.19286, p = <.0001).
Alternatively, three species showed a weak negative trend between distance from the path or
ground and visitor numbers and/or noise levels. The spotted whistling ducks (r = -0.17063, p = 0.0174)
were found closer to the path as visitor numbers increased. The Von der Decken’s hornbill (r = -0.22171,
p = 0.0282) was found closer to the ground during periods of increasing noise levels. The African
openbill showed mixed results. They were found closer to the path during periods of both increasing
visitor numbers (r = -0.28363, p = 0.0007) and increasing noise levels (r = -0.22555, p = 0.0076), but
further from the ground during periods of increasing visitor numbers (r = 0.23128, p = 0.0062). Finally,
the remaining species showed no correlation between distance from the path or ground and visitor number
or noise levels.
2.4.2.2 Vegetation use
To determine how visitor presence further affected the birds’ use of their enclosure, Pearson’s
correlation coefficients were calculated, comparing increasing visitor numbers and noise levels to the
birds’ presence in heavy ground vegetation cover (Figure 2.2). Several species showed a weak positive
trend between use of vegetation and visitor numbers and noise levels. The great curassow (r = 0.23738,
p = 0.0087), hottentot teals (r = 0.26972, p = <.0001), and sunbitterns (r = 0.16143, p = 0.0021) were all
found in vegetation cover more as visitor numbers increased. Spotted whistling ducks (r = 0.22878, p =
0.0013), mandarin ducks (r = 0.17050, p = 0.0123) and hottentot teals (r = 0.31617, p = <.0001) were
all found in vegetation cover more as noise levels increased.
In contrast, two species showed a weak negative trend between vegetation use and visitor
numbers or noise levels. The sacred ibis (r = -0.19089, p = 0.0023) showed a decrease in vegetation use as
visitor numbers increased while the blue-bellied roller (r = -0.17923, p = 0.0492) showed a decrease in
vegetation use as noise levels increased. The remaining species showed no response in vegetation use as
visitor numbers and noise levels increased.
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Figure 2.2. Results of a Pearson Correlation Coefficient test displaying change in enclosure position and
vegetation use of birds in the Main Aviary at Lowry Park Zoo, Tampa FL, during periods of increasing
noise levels and periods of increasing visitor numbers. Significance determined at α = 0.05.
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2.4.2.3 Changes in range size
In order to determine how overall range use changed, range sizes for each species under both
high and low visitor periods were estimated. Both increases and decreases in range size under periods of
high visitor numbers were observed (Table 2.3). A substantial increase of more than ten percent original
range size was seen in the sacred ibis, the Von der Decken’s hornbill, the blue-bellied roller and the
scarlet ibis population in section B of the aviary. Alternatively, substantial decreases of more than 10
percent were seen in the African spoonbills, the black-bellied whistling ducks, the hottentot teals, the
mandarin ducks, the blue-breasted kingfisher and the scarlet ibis population in section A of the aviary.
Table 2.3. Percentage increases and decreases in range size under periods high visitor numbers (61 to 189
visitors per half hour scan). Range sizes were estimated using a three-dimensional matrix, with substantial
changes in range size, increases or decreases of more than 10 percent range size under periods of low
visitor numbers (two to 60 victors per half hour scan), bolded.
Species

Change in range size under high visitor
periods (percent)

Section A
African Openbill (Anastomus lamelligerus)
Scarlet Ibis (Eudocimus ruber)
Sacred Ibis (Threskiornis aethiopicus)
Boat-billed Heron (Cochlearius cochlearius)
Demoiselle Crane (Anthropoides virgo)
African Spoonbill (Platalea alba)
Great Curassow (Crax rubra)
Buff -banded Rail (Gallirallus philippensis) *
Sunbittern (Eurypyga helias) *
Helmeted Guineafowl (Numida meleagris)
Pied Imperial Pigeon (Ducula bicolor) **
Blue-crowned Motmot (Momotus momota) **
Black-bellied Whistling Duck (Dendrocygna autumnalis) *
Spotted Whistling Duck (Dendrocygna guttata) *
Hottentot Teal (Spatula hottentota) *
Mandarin Duck (Aix galericulata) *
Von der Decken’s Hornbill (Tockus deckeni) *
Section B
Red-legged Seriema (Cariama cristata)
Little Blue Heron (Egretta caerulea)
Eastern Crested Guineafowl (Guttera pucherani)
Blue-bellied Roller (Coracias cyanogaster)
Blue-breasted Kingfisher (Halcyon malimbica)
Violet Turaco (Musophaga violacea)
Inca Tern (Larosterna inca)
Scarlet Ibis (Eudocimus ruber)
* Species which can move between both sections of the aviary
** Species with a success of finding rate of less than 70 percent
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- 5.26
- 14.05
11.27
3.17
6.45
- 13.21
- 8.33
0.00
-6.23
5.71
-30.30
-17.56
- 11.98
9.33
- 24.07
- 10.71
17.02
4.71
17.86
9.09
16.67
-19.44
- 4.55
- 2.94
18.00

2.4.3

Response to weather conditions
In order to determine how weather conditions influenced the birds’ position in the habitat, Pearson’s

correlation coefficients were calculated, comparing increasing temperature and humidity levels to the
birds’ horizontal distance from the path, vertical distance from the ground and use of heavy vegetation
cover (Figure 2.3). The horizontal distance of several species was correlated with humidity and
temperature levels. Several species showed a weak positive trend between distance from the path and
temperature, including the eastern crested guineafowl (r = 0.24128, p = 0.0055), sunbitterns (r =
0.15194, p = 0.0039), sacred ibis (r = 0.15443, p = 0.0141) and demoiselle cranes (r = 0.27430, p =
<.0001). Alternatively, the African openbill (r = -0.23594, p = 0.0052) displayed a weak negative trend
between distance from the path and temperature. As well, the African openbill showed a weak positive
trend between distance from the path and humidity levels (r = 0.24909, p = 0.0031). Several species
showed a weak negative trend between distance from the path and humidity levels, including the Eastern
crested guineafowl (r = -0.28106, p = 0.0011), sunbitterns (r = -0.18481, p = 0.0004), great curassow (r =
-0.19024, p = 0.0366) and the sacred ibis (r = 0.20824, p = 0.0009).

Several species vertical distance from the ground was also affected by weather conditions. Several
species showed a weak negative trend between distance from the path and temperature, including the
blue-bellied roller (r = -0.22097, p = 0.0149), violet turaco (r = 0.13145, p = 0.0352), Von der Decken’s
hornbill (r = 0.32863, p = 0.0010), Inca terns (r = -0.15710, p = <.0001), and the African openbill (r =
0.17580, p = 0.0384). Conversely, several species showed a weak positive trend between distance from
the path and humidity, including the blue-bellied roller (r = 0.27403, p = 0.0024), violet turaco (r =
0.15162, p = 0.0150), Von der Decken’s hornbill (r = 0.33794, p = 0.0007), and the Inca terns (r =
0.19097, p = <.0001).

Finally, vegetation use of some species was affected by weather conditions as well. Two species
were found more frequently in vegetation cover as temperature increased including the hottentot teals (r
= 0.24019, p = 0.0003) and the eastern crested guineafowl (r = 0.17772, p = 0.0423). Alternatively, the
little blue heron was found in vegetation less often as temperature increased (r = -0.20836, p = 0.0230)
and the hottentot teals (r = -0.20318, p = 0.0020) and eastern crested guineafowl (r = -0.20110, p =
0.0213) were found in vegetation less often as humidity increased.
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Figure 2.3. Results of a Pearson Correlation Coefficient test displaying change in enclosure position and
vegetation use of birds in the Main Aviary at Lowry Park Zoo, Tampa FL, during periods of increasing
temperature levels and periods of increasing humidity levels. Significance determined at α = 0.05.

2.4.4 Changes in behaviour patterns
In order to assess welfare implications of increasing visitor numbers on the birds, a Chi square
test was run comparing the percentage of time spent performing various behaviour patterns during periods
of low (two to 60 visitors per scan) and high (61 to 189 visitors per half hour scan) visitor periods (Table
2.4). A significant relationship between visitor numbers and proportion of time spent performing certain
behaviour was found (n = 11115, p = 0.0053). Within the high visitor period resting inactive, feeding
behaviour, nesting, other interactions and pacing all increased. It should be noted that visitor levels
increased around the same time as the second feeding period for the birds (12:00 pm), which most likely
accounts for the increase in feeding behaviour seen, acting potentially as a confounding variable during
high visitor periods.

Table 2.4. Chi square test on percentage of total time spent performing behaviour under periods of low
(two to 60 visitors per half hour scan) and high visitor numbers (61 to 189 visitors per half hour scan),
significance determined at α = 0.05.

Low
Visitor
Periods
High
Visitor
Periods

Alert
Inactive
45.45

Resting
Inactive
5.81

Active

Nesting

34.50

Feeding
Behaviour
7.06

43.80

6.83

33.67

8.52

6.47

6.24

Agonistic Other
Pacing
Interactions
0.55
0.06
0.34

0.27

0.09

0.36

2.5 Discussion
The purpose of this study was to examine how visitor and noise levels affected the position and
behaviour of birds within a mixed species free-ranging aviary in Lowry Park Zoo, Tampa, FL. Distance
from the path, distance from the ground, use of ground vegetation cover, range size and behaviour were
all examined. A variety of responses were found across species. How species distanced themselves from
the path and the ground will be examined first.

2.5.1 Response to increasing visitor and noise levels: Distance from the path and ground
Using Pearson’s correlation coefficients, the birds’ changes in distance from the path and
ground were examined as visitor numbers and noise levels increased. From these results it appears that
there are several species for which there is evidence of a negative visitor effect. These include the
demoiselle cranes, the eastern crested guineafowl, the helmeted guineafowls, the great curassow and the
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hottentot teals. All of these species responded to increasing visitor and/or noise levels by moving further
away from the path, indicating that as visitor presence increases it may become a source of disruption to
these birds. Previous studies have used similar methodology examining distance to viewing areas as an
indicator of visitor effects (Bonnie et al., 2016; Larsen et al., 2014; Sherwen et al., 2015a; Sherwen et
al., 2015b; Sherwen et al., 2015b; Sherwen et al., 2014), with a few observing similar trends as seen in
these results. These studies include research done on little penguins (Sherwen et al., 2015), where the
birds were found further from viewing areas as visitor numbers increased, as well as a study where
black-capped capuchins were found further from viewing areas during periods where guests were
visible (Sherwen et al., 2015a). It is interesting to note, that all of the species within the aviary which
moved away from viewing areas were non-perching birds who spent the majority, or all, of their time at
ground level. This suggests that the ability to distance oneself from visitors by moving further up into
the canopy, as opposed to being limited to moving only further away on a horizontal scale, may play a
role in reducing the potential for negative visitor effects. However, it must be noted as well that there
were ground species within the study who did not appear to be affected by visitors, including the sacred
ibis and the red legged seriema. In addition, there have been previous studies done with ground birds in
which a negative visitor effect was not detected (de Azevedo et al., 2012; Thicks, 2008). With that said,
species which displayed a positive response to increasing visitors within the aviary will now be
reviewed.

A handful of species moved closer to the path or ground, during periods of increased visitor numbers
or noise levels. These include the African openbill, the spotted whistling ducks and the Von der Decken’s
hornbill. These responses may indicate an interest in increasing visitor levels as potentially rewarding
stimulus. For instance, previous studies on captive birds have found cases where the birds appear
motivated to interact with visitors as a self-rewarding stimulus (Collins & Marples, 2015; Nimon &
Dalziel, 1992), however no such interaction attempts were observed throughout the study.
Alternatively, this behaviour may be a result of an association of humans with the provisioning of food as
a result of their relationships with the keepers. In both cases, these responses could be accounted for by a
positive visitor effect. It should be noted that two of these species are perching birds, suggesting again
that the ability to distance oneself quickly from visitors both vertically and horizontally may contribute to
visitors being viewed as less aversive and even potentially rewarding. With that said, some perching
species who did not respond by altering their distance to the path or ground, did decrease their overall
range size.
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2.5.2 Response to increasing visitor levels: Changes in overall range size
In a few instances, substantial decreases in range size as visitor levels increased were observed.
Interestingly, substantial range size decreases were seen in several species who showed no relationship
between vertical and horizontal distance in the enclosure and visitor levels, including the African
spoonbill, the mandarin duck, the blue-breasted king fisher, the African openbills and the black-bellied
whistling ducks. These responses do not appear to be focussed around the path where visitors are present,
but instead, a decrease in the overall space that the birds are using regardless of their position in the
enclosure. This could be a result, in part, due to the decreased locomotion which was observed in high
visitor periods. This decrease in movement as well as space use, could be due to the fact that the birds
perceive visitors as a potential predatory threat, or less extremely, simply as an aversive disruption in
their environment. Thus, decreasing the scope of their range may be done to decrease the likelihood of
interacting with visitors, or to decrease their perceived visibility, perhaps indicating an alternative
response to negative visitor effects. Similarly, the use of vegetation cover as an alternative retreat from
visitors, particularly in the case of ground species, is of particular interest as well.

2.5.3 Response to increasing visitor and noise levels: Use of vegetation cover
Several species increased their use of vegetation cover as visitor numbers increased, including the
sunbitterns and the mandarin ducks, indicating a potentially negative visitor effect. Previous studies have
recorded percent of time spent out of sight (Collins & Marples, 2016; Downes, 2012) or degree of
visibility of the animals (Mun et al., 2013; Schäfer, 2014; Sherwen et al., 2014) as potential components
of visitor effects. Similarly, partial visibility achieved in vegetation cover may be an alternative response
to distancing oneself from visitors, as animals attempt to hide from visitors which they perceive as a
disruption or potential threat. However, in instances where increase of vegetation cover is coupled with
movement towards the path, the underlying motivation is more difficult to discern.

Within the enclosure, heavy vegetation cover is more available to the birds along the edges and
within proximity to the path. This was likely a conscious decision in the design of the aviary, put in place
to mitigate the presence of visitors within those close-contact areas. As such, the relationship between
distance from the path and heavy vegetation cover must be accounted for in the interpretation of these
results. With that said, the use of vegetation cover by the spotted whistling ducks was combined with
movement towards the path during periods of increased visitor numbers. In this instance, due to the
correlation between closeness to the path and increased availability of vegetation cover, it cannot be
determined what the underlying motivating factor is. It is not clear if birds are approaching the path in
order to move closer to the visitors, as a result of a positive visitor effect, or if the birds are approaching
21

the path in order to find vegetation cover, as a result of a negative visitor effect. Physiological indicators,
which will be discussed further in the paper, could be helpful in discerning between these two conflicting
explanations. However, it must first be discussed how weather conditions influenced the birds’
placement in the aviary as well.
2.5.4 Influence of weather conditions on positions in the enclosure
There were three primary trends observed in the response of the birds to changes in weather
conditions. The first trend which was widely observed was the movement of birds towards the center of
the habitat as temperature increased and humidity levels dropped. The second trend, was the movement of
birds further up in the canopy as temperature dropped and humidity levels increased. Finally, the last
trend was the increased use of vegetation cover as temperatures increase and humidity drops. These
trends are likely a result of thermoregulatory or behavioural responses of the birds to changing weather
conditions. For instance, as temperatures increase birds may move to the center of the habitat to perform
sunning behaviour where vegetation is sparser. Alternatively, as temperatures increase some birds may
seek out shade cover in vegetation or may move further up in the canopy to increase sun exposure as
temperatures drop. Although the precise motivations underlying any of these three trends cannot be fully
substantiated, in all three cases these trends demonstrate the importance of considering how weather
conditions may play a role in influencing an animal’s positions within their environment, and how it may
correlate with visitor effects. For instance, the hottest periods in the day were often midday, and although
not significantly correlated in this study, midday was often one of the busier times of the day as well. As
such, both environmental factors and visitor factors should be considered as unique but possibly
interacting components which influence enclosure use, demonstrating the importance of including
weather conditions in future studies on visitor effects, especially those in outdoor enclosures. At this
point, the responses of the birds, both positive and negative, as well as the underlying mechanisms driving
them as a result of the increasing visitor levels have been reviewed. These negative and positive visitor
effects that appear in some of the species are often associated with accompanying welfare implications for
the animals. In order to provide some insight on the wellbeing and welfare of the animals in this study,
behavioural patterns were examined in response to increasing visitor levels.
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Figure 2.4. A blue-crowned motmot sunning in the Main Aviary, Lowry Park Zoo. Photo curtesy of
Shining Wang.
2.5.5 Welfare implications: Behavioural responses and free-ranging enclosures
In order to determine if visitor levels affected the behaviour of the birds, behaviour counts were
compared under periods of low and high visitor numbers using a Chi square test. It should be noted that
although there were statistically significant differences in the proportion of time spent performing
different behaviour, biologically, these differences were slight. From a functional perspective birds are
performing behaviour at similar rates during low and high visitor levels. With that said, there was a
slight increase in crucial behaviours such as resting, feeding and nesting, and decreases in aggression,
under high visitor levels. There was also an increase in pacing behaviour seen, however, this increase
was incrementally small, and the behaviour patterns exist at very low levels regardless of visitor
numbers, so do not appear to indicate a substantial welfare concern. As such, it must be considered that
the observed response of several species away from the path and the decrease in range sizes as visitor
numbers increased, may in-themselves be coping mechanisms. Although these species may still find
high numbers of visitors to be aversive, the freedom of movement provided in this free-ranging
environment which allows them to maintain a greater degree of distance and remove themselves from
visitor presence at will might help them keep their stress levels low, to the point where there is no
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interference with their regular behavioural patterns. This follows from previous research which suggest
that free-ranging environments play a role in reducing the likelihood of negative visitor effects
(Anderson et al., 2002; Choo et al., 2011; Collins & Marples, 2016; Fernandez et al., 2009; Hosey,
2000). Some case studies include research performed on orangutans (Choo et al., 2011), European red
squirrels (Woolway & Goodenough, 2017), white-faced saki and cotton-top tamarins (Mun et al., 2013),
which in all cases showed diminished negative visitor effects thought to be a result of their free-ranging
enclosures. Contrastingly, other studies have seen behavioural responses in great apes, such as a sitting
with their back facing viewing areas (Collins & Marples, 2016), or placing bags over their heads (Birke,
2002) as visitor levels increase, which may be a result when adequate space to remove themselves from
visitor presence is not provided. However, in order to provide conclusive results on the affective state of
the birds in this study, a physiological stress indicator would be required.

Fecal glucocorticoid measurements have been widely used in previous studies on visitor effects
(Ozella et al., 2017; Sherwen et al., 2015a; Sherwen et al., 2015b). Such measures on the species where
avoidance of the path was observed would be helpful in determining welfare implications. Similarly,
these measures would be helpful as well when examining birds who approached the path. As mentioned
previously, there are several mechanisms that could account for this approach towards visitors through a
positive effect, however it should be noted as well, this approach could also be accounted for as
information collection on a potential threat, as is seen in wild birds (Peake et al., 2003). As such, the
individual cases of approach and avoidance would benefit from further study to provide insight on the
affective states of the birds. Additional future directions for research and limitations of the current study
will now be reviewed.

2.5.6 Limitations of study and directions for future research
One limitation of the study was that, due to the large number of birds in the aviary, scan sampling
was required in order to collect data on a reasonable timeline. As such, the locations of the birds could not
be continuously monitored and as a result, each bird was not found on each scan. As mentioned in the
results section, species who were not successfully sighted in at least 70 percent of the total scans in the
study were removed from the formal results analysis. With that said, this brings up an interesting
question. Are the birds who are not being sighted as consistently just harder to locate in the environment,
or are they truly spending less time visible as a reflection of negative visitor effects? Only two species did
not meet the requirement of 70 percent: the blue-crowded motmots and the pied imperial pigeons. With
that said, the results that were collected on the pied imperial pigeon showed movement away from the
path and away from the ground as noise levels increased. This suggests that the lower level of successful
24

scans for this species may be a true reflection of the birds making themselves less visible. As such,
continuous observations would be helpful in determining how these species respond to increasing visitor
levels, potentially decreasing their overall visibility levels in order to hide from, or minimize the effects
of visitors, similar to what is seen with the use of heavy vegetation cover.
An additional component of the research design which must be considered was the lack of a ‘no
visitor’ treatment. Throughout any given scan period there were at least two observers within the aviary.
In addition, at 9:00am when observations commenced keepers had already entered the aviary to begin
preparing food and cleaning the path for opening. As such, the data set did not include the behaviour of
birds when there were no humans present. There is the potential that for some species any humans at all
were enough to induce a visitor effect. For instance, the buff-banded rails showed no response to
increasing visitor levels. However, they were consistently recorded in positions close to the exterior wall
of the aviary, maximizing their distance from the path, and within heavy vegetation cover. This could be
explained as a negative visitor response to any visitor levels or alternatively, as a habitat preference or
due to the location of their feeding stations near the exterior wall. It has been noted that wild buff-banded
rails also appear to favour dense vegetation cover (del Hoyo et al., 1996). As data on a no visitor
treatment may be difficult to obtain through video recordings in such a large and complex habitat, a
physiological stress indicator as discussed previously would be beneficial here to determine the bird’s
stress levels and any welfare concerns. With that said, if a bird is very rarely visible to the public another
question which must be addressed is their suitability for zoo habitats regardless of their affective state.
Furthermore, the weakness of the correlations must be considered. Although the trends discussed in the
results are an indication that there is a relationship between visitor presence and enclosure use within this
study, they also indicate that there is more variation which must be accounted for through variables which
were not measured, and which must be considered in future studies which will be discussed in more detail
below.

There are several factors which can influence an animal’s susceptibility to visitor effects including
species, habitat design, individual temperament, the animal’s size, if the animal is a prey species, and
previous exposure to humans (Fernandez et al., 2009; Stoinski et al., 2012; Woolway & Goodenough,
2017). The factor which appeared most apparent in this research was species, with the results showing
diverse, largely species-specific responses to increasing visitor presence. This follows from previous
research in the literature, where multiple studies have documented a variety of diverse responses from
birds in the same enclosures based on a species, and even individual bird level (Collins & Marples, 2015;
Downes, 2012; Thicks, 2008). These various factors, as well as the small sample size available for many
of the species at Lowry Park Zoo, should be taken into account when extrapolating the results of this
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study to other zoos or institutions. Overgeneralization of visitor effects should be avoided. Instead,
studies such as this add to the collective information which is being established surrounding the topic,
providing insight into general trends which may be helpful when informing housing decisions, but still
must be considered within the context of each unique scenario.

2.6 Conclusions
The purpose of this study was to examine the responses of captive birds to potential visitor
effects in a mixed species free-ranging environment through their use of available enclosure space and
features. The results showed a variety of ways in which different species responded to increasing visitor
levels, including moving further away from the path, decreasing their range size and increasing their use
of ground vegetation cover. With that said, the lack of a substantial behavioural response appears to
indicate no negative welfare consequences, and supports the current theory that the freedom of movement
and greater degree of control allowed for in free-ranging environments decreases the potential for
negative welfare consequences of visitor effects. More research is suggested to increase the data available
on these species, as well as on other bird species. Information on birds living in both free-ranging and
more traditional enclosures serves to add to the limited information available in the literature concerning
visitor effects on birds. Understanding more about how birds are affected by visitors in varying
circumstances is crucial for striking a balance with habitats that both the visitors and the animals can
enjoy and benefit from to their greatest extent.
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3

EXAMINING SPACE SELECTIVITY AND ENCLOSURE USE OF BIRDS
WITHIN A MIXED SPECIES FREE-RANGING ZOO ENVIRONMENT, USING
GIS

3.1 Abstract
The distribution of 24 bird species within a mixed species free-ranging zoo enclosure was observed in
order to better understand enclosure use and space selectivity of birds in captivity using Geographic
Information Systems (GIS). A digital map of the aviary was made on which the birds’ location, vertical
distance off of the ground, behaviour and species were recorded. Data were collected for twelve, six-hour
days in total, using 30-minute scan sampling. Space selectivity and habitat preference were examined for
each species using a k means spatial grouping analysis in ArcGIS Desktop 10.5. In addition, range
overlap between the species was analyzed with a three-dimensional matrix. The results demonstrated
effectively how each species was clustering in the enclosure, and how factors such as habitat preference
and inter-species territoriality influenced these distributions. The majority of species clustered within at
least one location in the aviary, due to factors such as nesting patterns and habitat selection, with some
species showing more specific preferences than others. Territoriality also appeared to play a role,
particularly in section B of the aviary. The authors suggest that GIS is a helpful tool to be used when
examining enclosure use in zoos helping to build a detailed picture of how animals are using the space
provided to them in captivity and providing crucial for informing enclosure design in captivity.
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3.2 Introduction
Over the years, the roles of zoos in modern society have been changing and adapting to fit a
shifting paradigm of how animals are viewed as a part of the natural world. Historically, zoos have been a
place of entertainment and showmanship (Carr & Cohen, 2011). The role of entertainment in zoos is still
a critical one, with it being the primary reason visitors come to the zoo (Clayton et al., 2009).
However, zoos have evolved as well largely into centers of conservation, research and education, where
entertainment in no longer the sole purpose of the institution, but also a means of funding these other
components (Carr & Cohen, 2011; Fernandez et al., 2009). Much of this evolution can been seen as well,
through the changes in habitat design in recent decades. Generally, there has been a move away from
artificial-appearing, barren enclosures, towards instead more naturalistic enclosures which mimic the
animals’ habitat in the wild (Reade & Waran, 1996). In some cases, zoos are even introducing freeranging enclosures where there is no physical barrier between the visitors and the animals, allowing for a
close-contact viewing experience. Visitors appear to enjoy these opportunities to observe animals in a
way closer to how one would in the wild.

Visitors have responded positively to naturalistic and free-ranging environments in zoos,
reporting that they find animals attractive in these enclosures, while enjoying the opportunity for closecontact experiences (Fernandez et al., 2009; Kellert & Dunlap, 1989; Mun et al., 2013; Reade & Waran,
1996; Woolway & Goodenough, 2017). In addition, these enclosures are beneficial for both wild and
captive populations of animals. These enclosures which emphasize housing animals in a manner reflecting
their wild habitats, makes it easier for visitors to see these animals in the context of their wild
counterparts, facilitating connections between the familiar individuals which they see at the zoo and the
unfamiliar wild populations which they may never see. This association may aid in fostering interest in
wild populations and subsequently conservation concerns and the research or funding efforts in place to
address them (Burton & Ford, 1991; Reade & Waran, 1996). Finally, naturalistic enclosures appear to be
beneficial to the animals which they house as well. A handful of recent studies have shown that
naturalistic, free-ranging enclosures may decrease the effects of visitor presence sometimes associated
with stress for captive animals (Choo et al., 2011; Collins & Marples, 2016; Mun et al., 2013). With these
potential benefits in mind to both visitors and animals, it is apparent why these exhibits are gaining
popularity in zoos. With that said, there is not a lot of research that has been performed examining how
different species use the space in these enclosures, particularly free-ranging enclosures, which is critical
for understanding and informing effective habitat design.
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There have been several techniques used in the literature to examine how various species use
enclosure space in traditional zoo exhibits. These methodologies include measures such as distance from
visitor pathways (Sherwen et al., 2015b), use of retreat space (Anderson et al., 2002; Kyngdon et al.,
2003), extent of enclosure use (Downes, 2012; Thicks, 2008), and animals’ positions in different
quadrants of the enclosure (Collins et al., 2017; Collins & Marples, 2015; de Azevedo et al., 2012;
Downes, 2012; Larsen et al., 2014; Mallapur et al., 2002; Thicks, 2008). These techniques can provide
information on which parts of the enclosure are over or underused, relative to their availability, and
subsequently features which may be over or under-supplied. This study proposes the use of spatial point
pattern analysis as a means to further these methodologies, which can be used as an alternative means of
analyzing captive animals’ distributions within their enclosures.

Spatial point pattern analysis is used in wild populations to identify patterns in both population
and community distributions, as well as identifying the underlying environmental factors which may
shape and influence them. It has been used across various species to identify how populations and
communities occupy their available habitat space and how environmental factors such as, distance to
intra- and inter-species conspecifics, underlying habitat type, availability of resources and management
strategy influence these distributions. Some of these species include wasps (Asís et al., 2014; Polidori et
al., 2008), termites (Grohmann et al., 2010), ants (Kenne & Dejean, 1999; Santamaría et al., 2009; Tanner
& Keller, 2012), burrowing owls (Fisher et al., 2007), mute swans (Gayet et al., 2016), and various bird
species living in riparian habitats (Finch, 1989). In a zoo setting, this same methodology may be useful in
understanding, similarly, how much of the enclosure is being used, how different species are distributed
within the same enclosure, and what underlying habitat features, such as habitat types and other species,
influence these patterns. As such, a mixed species habitat would be of particular interest, shedding light
on how territoriality may play a role in space use in enclosures at the species level. Finally, spatial pattern
analysis can be adapted to look not just at two- dimensional patterns of enclosure use, but threedimensional patterns as well, incorporating the vertical distance of the animals in their enclosures,
examining their full range of movement. This could be an incredibly helpful addition when looking at
how different zoo species use free-ranging enclosure space where a greater degree of movement is
allowed for. In addition, examination of animals where the vertical component of movement is arguably
as important as the horizontal component would be ideal to examine the full scope of capabilities of this
methodology. As such, this study aims to inspect how three-dimensional spatial analysis can be used at
Lowry Park Zoo Tampa FL, to examine the distribution of different bird species within a mixed species
free-ranging aviary.
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The purpose of this study is to map, analyze and compare the distributions of several different
bird species in the same free-ranging enclosure. Habitat design is a key feature in zoo animal welfare, and
this methodology may present a unique way of further understanding habitat use in zoo settings,
especially in those enclosures where environmental and social interactions become more complex. As
such, mixed species and free-ranging enclosures which enable a greater degree of freedom of movement
and choice within the environment are an ideal choice. A comparison of how different bird species are
using their available space in the same enclosure, taking into account the vertical distance of the animal’s
position as well, presents the opportunity to better understand habitat use in free-ranging bird enclosures
which is particularly important considering the popularity of these types of enclosures (Tofield et al.,
2003). With that said, it is hypothesized that: (1) species’ distributions will be composed of several
unique groupings, or clusters, (2) these groupings will be influenced by habitat type; (3) the influence of
habitat type will differ among species, and; (4) inter-species territoriality will play a role shaping ranges.

3.3 Materials and Methods
3.3.1 Study Site and Animals
The study was conducted at Lowry Park Zoo, Tampa Florida (United States). Lowry Park Zoo
has several aviaries, however, the aviary of focus for this research was the Main Aviary (referred from
this point on as ‘the aviary’); a large, naturalistic, free-ranging enclosure (Figure 2.1). The aviary is an
outdoor dome-shaped enclosure (approximately 34 x 28 meters across and 11.50 meters high), enclosed
with wire meshing allowing full exposure of the birds to the outside weather conditions. In addition, the
naturalistic design incorporates lots of available vegetation cover and trees, a running waterfall, river and
pond, as well as several feeding stations, elevated perches and nesting boxes scattered through the
environment. A cement path along the edges of the habitat allows visitors to walk through the aviary
encountering the birds in close proximity with no physical barriers, while prohibiting movement into the
center and surrounding edges of the habitat.
The aviary is home to two Linne’s two-toed sloths (Choloepus didactylus) and 26 bird species, of
which 24 species (98 individual birds) were included in the study (Table 3.1). The aviary is divided into
two sections, Section A and B, separated by wire mesh and chain curtains, which allow visitors to pass
through. This division allowed for the separation of species as well as two related scarlet ibis populations.
However, it is of note that some species could pass through the curtains, accessing both sides of the
aviary at will (Table 3.1). In addition, there were several closed-off bird exhibits along the edges of the
aviary that visitors could also view once inside, however, these birds were not included in the study, only
those in the free-ranging portion of the aviary were included. Feeding occurred twice a day at
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approximately 9:00am and 12:00pm, with keepers leaving food out at various ground level and elevated
feeding stations (1.7m from the ground) throughout the aviary, both in the center of the aviary and along
the exterior edges.
3.3.2 Production of Aviary Map
3.3.2.1 Surveying of aviary
To survey the aviary a technique known as traversing (Wenger, 1984) was used. The entrance to
the aviary was selected as the known point (0,0), from which the distance (measured with a TruPulse
Laser Rangefinder Series 200) and the angle of degrees north (measured with the Compass App on
IPhone 6S) to subsequent points were measured and recorded. Key points along features such as the path,
river, pond, vegetation cover and interior walls of the aviary were measured. As well, features that could
be used to aid in positioning birds on the map such as, a large viewing structure, nesting boxes, feeding
stations, structural beams and information signs were also included. Once completed the distance and
angle recordings were input into Microsoft Excel 2013 and converted to positions in a plane coordinate
system.
3.3.2.2 Input into GIS
To produce the to-scale map of the aviary on which bird locations could be recorded, QGIS
Desktop 2.18.3 with GRASS 7.2.0 was used (Figure 2.1). The plane coordinates collected through
surveying were uploaded to a blank georeferenced surface in QGIS as delimited text files with point
coordinates. Aviary features were then digitized on-top-of of these points as lines, shapes or point files
where appropriate.
3.3.3 Data collection
th

th

Data collection occurred from June 12 , 2017 to July 7 , 2017. Data for 12 full days was
collected, with sampling occurring from 9:00am – 1:00pm and 2:00pm – 4:00pm, on both weekend and
weekdays. Due to the outdoor design of the enclosure, data collection had to be stopped during periods of
heavy rain, so make-up periods were conducted on additional days to produce an equal number of
morning and afternoon sessions across the 12-day period. Scan sampling (Martin & Bateson, 2007) was
used to collect location data for the birds. At the beginning of every 30-minute interval, the observer
walked through the habitat along the pathway, marking down the location of each observed bird on hard
copy versions of the aviary map, as well as the vertical distance of the birds from the ground (measured
using the TruPulse Laser Rangefinder Series 200), species, behaviour (Table 2.2), and the date and time
of sampling. For groupings of birds more than three, vertical distances and behaviour were recorded as a
group measure, as has been used in previous methodology where group effects may be occurring (Collins
et al., 2017).
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Table 3.1. An inventory of the Main Aviary at Lowry Park Zoo, Tampa Fl.
Species
Section A

Sex *

African Openbill
(Anastomus lamelligerus) ***
Scarlet Ibis
(Eudocimus ruber)
Sacred Ibis
(Threskiornis aethiopicus)
Boat-billed Heron
(Cochlearius cochlearius)
Demoiselle Crane
(Anthropoides virgo)
African Spoonbill
(Platalea alba)
Great Curassow
(Crax rubra)
Buff -banded Rail
(Gallirallus philippensis) **
Sunbittern
(Eurypyga helias) **
Helmeted Guineafowl
(Numida meleagris)
Pied Imperial Pigeon
(Ducula bicolor)
Blue-crowned Motmot
(Momotus momota)
Black-bellied Whistling Duck
(Dendrocygna autumnalis) **
Spotted Whistling Duck
(Dendrocygna guttata) **
Hottentot Teal
(Spatula hottentota) **
Mandarin Duck (Aix
galericulata) **
Von der Decken’s Hornbill
(Tockus deckeni) **
Section B

2:0:0

Red-legged Seriema
(Cariama cristata)
Little Blue Heron
(Egretta caerulea)
Eastern Crested Guineafowl
(Guttera pucherani)
Blue-bellied Roller
(Coracias cyanogaster)
Blue-breasted Kingfisher
(Halcyon malimbica)
Violet Turaco
(Musophaga violacea)
Inca Tern
(Larosterna inca)
Scarlet Ibis
(Eudocimus ruber)

16:17:6

Habitat Preference in Wild Populations

Freshwater wetlands, nests in mixed species colonies

2:0:0

Wetlands, marshy habitats and rainforests, feeds and flies in mixed species
colonies
Margins of inland freshwater wetlands, lives in mixed species colonies

4:1:0

Unknown, nests individually or in mixed species colonies

1:1:0

Grassland habitats close to streams, shallow lakes and wetlands, Migrates and
winters in large groups, territorial in mating season
Large shallow inland waters, nests in mixed species colonies

1:1:0
1:0:0
1:0:1

Undisturbed humid evergreen forests and mangroves, monogamous, travels in
pairs or small groups
Wetland Habitats with nests built under dense vegetation

3:0:0

Forested streams, lives alone or in pairs

1:1:3

Warm, dry open habitats such as savanna or farmland, gregarious year-round

1:1:0

Coastal forests, mangroves and coconut plantations

1:1:0

1:1:0

Humid lowland forests and forest edges, lives solitary or in pairs, does not
associate with mixed-species flocks
Edges of shallow ponds, urban green spaces, agricultural fields, gregarious year
round
Vegetated margins of shallow lakes, marshes and freshwater habitats, lives in pairs
or small groups, often with other duck species
Shallow freshwater marshes, throughout day often sleeps on open water, breeds in
single pairs, remains in small groups
Water sources surrounded by dense deciduous forests

0:1:0

Scrubby woodlands of dry savanna

1:1:0
0:1:0

Lightly wooded areas and open savanna-like areas, pairs are territorial, most often
seen in groups of two
Coastal areas, solitary for much of the year, gregarious during mating season

0:1:0

Savannas, forest and edges

1:0:0

Wooded savanna, forest edges and forests near marshes, social species in small
groups
Unknown

2:2:4
2:0:0
2:0:0

0:1:0
1:1:0
2:3:0
2:1:0

Forested areas, edges of streams in dry savannas, parks and gardens, gregarious,
territorial in breeding season pairs
Breeds on inshore islands and rocky coastal cliffs, gregarious
Wetlands, marshy habitats and rainforests, gregarious year-round, feeds and flies in
mixed species colonies

* Sex ratios represent individual Males:Females:Unknown Sex.
** Species which can move between both sides of the aviary
*** After two days of observation, one of the African openbills was removed from the aviary for veterinary
treatment for the remainder of the study
32

3.3.4 Statistical Analysis
3.3.4.1 Data Entry into GIS
In order to assess how the birds were distributed in the enclosure, the locations of the birds were
digitized onto the aviary map in QGIS along with their corresponding attribute data including; vertical
height from the ground (m), species identifier, time and date of sampling. In order to compare habitat use
between species, an additional attribute of habitat type was added. Each data point was classified
according to the habitat type in which it occurred (Table 3.2). To map the distributions in threedimensions the points were converted to Z-points, using the vertical distance from the ground as the Z
coordinate.
Table 3.2. Habitat types within the aviary, with which each point was classified, and their descriptors.
Habitat Type

Descriptor

Path
Cement
Dirt
Sand
Under Structure
Water
Water’s edge
Vegetation
Waterfall
Perched Building
Lower Canopy

On the visitor pathway
Cement flooring within the aviary which is not a part of the visitor pathway
Dirt flooring with no-to-sparse vegetation
Sand substrate
Areas under the viewing structure or stairs, all sandy substrate
The pond or river
Within a one-meter distance to the edge of the river or pond
Moderate to heavy ground vegetation cover
In the water or on the rocky structure of the waterfall
Perching on a building such as the keeper’s clinic or the viewing structure
Perching on vegetation or the wire dividing mesh between sections, one to four
meters off the ground
Perching on vegetation or the wire dividing mesh between sections, 4.1 to eight
meters off the ground
Perching on vegetation or the wire dividing mesh between sections, 8.1 to 13.5
meters off the ground
Perching (at any height) on vegetation or the wire dividing mesh between sections,
within one meter of the pond or river

Middle Canopy
Upper Canopy
Water Canopy

3.3.4.2 Grouping analysis and habitat preference
In order to analyse the three-dimensional patterns with which the birds were using their space in
the enclosure, k means grouping analysis was run in ArcGIS Desktop 10.5, using the X, Y and Z
coordinates as the grouping attributes. K means grouping analysis is a voyeuristic procedure where data
are partitioned into n number of groups through the random placement of n number of centroids. The
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centroids move within the data, dividing it into groups based on the given attributes, in this case the X,Y
and Z coordinates, with the goal of minimizing intra-group variation and maximizing inter-group
variation. To determine the n number of groups for each species, ArcGIS’s optimization protocol was
used to determine the best fitting number of groups in which to sort each species distribution. Grouping
analysis was run, testing one to 15 potential groups for each species, and the number of groups which
produced the highest Pseudo F-statistic was selected as the best fit. In order to compare habitat preference
between the species, each group, for each species, was then categorized according to the habitat type of
the points within it. For any group comprised of points which occurred in more than one habitat type, any
habitat type which encompassed at least 20 percent of total points in the group, was included in the
categorization.

3.3.4.3 Comparing range overlap
In order to determine how the birds’ ranges overlapped in the aviary, ranges were mapped and
compared in three-dimensional space. Python version 2.7 was used to break the study area into a series of
three-dimensional 1m x 1m x 1m grid cells. To determine which species were observed in each cell, the
X, Y, Z coordinates for each locational data point were collected in QGIS and overlaid on the grid cells.
In order to determine each species overall range size, the number of cells in which a species was
occurring was counted and totaled. To establish where two species’ ranges overlapped the occurrence of
two species being located in the same cell was run against all unique pairwise combinations. To determine
the total size of range overlap, the occurrence of these cells was then counted and totaled for each
pairwise combination, which were then converted into percentages of total range. To determine the total
size of each species range which was unique, the cells where only one species was occurring were
counted and totaled for each species, which were then converted into percentage of total range unshared.

3.4 Results
3.4.1 Grouping analysis and habitat preference
In order to determine if there were any patterns in both space use as well as habitat use in the
enclosure, k means grouping analysis was run using the X, Y and Z coordinates of each species. In order
to ensure species with the same potential ranges were being compared, the species were divided into three
categories: species who only had access to section A (Table 3.3), species who only had access to section
B (Table 3.4), and species who could access both section A and section B (Table 3.5). To ensure spatial
groupings were not simply stray outliers but instead substantial groups, a rule of thumb was applied in
which groups comprised of less than 12 data points (an approximation of one observation per day of
sampling) were discarded. Tightly configured groups with a standard deviation of less than one meter
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around the X, Y and Z coordinates were also distinguished as clusters. With these exclusions made,
several species distributions included tight clusters with a standard deviation of less than one meter for
the X, Y and Z coordinates.

In section A of the aviary (Table 3.3), the African openbills’ distribution contained two tight
groupings, or clusters, within the upper canopy; the scarlet ibis’ contained four groups within the water,
water’s edge, middle canopy, upper canopy and water canopy; the sacred ibis’ contained four groups
within the sand, vegetation and dirt cover; the boat billed herons’ contained three groups within the
lower canopy; the demoiselle cranes’ contained five groups within the water, water’s edge, dirt,
vegetation and sand cover; the African spoonbills’ contained three groups within the water, water’s edge,
upper canopy and water canopy; the great curassow’s contained three groups within dirt and vegetation
cover; the helmeted guineafowls’ contained one group within dirt and vegetation cover; the pied imperial
pigeons’ contained one group within the middle canopy, and; the blue-crowned motmots’ contained two
groups within the lower and middle canopy.
Table 3.3. Division of total species distributions into groups based on their X, Y and Z coordinates in
section A of the aviary. Standard deviation around the X, Y and Z means, and the majority habitat types
which occupied over 20 percent of the group each are included. Tightly configured groups with a standard
deviation of less than one meter around the X, Y and Z coordinates are noted in bold. Groups which
comprised of less than 12 individual data points were considered as insufficient and are not included.
Species
African openbill

Scarlet ibis

Sacred ibis

Group Size
(number of individual points)
12
16
36
33
215
389
813
198
506
80
98
716
280
377
89
253
68
139
218
49

Standard Deviation
(X : Y : Z)
1.59 : 0.81 : 0
1.10 : 0.52 : 0
0.37 : 0.23 : 0.37
0.11 : 0.07 : 0.43
0.62 : 0.41 : 1.02
1.17 : 0.85 : 0
0.28 : 0.38 : 1.16
1.47 : 0.92 : 0.02
0.70 : 0.69 : 0.38
1.52 : 1.06 : 1.61
1.82 : 1.48 : 0
0.37 : 0.51 : 0.29
1.22 : 0.91 : 1.28
0.59 : 0.58 : 0.73
1.36 : 1.94 : 0.83
0.73 : 0.77 : 0.78
2.12 : 1.62 : 0
1.45 : 1.07 : 0
0.76 : 0.62 : 0.70
0.91 : 0.96 : 0
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Habitat Type
Sand, Under Structure
Water
Upper Canopy
Upper Canopy
Upper Canopy, Water Canopy
Sand, Under Structure
Water Canopy
Sand, Water
Water, Water’s Edge
Lower Canopy, Middle Canopy
Sand, Under Structure
Water Canopy
Lower Canopy
Upper Canopy, Water Canopy
Middle Canopy
Water’s Edge
Dirt, Vegetation
Sand, Vegetation
Middle Canopy, Water’s Canopy
Dirt, Vegetation

Boat-billed
heron

Demoiselle crane

African
Spoonbill

Great curassow

Helmeted
guineafowl

Pied imperial
pigeon
Blue-crowned
motmot

64
13
13
26
15
19
21
227
28
47
72
179
17
26
28
12
27
29
32
37
31
19
14
20
43
36
16
59
18
15
29
34
13
114
81
49
16
42

0.87 : 0.61 : 0
1.10 : 0.79 : 0
0.73 : 1.12 : 0
1.13 : 0.86 : 0
0.69 : 0.62 : 0
0.70 : 0.82 : 0
1.24 : 0.90 : 0
0.51 : 0.38 : 0.22
0.44 : 0.98 : 0.30
0.69 : 1.38 : 0
0.13 : 0.33 : 0.24
0.19 : 0.51 : 0.19
2.09 : 1.64 : 0
1.17 : 0.63 : 0.39
1.22 : 0.81 : 0
0.96 : 1.27 : 0
0.74 : 1.00 : 0
0.78 : 0.50 : 0
0.72 : 0.74 : 0
0.88 : 0.94 : 0
0.75 : 0.56 : 0
0.80 : 1.19 : 0
1.83 : 0.77 : 0
1.08 : 0.67 : 0
0.41 : 0.51 : 0.55
0.85 : 0.59 : 0
1.09 : 0.73 : 0
0.32 : 0.25 : 1.37
0.50 : 0.78 : 0.59
1.10 : 0.58 : 0.29
0.10 : 0.18 : 0
0.33 : 0.19 : 0
0.45 : 0.27 : 0
0.68 : 1.07 : 0.03
0.85 : 0.72 : 0.11
1.02 : 1.15 : 0
1.48 : 1.26 : 0
1.12 : 1.15 : 0

Dirt
Dirt, Water
Under Structure
Sand, Vegetation
Sand
Vegetation
Vegetation
Lower Canopy
Lower Canopy
Vegetation
Lower Canopy
Lower Canopy
Sand, Under Structure
Water
Sand
Under Structure
Water, Water Edge
Dirt, Vegetation
Dirt
Sand
Water Edge
Sand, Vegetation
Sand, Vegetation
Water, Water’s Edge
Water, Water’s Edge
Water, Water’s Edge
Dirt
Water Canopy
Upper Canopy, Water Canopy
Lower Canopy
Dirt
Dirt
Vegetation
Dirt
Dirt, Vegetation
Under Structure, Vegetation
Dirt
Sand, Vegetation

12
18
16
73
32
89
19
21
32
21
22
25
59
17

2.36 : 2.78 : 0
0.91 : 1.36 : 0
0.74 : 1.59 : 0
1.19 : 0.96 : 0
1.14 : 1.14 : 0
0.95 : 1.06 : 0
2.08 : 1.44 : 0
0.36 : 1.36 : 0.27
0.46 : 0.52 : 0.23
1.35 : 1.15 : 0.73
2.68 : 1.18 : 0.37
0.74: 2.22: 1.63
1.26: 2.01 : 0.49
2.40 : 2.64 : 1.12

Vegetation
Sand
Under Structure
Under Structure
Sand, Water’s Edge
Under Structure
Sand, Vegetation
Middle Canopy
Middle Canopy
Middle Canopy
Dirt
Lower Canopy, Middle Canopy
Lower Canopy
Lower Canopy
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In section B of the aviary there were several tight clusters as well (Table 3.4). The red- legged
seriemas’ distribution contained one tight grouping at the waterfall; the little blue heron’s contained one
group in the middle canopy; the eastern crested guineafowl’s contained four groups in vegetation cover,
dirt cover, the water and the water’s edge; the violet turacos’ contained one group in the middle canopy,
and; the Inca terns’ contained five groups in the lower and middle canopy, the waterfall and perching on
structures.
Table 3.4. Division of total species distributions into groups based on their X, Y and Z coordinates in
section B of the aviary. Standard deviation around the X, Y and Z means, and the majority habitat types
which occupied over 20 percent of the group each are included. Tightly configured groups with a standard
deviation of less than one meter around the X, Y and Z coordinates are noted in bold. Groups which
comprised of less than 12 individual data points were considered as insufficient and are not included.
Species
Red-legged seriema

Little blue heron
Eastern crested
guineafowl

Blue bellied roller

Blue-breasted
kingfisher

Violet turaco

Inca tern

Group Size
(number of individual points)
48
23
26
48
13
14
14
28
72
16
22
31
27
22
35
19
18
31
49

Standard Deviation
(X : Y : Z)
0.42 : 1.07 : 0.29
0.58 : 1.21 : 0
0.77 : 1.21 : 0
0.74 : 0.39 : 0.11
1.22 : 2.00 : 0.31
0.67 : 0.89 : 0
0.89 : 1.26 : 0
0.72 : 1.29 : 0.25
0.15 : 0.14 : 0.14
0.21 : 0.36 : 0
0.22 : 0.40 : 0
0.26 : 0.3 : 0
0.09 : 0.11 : 0
0.26 : 0.20 :0.77
0.68 : 0.81 : 0.68
0.95 : 0.19 : 0.73
0.92 : 1.61 : 1.27
0.50 : 1.46 : 0.85
2.39 : 1.51 : 1.30

27
79
43
58
17
12
21
22
52
181
31

1.23 : 2.09 : 0.68
0.36 : 0.63 : 0.60
2.19 : 1.77 : 0.95
1.07 : 1.88 : 0.75
1.37 : 2.33 : 0.96
2.03 : 1.60 : 0.64
1.03 : 1.00 : 0.67
0.31 : 0.45 : 0.39
0.94 : 0.88 : 0.09
0.35 : 0.52 : 0.12
0.39 : 0.45 : 0.31
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Habitat Type
Perched Structure
Dirt
Dirt, Path
Waterfall
Path, Waterfall
Dirt, Vegetation
Dirt
Dirt
Middle Canopy
Vegetation
Vegetation
Water, Water’s Edge
Dirt
Upper Canopy
Middle Canopy
Middle Canopy
Lower Canopy, Water Canopy
Middle Canopy
Middle Canopy. Upper Canopy,
Water Canopy
Lower Canopy, Water Canopy
Middle Canopy
Middle Canopy, Water Canopy
Middle Canopy
Lower Canopy, Middle Canopy
Lower Canopy
Perched Structure
Lower Canopy
Waterfall
Lower Canopy
Middle Canopy

Scarlet ibis

191

0.43 : 0.64 : 0

38
21
41
12
66
312

0.25 : 0.72 : 0.37
1.12 : 0.97 : 0.24
0.34 : 0.58 : 0.35
2.41 : 1.17 : 0
1.00 : 1.88 : 1.15
0.56 : 0.87 : 1.74

Lower Canopy, Perched
Structure
Lower Canopy
Lower Canopy
Lower Canopy, Middle Canopy
Vegetation
Dirt, Water’s Edge
Middle Canopy

Finally, in birds which moved between sections A and B there were also several tight clusters
(Table 3.5). The buff-banded rail’s distribution contained four tight groupings within vegetation cover; the
sunbitterns’ contained one tight grouping within the lower canopy; the black bellied whistling ducks’
contained one tight grouping while perching on structures; the hottentot teals’ contained three tight
groupings within the water, water’s edge and vegetation cover; the mandarin ducks’ contained one tight
grouping within the water and water’s edge, and; the Von der Decken’s hornbill’ contained one tight
grouping within the upper canopy.

Table 3.5. Division of total species distributions into groups based on their X, Y and Z coordinates in
species who moved between section A and section B of the aviary. Standard deviation around the X, Y
and Z means, and the majority habitat types which occupied over 20 percent of the group each are
included. Tightly configured groups with a standard deviation of less than one meter around the X, Y
and Z coordinates are noted in bold. Groups which comprised of less than 12 individual data points
were considered as insufficient and are not included.

Species
Buff-banded rail

Sunbittern

Group Size
(number of individual points)
21
56
21
42
14
13
16
18
14
95
15
61
30
22
24
29

Standard Deviation
(X : Y : Z)
0.39 : 0.66 : 0
0.53 : 0.26 : 0
0.38 : 0.67 : 0
0.28 : 0.48 : 0
1.55 : 0.82 : 0
1.03 : 0.50 : 0
2.04 : 1.35 : 0
1.30 : 2.73 : 0.28
3.89 : 3.02 : 0
0.69 : 0.61 : 0.14
1.70 : 1.85 : 0
1.86 : 2.24 : 0
2.05 : 1.25 : 0.09
2.07 : 2.58 : 0.29
3.17 : 1.27 : 0.68
2.61 : 2.54 : 0.24
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Habitat Type
Vegetation
Vegetation
Vegetation
Vegetation
Vegetation, Path
Vegetation
Perched Structure
Perched Structure
Dirt, Path
Lower Canopy
Dirt, Under Structure
Path, Vegetation
Waterfall
Dirt, Water Edge
Water, Water Edge
Dirt, Water

Black-bellied whistling
duck

Spotted whistling duck

Hottentot teal

Mandarin Duck

Von der Decken’s
hornbill

91
166
42
42
27
14
13
136
47
108
31
117
46
44
50
22
58
20
42
38
37
26
14
13
15
61
27
26
29
12
13
14

2.02 : 1.03 : 0
1.76 : 1.67 : 0
2.53 : 2.15 : 0
3.16 : 2.21 : 0.03
0.80 : 0.96 : 0.20
2.33 : 1.07 : 0.36
2.51 : 5.20 : 0.08
2.0 : 1.14 : 0
2.65 : 1.74 : 0
3.11 : 2.54 : 0.09
3.16 : 1.85 : 0.18
2.39 : 1.09 : 0
1.56 : 1.96 : 0
1.92 : 2.30 : 0.33
4.23 : 2.49 : 0
5.37 : 2.20 : 0.66
4.54 : 2.15 : 0.10
6.48 : 2.74 : 0.67
0.55 : 0.69 : 0
0.43 : 0.52 : 0
0.74 : 0.65 : 0.04
0.84 : 1.13 : 0
1.14 : 1.23 : 0
1.53 : 1.13 : 0
1.19 : 1.01 : 0
1.06 : 0.63 : 0
0.64 : 0.56 : 0
1.06 : 1.50 : 0
0.93 : 0.78 : 0
1.98 : 1.79 : 1.39
1.37 : 1.71 : 0.88
0.84 : 0.27 : 0.26
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Dirt, Under Structure
Water, Water’s Edge
Dirt, Sand
Path
Perched Structure
Waterfall
Lower Canopy, Perched Structure
Water
Sand
Dirt
Dirt
Under Structure
Vegetation
Vegetation
Path, Under Structure
Dirt, Path
Sand, Under Structure, Water
Lower Canopy, Perched Structure
Water, Water’s Edge
Water’s Edge
Vegetation, Water’s Edge
Vegetation
Water’s Edge
Under Structure
Vegetation, Water, Water’s Edge
Dirt
Water’s Edge, Water
Under Structure, Vegetation
Water’s Edge, Water
Upper Canopy
Upper Canopy
Upper Canopy

3.4.2 Comparing range overlap
To examine how the birds’ ranges were distributed in relation to one another within the space of
aviary, three-dimensional range overlap was calculated. In order to ensure only species who had the
same potential ranges were compared against one another, the results were divided into three groups:
species who only had access to section A (Table 3.6), species who only had access to section B (Table
3.7), and species who could access both section A and section B (Table 3.8). Within section A of the
aviary as well as species who maneuvered between both sections of the aviary there was a substantial
degree of species range overlap. Within section A, only the scarlet ibis, blue-crowned motmots and
pied imperial pigeons did not share significant range overlap with other species (Table 3.6) and within
species who moved between both sections of the aviary, only the Von der Decken’s hornbill did not
have significant range overlap (Table 3.8). Contrastingly, in section B of the aviary there was much
less range overlap between species, it was only the eastern crested guineafowl who shared significant
range with other species (Table 3.7).

Table 3.6. The percent of range overlap between species, as well as the percent of range which was
unique, or unshared, between species with section A of the aviary. Substantial overlap of more than 20
percent is bolded.
Percent of habitat shared with (read across rows):
Species

African
Openbill
Scarlet
ibis
Sacred
ibis
Boatbilled
heron
Demoiselle
crane
African
spoonbill
Great
curassow
Helmeted
guineafowl
Pied
imperial
pigeon
Blue
crowned
motmot

Percent
unshared
range

African
openbill

Scarlet
ibis

Sacred
ibis

Boatbilled
heron

Demoiselle
crane

African
spoonbill

Great
curassow

Helmeted
guineafowl

Pied
imperial
pigeon

Blue
crowned
motmot

-

60.29

13.25

13.23

14.71

20.59

5.88

19.11

1.47

0.00

27.94

9.67

-

14.39

8.96

13.21

18.40

5.19

16.98

2.12

0.47

45.28

8.33

56.48

-

12.96

35.19

25.00

15.74

22.22

1.85

0.93

15.74

9.18

38.78

14.29

-

8.16

12.24

2.04

9.18

8.16

8.16

37.76

10.99

61.54

41.76

8.79

-

20.89

18.68

40.66

1.10

1.10

6.59

16.23

90.70

30.34

13.95

22.09

-

9.30

19.77

1.16

1.16

4.65

9.52

52.38

40.48

4.76

40.48

19.05

-

69.05

0.00

2.38

2.38

19.11

16.98

22.22

9.18

40.66

19.77

69.05

-

0.00

2.04

15.65

1.49

13.43

2.99

11.94

1.49

1.49

0.00

0.00

-

14.93

58.21

0.00

2.20

1.10

8.79

1.10

1.10

1.10

3.30

10.98

-

63.74
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Table 3.7. The percent of range overlap between species, as well as the percent of range which
unique, or unshared, between species with section B of the aviary. Substantial overlap of more than 20
percent is bolded.
Percent of habitat shared with (read across rows):
Eastern
BlueBlueViolet
crested
bellied
breasted
turaco
guineafowl
roller
kingfisher

Inca
tern

Scarlet
ibis

Percent
unshared
range

2.08

8.33

6.25

32.29

13.33

2.22

8.89

15.56

48.89

3.03

6.06

9.09

9.09

30.30

12.12

1.64

-

6.56

13.11

18.03

3.28

57.38

9.09

3.03

6.06

-

19.70

4.55

7.58

60.61

1.74

0.87

2.61

6.96

11.30

-

10.43

4.35

65.22

Inca tern

7.92

3.96

2.97

10.89

2.97

11.88

-

0.99

44.55

Scarlet ibis

9.34

10.94

15.63

3.13

7.81

7.81

1.56

-

54.69

Redlegged
seriema

Little
blue
heron

-

7.29

10.42

2.08

1.04

15.56

-

17.78

8.89

30.30

24.24

-

3.28

6.56

1.51

Violet
turaco

Species
Red-legged
seriema
Little blue
heron
Eastern
crested
guineafowl
Blue-bellied
roller
Bluebreasted
kingfisher

Table 3.8. The percent of range overlap between species, as well as the percent of range which
unique, or unshared, between species which could move freely between section A and section B of the
aviary. Substantial overlap of more than 20 percent is bolded.

Species

Buffbanded
rail

Percent of habitat shared with (read across rows):
Sunbittern
BlackSpotted
Mandarin
Hottentot
bellied
whistling
duck
teal
whistling
duck
duck

Von der
Decken’s
hornbill

Percent
unshared
range

Buffbanded rail

-

12.28

52.63

24.56

10.53

14.03

0.00

31.58

Sunbittern

4.38

-

36.89

11.89

9.38

6.89

2.50

26.26

9.71

19.09

-

19.09

21.36

16.83

1.29

19.74

11.29

15.32

47.58

-

12.90

12.90

0.00

17.74

6.19

15.46

68.04

16.49

-

40.21

1.03

6.19

Hottentot
teal

8.42

11.59

54.74

16.84

41.05

-

0.00

7.37

Von der
Decken’s
hornbill

0.00

5.06

5.06

0.00

1.27

0.00

-

55.70

Blackbellied
whistling
duck
Spotted
whistling
duck
Mandarin
duck
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3.5 Discussion
The purpose of this study was to assess the use of GIS as a tool for data collection, storage and
analysis while examining enclosure use of birds in a mixed species, free-ranging zoo exhibit.
Clustering within the environment, habitat preference and range overlap were all investigated. The
various distribution patterns of the birds within the enclosure will be reviewed first.

3.5.1 Grouping patterns within the aviary
Using k means grouping analysis, relevant clusters within each species distribution in threedimensional space were identified and categorized according to underlying habitat type. The majority of
species clustered in at least one location of the enclosure, indicating a potential preference for that
position. There were only four species, the blue-crowned motmot, blue-breasted kingfisher, the spotted
whistling duck and the scarlet ibis population in section B of the enclosure, who showed no clustering,
indicating a more even distribution within their range. For the remaining species, clusters were
categorized based on underlying habitat type.
Although the majority of species’ distributions encompassed a variety of habitat types within the
enclosure, species specific patterns were apparent among clusters. It should be noted that groupings in
any habitat type, even those with a larger dispersion and standard error value, indicate an importance of
that habitat for the birds occupying it. For instance, various species in section A were found grouping in
the sand substrate or under the structure in looser groupings, it is likely that this is because the sand
substrate and under the structure was where food was provided. In accordance with this, the majority of
feeding behaviour occurred within these habitat types. The exact placement of the food varied on a daily
basis, so this combined with the heavy foot traffic through the area as the birds made their way to the
food or through the center of the enclosure, would explain the preference of this habitat for many of the
species in the context of the lack of distinct clusters. As such, all habitat use should be considered. With
that said, tight clustering indicates an area where multiple observations have been noted in the same
small space throughout the 12-day period, which likely indicates an elevated level of importance of these
locations over others. From this data, it could be seen that some species were quite specific in their
clustering patterns.

Several species showed clustering in only one location in the aviary. These included the African
openbill, boat billed herons, pied imperial pigeons, red-legged seriemas, little blue heron, violet turacos,
sunbitterns, black- bellied whistling ducks and the Von der Decken’s hornbill. In some cases, these
clusters can be accounted for as locations where the species were nesting. For instance, the boat billed
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herons, little blue heron, violet turacos, sunbitterns and red-legged seriemas all had nests or nesting
platforms within these clusters. Aside from nesting locations, there are various other factors which could
be responsible for clustering within the enclosure. For instance, there are various studies which have
examined how animals position themselves within enclosures due to increasing visitor levels (Anderson
et al., 2002; Kyngdon et al., 2003) which were examined in Chapter Two. Alternatively, space selectivity
could be due to micro-habitat preference, which will now be discussed.

Some species appeared to show habitat preference through clustering multiple times within the
same habitat types, but in several distinct locations. These included the great curassow, African
spoonbills, demoiselle cranes, boat billed herons, sacred ibis, scarlet ibis, African openbill, Inca terns,
blue bellied roller, eastern crested guineafowl, buff-banded rails, mandarin ducks and the Hottentot teals.
Repeated clustering in the same habitat types suggests that the birds may be actively selecting that habitat
type within the environment, indicating a strong preference, as opposed to species who showed clustering
within multiple habitat types, indicating a more generalized use of the enclosure. With this said, a greater
dispersion of multiple ranges of the same habitat type, as opposed to one central cluster, could be
accounted for by the social dynamics of the different species’ populations. For instance, there were five
boat billed herons, which appeared to inhabit three distinct ranges, resulting in three distinct clusters.
However, individuals were not distinguishable, so this cannot be confirmed within this study. With that
said, data gathered through individual continuous sampling would be of use for examining these intraspecies dynamics and relationships. Nevertheless, inter-species dynamics within the aviary which may
have influenced space selectivity were able to be examined.

3.5.2 Comparing range overlap
In addition to habitat preferences, inter-species territoriality appeared to play a role in space
selectivity for some of the species in the aviary. In particular, in section B of the aviary there was overlap
in habitat preference for several habitat types, particularly the ‘middle canopy’, across many of the
species. However, there was very little range overlap. In fact, only one species showed substantial overlap
in its range: the eastern crested guineafowl. The rest of the species, despite extensive overlap between
various habitat types, showed no substantial territorial overlap. This suggests that territoriality may play a
role in maintaining distinct spatial ranges within the enclosure. This could be a strategy used to reduce the
potential for conflict over resources such as food or nesting sites, or merely a preference for solitude
(Smith, 2014). Aggressive behaviour during feeding and nest building in violaceous turacos have been
observed previously in the literature, further supporting the hypothesis that territorial behaviour may be
occurring here as well (Valuska et al., 2013). Alternatively, in species which inhabited side A of the
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enclosure, territoriality did not appear as prevalent.
Species which displayed substantial range overlap in section A included all species but the
blue-crowned motmots, pied imperial pigeons and scarlet ibis. The species in section A shared a high
amount of habitat preference as well, particularly within dirt, sand, under-structure, water, water’s edge,
vegetation cover and lower canopy, indicating the territoriality may not play as large a role in
maintaining species range as it does in section B. Looking at the habits of many of these species in wild
populations these results make sense. The boat billed heron, scarlet ibis, African spoonbill and African
openbill are all species which have been documented nesting in mixed species colonies. Additionally,
there was a large shared feeding space in section A under the viewing structure and within the sandy
habitat type which many species used, which likely accounted for much of this range overlap.
Alternatively, it is possible that in some instances territoriality was so strong that a species was never
seen in its preferred habitat type. However, in order to test these hypotheses, a series of removals, and
observations of how ranges change in response, would be required.

Similarly, within the species which could maneuver within both sides of the habitat, despite
overlap in habitat preferences within the path, dirt, under structure, water, water’s edge, vegetation
cover, lower canopy and perching locations on buildings, there was also considerable overlap in ranges.
In particular, there was a substantial amount of overlap within the various duck species, despite a
similar preference in habits either in or on the edges of water, again suggesting lower levels of
territoriality within these species. Contrastingly, although overall aggression levels were very rarely
recorded within the study (0.04 percent of total behaviour recorded), aggression between the blackbellied whistling ducks and spotted whistling ducks was one of the most commonly recorded forms.
Again, individual data would be helpful here in determining which individual ducks actually shared
components of their ranges, and how these were related to the aggressive behaviour seen. Additionally,
instantaneous changes in range cannot be accounted for in this study. For instance, although there is
overlap between the overall ranges between the two species, theoretically they may never both inhabit
the same space at the same time. Continuous data collection would be helpful in examining these
relationships between species further, providing more information on how the different individuals and
species interact with one another more directly. However, the data collected through scan sampling was
still sufficient in providing a detailed picture of each species range, the clustering within that range, and
the diversity of subsequent habitat preferences and range overlap.
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Figure 3.1. A mandarin duck and a hottentot teal standing together in section B of the Main Aviary, Lowry
Park Zoo. The hottentot teals were often found within close proximity of one of the mandarin ducks
during scans, sharing substantial portions of their ranges with one another. Photo curtesy of Bethany Vlaming.

3.5.3 Directions for future research
To our knowledge, GIS has only been used for examining enclosure use in one previous study,
examining behaviour, space use and interactions within an orangutan population also housed at Lowry
Park Zoo (Smith, 2014). The study used three-dimensional mapping for the enclosure, and although it
provided an extremely detailed picture of the environment which was certainly helpful, it is proposed
that the methodology provided in this paper gives comparable results without the expense of the
equipment required to produce a three-dimensional model of the environment, suitable for
implementation in a variety of settings. In addition, it builds upon previous methodology of quadrant
sampling used in previous studies examining enclosure use in birds (Collins & Marples, 2015;
Downes, 2012; Thicks, 2008), providing an alternative strategy perhaps more appropriate as species
interactions and enclosure design become more complex. With that said, birds in zoo captivity are
largely understudied, and despite the extensive amount of data collected within this study, additional
data from future studies is crucial in understanding how interactions change in different species,
enclosure designs and sizes, and management strategies. For instance, factors such as enrichment
provisioning, intra-species social dynamics, variety of micro-habitats provided, season and rearing
history of the individual, could all potentially influence habitat preference (Forthman & Bakeman,
1992; Mallapur et al., 2002; Roberts & Cunningham, 1986; Ross et al., 2011). In addition, more
studies examining enclosure use within the context of visitor effects are crucial. Often extent of space
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use is used as a measure of enclosure suitability, with the assumption that if not all space is being
utilized, the enclosure is not optimally meeting the animal’s needs. However, when considered in the
context of visitor effects, unused buffer zones of space within the enclosure may be crucial for
maintaining distance between visitors and animals in order to mitigate negative visitor effects, as seen
in Chapter 2, with certain species moving further away from the path under high visitor periods.
Similarly, these same principles may apply when species are maintaining distinct ranges between one
another. Furthermore, an examination of how the birds use their space overnight when nesting would
help to provide a full picture of their patterns of exhibit use. Examining these factors further,
especially within mixed species environments where multiple needs and preferences must be
addressed within the same setting, is essential.

3.6 Conclusion
The purpose of this study was to examine enclosure use and space selectivity of a mixed species
community of birds in a free ranging zoo exhibit using GIS as a tool for data collection, storage and
analysis. It was found that some species clustered within various locations in the enclosure, due to factors
such as nesting sites or habitat preferences, while others showed a more generalized use of the enclosure
with no apparent clustering. It should be noted, although there was overlap in preferred habitat types
across species, overall trend of habitat use and preference varied largely between species, with no two
showing the same pattern. Territoriality appeared to play a role as well, especially in section B of the
aviary. This could be due to the smaller space, or that the majority of the species were not gregarious or
adapted to living in mixed species colonies in the wild. However, the lack of aggressive or abnormal
behaviour displayed suggests that ranges are being maintained effectively without conflict in the aviary or
subsequent welfare concerns. This is likely influenced at least in part by the design of the aviary,
providing a diverse array of micro-habitats within it and ample space, both horizontally and vertically for
the animals to distribute themselves in. As mentioned previously, there could be several additional factors
which inform space selectivity not included in this study, however, the results provide a detailed account
of their distributions in three-dimensional space and an introductory examination of the factors which
influence it. It is proposed that the procedures used in this study could be easily adapted and implemented
in zoo settings, with little cost, training or time requirements, providing keepers with a means of
understanding detailed patterns of space selectivity and space use within their unique enclosures. This
methodology can be used to answer broad questions, as in this study, or specific questions pertaining to
concerns surrounding topics, such as individual or species interactions or the extent to which enclosure
space is being utilized. Regardless, GIS has proven to be a helpful tool when monitoring enclosure use
and space selectivity in zoo enclosures, building upon previous studies concerning how animals use the
space provided to them in captivity.
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4

DISCUSSION

One of the primary goals of these studies was to examine the use of GIS in zoos and how it could
be applied to the study of enclosure use of captive zoo animals. Although, to our knowledge, this
methodology has been used only in one previous study (Smith, 2014) overall, it was seen to be an
effective method for collecting detailed information on individual locations within the enclosure in threedimensional space, tracking how these locations changed across species as environmental and visitor
factors varied, how these locations formed a larger species distribution, and within those distributions
examining clustering and space selection, as well as the factors such as habitat preference and
territoriality that influenced this selection. In fact, we propose that this methodology can be implemented
not just in future studies but by keepers themselves as a tool to learn more about how animals are using
the space within their enclosures and responding to visitor levels. With recent upgrades in GIS software
such as ArcGIS, handheld digitizing of points using smartphones or electronic tablets is possible now as
an easy to learn and straightforward technique, by which species locations could be monitored and
tracked. This data provides a detailed picture of habitat use, building upon previous research which
focuses on quadrant use and distance from visitor viewing areas (Collins et al., 2017; Collins & Marples,
2015; de Azevedo et al., 2012; Downes, 2012; Larsen et al., 2014; Mallapur et al., 2002; Thicks, 2008)
and can be used to inform enclosure design and management strategies. For instance, species distributions
examined within the aviary highlighted several species which preferred to perch or nest in the upper or
middle canopy, likely limiting their visibility to visitors. We will review some strategies which could be
used in these instances to increase the visibility of these species, while considering as well, the necessity
of not compromising the birds’ ability to mitigate any perceived effects from visitors.

We have developed two methods which could be used to increase animal visibility to visitors
while balancing the need to minimize the potential for negative visitor effects, recognizing that several of
the species within the aviary moved away from viewing areas or minimized their range size in response to
increasing visitor numbers. The first is the use of enrichment as a tool in encouraging voluntary use of
novel locations in the enclosure by animals. Enrichment and training are widely used with captive birds in
a variety of contexts such as, crate training, health checks, stress management and live bird shows with a
high degree of success (Mark & Keeper, 2007; Miller & King, 2013; Weber; 2006). Similarly, while
performing the studies at Lowry Park Zoo the keepers were implementing several new enrichment
strategies, rotating them throughout the study period. Some of these included the placement of live meal
worms in paper bags, or the provisioning of fruit tied to grass strands for the birds to balance while eating.
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One strategy which, observationally, seemed to be quite effective at increasing visibility, although not the
direct goal of the enrichment itself, was the provisioning of live crickets within a large washbasin filled
with wood shavings. One species who showed particular interest in this enrichment, interacting with it
only a few meters from the path for several minutes, was the blue-bellied roller, a bird most often found
in the middle and upper canopy (Figure 4.1). These forms of enrichment which encourage voluntary use
of a more visible location in the habitat through stimulation and positive reinforcement, appear to be an
excellent means of increasing animal visibility without imposing undue stress on them. The second
method we propose, is that once it is known which habitats and locations certain species prefer, signs or
keeper talks can be used to inform visitors where to look in the enclosure for certain species. For instance,
the blue-bellied roller, little blue heron and kingfisher were three birds who spent the majority of their
time in the upper and middle canopy of the aviary. The majority of guests moved quickly through the
enclosure, scanning mostly at eye level for birds, stopping most often at the pond, kookaburra exhibit and
waterfall. As such, although untested, we can speculate that the majority of visitors did not see these
birds. Signage within the aviary, providing information on these birds’ preference for perching in higher
locations, could be beneficial in increasing the number of guests who actually see them. There has been
debate within the literature, as to how much visitors retain from information signs (Balmford et al., 2007;
Clayton et al., 2008), so we would recommend accompanying keeper talks informing visitors on where
birds can be found and their associated life strategies. Additionally, the use of cameras and livestream
videos, similar to those used to view wild birds (Cornell Lab of Ornithology, 2013), would be beneficial
in situations where birds will spend the majority of their time in a known location with low visibility. For
instance, cameras could provide up-close viewing of birds who are nesting, or in the instances of the
banded rail, who can be found within a small range deep in the vegetation cover. With that said, studies
surveying visitors on how many species they see, both before and after these proposed strategies would
provide more information on their effectiveness. Understanding these perceptions of how visitors, and the
public in general, view and perceive enclosures and the animals within them is essential as well in
ensuring the success of zoos.

Public perceptions concerning zoos can sometimes be divided. A study done by Reade and Waran
(1996) found that when surveying the general public outside of zoos, there were a number of negative
perceptions, such as viewing animals as bored or sad, but when surveying actual zoo visitors, responses
were more positive. However, both groups agreed upon the importance of zoos as centers of education
and conservation, emphasizing again the importance of evolving forms of habitat design which better
mimic wild environments. It has been suggested that aesthetically these exhibits can facilitate a positive
visitor experience, encourage learning, and foster interest in conservation issues of the species (Burton &
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Ford, 1991; Reade & Waran, 1996). Furthermore, it has been proposed that the freedom of movement
allowed for in these enclosures minimizes the potential for visitor effects (Anderson et al., 2002; Choo et
al., 2011; Collins & Marples, 2016; Fernandez et al., 2009; Hosey, 2000), as was supported by our results
as well. There has been little focus on either bird or mixed species enclosures to this point. Only five
other studies have been reported looking at visitor effects on birds (Collins & Marples, 2015; de Azevedo
et al., 2012; Downes, 2012; Nimon & Dalziel, 1992; Thicks, 2008), excluding the work done on
penguins, which as stated before is simply not sufficiently detailed to provide an accurate picture which
demonstrates how visitor effects can influence the vast diversity of birds, or the enclosures in which they
are housed. As such, research like this which examines how birds are using their available space, how
they are affected by each other in these new types of enclosures and how they are affected by visitors, are
crucial in ensuring the best environment possible is provided to both visitors and the animals they are
viewing.

Figure 4.1. The blue-bellied roller using a feeding enrichment tool, where live crickets were provided in a
wash basin filled with wood-shavings in the Main Aviary at Lowry Park Zoo. The blue-bellied roller
engaged with the enrichment, attempting to catch crickets, for several minutes while subsequently
substantially increasing their visibility to visitors.
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The purpose of these studies was to examine visitor effects, space selectivity and enclosure use in
a community of captive birds in a free-ranging mixed species zoo exhibit using GIS. From the results of
these studies we were able to conclude:
•

GIS can be used easily and effectively in zoo exhibits as a tool to collect, store and analyse
data on the enclosure use of multiple species, providing insight into factors such as visitor
effects, space selectivity, habitat preference and territoriality

•

In accordance with previous studies in the literature, free-ranging enclosures appear to
minimize the potential for negative visitor effects, with a variety of strategies being used by
the birds to mitigate the effects of visitors as their presence in the enclosure increases

•

Within mixed species aviaries factors such as habitat preference, nesting sites, inter- and
intra-species territoriality and feeding locations and practices can all influence space
selectivity, creating a unique set of circumstances which determines a specie’s range and
distribution patterns. Even within the same enclosure, unique dynamics can be found within
and between communities of interacting species

With this said, due to the small sample sizes of the majority of the species studied, as well as the
multiple factors which can influence both visitor effects and space selectivity, further research is required
to provide support for these conclusions. More information needs to be gathered examining individual
dynamics, understudied animal groups such as birds, and unique exhibit designs including mixed species
and free-ranging enclosures which are gaining popularity in modern zoos. Knowledge on these topics
allows us to better understand how animals are using the space provided to them in captivity, and with
that, how we can best address both the needs of the public and the animals that they are viewing. With
such information we can better design facilities in which both parties’ experience is positive, maximizing
how visitors are able to view the animals, while ensuring all welfare needs are being met in terms of
accounting for visitor effects and the requirements for a suitably naturalistic enclosure. These exhibits
also foster support for the wild counterparts of these captive populations, which often rely on modern
zoos for the funding and support they provide to research, education and conservation efforts for freeliving species in their natural environments.
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APPENDICIES

A.1. External view of the entrance and exit of the Main Aviary, Lowry Park Zoo, Tampa, FL.
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A.2. Front-facing view of the pond from the visitor path, within Section A of the Main Aviary, Lowry
Park Zoo Tampa, FL. The viewing structure and stairs can be seen in the background, and the mesh wall
which divides section A and B of the aviary to the left. Species included in the photograph include scarlet
ibis, African spoonbill, boat-billed heron and African openbill, great curassow, black-bellied whistling
duck and mandarin duck.
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A.3. View of the viewing structure from the visitor pathway (inaccessible for the study duration due to
required repairs) within Section A of the Main Aviary, Lowry Park Zoo, Tampa, FL. Feeding bowls can
be seen at ground level underneath the viewing platform. As well, an elevated feeding station can be seen
in the foreground, attached to the support beam. Birds pictured are scarlet ibis.
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