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ABSTRACT

Southern ground hornbills (ground hornbill) Bucorvus leadbeateri are among Africa’s most
recognisable birds. The ground hornbill is formally listed as ‘Vulnerable to Extinction’ on the
IUCN Red List and is endangered in both South Africa and Namibia. The ground hornbill is a
nationally protected species in South Africa, yet the population numbers are still declining.
The species is thus a conservation priority, and studies of captive individuals are needed to
assess the suitability of individuals for breeding and potential future release. | investigated the
behaviour of five captive populations of ground hornbills in Gauteng Province, and one
population in the Western Cape Province, South Africa with the aim of investigating
individual behavioural variation in these captive ground hornbills. Firstly, I described nine
broad behavioural categories in the captive ground hornbills, and used these behaviours as a
basis for further analysis. Secondly, | studied the activity patterns of the captive ground
hornbills and found that the ground hornbills in my study did not conform to the bimodal
pattern of their free-living counterparts, but rather their activity, at least for the three common
behaviours (perching, locomotion, object interaction) remained fairly constant throughout the
sampling time. The captive ground hornbills spent the largest proportion of their time
perching, followed by locomotion and probing with their beaks. The three behaviours that
were displayed the least were thermoregulation, vocalising and feeding. Behaviours varied by
location on the overall behaviour but no sex effect. Thirdly, I recorded transactional
(behavioural) interaction and found that aggression was rare and occurred in just one
population. In contrast amicability was common and occurred more often than chance in
three populations. Fourthly, I also found differences in the space use of individuals within
populations, where space use was greater in some individuals in each institution. Individuals
in each population commonly used less than 50% of their cage, frequently at the same time,
linked to feeding, cage composition and their natural patrolling tendencies. Fifthly, |
investigated the risk-taking behaviour and found that individuals in each institution varied
their behavioural responses inconsistently in a startle test but with some showing consistent
responses in novel object tests, indicating personality in ground hornbills. There were also
population differences in the responses to a novel object. Finally, correlations among the
behaviours indicated that ground hornbills display a behavioural syndrome (i.e. consistent
behaviour responses across contexts). These findings allow for a greater understanding of the

individual differences in captive ground hornbills, which are important when considering



how individuals are managed and respond to interactions with conspecifics in captivity and

for the inclusion in future release programmes.

KEYWORDS: Activity patterns; Animal behaviour; Behavioural syndrome; Risk-taking

behaviour; Space use; Southern Ground Hornbill; Transactional behavioural interaction.
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INTRODUCTION

Anyone who spends even a little bit of time in nature and observes the behaviour of animals
in their natural habitat will see that it is very apparent that individual animals behave in very
different ways, even within a uniform group. For example, if you were to observe pigeons
Columbidae in a park, you may observe an aggressive encounter between two individuals, or
amicable interactions such as allo-preening between another pair. You may also observe a
single individual far out in the field by itself, or some individuals approaching and remaining
in close proximity to you and other human observers. If you, observed the flock of feral
pigeons over a long period of time, you would notice that individuals do not only differ in
their behaviour, but that these differences are also repeatable over time and across different
contexts. In humans, these behavioural differences among individuals are referred to as
personality types (Pervin and John 1999), whereas in non-human animals these differences
are also referred to as behavioural tendencies or behavioural axes (Gosling 2001; Dall et al.,
2004; Sih et al. 2004).

Animal Personality

Understanding how and why individual variation in behaviour is maintained in a
population, from an evolutionary and ecological perspective, is an important field of research
(Réale et al. 2007; Kluen et al. 2012; Carere and Maestripieri 2013; Torgerson-White and
Bennett 2014; Yuen et al. 2016). Animal personality (hereafter personality) is described as
the variation in individual behaviour that is repeatable over time and across contexts (Réale et
al. 2007; Kluen et al. 2012; Carere and Maestripieri 2013; Torgerson-White and Bennett
2014). For example, individuals within a species will often differ in their aggressive
behaviour (Riechert and Hedrick 1993; Huntingford 1994), although they may alter their
aggression levels slightly in different contexts, while maintaining their levels of aggression
relative to other conspecifics (Dall et al., 2004). Correlations have been found for activity
(Sih et al. 2003), exploration (Dingemanse et al. 2002) and as risk-taking (Fraser et al. 2001)
behaviours. This consistency of behavioural variation is present in a wide range of
invertebrates, such as hermit crabs Pagurus bernhardus (Briffa et al. 2008), the common
periwinkle Littorina littorea (Seaman and Briffa 2015), dumpling squids Euprymna
tasmanica (Sinn and Moltschaniwskyj 2005), and vertebrates such as the pumpkinseed
sunfish Lepomis gibbosus (Wilson et al. 1993), sticklebacks Gasterosteus aculeatus (Bell and
Stamps 2004), and spotted hyena Crocuta crocuta (Gosling 1998). Moreover, such variation

15



has been observed in natural and captive populations (Gosling, 2001; Sih et al., 2004; Réale
et al., 2007).

Personality may be fixed and can indicate reduced behavioural plasticity (Sih et al., 2004).
However, some studies show that personality does not preclude plasticity (Yuen et al. 2015),
and individuals may have a flexible response in different contexts, but that their rank remains
the same compared to their conspecifics in the different contexts. In nature, personality types
in a population occur either because of the selection for multiple traits (assuming that they are
heritable) or because they are emergent properties of the individuals in a group. For example,
in Icelandic horses (Equus caballus) being aggressive in a group depends on which other
individual displays less aggressive tendencies (Vervaecke et al., 2007). The adaptive
explanations of personality and broadly consistent behavioural differences are addressed by a
large number of well-developed studies (e.g. Dall et al., 2004; Dingemanse and Réale, 2005;
Réale et al., 2007; Wolf et al., 2008; Stamps and Groothuis, 2010; Wolf and Weissing, 2012;
Sih et al., 2015). The majority of studies explain that personality is an adaptive outcome of
the combination of the underlying differences in an animal’s state (internal and external) and
its state-dependent behaviours (Sih and Bell 2008; Dingemanse and Wolf, 2010; Wolf and
Weissing, 2010; Sih et al., 2015). State is a broad term that describes the traits of an animal
that affect the costs and benefits of its behavioural actions (Houston and McNamara, 1999;
Dall et al., 2004). State therefore does not just refer to genes, sex, age and energy, but also
experience, the ecological context, and behaviour during previous social interactions (Sih et
al., 2004a, b; Sih and Bell, 2008; Wolf et al., 2008).

Behavioural Syndromes

Behavioural syndromes describe correlations between functionally different behaviours
across different contexts in individuals, such as between risk taking in a novel environment
and high aggression levels to conspecifics (Sih et al. 2003; Dingemanse et al., 2007).
Behavioural syndromes are the correlation between functionally different behaviours and
have been investigated in an array of different tests such as the activity and inactivity of
individuals, social motivation, and measures of risk taking (Wilson 1998; Fraser et al. 2001,
Dingemanse et al. 2002; Drent et al. 2003; Sih et al. 2003). There is increasing evidence of
individuals that show correlated behavioural traits that can be measured across multiple
contexts (Wilson 1998; Fraser et al. 2001; Dingemanse et al. 2002; Drent et al. 2003; Sih et
al. 2003). For example, Huntingford (1976) showed that individual sticklebacks
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Gasterosteidae spp. that were active in a novel environment were also bolder in the responses
towards predators as well as aggressive towards conspecifics. In another example, Wray et al.
(2011) studied the collective personality and consistent differences in colonies of honeybees
Apis mellifera, and found consistent behavioural differences in defensive responses and
foraging which were strongly tied to colony productivity and winter survival. Also,
individuals in colonies of bees showed consistent behavioural differences in traits such as

defensive responses and foraging activity (Wray et al. 2011).

Behavioural syndromes have important ecological influences which result in trade-offs
between different behaviours (Sih et al. 2004a, b; Dingemanse et al., 2007). Correlations
between boldness and aggression, for example, could benefit an individual during
competition for resources, such as mates or territory, but could be detrimental in situations
where high levels of aggression are disadvantageous, such as during high predation risk or
offspring care (Sih et al. 2004b; Bell and Stamps 2004). Individuals may differ in the way
they perceive and respond to stressors (i.e. broadly defined as a challenge to an animal)
which could ultimately reflect the differences in their personalities (Dall et al. 2004). Thus,
personality studies have provided a useful insight into how individual animals cope with

environmental challenges and stressful circumstances (Dall et al. 2004; Yuen et al. 2016).

Although personality is the measurement of individual variation within-populations, it may
still vary between populations, since individuals experience different pressures in different
environments (Réale et al. 2000). For example, Eurasian minnows Phoxinus phoxinus that
lived in a tributary where the predation risk and parasitism were high showed a higher
average boldness and lower activity levels than the fish living in a low predation and
parasitism risk population (Kortet et al. 2015; Kortet et al. 2010). Similarly, other studies on
fish, such as the creek chub Semotilus atromaculatus, Atlantic silverside Menidia menidia,
and tropical poeciliid Brachyrhaphis episcopi, showed that populations that experienced
higher levels of predation tended to be bolder than fish from populations with lower levels of
predation (Fraser et al. 2001; Brown and Braithwaite 2005).

Measuring Personality

The five most commonly considered personality axes include boldness-shyness (responses to
a risky situation), exploration-avoidance (reaction to novelty), the activity level of an animal,

aggressiveness as well as sociability (i.e. response to conspecifics; Réale et al. 2007; Yuen et
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al. 2016). Of these personality measures, shyness-boldness is most commonly studied (Carere
et al. 2005; Yuen et al. 2016). This is because boldness can be associated with antipredator
behaviour (Brown and Braithwaite 2005), mate choice (Godin and Dugatkin 1996),
population dispersal (Fraser et al. 2001), and survival (Réale et al. 2000) and therefore covers
a wide range of research topics. Boldness is defined as the willingness of an individual to
engage in risk-taking behaviour (Réale et al. 2007; Sinn et al. 2010; Yuen et al. 2016). A
bold individual will typically exhibit a short latency to resume normal activities when
disturbed by a threatening event (Réale et al. 2000; Brown et al. 2005; Briffa et al. 2008;
Yuen et al. 2016). In contrast, a shy (less bold) individual will show risk-averse behaviour
and exhibit a long latency to resume normal activities when disturbed by a threatening event
(Réale et al. 2000; Brown et al. 2005; Briffa et al. 2008; Yuen et al. 2016). Boldness has
been measured using a variety of methods, such as measuring the time spent in the centre of
open field tests (e.g. guppies Poecilia reticulata; Burns 2008) and startle tests (e.g. two-

spotted gobies Gobiusculus flavescens; Magnhagen et al. 2014).

Exploratory behaviour is another widely studied personality axis (Réale et al. 2007; Sih and
Bell 2008; Carere and Maestripieri 2013). Exploration is usually associated with locating
resources, as well as territorial patrolling within a particular environment, which ultimately
maximises fitness under the specific conditions of that particular environment (Hughes 1997;
Carere and Maestripieri 2013). Habitats differ in terms of food abundance, distribution and
availability (Wolf et al. 2008) as well as predation risk (Bell and Sih 2007), so that
exploration of an environment might be context dependent (Carere and Maestripieri 2013).
Dingemanse et al. (2002) investigated the exploratory behaviour of individual great tits,
Parus major, in novel environments and showed that there was a significant consistency in
the individual variation in open field behaviour, and that the behavioural variation was
heritable. Exploration can be measured by the amount of locomotion an animal does in an

open field and the willingness to venture into an exposed area.

The ability to gather information and assess risks in novel environments is crucial for survival
(Augustsson and Meyerson 2004). Risk taking can be measured in several ways, with a
neophobic response to a novel object (Mowles et al. 2012) and the recovery after a startle
(Yuen et al. 2016) being common metrics. In such tests, bolder individuals are those that
display reduced neophobia and more rapid resumption of “normal” activity following a startle

(Yuen et al. 2016). Exploration is usually measured in novel environments (Niemela et al.
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2012). The level of exploration of a novel environment is also a reflection of the risk-taking
behaviour of an individual and is strongly correlated to predation presence (Carere and
Maestripieri 2013). Augustsson and Meyerson (2004) studied the exploration and risk
assessment of wild house mice Mus musculus and two domesticated house mice strains, and
found differences in behavioural strategies related to risk assessment and risk taking among
wild mice versus domesticated house mice. Wild mice were more cautious than domesticated
mice before entering a novel zone but explored all zones after the risk assessment
(Augustsson and Meyerson 2004). Van Oers et al. (2004) showed that individual great tits
Parus major that were selected from a ‘fast’ exploration line returned quickly to the feeding
table with mealworms compared to the individuals selected from a ‘slow’ exploration line

after being startled.

Because some individuals are likely to be consistently more active than others across various
situations (Houston and McNamara 1999; Sih et al. 2003), these individuals need to trade-off
between competing activities. For example, greater activity is possible in the absence of
predators. However, greater activity can incur costs in the presence of predators (Houston and
McNamara 1999; Sih et al. 2003). Often individuals are faced with conflicting selection
pressures that arise because of time activity budget conflicts (Sih et al. 2003). For example,
time spent in an activity, such as feeding, can result in reduced time spent in other activities
such as predator avoidance or mate searching (Houston and McNamara 1999; Sih et al.
2003). Some individuals are likely to decrease their activity in the presence of predators, or
increase their activity when they experience hunger. Periquet et al. (2010) studied vigilance
by individual greater kudu Tragelaphus strepsiceros while drinking at a waterhole and in the
presence of lion, and found that individual kudu adjusted their vigilance level significantly in
the presence of predators, devoting significantly higher proportion of time to vigilance when
lions were in the vicinity. The results also showed that the proportion of time spent on
individual vigilance decreased as group size increased as well as the presence of other

herbivores at the waterhole (Periquet et al. 2010).

Sociability and aggressiveness are personality axes considered within the context of the social
relationships and behaviours between group members (Carere and Maestripieri 2013). The
behaviour of a group of individuals can be affected by the mix of personality types present
within the group (Kurvers et al. 2009; Carere and Maestripieri 2013). Aggression towards

conspecifics is often used to settle disputes over limiting resources and is also important in
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dominance disputes (Carere and Maestripieri 2013) and territorial behaviour (Duckworth
2006; Carere and Maestripieri 2013). Verbeek et al. (1996) showed that, in great tits,
aggressive behaviour was consistent over time for an individual and was strongly correlated
with an individual’s boldness and exploration: individuals that were faster explorers started
more fights than the slow explorers, and tended to win the fights they initiated. Adult male
rhesus macaques Macaca mulatta show high levels of predictability between sociability
(which was positively associated with number of approaches initiated and received) and a
greater tendency to engage in affiliative and amicable interactions (Capitanio 1999). The
results also showed that sociability was strongly related to size of the kin network in the
animals’ natal groups (Capitanio 1999).Personality is also predicted by life history variables,
such as sex and age (@verli, et al., 2006). For example, female rats Rattus rattus displayed a
greater curiosity for novel objects and environments, showed higher levels of exploration as
well as lower levels of anxiety, than males (Aguilar et al., 2003). Macri et al. (2002) showed
that risk taking behaviour during exploration of a plus-maze is greater in adolescent than in
juvenile or adult mice Mus musculus. The behaviour in novel and stressful situations differed
between immature male and female rainbow trout (Oncorhynchus mykiss) for example, when
placed into a novel facility, females resumed feeding quicker after transfer than males
(Qverli, et al., 2006).

Personality of Captive Animals

In captivity, the combination of personality types in conspecifics can be chosen by artificial
selection. The behaviour of captive animals is shaped by several, often interconnected,
factors (Hemsworth, 2003). Hosey (2005) proposed three variables that distinguishes a zoo
environment from natural environments: 1) human management; 2) size restriction and
complexity of space; and 3) frequent presence of zoo visitors. These factors could influence

the personality types of captive animals.
Human management

The first obvious difference between zoo animals and their free-living counterparts is the fact
that they are managed in some way by humans. It would be an obvious assumption that non-
aggressive animals are favoured and selected for in captive environments for easier
management (i.e. avoiding caretaker or visitor injury; Anderson et al. 2003). Keeper-animal

interactions usually involve cage cleaning, daily feeding, general routine health examinations
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as well as transportation of animals. Avoiding animal aggression towards humans (keepers
and visitors) in captive environments is one of the main priorities of captive institutions
(Hemsworth, 2003; Hosey 2005). Aggression in animals can arise from many different
factors. A basic fear of humans is one of the drivers of aggression (fear-induced aggression)
in many animals (Hemsworth, 2003). In a study done at the Atlanta Zoo petting zoo (Atlanta,
USA), Anderson et al. (2002) found that Romanov sheep Ovis aries, which were usually
slightly fearful of humans, displayed higher aggression and avoidance behaviours to the
human visitors, compared to the naturally amiable pygmy goats Capra aegagrus hircus
which were selected for and favoured in the petting zoo. Likewise, Thompson (1989) studied
the responses of 12 different ungulate species towards zoo keepers in a captive environment,
and showed that there were higher levels of vigilance towards the keepers when the keepers
were present inside than outside the enclosure. The results suggest that the increased
vigilance levels resemble an anti-predator response and that the animals viewed keepers as
potential predators (Thompson, 1989; Hemsworth, 2003; Hosey 2005).

Selective breeding of amicable individuals and the relocating of aggressive individuals’
offsite are common human management techniques. However, positive reinforcement
techniques can reduce aggressiveness in individuals of some species and thereby reduce the
risk of injury and result in an overall more amicable interaction. Mitchell et al. (1991) found
that golden-bellied mangabeys Cercocebus chrysogaster at the Sacramento Zoo, USA
displayed higher levels of aggression towards visitors and far less threats and aggression
directed at keepers and researchers, highlighting differences in their responses to familiar
and unfamiliar people. Melfi and Thomas (2005) found that colobus monkeys Colobus
guereza at Paignton Zoo, UK, expressed different behaviours and interactions (amicable,
aggressive or neutral) with keepers, zoo staff and zoo visitors; in particular, increased
handling time and positive reinforcement, used to train the monkeys for general routine
examinations, significantly reduced aggressive interactions with humans (Melfi and Thomas,
2005).

Size and complexity of space

Most animals have restricted space in captivity compared to their natural environment
(Rhoads and Goldsworthy, 1979; Finlay et al., 1988). Previous studies have shown that
crowding (a reduced physical space or an increase in the density of animals) is strongly
correlated with increased levels of aggression. For example, Southwick and Siddiqi (1998)
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reduced the living space of captive rhesus monkeys, resulting in increased aggression in the
troop. Similarly, Alexander and Roth (1971) found increased levels of aggression in Japanese
macaques Macaca fuscata under restricted space. Nevertheless, aggression in chimpanzees
Pan troglodytes rose only slightly when they were crowded, and they used various social
behaviours to maintain amicable relationships when exposed to crowding-induced stress
(Nieuwenhuijsen and de Waal 1982). Extensive research has been done subsequently on the
behaviours that different animals, particularly primates, use to avoid aggression in restricted
space (deWaal, 1989; deWaal et al., 2000). In one study, Duncan et al. (2013) showed that
two chimpanzee Pan troglodytes groups used a tension-reduction tactic (behaviours used by
an individual to reduce, deny, or escape from a threat or any physical or emotional distress) to
limit aggression in an unrestricted outdoor environment. When the two groups were housed
in restricted high-density conditions for a prolonged period of a few months, there were
significant increases in abnormal behaviour and this resulted in the group of chimpanzees
adopting a tension-reduction tactic, while the other group adopted a conflict-avoidance tactic

to limit aggression under high spatial density (Duncan et al., 2013).

The available space is not the only variable that affects the behaviour of animals. Several
studies have shown that the complexity and the contents within a space is as important in
shaping behaviours as cage size (Wilson 1982; Perkins 1992; Mallapur et al. 2005). For
example, Mallapur and Chellam (2002) found that stereotypical pacing and the activity
budget of Indian leopard Panthera pardus in four zoos in southern India were not influenced
by the presence of visitors nor by the feeding time but rather by enclosure features and size:
higher levels of stereotypic pacing were exhibited in the small, low enrichment off-exhibit
enclosure than in the large high- enrichment on-exhibit enclosure. Similarly, in Orangutans
(Bornean orangutan Pongo pygmaeus and the Sumatran orangutan Pongo abelii), Perkins
(1992) showed that enclosures containing many movable objects as well as ample social

opportunities, promoted the highest levels of activity in the orangutans.

The behaviour of captive animals can be influenced by cage structure and interactions with
conspecifics. Directly or indirectly, studies have suggested that the regular movement of
captive individuals from one enclosure to another increases the overall activity and
encourages behaviours that occur in non-captive populations of the same species (Lukas et
al., 2003; White et al. 2003). In a study of 13 captive western lowland gorilla Gorilla gorilla,
Lukas et al. (2003) found that, in response to systematic rotation between zoo enclosures, the
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gorilla showed an increase in enclosure use and reduced negative self-directed behaviour.
Furthermore, the gorillas increased their locomotion, social distance, use of grass areas and
overall daily activity, suggesting that frequent change in the captive environment promotes a
wider behavioural repertoire (Lukas et al. 2003). The proximity to other species, for example,
exposure to the scents of natural predators, can also have a significant effect on the stress
levels and behaviour of captive animals. For example, cotton-top tamarin Saguinus oedipus
showed a noticeably greater anxiety response to faecal scents of their predators (Margay
Leopardus wiedii and Tayra Eira barbara) compared to scents of their non-predators
(capybara Hydrochoerus hydrochaeris and paca Cuniculus paca) (Buchanan-Smith et al.,
1993).

In many captive situations, individuals experience regular changes to their group composition
and membership, imposed by humans, leading to behavioural changes associated with a
change in the social environment (Reinhardt 1990; Reinhardt et al., 1995). Examples of
changes to captive groups include the merging of two or more already established groups in
the common chimpanzee Pan troglodytes (Seres et al., 2001), introducing new individuals
into existing groups in lowland gorillas Gorilla (Hoff et al., 1996; Brent et al., 1997) and
introducing individuals to each other prior to introducing both into an existing group in ring-
tailed lemur catta (Meshik, 1999). Reinhardt and colleagues (1988) studied the behavioural
responses of singly housed female rhesus monkeys and found that 50% of the pairs exhibited
aggression towards each other, while 50% engaged in amicable social grooming or hugging.
Yet, 83% of the pairs were compatible later, with none of the partners showing signs of
depression and none showing serious injury; the remaining 7% of the pairs were incompatible

(two cases of depression, one serious tail injury) and were separated (Reinhardt et al. 1988).
Frequent presence of zoo visitors

It is easy to assume that the presence of human visitors has an effect on the behaviours of
captive animals in the zoo. The noise and visual disturbance levels change dramatically when
visitor numbers fluctuate (Hosey 2005). Hediger (1970) showed that zoo animals perceive
human visitors in a variety of ways: some animals view visitors as a predator; some as prey;
others regard visitors as part of the inanimate environment; and some consider humans as
members of their own species. Specifically, long-billed corella Cacatua tenuirostris were

motivated to interact with human visitors, with some behaviours only performed in the
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presence of people (Nimon and Dalziel 1992). In contrast, cheetah Acinonyx jubatus did not

alter their behaviours in the presence or absence of visitors (O'Donovan et al. 1993).
Southern Ground Hornbill

The Southern Ground Hornbill Bucorvus leadbeateri (hereafter referred to as ground
hornbill) is one of nine species of African savanna hornbills and one of two species in the
family Bucorvidae - the other being the Northern Ground Hornbill Bucorvus abyissincus
(Vigors 1825; Kemp and Kemp 1980; Zoghby 2015). Ground hornbills are large birds with
black plumage, black legs and bill and bare facial skin around the eyes and throat (Kemp and
Kemp 1980). Adult body length is 90-130 cm and they weigh roughly 4 kg (Kemp and Kemp
1980; Kemp 1995; Theron 2011; Zoghby 2015). The sex and the age of the ground hornbills
can be distinguished by the colour of the bare throat, with adult males having a bright red
colour, adult females having a patch of deep violet-blue under the base of the lower
mandible, and juveniles, younger than 6 years old, having either a black/dark blue or yellow

throat colouration (Kemp and Kemp 1980).

The distribution also covers large parts of South Africa, Zimbabwe, Botswana, Mozambique
and Malawi with some occurrence in Namibia. The ground hornbill distribution within
eastern and northern South Africa is widespread but sparse, extending from Limpopo
Province, through Mpumalanga and KwaZulu-Natal to the Eastern Cape provinces (Kemp
2005) (Figure 1). However, the largest concentrations fall into the boundaries of extensive
conservation areas such as the Kruger National Park and private reserves in northern and
eastern South Africa (Tarboton et al. 1980). Populations are significantly less vulnerable to
decline in areas where anthropogenic threats are absent or minimal (Chiweshe, 2007; Broms
etal., 2014; Kemp 2017).
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Figure 1: Distribution map of the Southern Ground Hornbills
Bucorvus leadbeateri. The map shows the coverage on a pentad
scale. A 5 minute x 5 minute coordinate grid super-imposed over
the continent for spatial reference. (Source:
http://sabap2.adu.org.za)

Social organisation

Kemp and Kemp (1980) generated foundational knowledge on behaviour and ecology of
free-living ground hornbills, with little or no other reported literature on ground hornbills. |
have used their results extensively below. The social organisation of the ground hornbill is
complex. It is monogamous but lives in social groups of 2-8 members which comprise of an
alpha breeding pair assisted by 2-5 adult males and 2-4 immature individuals of both sexes
(‘helpers’ assist the breeding pair with defending the territory and rearing the chick) (Kemp
and Kemp 1980; Kemp 1995; Zoghby 2015). In populations in the Kruger National Park,
ground hornbills lived in cohesive units consisting of three to five birds throughout the year.
The age and sex composition of groups varied considerably, and within mixed sexed groups,
adult males outnumbered adult females. In their observation of 55 birds, seven females, but
only one male, were recorded living alone and not in a group. The solitary individuals either
lived on the borders or just within the territory borders of other groups but foraged and slept

alone (Kemp and Kemp 1980).
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Territories

The ground hornbill groups are territorial, with groups occupying large exclusive areas,
averaging 100 km? per group, which normally occur over well grazed areas and water points
(Kemp and Kemp 1980; Kemp 1995). Territorial calling most commonly occurred every
morning before sunrise (unless it was raining) and continued for 2-50 min (Kemp and Kemp,
1980). When an individual trespassed into a neighbouring territory, it became alert, had a
high vigilance frequency when feeding, and flew back immediately to its territory after
encountering an individual of the neighbouring group (Kemp and Kemp 1980). Territorial
defence characteristically involved high aerial chases until the intruder had returned to its
territory, and once in the safety of its own boundary, both individuals would either perch
quietly or would call at the neighbouring members sometimes as close as 100m away (Kemp
and Kemp 1980).

The ground hornbill is a K-selected species with a very low reproductive output, coupled
with a high survival rate (Kemp, 1976; Kemp and Kemp, 1991; Zoghby 2015). Breeding
occurs seasonally and is normally initiated by food availability and the first heavy summer
rains (Kemp and Kemp, 1991; Zoghby 2015). Clutch size is normally 2 eggs which are laid
3-5 days apart (Kemp, 1976; Kemp and Kemp, 1991; Zoghby 2015). Typically, only one
chick fledges per season. In the case of two eggs hatching, the second chick normally dies
from malnourishment due to parental neglect and competition with its older, larger sibling
(Kemp and Kemp, 1980).

Both male and female juveniles remain in the group until they are approximately two years
old and are dependent on the group for protection and food for at least the first 6 months of
their life (Morrison et al., 2005; Theron 2011). At approximately 2-3 years old, the female
juvenile disperses from the group, whilst the male offspring remain in the group as helpers.
Ground hornbills reach maturity at an estimated age of 5-6 years for both males and females
(Morrison et al., 2005; Theron 2011).

Diet

The two species of ground hornbill are the only hornbills in the family Bucerotidae that are
entirely carnivorous. Free-living ground hornbills mainly feed on reptiles, amphibians, snails
and insects, but can eat prey up to the size of hares (Kemp and Kemp, 1980; Kemp 1988).
Kemp and Kemp (1980) analysed the diet of ground hornbill in the Kruger National Park
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(2730 feeding records) and showed that virtually all the food was obtained terrestrially, with
the items being obtained by either chasing, catching, digging for or scratching for them with
the stout bill.

Diurnal activity patterns

Kemp and Kemp (1980) reported that at first light, ground hornbills flew down from their
tree roosts and spent most of the day on the ground, mainly foraging. Walking decreased
towards midday when groups spent time resting and then increased again later in the day.
Flying occurred mostly in the first hours of the day, along territorial boundaries and to
feeding areas. Flying during the day or in the evening was usually associated with moving
into trees to rest or roost at sunset (Kemp and Kemp, 1980). Groups were active for an
average of 13 hours during the summer months, spending an average of 70% of their day
walking and the rest of the time was spent resting. The stress of overheating was apparently
the main limiting factor of the walking activity and forced the group to rest in the shade. The
amount of time spent walking differed between cold, windy days (98%) and hot days (38%)
(Kemp and Kemp, 1980).

Why study the Southern Ground Hornbill?

Ground hornbills are among Africa’s most recognisable birds, exhibiting a large body size, a
vibrant red throat colouration and striking black plumage (Kemp 2000; Trail 2007). The
species holds ecological importance, and their utilisation of extensive home ranges, makes
them indicators of environmental degradation and therefore valuable bio-indicators of
environmental health (Kemp 1995; Trail 2007). Ground hornbills also hold cultural value,
and are important resources for indigenous people, as food or as sources such as the use of

their feathers, beaks and other parts used in cultural activities (Kemp 2000; Trail 2007).

The conservation status of the ground hornbill is formally listed as ‘Vulnerable to Extinction’
on the IUCN Red List (IUCN. 2012a, b; Cooper and Jordon 2013; Zoghby 2015; Taylor and
Kemp, 20153, b; IUCN 2019) in Africa generally but is considered endangered in both South
Africa and Namibia (Theron 2011; Cooper and Jordon 2013; Zoghby 2015; Taylor and
Kemp, 20153, b). Although the ground hornbill is a nationally protected species in South
Africa, its population numbers continue to decline (Theron 2011; Cooper and Jordon 2013;
Zoghby 2015; Taylor and Kemp, 2015a, b). The principle threats to the ground hornbill are
anthropogenic activities, which include habitat loss (MacDonald 1983; Vernon 1986; Kemp
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1987; Morrison et al. 2007), the removal of nesting sites (i.e. large trees; Kemp and Kemp
1980; Morrison et al. 2007; Kemp 2017), direct and secondary poisoning (Kemp 2000;
Morrison et al. 2007), exploitation for cultural purposes (Hockley and Archer 1966; Vernon
1986; Derwent and Mander 1997; Morrison et al. 2007) and persecution by farmers as a
result of destruction of property (e.g. breaking windows; Forsberg 1994; Vernon and
Herremans 1997; Morrison et al. 2007). Additional challenges that increase the vulnerability
of ground hornbills are their long-life spans, requirements of large territories sizes, slow
maturity and low reproductive success. These challenges influence their ability to adapt to
and recover from environmental changes and threats, ultimately hindering their survival
(Theron 2011; Cooper and Jordon 2013; Zoghby 2015; Kemp 2017).

Gap in our knowledge

As described above, two eggs are usually laid which hatch asynchronously, with the second-
hatched chick usually dying within 3 weeks after hatching (Kemp 2005). This ‘insurance
policy’ of having a second egg that is usually discarded has provided a valuable opportunity
to conservationists. The second-hatched eggs, that would otherwise be discarded, are
harvested and the chicks are captive-reared for the later reintroduction into areas which allow
for the re-establishment of sustainable groups (Theron 2011; Cooper and Jordon 2013;
Zoghby 2015; Taylor and Kemp, 2015 a, b).

Reintroduction projects have increased considerably over the years and have been a
sustainable conservation mechanism for many species since the 1970s (Seddon et al. 2007).
However, on closer observation of reintroductions, in particular bird reintroductions and
translocations, it is evident that a large number of cases were unsuccessful (Theron 2011;
Cooper and Jordon 2013; Zoghby 2015; Taylor and Kemp, 2015a, b). Reintroduction failures
are the results of high costs, planning and logistical difficulties and, in many cases, a shortage
of biological and ecological knowledge of both animal and habitat (Kleiman 1989; Seddon et
al. 2007). Adequate knowledge of a species and its’ habitat requirements need to be

incorporated into planning for reintroductions (IUCN 20123, b).

There have been many studies done on the biology (Kemp and Kemp 1980), breeding
behaviour (Kemp and Kemp 1980; Theron 2011) as well as the general behaviour of the
ground hornbill (Cooper and Jordan 2013) in free-living populations. This research, together

with education, awareness campaigns, harvesting and hand rearing of second-hatched chicks,
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as well as captive breeding programmes, have all been implemented to aid in the
conservation of ground hornbills (Zoghby 2015). However, research of captive reared
individuals is required to assess the suitability of individuals for breeding and potential future
release. Only one study, that by Cooper and Jordan (2013), has considered the behaviour of
captive ground hornbills. Yet, even though they studied the time-activity budgets in captive
ground hornbills, they did not study their individual behaviour. Therefore, nothing is known
about whether they have personalities and behavioural syndromes. Such knowledge of the
behaviour of individuals and how it differs in different contexts could be beneficial for
general captive handling and husbandry as well as for future reintroductions, by identifying

suitable individuals to form pairs and social groups.
Aims, objectives and predictions

The aim of my study was to investigate the behaviour of captive ground hornbills housed in
four institutions, representing six populations, in South Africa. These captive ground
hornbills were captive hatched or wild caught birds, housed in pairs or small flocks.
Specifically, I investigated whether the ground hornbills had personalities and behavioural
syndromes, and whether there were sex and institution related behavioural differences.

The composition of the groups (sex and age) was determined by the institutions prior to my
study, limiting the selection of study individuals to groups of non-random individuals with
existing relationships. Yet, these individuals form the stock for captive breeding programmes
and future release, and their behaviour might provide conservationists with important

information about the phenotypes of the available captive ground hornbills.

Since little is known about the behaviour of ground hornbills, to meet the aim of this study, |
adopted a broad approach by documenting basic behaviour, and specifically tested for
individual differences, as outlined in the objectives below.
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Objective 1. To describe the broad behavioural categories of captive ground hornbills

Objective 2. To document the diurnal activity patterns of ground hornbills in a captive

environment

= Free-living ground hornbills have a bimodal activity profile (Kemp and Kemp 1980).
| predicted that the activity profile of the captive ground hornbill would be similar to
that of their free-living counterparts, where their activity will increase after sunrise,
decrease towards midday (the hottest time of the day), increase again in the cooler

hours after midday and decrease after sunset.

Objective 3. To investigate the transactional (two-way social) interactions of captive

ground hornbills

= The four captive populations in this study were already well established prior to my
study. Therefore, | predicted that there would be a higher frequency of amicable

behaviour than aggressive behaviour.

Objective 4. To assess the space use and exploratory behaviour of captive ground

hornbills

= | predicted that the ground hornbill would spend the majority of their time in areas of

the enclosure that have large perches or trees, nest boxes as well as feeding stations.

Objective 5. To describe the risk-taking behaviour of captive ground hornbills in their

responses to novelty and a startle.

= |f the ground hornbills display personality, | predicted individuals and sexes would
differ in their risk-taking behaviour in an institution where some individuals are

bolder than others and one sex (male) tends to be bolder than the other.

Objective 6. To assess the occurrence of a behavioural syndrome in individuals in each

captive ground hornbill flock

= Using the data from objectives 1-5, | tested whether behavioural syndrome exist in
ground hornbills. I could not predict a priori whether they would show behavioural

syndromes.
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MATERIALS AND METHODS

Study subjects and housing

The study was conducted from March 2017 to September 2017; data collection stopped in
September due to the onset of breeding which could have influenced the data. Study sites
included three locations in Gauteng, namely Johannesburg Zoo, Lory Park Animal and Owl
Sanctuary and Monte Casino Bird Gardens, and one location in the Western Cape, at Hout

Bay World of Birds (Figure 2), South Africa.
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Figure 2: A map of South Africa showing the two provinces and four locations were studies were conducted.
Lory Park: Lory Park Animal and Owl Sanctuary; Monte Casino: Monte Casino Bird Gardens; Joburg Zoo: The
Johannesburg Zoo and WOB: Hout Bay World of Birds

In South Africa, there are a total of 13 certified captive institutions that house ground
hornbills, namely Zaagkuilsdrift, Rhino and Lion Park, Loskop Dam, Umgeni River Bird
Park, Johannesburg Zoo, Pretoria Zoo, Lory Park Zoo, Amazona, Ubhetyan O’ Africa,
Boscia Birds, World of Birds, Durban Zoo, and Hoedspruit Endangered Species Centre. Of
the 13 institutions, only 6 of them are active participants in the Southern Ground Hornbill
Action Group, and available for study. These four study sites were selected also because they

housed a minimum of two ground hornbills, all with similar captive environments. These
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were easily accessible for behavioural observations, and ensured my personal safety where

data collection could take place from 06h00 and 18h00 (see below).
The Johannesburg Zoo

The Johannesburg Zoo (26.1666° S, 28.0376° E) is situated 6 km from the Johannesburg city

centre, South Africa.

The Johannesburg Zoo housed two groups of ground hornbills, each consisting of three
individuals, two males and one female in each (Table 1). The two enclosures were
approximately 130 m apart and out of sight of one another. The first enclosure was located
along a public visitor’s path (hereafter referred to as the Joburg public enclosure). Even
though the enclosure had exposure to the public on one side of the cage, there was a 1 metre
gap between the path and the enclosure boundary fence, barricaded by a wooden picket fence
(Figure 3). The second enclosure was situated inside a restricted public-access area (hereafter

referred to as the Joburg hidden enclosure).
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Table 1: Demographic data for the 18 Southern Ground Hornbills studied in four locations, three in

Gauteng Province and one in the Western Cape Province.

Location Name Sex Age Origin Year of
(Years) Capture/Hatching
Joburg Hidden | Ntwanana_1995 Male 22 Wild caught 1995
Joburg Hidden | Nebo_2007 Male 10 Captive Bred 2007
Joburg Hidden | Tinto_2012 Female 5 Wild caught 2012
Joburg Public Rhino_Road 2011 Male 6 Wild caught 2011
Joburg Public Janovsky 2012 Male 5 Wild caught 2012
Joburg Public Jasper_2013 Female 4 Wild caught 2013
Lory Park Elvis_1992 Male 25 Wild caught 1992
Lory Park Pricilla_2006 Female 11 Captive Bred 2006
Monte Casino Hugo_1991 Male 26 Wild caught 1991
Monte Casino Priscilla_1991 Female 26 Wild caught 1991
Monte Casino Derek_1991 Male 26 Wild caught 1991
Monte Casino Tsuwane_1991 Female 26 Wild caught 1991
World of Birds | T84 Male 17 Captive Bred 2001
World of Birds | T85 Female 17 Captive Bred 2001
World of Birds | Khumi_2013 Male 5 Captive Bred 2013
World of Birds | T129 Unknown 2 Captive Bred 2016
World of Birds | T134 Unknown 2 Captive Bred 2016
World of Birds | T147 Unknown 1 Captive Bred 2017
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Joburg public enclosure

The public display enclosure was 31 x 12 x 6 m (length x breadth x height), with a total area
of 2232 m3, and comprised of 50 x 50 mm galvanised welded mesh perimeter fencing and a
green nylon mesh shade cloth as the roof. To avoid any risk of the ground hornbills escaping,
the enclosure had a built-in pre-entry enclosure (2 x 3 x 6 m), that consisted of the outside
gate entering into it, and then a second gate entering into the main enclosure. Therefore, if
one of the individuals tried to escape, they would have ended up in the small entrance
enclosure and not outside with the public. The public display enclosure was situated between
a pair of blue cranes Anthropoides paradiseus and a pair of saddle-billed stalks
Ephippiorhynchus senegalensis. Each neighbouring enclosure shared a common boundary

fence, and therefore direct interactions were possible.
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Figure 3: An aerial depiction of the Johannesburg Zoo Public display enclosure of Southern Ground Hornbill.
Not drawn to scale.
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The vegetation in the enclosure consisted of a large mature pin oak tree Quercus palustris,
Sasangua Camellia shrubs Camellia sasanqua, Spanish bayonet trees Yucca aloifolia, and a
Bushwillow tree Combretum sp. As a consequence of the vegetation, there were large
sections of the enclosure that had constant sun or shade, and other areas of the enclosure that
had sun in certain parts of the day, although the green shade cloth roof allowed for a small
amount of protection from the sun. Two nest boxes were positioned in the enclosure. One
was a large dog kennel (81 x 102 x 98 cm), positioned in the large tree, situated in the upper
back right section of the enclosure. The second, smaller nest box was a hollowed-out tree
stump (diameter x height: 67 x 106 cm), positioned on a tall thick tree stump, situated in the
upper front centre section on the enclosure (Figure 3). The enclosure also contained a large
number of sedimentary rocks and 3 large perches made of wooden planks/platforms and
poles and branches.

The composition of the enclosure floor consisted mainly of soft soil, and grass (family
Gramineae). The enclosure had an artificial water moat that ran through the enclosure in a ‘V
shape’ that was lined with water reeds (family Poaceae). There was one feeding point, which
was a small tree stump (diameter x height: 40 x 20 cm), situated in the front centre of the
enclosure. The ground hornbills were fed once a day at approximately 10h00. On Monday,
Wednesday and Friday they were either fed 2kg of Guinea pigs (family Caviidae) or 2kg
mice and one cup of NutriBird H16 pellets (balanced complete maintenance food for
hornbills and other large fruit-eating birds). On Tuesday, Thursday, Saturday and Sunday,
they were fed 2kg day old chicks. A combination of boiled eggs, an assortment of cut fruit,
mealworms and crickets were added to the diet daily. A supplement of 3 scoops of Feli-Vit
(essential amino acid taurine plus vitamins and minerals) was given to the ground hornbills
daily. Water was provided ad libitum in a concrete bow! near the entrance as well as fresh

water in the little water moat.
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Joburg hidden enclosure

The hidden display enclosure was 24 x 6 x 6 m, and had a total area of 864 m®. The perimeter
fencing was the same as the public display enclosure and comprised of a galvanised welded
mesh (50 x 50 mm). The enclosure also had a green nylon mesh shade cloth for the roof. The
hidden display enclosure, like the public display enclosure, had a built-in pre-entry enclosure
(0.6 x 1.5 x 6 m), and comprised of a different galvanised welded mesh (length x breadth: 25
x 50 mm) fence to the main enclosure (Figure 4).

Nesting area

Wooden perch

Trees

Pathway

Concrete bowl

Feeding point

Pre-entry

Pathway

Figure 4: An aerial drawing of the Johannesburg Zoo Hidden display enclosure of Southern Ground
Hornbill showing the layout of the plants, nest boxes and perching areas. Not drawn to scale.

The enclosure contained a paper-bark thorn tree Acacia sieberiana and a large common
cabbage tree Cussonia spicata. These two large shady trees and the green shade cloth roof
provided shade for the birds. There was no nest box available for the ground hornbills, and
instead a small section of the cage that had waterproof roofing, situated in the back centre
section of the enclosure, served as shelter. The enclosure contained 3 large perches made of

wooden poles and branches.

The composition of the enclosure floor consisted mainly of soft soil, large sedimentary rocks
and sparse grass patches (family Gramineae). There was one feeding point, which was a
small rock (diameter: 40 cm), situated in the front centre of the enclosure. The ground
hornbills were fed once a day at approximately 10h00, with a combination of day-old dead
chicks, mice, and an assortment of cut fruit, mealworms and crickets. Water was provided ad
libitum in a concrete cylinder bowl located near the entrance and feeding station. Enrichments

(box of leaves or plastic bottles) were placed in the enclosure on random unscheduled days.
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There was no general public access to the hidden display enclosure and only staff and a
selection of visitors were able to interact with the ground hornbills. The enclosure had no
adjacent enclosures, and therefore no direct interactions with other species. Approximately
three metres in front of the enclosure was a concrete building which housed parrots Cacatua
sp. and owls Tyto sp. and Otus sp., and to the left of the enclosure, about 2 metres away, was

an enclosure that contained a blue crane Anthropoides paradiseus.
Lory Park Animal and Owl Sanctuary

Lory Park Animal and Owl Sanctuary (hereafter referred to Lory Park; 26.0091° S, 28.1527°
E) is situated 30 km north of the Johannesburg city centre, in Midrand, South Africa. Lory
Park housed one ground hornbill group, consisting of a male and a female (Table 1). The
enclosure (9 x 4.6 x 6 m) had a total area of 324 m>. Both the boundary fence and roof were
constructed of 25 x 50 mm galvanised welded mesh and a blue fibre glass panel (length x
breadth: 3 x 4.6 m) covered a portion of the roof for shelter from rain and sun (Figure 5). The
pre-entry enclosure was situated at the back of the enclosure in a section restricted to zoo
staff.

The composition of the enclosure floor consisted mainly of soft soil, sedimentary rocks, grass
(family Gramineae), wild strawberries Fragaria vesca and woodrush Luzula sylvatica. A
large wooden perching platform (length x breadth: 2 x 4.6 m) covered a portion of the back
section of the enclosure which included the nest box and the feeding station (see stippled in
Figure 5). There was one wooden nest box (1 x 1 x 2.5 m) situated in the lower back left
section of the enclosure. In total, the enclosure had 8 perches made of branches and poles

available for the ground hornbills.
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Figure 5: An aerial drawing of the Lory Park Southern Ground Hornbill enclosure showing the layout of the
plants, nest boxes and perching areas. The entrance gate and nest box are stippled to show that they were
positioned underneath a large wooden perching platform. Not drawn to scale.

The enclosure had an artificial water pond (diameter: 1m) that was lined with water reeds and
woodrush. There was one feeding point, which was a plastic tray (diameter: 30 cm), situated
in the back centre of the enclosure. The ground hornbills were fed twice a day, 7 days a week,
before 8:00 and after 15:00. Their meals consisted of day-old chicks, soaked dog pellets,

super worms and crickets. Water was provided ad libitum in the water pond.

The ground hornbill enclosure was located along a public visitor’s path. However, there was
a 1 metre gap between the path and the enclosure boundary fence, barricaded by a green
metal picket fence which reduced the amount of direct interactions with the public. The
ground hornbill enclosure was situated between a pair of African harrier-hawks Polyboroides
typus and an Andean condor Vultur gryphus on one side, a pair of African fish eagles
Haliaeetus vocifer on the other side, each neighbouring enclosure shared a common boundary
fence, and therefore direct interactions were possible. A pair of Lar gibbons Hylobates lar

was situated on the third side, three metres away across the public path.
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Monte Casino Bird Gardens

Monte Casino Bird Gardens (hereafter referred to Monte Casino; 26.0239° S, 28.0110° E) is

located 33 km north west of Johannesburg, in Fourways, South Africa.

Monte Casino housed two ground hornbill groups, each consisting of two individuals, one
male and one female (Table 1). Both enclosures were situated inside a restricted public-
access fenced off area, approximately 5 m apart, and were hidden away from the public. Each
enclosure was 7.95 x 4.95 x 3.95 m, with a total area of 155.4 m3. The enclosures were
constructed of galvanised welded mesh (25 x 50 mm) fence. A brown concrete tiled roof
(length x breadth: 3 x 4.6 m?) covered approximately a quarter of the enclosure, sheltering
the individuals from rain and sun (Figure 6). A black nylon mesh shade cloth covered each of

the long sides of the boundary fence to prevent any visual contact between the two groups.
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Figure 6: An aerial drawing of the Monte Casino Bird Park Left and Right enclosures housing
Southern Ground Hornbill, showing the layout of the nest boxes and perching areas. Not drawn to

scale.
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The floor of each enclosure consisted of a combination of concrete, pebbles, sparse patches of
grass (family Gramineae), and soft soil. There was no other vegetation present in each of the
enclosures. Each enclosure had 2 large perching poles, one in the front section of the cage
and the other in the back section of the cage, positioned under the covered roof of the cage.
All 4 perches were positioned 280 cm above ground. There were two leaf pits in each corner
(defined by a border of bricks) of the enclosure, in which tree branches and leaves were
provided for enrichment as well as for nesting material. In each enclosure, a wooden dog
kennel (91 x 61 x 72 cm), suspended 280 cm above the ground, was provided as a nest box
(Figure 6).

There was one feeding point, which was a plastic feeding bucket (46 x 31 x 20 cm), situated
on the ground in the back of the enclosure. Each pair of ground hornbills was fed 10 x day
old chicks, an ox heart, 100g soaked dog pellets (NutriBird H16 pellets when in stock), an
assortment of cut fruit, and a boiled egg in the mornings three times a week. On the other four
days, they were fed 10 (a day old) chicks and 4 mice in the afternoon. Water was provided ad
libitum in a plastic feeding bucket (46 x 31 x 20 cm), situated on the ground in the back of the

enclosure.

The left enclosure was situated between a flock of Nicobar pigeons Caloenas nicobarica and
an empty enclosure. The empty enclosure (7.95 x 4.95 x 3.95 m) that separated the two
ground hornbill pairs, was used to house the ground hornbills when their enclosure was
cleaned. This ensured that the keepers were not harmed by the birds. During cleaning, the
gates to the empty enclosure was opened, and one pair of individuals was ushered into the
vacant enclosure, the gates were then closed and the keeper was able to clean the original
enclosure. At this time, there was only a single boundary fence separating the two pairs and
therefore direct interactions were possible.
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Hout Bay World of Birds

The Hout Bay World of Birds (hereafter referred to WOB), 34.0168° S, 18.3620° E) is
located in Hout Bay 21 km from Cape Town. Hout Bay.

WOB housed six ground hornbills in one group, consisting of two males and one female and
three juveniles of unknown sex (Table 1). The enclosure was 25 x 12 x 7 m, with a total area
of 2100 m?, which was constructed of galvanised welded mesh (50 x 50 mm) fence, which
was the same material used for the roof. A black nylon mesh shade cloth was present on three
of the boundary fences. The enclosure had a built-in pre-entry enclosure (2 x 3 x 6 m).
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Figure 7. An aerial drawing of the Hout Bay World of Birds Southern Ground Hornbill enclosures

showing the layout of the nest boxes and perching areas. Not drawn to scale.
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The enclosure contained two large trees, namely a Beef-Wood tree Casuarina
cunninghamiana, and a Yucca tree Yucca Brevifolia. As a consequence of the vegetation,

there were large sections of the enclosure that had shady areas.

A large shady tree (Beef-Wood) in the back right section of the enclosure supported one of
the two nest boxes in the enclosure. One wooden nest box (81 x 102 x 98 cm) was positioned
in the back right section of the enclosure. The second, smaller nest box was a hollowed-out
tree stump (diameter x height; 67 x 106 cm). The enclosure also contained a large number of
sedimentary rocks and 5 large perches made of wooden planks, poles and branches.

The composition of the enclosure floor consisted mainly of soft soil and grass (family
Gramineae). There was one feeding point, which comprised of two plastic trays (diameter;
30.48 cm), situated in the back right section of the enclosure. The ground hornbills were fed
twice a day at approximately 09h00 and 16h00, with a combination of day old chicks,
chicken necks, chicken mince, mice and soaked dog pellets. Water was provided ad libitum

in a yellow plastic Addis 1 x 10 Litre Clam Pool.

The ground hornbill enclosure was situated between enclosures that housed Black-crowned
night heron Nycticorax, black crowned cranes Balearica pavonina; American coot, Fulica
americana and Northern Bald Ibis, Geronticus eremita, on one side and a Spotted Eagle Owl,
Bubo africanus on the other. Each neighbouring enclosure shared a common boundary fence,
and therefore direct interactions were possible. The public visitor’s path was situated inside
the cage, where visitors had complete access into the enclosure. Therefore, direct interactions

between the visitors and the ground hornbills were possible.
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Protocol and Design
The broad behavioural categories of captive ground hornbills

Written transcriptions

This experiment was done separately to the general behaviour, sociability and space use
observations. | allocated one hour (full 60 minutes) of time for each enclosure (6 hours in
total), where | observed the individuals. I spent 6 hours recording. Once | had descriptions of
behaviours for the 18 birds in the 6 populations, | edited and condensed my descriptions into
nine functional categories (See results).

Video recordings

| also recorded video footage of the behaviour ofground hornbills at the WOB location.
Because | was permitted to enter and conduct observations inside the enclosure, there was no

visual hindrance of the fence as in the other locations.

| filmed the behaviour of the birds after collecting general behaviours (mentioned above)
which allowed the birds to habituate to my presence. The videoing was done separately to the
general behaviour observations as there was no time to video and capture accurate
behavioural data simultaneously. | sat inside the enclosure at a safe distance (same position as
mentioned above in the general behaviour) and video recorded the behaviours of the birds

until all behaviours had been displayed.

Digital recordings of behaviours (from the WOB location) were used to create a video
catalogue, representing an important repository for storing behavioural acts of the ground
hornbills. Importantly, since the definitions of behaviours are sometimes unclear, such video
footage could help standardise the behavioural sampling protocols and thus provide an

invaluable resource for future ground hornbill researchers and conservationists.

Diurnal activity patterns

| conducted direct behavioural observations of individual ground hornbills. Each individual in
each group per location was observed for a total of 24 hours per month. Such data collection

provided data for individuals in a short time period.

43



At the Johannesburg Zoo, Lory Park and Monte Casino locations, | conducted observations
from a fixed position 5 m outside of the enclosures using a pair of Bynolyt Runner Il 7x50
binoculars, ensuring a clear view of the hornbills. The WOB ground hornbills were
habituated to human presence, and therefore | was permitted to enter and conduct
observations inside the enclosure. | sat inside the enclosure with my back against the
boundary fence, on the public path, at a safe distance from the nest box, feeding station and

perches with only a small wooden picket fence separating me from the birds.

At the beginning of the experiment, | waited 10 minutes for the ground hornbills to become
habituated to my presence. Thereafter, using direct observation, | recorded the frequency of
behaviours of individuals every 2 minutes using focal sampling (Altmann 1974, Martin and
Bateson, 1993). The behaviours were recorded according to the categories listed in Table 2
(Page 50). In addition, I recorded the location of each individual in different sections of the

enclosure (objective 4: space use; see below), every 2 minutes.

Each individual was observed for a 12-hour period from 06h00 and 18h00, three to five times
a week, lasting between 6 to 8 hours per day. To capture a full 12-hour activity period, each
individual was observed for the 12-hour daily activity, with behaviours recorded from 06h00
and 18h00. In order to achieve the full 12 hour observation, each individual was observed
three to five times a week, lasting between 6 to 8 hours per day. This ensured that behaviours
were recorded for the 12 daylight hours. After 12 hours of recording per individual, |
generated a cumulative frequency curve (per individual), representing the frequency
accumulation of behaviour per individual in a group, in order to establish whether the

sampling period was appropriate and adequate for obtaining all the behaviours in Table 2.

Sociability

Here, | investigated the interactions of the ground hornbills with one another. These data
were collected simultaneously with the general behaviour observations (i.e. every 2 minutes
during sampling). | used a socio-metric matrix analyses in MatMan version 1.0 for Windows
(Noldus Information Technology 2013) to assess whether the individuals at each location
differed in the probability of positive/neutral to negative interactions instigated and received
by other individuals in the enclosure. The matrices were summed from the combined social
data per individual and per location. These summed matrices were used to calculate adjusted

residuals.
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Space use

Space used was observed concurrently with the general behaviour and sociability
observations mentioned above (i.e. every 2 min). Since the number of individuals was greater

at WOB, space use was not assessed at WOB due to time constraints.

The space use of individuals was recorded on a three dimensional map of the enclosure, in
which 12 approximately equally sized zones were demarcated (Figure 8). The zones were
equally mapped out by me walking the length and breadth of the enclosure and measuring the
enclosures dimensions and equally dividing the shorter breadth by two and the longer length
by three (Figure 8), creating 6 zones confirmed by landmarks like a fence pole or tree. The

six ground level zones were the same for the six upper zones.
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Figure 8: A diagrammatic representation of the A) 12 zones (six upper zones and six ground level
zones) for the ground hornbill enclosures at the Johannesburg Zoo, Lory Park and Monte Casino Bird
Gardens, and B) longitudinal division through the diagram in (A) to better illustrate the 12 zones. The
names and abbreviations of the of the 12 zones (Six upper zones and six ground level zones) were;
back left- BL; back right- BR; middle left- ML; middle right- MR; front left- FL; front right- FR;
Upper Back Left- UP.BL; Upper back right- UP.BR; upper middle left- UP.ML; upper middle right-
UP.MR; upper front left- UP.FL; upper front right- UP.FR.
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Of the 5 enclosures, four of them were regular rectangular shaped (Joburg hidden display,
Lory Park and Monte Casino) and the zones were identical in size. However, in the irregular
Joburg zoo hidden display, the zone demarcation was different, and the zones were divided as
equally as possible, although some zones had rounded corners, being slightly smaller than
others. Each zone was similar in size within each enclosure but differed in size among the

different enclosures.

The risk-taking behaviour of captive ground hornbills in their responses to novelty and a
startle

Here, I used two well-known personality tests in the literature, namely startle tests and novel
object tests (Wilson et al. 1993; Torgerson-White and Bennett 2014; Yuen et al. 2016). For
both the startle and novel object tests (below), | could not assess the behaviour of individuals
in isolation, because none of the institutions permitted me to capture and isolate individuals,

which was deemed stressful for the birds.

Experiment 1: Startle test

Each group was assessed once every 24 hours for three replicates. Replicate is defined as the
same startle test done again in exactly the same way. To ensure the health and wellbeing of
the ground hornbills, only one test per day was conducted and lasted a maximum of 10

minutes per test.

At the start of each experiment, a digital camcorder (Sony DCR-SX44) was mounted in a
fixed position in front of the cage, about half a metre above the ground, and placed onto auto-
focus mode. | moved to an out of sight position about 8 metres away from the ground hornbill
enclosures. Each population was then video-taped for a period of 5 minutes to confirm that
the birds had habituated to the presence of the camera (i.e. they resumed their previous
activity). After the 5 minute habituation period, a startle stimulus was produced by me letting
off a loud siren sound (80 decibels) from the portable hand held siren (Topline International:
Walk Easy Personal Emergency Alarm) for 15 seconds from an out of sight position outside

the enclosure (video-taping continued during this period).

| used a portable hand held siren due to the fact that it was easily obtainable, it did not
produce a sound that could be previously heard by the ground hornbills, and it was loud

enough to make an effective startle sound.
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Video recording was continued for 5 minutes after the startle stimuli. From the video
recordings, the latency (in seconds) it took for each individual in a group to resume its normal

activity (one of the behaviours mentioned in Table 2) was recorded.

Experiment 2: Novelty test

The novel object tests were conducted on a separate day to the startle tests. Each novel object
experiment lasted 40 minutes per test session. Like the startle tests, each individual within

each group was assessed once every two days (24 hours) for three replicates.

As for startle tests, prior to the experiment, a digital camcorder (Sony, DCR-SX44) was
mounted in a fixed position in front of the cage. Each group was then video-taped for a
period of 5 min to habituate to the camera. After the 5 min camera habituation period. | was
assisted by a zoo keeper. | entered the enclosure at the Johannesburg zoo and WOB and
placed a large metal garden chair (102 cm x 45 cm; Figure 9) directly in front of the mounted
camera (video-taping continued during this period). At Lory Park and Monte Casino, only the
200 keeper was permitted to enter the enclosure. We then immediately vacated the enclosure
and moved to a position out of sight of the hornbills. Video recording was continued for a
further 30 minutes. Once the session was completed, the chair was removed from the

enclosure.

From the video footage, | recorded the latency (in seconds) of individuals to approach the
novel object (within a 50 cm proximity), and the time spent interacting with the object. In the
cases where an individual did not approach the novel object, the latency to approach the
novel object was scored as the maximum time of 30 minutes and the time spent interacting

with the object was scored as zero.
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Figure 9: The large metal garden chair used in novelty object tests for ground hornbills

The behavioural syndrome in captive ground hornbills

All subjects were tested and observed individually in 3 experiments (Objectives 2; 3 and 5)
namely the general behaviour observations, the sociability observations, and the startle and
the novel object tests. The data that were collected from each of those tests were then

correlated.
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Data analyses

All statistical analyses were conducted in R Studio (Version 3.3.0; R Development Core
Team 2006) and GraphPad InStat 3 (Version 3.06; www.graphpad.com). The entire data set
was screened for normality using the Shapiro-Wilk normality test, and transformed. All tests

were two-tailed with statistical significance accepted at p<0.05.
The broad behavioural categories and diurnal activity patterns of captive ground hornbills

The data were square-root transformed to approximate normality. A linear model using Im
function and Anova function in the car package was used to analyse the influence of location
and sex (fixed factors) on each behaviour (i.e. locomotion, feeding, interaction with item,
social interaction, perching, lying down, vocalising, preening, and thermoregulation)
separately (dependent factors) (Crawley 2007). The behaviours were pooled for all hours of
sampling for each ground hornbill population because of relatively constant behaviour
throughout the day and because hourly sampling was not statistically possible with the small
sample sizes per institution. | used the Ismeans package to run a Tukey’s HSD post hoc test to
identify where significant differences occurred (Bates et al. 2015). To correct for the multiple
comparisons of multi-dependent behaviours (i.e. the occurrence of one behaviour was
dependent on occurrence of another behaviour), | adjusted P values using the Benjamini and

Hochberg (1995) method for location and sex separately.
The transactional (two-way social) interactions of captive ground hornbills

For the analysis of the aggressive and amicable interactions that occurred between the
individuals in each group, | analysed the frequency of amicable and aggressive interactions
for each individual in each population. I then used a socio-metric matrix analysis in MatMan
version 1.0 for Windows (Noldus Information Technology 1998) to assess whether the
individuals at each location differed in the probability of positive/neutral to negative
interactions instigated and received. The matrices were summed from the combined social
data per individual and per location. These summed matrices were used to calculate adjusted
residuals. Both positive and negative residuals were calculated and expressed according to a
Z-distribution. Using these results, a table of positive and negative matrices were generated
for each individual in each location. Location was analysed separately because enclosures

were different shapes and sizes.
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The space use and exploratory behaviour of captive ground hornbills

The space use of ground hornbills was analysed using a general linear model (GLM) Here, |
considered the use of the different parts of the enclosure by individual ground hornbills. The
effect of individuals (ID), zones, and the interaction between individuals and zones on the use
of space was analysed. Location was analysed separately because enclosures were different
shapes and sizes. Space use was assessed at all three locations in Gauteng Province, but not at
the WOB in the Cape Province where recording the location of the large number of birds was
challenging.

The space use data were summed up for each of the 12 zones (Table 4) for each individual in
its enclosure. For each enclosure, the data were analysed to determine which sections of the
cage were utilised more frequently than others, using a Generalised Linear Model with a
Poisson error structure and log link function. The Individuals (ID) and the zones were fixed
factors, and frequency of occurrence in each zone was the dependent variable. Location was
analysed separately because enclosures were different shapes and sizes. Reference categories
were selected using sequential entry to obtain Z statistics for each component. The Back Left
(BL) zone was used (in each population) as the reference category for the zone effect, and
Back Left (BL) Zone and the female individual (in each population) was used as the

reference for the Zone-1D effect.

Using the frequency data, four quartiles were calculated per zone, for each individual per
location, to generate a frequency of space use occurrence map. To calculate the quartiles for
each individual, I first ordered the data from lowest to highest and calculated the overall
median. The minimum (smallest number) was used as quartile Zero (QO0), the first quartile
(Q1) was calculated as the middle number between the smallest number and the median of
the data set. The second quartile (Q2) is the median of the data. The third quartile (Q3) is the
value between the median and the highest value of the data set. The fourth quartile (Q4) is the
maximum (largest number). These quartiles were colour coded to provide a visual

representation of the use of the enclosure by individuals.

The risk-taking behaviour of captive ground hornbills in their responses to novelty and a

startle

Here, | compared the data in each variable (latency in seconds) among the institutions. For

this, | square-root transformed the data. The transformed data were then analysed in a linear
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mixed model (LMM) using the Ime4 package (Bates et al. 2015). In these analyses, sex,
replicate number and location were the independent factors, time was the dependant factor
and individuals were the random factors. Tukey post-hoc tests (Ismeans package) were used

to identify specific trends when the analyses were significant at 0<0.05.

Next, I scored the duration of time taken to return to normal behaviour (startle test), the
duration of time taken to approach, as well as the duration of time spent interacting with the
novel object (novel object test). | compared data for each variable between ground hornbills
for the three replications in each enclosure using chi-squared contingency analysis. This test
was appropriate because only one value per individual per replicate was recorded. I used a
contribution to chi-squared analysis to assess individual variation in risk taking behaviours;

this test compares the observed to expected outcome in each cell of a contingency table.
The behavioural syndrome in captive ground hornbills

To assess whether behaviours (frequency (number/counts displayed per (every 2 minute
interval) correlated between feeding; perching; social interaction; vocalization; preening;
lying down; locomotion; object interacting; thermoregulation, a Pearson’s product-moment
correlation coefficient was used using GraphPad InStat 3 (Version 3.06;
www.graphpad.com). A significant correlation between several variables would indicated an
association between them, and therefore suggest that a syndrome exists (Silber et al. in
press). In addition to o < 0.05, I only considered responses with R-values greater than 0.5 to
form syndromes. Data were combined for all individuals in the study because of the low

number (2-3 individuals) in five enclosures, which had low statistical power.
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RESULTS

Data were collected for 18 ground hornbill individuals for analysis of their general activity,

behavioural differences, sociability and space use differences. Nine behaviours were

recorded.

The broad behavioural categories of captive ground hornbills

A total of 9 behaviours were recorded (Table 2) and described (below). I also assigned

uncommon behaviours to an ‘Other’ category. Video links are provided for selected

behaviours below.

Table 2. The behaviours recorded in the ground hornbill individuals at the four locations in Gauteng

and the Western Cape provinces

Behaviour Description of behaviour
Perching A continuous period resting on an object above ground
Locomotion Walking or running (never having both feet off the ground at once); and flying (typically

30 cm or more above the ground with broad open wings which are flapped up and down
in a repetitive movement)

Interaction with item

Any physical contact between the beak and a non-food item (e.g. stone)

Lying down

A continuous period of resting on the ground (legs tucked underneath body and not
visible)

Social interaction

o Positive/neutral interaction - allo-grooming/allo-preening, social play, allo-
feeding, and neutral side-by-side perching, resting or lying down

o Negative interaction — aggressive chasing, snatching food/object from another
individual (negative interaction is usually associated with a vocalisation)

Preening

Grooming and cleaning feathers with the beak or foot

Feeding

Taking a food item in mouth and swallowing

Thermoregulation

Resting in the shade; wings held away from the body; opening of the bill; basking;
huddling; rest in sunny areas

Vocalising

Sound produced from the mouth

Other

Any other behaviour displayed that did not fall into the above categories
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1. Perching

Perching or roosting behaviour was noted when an individual rested on an object above
ground. The ground hornbill flew up into a tree or perch, and rested in either a standing
position (feet visible), or down across the branch so that its feet were not visible (often

tucking its head between its wings). On many occasions, individuals roosted in close

proximity to one another on the same tree or perch.

Picture 1: An example of perching behaviour.
Photo permission granted by Joel Ranjithkumar.

Perching: https://www.dropbox.com/s/g8yladdovd2cucv/1-Perching.mp4?di=0

2. Locomotion

Locomotion was defined as any movement (forward or backward) from one point to another.
The first form of locomotion was walking, which was a rather stiff rolling movement
achieved by lifting and setting down each foot in turn; never having both feet off the ground
at once. The second form of locomotion was running which differed to walking by having the
gait with kinetic and gravitational potential energy, fluctuating in phase, unlike walking
which fluctuates out of phase (Daley and Birn-Jeffery 2018).
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https://www.dropbox.com/s/q8yladdovd2cucv/1-Perching.mp4?dl=0

Picture 2: An example of walking behaviour.
Photo permission granted by Johan Smalman.

Walking: https://www.dropbox.com/s/ecq9j8tlivdnOen/2-
%20Locomotion_Walking.mp4?dl=0

Running: https://www.dropbox.com/s/90kciz0aghdpinv/2%20-

%20Locomotion Running.mp4?dl=0

Hopping or jumping were very uncommon, and, when expressed, were mostly used for

movement over rocks and in trees.

Flying consisted of strong deep flaps of the broad wings with little gliding. Flight was usually
within 1 m off the ground and was normally used to travel to the perches or tree branches.
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https://www.dropbox.com/s/ecq9j8t1ivdn0en/2-%20Locomotion_Walking.mp4?dl=0
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Picture 3: An example of flying behaviour. Photo permission granted by
Kathleen Vanoppen.

Flying: https://www.dropbox.com/s/hj8zcirouw32hjw/2-%20Locomotion_Flying.mp4?di=0

3. Object Interaction

Item interaction was defined as any physical contact between the individual’s beak and an
object (e.g. stone, fence). Here, an individual approached an object, and touched it with its
beak. On some occasions, the ground hornbill pecked at a solid object (e.g. tree, food bowl)

and the item produced a loud sound.

Obiject Interaction: https://www.dropbox.com/s/oxz06v1zcrrgm9s/3%20-
%200bject%20Interaction.mp4?di=0

4. Lying Down

Lying down was recognised as a continuous period of resting on the ground (legs were not
visible). The ground hornbill squatted down into a position so that its feet were not visible

and on some occasions would tuck its head between the wings.

Lying Down: https://www.dropbox.com/s/j2fwdnhqgsgqgpooi/4%20-
%20Lying%20Down.mp4?dl=0
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5. Social Interaction

Social behaviour was defined as any interaction with another individual of the same species.
Social interaction included social play, which consisted of either birds chasing one another on
foot or in flight, probing and tugging at one another, or tug-of-war with an object held in the
bill. Agonism was seen only once in the large 6 individual group at WOB, where the adult

male attacked and dispersed the juveniles that had been playing in a social play.

Social interaction also included allopreening which was the act of one individual (mainly the
male) preening another individual (mainly the female). Kemp and Kemp (1980) stated that
allopreening is a sexually motivated behaviour and is a prelude to copulation. Allo-feeding
interactions occurred when one (male or female) ground hornbill carried a food item in its bill
and another individual (male or female) approached and was fed. On the rare occasion, the

individual with the food responded with a head-up threat or turned away.

Photo permission granted by Earnest Scribbler.

Social Interaction: https://www.dropbox.com/s/Is3h6gkl3s5me68/5%20-
%20Social%20Interaction.mp4?di=0
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https://www.dropbox.com/s/ls3h6gkl3s5me68/5%20-%20Social%20Interaction.mp4?dl=0
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6. Preening

Preening was categorised as tidying and cleaning feathers with the beak or claw. Head
scratching, face-wiping on the foot, bill cleaning on objects as well as by scratching, oiling,
and nibbling at their feathers, were all behaviours that were recorded as preening behaviour.

. 4 ’ 3 ‘ )
Picture 5: An example of preening behaviour.
Photo permission granted by Varun Aditya.

Preening: https://www.dropbox.com/s/asbv3vqdi7s38s0/6%20-%20Preening.mp4?dI=0

7. Feeding

I considered feeding behaviour when a ground hornbill approached a food item, picked it up
in its beak and threw its head backwards and then swallowed the food. Occasionally, when
the food was large (e.g. a dead chick Gallus domesticus), the individual picked up the food,
performed a kill bite head shake which would cause part of the chick to tear off. The ground

hornbill then threw back its head and swallowed and then walked over to the rest of the chick
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Picture 6: An exampl of fedin behaviour.
Photo permission granted by Varun Aditya.
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https://www.dropbox.com/s/asbv3vqdi7s38s0/6%20-%20Preening.mp4?dl=0

and repeated the process. In some instances, one ground hornbill individual took food from

another individual, either forcibly or by being offered the food item by the other individual.

Feeding: https://www.dropbox.com/s/aulnflplwcrw8sc/7%20-%20Feeding.mp4?dI=0

8. Thermorequlation

Heat loss behaviour was observed when a ground hornbill opened its bill and, at the same
time, held its wings away from its body to cool down. Another indication of heat loss
behaviour was when the bird moved into the shade either on the floor or up into the shade of
trees or perches. To gain heat, a ground hornbill lay down/basked in a sun exposed area of the

enclosure.
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Picture 7: An example of thermoregulatory behaviour.
Photo permission granted by Khadija Bham.

Thermoregulation: https://www.dropbox.com/s/jnywl4i5007w52e/8%20-

%20Thermorequlation.mp4?di=0

9. Vocalisation

Vocalisation was defined as any sound produced from the throat. The sound normally
consisted of a deep resonant four-note call, uuh uuh uuuh-uuh. The vocalisation behaviour
was normally performed from a position on a perch or a tree branch, but was also performed

while standing or walking on the ground, or (very uncommon) while flying. On some
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https://www.dropbox.com/s/au1nflp1wcrw8sc/7%20-%20Feeding.mp4?dl=0
https://www.dropbox.com/s/jnywl4i50o7w52e/8%20-%20Thermoregulation.mp4?dl=0
https://www.dropbox.com/s/jnywl4i50o7w52e/8%20-%20Thermoregulation.mp4?dl=0
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occasions, the ground hornbill displayed a harsh nasal bray sound, which Kemp and Kemp
(1980) state is usually uttered by chicks, immatures or the breeding females when taking food

from another bird.
The diurnal activity patterns of captive ground hornbills

A total 360h of sampling was conducted (6 enclosures x 5 months x 12 h), resulting 10800
observations. The total frequencies for the behaviours of all 18 individuals in the populations
were recorded and converted into percentages of total behaviours. Of the 9 behaviours
recorded, perching (25.86%) was the most common behaviour.Less frequently observed
behaviours were feeding (5.33%), thermoregulation (5.09%) and vocalising (4.87%) (Figure
10).

Figure 10: Percentage of time devoted to 9 behaviours by of 18 captive ground hornbills Bucorvus leadbeateri in
Gauteng and the Western Cape provinces.

Activity (time-budget) profiles

The activities of the ground hornbills varied throughout the daylight hours. The comparisons
of the activities in 12 hours (06:00 to 18:00) of the day were done for the three most common
behaviours: perching, interaction with an object, and locomotion (Figure 11), for all ground

hornbills in the study, since the number of ground hornbills sampled were small (the activity

profile of each population separately is provided in Supplementary 1).
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The graph types constructed are similar to those of Kemp and Kemp (1980), to permit
comparisons between our studies. The frequency of perching was fairly constant throughout
the day, but had a subtle binomial distribution where it decreased around midday, and then
slowly rose towards later afternoon. The frequency of object interaction was lower in the first
hour and in the last hour of sampling, and was constant during other times of the day.
Locomotion was in the first and last hours of sampling and fluctuated through the day (Figure
11).
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Figure 11: The 12 hour activity-time profile of A) perching, B) interaction with an object and C) locomotion in 18
captive ground hornbills. Bars denote the counts per hour spent doing that particular activity. During the study period
sunrise occurred between 06h00- 06h30 and sunset between 17h30-18h00.

60



Perching

Location was a significant predictor of perching behaviour (Fs, 11 = 8.61; adjusted p = 0.043).
The individuals in Joburg hidden enclosure perched significantly less than 3 of the 5
populations, namely the Lory Park individuals (p = 0.036), the Monte Casino Right enclosure
(p = 0.012) and the Monte Casino Left enclosure (p = 0.011; Figure 12). The Joburg public
display perched significantly less than 2 of the 5 populations, namely the Monte Casino Right
enclosure (p = 0.028) and the Monte Casino Left enclosure (p = 0.010). The other institutions
were similar and did not differ significantly in their perching behaviour (p>0.05). Sex was

not a significant predictor of perching behaviour (F1, 11 = 4.061; adjusted p = 0.073).
Locomotion

Location was not a significant predictor of ground hornbill locomotion (Fs, 11 = 2.84; adjusted
p = 0.135). However, sex was a significant predictor of locomotion (F1, 11 = 7.48; adjusted p =

0.031). Females locomoted significantly less than males (p = 0.024).

Item Interactions

Neither location (Fs, 11 = 2.26; adjusted p = 0.183) nor sex (F1, 11 = 0.89; adjusted p = 0.171)

were significant predictors of item interaction.

Lying Down

Lying down behaviour was not significantly predicted by location (Fs, 11 = 2.54; adjusted p =
0.169) or sex (Fy, 11 = 0.44; adjusted p = 0.2).

Social Interaction

Location (Fs, 11 = 3.92; adjusted p = 0.08) nor sex (F1,11 = 0.45; adjusted p = 0.209) were
significant predictors of social interaction. The original p-value for social interaction was

significant but after adjusting the p-values, social interaction for locations had a p>0.05.

Preening

Preening behaviour was not significantly predicted by location (Fs, 11 = 1.173; adjusted p =
0.253) or by sex (F1,11 = 0.57; adjusted p = 0.328).
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Figure 12: The frequency recorded for 9 categorises of behaviours in six captive ground hornbill populations over 12 hours, in the Gauteng and Western Cape provinces of
South Africa. Bars denote the mean proportions calculated from each individual in each population and error bars are Standard Error. Asterisks indicate significant
differences between populations for each behaviour.
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Feeding

Location was a significant predictor of feeding behaviour (Fs, 11 = 8.57; adjusted p = 0.029).
Feeding by the Joburg public display ground hornbills was significantly greater than by
ground hornbills at all the other 5 institutions (p < 0.026; Figure 12). The other institutions
were similar and did not differ significantly in their feeding behaviour (p>0.05). Sex was not
a significant predictor of feeding behaviour (F1, 11 = 0.59; adjusted p = 0.235).

Thermorequlation

Neither location (Fs, 11 = 3.51; adjusted p = 0.117) nor sex (F1, 11 = 3.14; adjusted p = 0.122)
were significant predictors of thermoregulation.

Vocalisation

Vocalisation was not significantly predicted by location (Fs, 11 = 4.78; adjusted p = 0.071) or
by sex (F1,11 = 1.87; adjusted p = 0.132). The original p-value for vocalisation was significant

but after adjusting the p-values, the location had a p>0.05.
The transactional (two-way social) interactions of captive ground hornbills

Socio-metric matrix analyses were used to establish the patterns of interactions of individuals
in each location. These analyses were used to detect individual differences in the levels of
amicable and aggressive behaviour displayed and received by each individual in the Joburg
Zoo hidden display and the WOB population. | analysed only the amicable interactions
between the individuals in the Johannesburg Zoo public display, Lory Park, as well as Monte
Casino Bird Gardens due to the very few instances of aggressive interactions in these

populations.

Johannesburg Zoo

Joburg public enclosure

Of the three individuals in Joburg public display group, levels of amicable interactions

displayed did not differ from chance in any of the dyadic combinations (Table 3).
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Table 3: Socio-metric matrix of the amicable interactions between the three individuals in the Joburg

Public enclosure (z score; p-value). Values indicate the amicable behaviour displayed individuals in

listed in the first column to individuals listed in the first row. The diagonal of asterisks indicate no

amicable behaviour directed by a bird to itself.

TINTO'12 NEBO'07 NTWANANA'95
TINTO'12 * 28; 0.625 28; -0.599
NEBO'07 29; -0.589 * 28; 0.612
NTWANANA'95 20; 0.698 11;-0.751 *

Joburg hidden enclosure

Levels of amicable (Table 4) and aggression interactions (Table 5) did not differ from chance

in any of the dyadic combinations for the three individuals in the Joburg hidden population.

Table 4: Socio-metric matrix of the amicable interactions between the three individuals in the Joburg

Hidden enclosure (z score; p-value). Values indicate the amicable behaviour displayed individuals in

listed in the first column to individuals listed in the first row. The diagonal of asterisks indicate no

amicable behaviour directed by a bird to itself.

JASPER'13 RHINOROAD'11 JANOVSKY'12
JASPER'13 * 54; 0.534 34; -0.598
RHINOROAD'11 47; -0.541 * 38; 0.599
JANOVSKY'12 31; 0.635 27;-0.622 *
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Table 5: Socio-metric matrix of the aggressive interactions between the three individuals in the Joburg

Hidden enclosure (z score; p-value). Values indicate the aggressive behaviour displayed individuals in

listed in the first column to individuals listed in the first row. The diagonal of asterisks indicate no

aggression directed by a bird to itself.

JASPER'13 RHINOROAD'11 JANOVSKY'12
JASPER'13 * 16; -0.551 2:0.139
RHINOROAD'11 18; 0.514 * 1;-0.123
JANOVSKY'12 3;-0.714 11; 0.699 *
Lory Park

The results showed that both individuals in the Lory Park enclosure showed that both birds

displayed amicable behaviour greater than chance (Table 6).

Table 6: Socio-metric matrix of the amicable interactions between the two individuals at Lory Park (z

score; p-value). Values indicate the amicable behaviour displayed individuals in listed in the first

column to individuals listed in the first row. The diagonal of asterisks indicate no amicable behaviour

directed by a bird to itself. Significant values are shown in bold.

PRICILLA'06

ELVIS'92

PRICILLA'06

*

19; 0.010

ELVIS'92

18; 0.010

*

Monte Casino Bird Gardens

The results showed that the individual birds in both enclosures displayed amicable behaviour

greater than chance (Table 7 and 8).
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Table 7: Socio-metric matrix of the amicable interactions between the two individuals in the Monte
Right enclosure (z score; p-value). Values indicate the amicable behaviour displayed individuals in
listed in the first column to individuals listed in the first row. The diagonal of asterisks indicate no

amicable behaviour directed by a bird to itself. Significant values are shown in bold.

TSUWANE_1991 DEREK_1991
TSUWANE_1991 * 13; 0.010
DEREK_1991 16; 0.010 *

Table 8: Socio-metric matrix of the amicable interactions between the two individuals in the Monte
Left enclosure (z score; p-value). Values indicate the amicable behaviour displayed individuals in
listed in the first column to individuals listed in the first row. The diagonal of asterisks indicate no
amicable behaviour directed by a bird to itself. Significant values are shown in bold.

Hugo_ 1991 Priscilla_1991
Hugo_1991 * 18; 0.010
Priscilla_1991 22; 0.010 *

World of Birds

There were six individual ground hornbills in the WOB enclosure. Levels of amicable
interactions in the dyads did not deviate significantly from chance (Table 9). Similarly,
aggressive interactions in dyads mostly did not deviate significantly from chance (Table 10).
However, one juvenile (T134) directed significant levels of aggression to another juvenile
(T129) (Tablel10). All six members of the WOB enclosure showed equal amicability across

the population, whereas there was only a significant aggression display between T84 (Adult
Male) and T85 (Female) (Table 10).
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Table 9: Socio-metric matrix of the amicable interactions between the six individuals at the Hout Bay

World of Birds. Values indicate the amicable behaviour displayed individuals in listed in the first

column to individuals listed in the first row (z score; p-value). The diagonal of asterisks indicate no

amicable behaviour directed by a bird to itself.

T85 T129 T147 T134 KHUMI_2013 T84(Male)

(Female) (Juvenile) (Juvenile) (Juvenile) (Male)
T85 (Female) * 4; -0.911 1; -0.945 1; -0.592 1; -0.368 407; 0.130
T129 (Juvenile) 0; -0.102 * 87;0.782 30; 0.129 9; 0.530 2; -0.957
T147 (Juvenile) 0; -0.925 85; 0.277 * 16; 0.679 6; 0.358 0; -0.905
T134 (Juvenile) 0;-0.631 25; 0.106 21;0.885 * 8; 0.834 0;-0.614
KHUMI_2013 0; -0.395 7;0.426 9; 0.603 6; 0.644 * 0; -0.384
T84 (Male) 412; 0.135 0; -0.980 0; -0.959 0.-0.617 0; -0.407 *

Table 10: Socio-metric matrix of the aggressive interactions between the six individuals at the Hout

Bay World of Birds. Values indicate the amicable behaviour displayed individuals in listed in the first

column to individuals listed in the first row (z score; p-value). The diagonal of asterisks indicate no

aggression directed by a bird to itself. Significant values are shown in bold.

T85 T129 T147 T134 KHUMI_2013 | T84 (Male)

(Female) (Juvenile) (Juvenile) (Juvenile) (Male)
T85 (Female) * 0;-0.170 0;-0.115 0; -0.688 0; -0.329 3;0.773
T129 (Juvenile) 0; -0.988 * 7, 0.567 3;0.269 1, 0.534 0;-0.123
T147 (Juvenile) 0;-0.104 12;0.771 * 4;0.886 0;-0.190 0;-0.131
T134 (Juvenile) 0; -0.706 6; 0.021 4;0.237 * 1;0.109 0; -0.889
KHUMI_2013 (Male) 0; -0.328 2;0.622 1;0.136 0; -0.688 * 0;-0.411
T84 (Male) 2; 0.480 2;-0.434 1;-0.529 0;-0.911 0; -0.422 *
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The space use and exploratory behaviour of captive ground hornbills

Johannesburg Zoo Hidden Enclosure

The middle right (MR) zone was used the most by all three ground hornbill individuals

(Table 11). This zone contained the entrance gate and the feeding station. The second most

used zone was the back right zone which contained the boundary fence closest to the foot

traffic of people and had constant shade from the large tree. The two least used zones were

the upper front left zone and the upper back left zone which both consisted of large perching

poles.

Table 11: The frequency of occurrence by three ground hornbills in 12 zones in the Joburg hidden

enclosure shown in descending order with the main physical contents in each zone

Zone from most used to least

Frequency of

Zone contents

used occurrence

Middle Right 474 The entrance gate and feeding station

Back Right 362 The boundary fence closest to the foot path,
shade from the large tree

Front Left 329 The boundary fence closest to the foot path

Front Right 313 The boundary fence closest to the foot path

Upper Middle Left 240 The nest box

Middle Left 105 A empty rock pool

Upper Back Right 86 Large perching pole

Upper Front Right 63 Large perching pole

Back Left 55 Shade from the tree

Upper Front Left 38 Larger perching pole

Upper Back Left 20 Large perching pole

Upper Middle Right 18 Large perching pole
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Overall, the space use of ground hornbills at the Joburg Hidden enclosure was significantly
influenced by the zone (32, = 1625.58; p <0.001) and the combination of individual*zone
(xgz =290.29; p < 0.001). However, individual on its own had no significant influence on
space use (y; = 3.12 p = 0.210). Of the 12 zones within the Joburg hidden enclosure,
occurrences in all zones differed significantly from the Back Left (BL) zone used as the
reference category, except for two zones (Upper Front Left and Upper Front Right zones;
Table 12).

Table 12: Statistical output comparing the use of 11 zones compared to the Back Left zone (used as
the reference category) in the Joburg Hidden enclosure and their corresponding z and p values.

Significant values are shown in bold.

Zone z value P value
Back Right 13.02 <0.001
Front Left 12.28 <0.001
Front Right 11.89 <0.001
Middle Left 3.89 0.001
Middle Right 15.12 <0.001
Upper Back Left -3.87 0.0001
Upper Back Right 2.59 0.009
Upper Front Left -1.75 0.079
Upper Front Right 0.74 0.461
Upper Middle Left 9.86 <0.001
Upper middle Right -4.11 <0.001




Individual Differences

In the Joburg Hidden enclosure, the three ground hornbills all used the Upper Middle Right
section of the cage the most (Figure 13). Two of the individuals (Jasper_2013 and

Janovsky 2012), used the upper middle right zone the least, whereas Rhino_Road_2011 used
the upper front left and upper front right sections the least (Figure 13).

0-8.75
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42.6-109.25
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Figure 13: A diagrammatic representation of the space use by three ground hornbills, A) Jasper_2013, B) Janovsky 2012 and C)
Rhino_Road 2011, in 12 zones of the Joburg Zoo hidden display enclosure. The colours indicate interquartiles of the frequency
of zone use. Colour codes are provided as four concentrations based on frequency of occurrence of each individual per zone. The
quartiles of the scores were used to assign the colour codes. The dark red (maroon) colour represented a zone that had a high
number of visits (calculated in the fourth quartile), followed by the lighter red (third quartile), the dark blue colour (second
quartile) and lastly the light blue colour (first quartile).

Sex differences

Comparing the space use of the male and female individuals showed that the frequency of
entry was fairly similar, although the males used the Front Left and Upper Middle Left zones

more often than the female (Figure 13).

70



Johannesburg Zoo Public Display

The results showed that the ground hornbills mostly used the Back Left zone (Table 14). This
zone contained a large perching platform and shade from a large tree. The second most used
zone was the upper front left zone which contained a nest box and a small river stream (Table
14). The two least used zones were the upper middle right zones and the upper front right

zones which both consisted of a tree stump and a medium sized tree.

Table 13: The frequency of occurrence of the three ground hornbills in 12 zones in the Joburg public

enclosure shown in descending order with the main physical contents in each zone.

Zone from most used to least Frequency of entry Zone contents

used

Back Left 566 Large perching platform and shade from a large
tree

Upper Front Left 450 The nest box and a small riverine

Front Left 321 The boundary fence available for public
interaction, entrance gate and food station

Middle Right 293 Boundary fence next to saddle bill storks and
small riverine

Back Right 178 Shade from tree

Upper Back Left 159 Perch and shade from a large tree

Front Right 110 The boundary fence available for public
interaction and entrance gate

Upper Middle Right 55 The large perching pole and a small riverine

Middle Left 16 Boundary fence next to blue cranes and small
riverine

Upper Back Right 8 Large Tree and nest box

Upper Middle Left 2 A tree stump

Upper Front Right 2 A medium sized tree

The space use of ground hornbills at the Joburg public enclosure was significantly influenced
by the zone (Xfl = 2332.96; p<0.001) and the interaction between individual*zone (ng =
482.78; p<0.001). However, ID had no significant influence on space use (y; = 0.00; p=
1.000) (Table 15). The Back Left Zone was the reference zone. Of the 12 zones within the
Joburg public enclosure, the occurrence of ground hornbills in all zones differed significantly
from the Back Left (BL) zone used as the reference category, except for two zones (Upper
back right and the Upper Front Right zone; Table 15).
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Table 14: Statistical output comparing the use of 11 zones compared to the Back Left zone (used as
the reference category) in the Joburg Public enclosure and their corresponding z and p values.

Significant values are shown in bold.

Zone z value P value
Back Right -8.378 <0.001
Front Left -7.120 <0.001
Front Right -8.378 <0.001
Middle Left -6.414 <0.001
Middle Right -3.929 <0.001
Upper Back Left -3.564 0.001

Upper Back Right 0.000 0.999

Upper Front Left -7.120 <0.001
Upper Front Right 0.000 0.999

Upper Middle Left -6.414 <0.001
Upper middle Right -9.314 <0.001

Individual Differences

When comparing the three individuals in the Joburg public enclosure, Tinto’12 used the back
left zone the most, and used the upper back right and upper middle right the least. Nebo'07
used the middle left zone the most, and the upper front left the least. In contrast,
Rhino_Road_2011 used the upper middle left sections the most and the Front Left, Upper
Back Right, Upper Front Left and the Upper Middle Right the least (Figure 14).
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Figure 14: A diagrammatic representation of the space use by three ground hornbills, A) Tinto'12, B) Nebo'07and C)
Ntwanana'9s, in 12 zones of the Joburg Zoo public display enclosure. The colours indicate interquartiles of the frequency of
zone use (see Figure 14)
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Sex differences

The space use of the male and female individuals at the Joburg Public display showed no

differences between the sexes except for females using the Upper Back Left zone more often

than the males (Figure 14).

Monte Casino Bird Gardens Right Enclosure

Overall, the most used zone by the two birds in the enclosure was the Upper Front Right zone

(Table 17). This zone contained a large perching pole. The second most used zone was the

front left zone which contained a small brick wall and the boundary fence where they were

normally fed crickets and meal worms (Table 17). The two least used zones were the upper

middle right zones and the upper middle left zones which both consisted of a tree stump.

Table 15: The frequency of occurrence of two ground hornbills in 12 zones in the Monte Right

enclosure shown in descending order with the main physical contents in each zone

Zone from most used to least Frequency of entry Zone contents

used

Upper Front Right 875 A large perching pole

Front Left 648 A small brick wall and the boundary fence
where they normally get fed crickets and meal
worms

Upper Back Right 323 A large perching pole and nest box

Back Left 120 The feeding station and water source

Upper Front Left 98 A large perching pole

Front Right 48 A small brick wall and the boundary fence
where they normally get fed crickets and meal
worms

Middle Left 32 The boundary fence that is closest to the other
ground hornbill pair

Back Right 6 Nothing

Middle Right 6 The outside boundary fence

Upper Back Left 3 A large perching pole

Upper Middle Right 3 A tree stump

Upper Middle Left 0 Nothing
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The space use by ground hornbills at the Monte right enclosure was significantly influenced
by the zone (y7, = 2811.02; p<0.001) and the influence of individual*zone (y 7, = 72.38

p<0.001). However, individual had no significant influence on space use (y; = 0.00; p=

1.000). Of the 12 zones within the Monte right enclosure, the occurrence of ground hornbills

in all zones differed significantly from the Back Left (BL) zone used as the reference

category, except for three zones (Upper Back Left, Upper Middle Left and Upper Middle

Right zones; Table 18).

Table 16: Statistical output comparing the use of 11 zones compared to the Back Left zone was used

as the reference category in the Monte right enclosure and their corresponding z and p values.

Significant values are shown in bold.

Zone z value P value
Back Right -4.059 <0.001
Front Left 8.083 <0.001
Front Right -3.756 0.001
Middle Left -3.338 0.001
Middle Right -4.059 <0.001
Upper Back Left 0.000 0.999
Upper Back Right 6.428 <0.001
Upper Front Left -2.181 0.029
Upper Front Right 12.925 <0.001
Upper Middle Left 0.000 0.999
Upper Middle Right 0.000 0.999

Individual Differences

When comparing the ground hornbill individuals in the Monte right enclosure, Priscilla’91

used the Upper Middle Left zone the most, and used the upper front left and upper back left

the least. In contrast, Hugo'91 used the upper middle back right section the most, and Front
Right, Middle Left, Upper Back Left, Upper Front Left the least (Figure 15).
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Figurel5: A diagrammatic representation of the space use by two ground hornbills, A) Priscilla'91 and
B) Hugo'91, in 12 zones of the Monte right enclosure display enclosure. The colours indicate
interquartiles of the frequency of zone use (see Figure 14).

Sex differences

The male and female in the Monte Right display showed a similar frequency of entry into the
same zones. However, the female used the Upper Back Right zone more often and the male

used the Upper Back Right more often (Figure 15).

Monte Casino Bird Gardens Left Enclosure

Overall, the zone used the most by the ground hornbills was the Front Left zone and the Front
Right zone (Table 20). Both zones contained a small brick wall and the boundary fence where
they were normally fed crickets and meal worms. The two least used zones were the upper
middle right zones and the upper Front left zones which both consisted of nothing.
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Table 17: The frequency of occurrence by two ground hornbills in 12 zones in the Monte Left

enclosure shown in descending order with the main physical contents in each zone.

Zone from most used to least Frequency of entry Zone contents

used

Front Left 593 A small brick wall and the boundary fence
where they normally get fed crickets and meal
worms

Front Right 589 A small brick wall and the boundary fence
where they normally get fed crickets and meal
worms

Upper Back Right 449 A large perching pole and nest box

Upper Front Right 263 A large perching pole

Back Left 105 Food station and water source

Upper Back Left 823 A large perching pole

Middle Left 27 The boundary fence

Middle Right 27 The boundary fence that is closest to the other
ground hornbill pair

Back Right 26 The entrance gate

Upper Middle Left 0 Nothing

Upper Middle Right 0 Nothing

Upper Front Left 0 Nothing

The space use by ground hornbills at the Monte Casino Bird Gardens left enclosure was

significantly influenced by the zone (32, = 2187.33; p<0.001) and individual*zone (x?, =

165.92; p <0.001). However, individuals had no significant influence on space use (y; =

0.00; p=1.000). Of the 12 zones within the Monte Casino left enclosure, the occurrence of

ground hornbills in all zones differed significantly from the Back Left (BL) zone used as the

reference category, except for three zones (Upper Back Right, Upper Middle Right and

Upper Front Right zones; Table 21).
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Table 18: Statistical output comparing the use of 11 zones compared to the Back Left zone was used
as the reference category in the Monte Left enclosure and their corresponding z and p values.

Significant values are shown in bold.

Zone z value P value
Back Right 21.03 <0.001
Front Left -3.77 0.001
Front Right 9.67 <0.001
Middle Left 6.11 <0.001
Middle Right -2.89 0.004
Upper Back Left -3.94 <0.001
Upper Back Right -0.88 0.378
Upper Front Left 8.66 <0.001
Upper Front Right 0 0.999
Upper Middle Left 7.34 <0.001
Upper Middle Right 0 0.999

Individual Differences

When comparing the individuals in the Monte left enclosure, Tsuwane'91 used the Back
Right zone and Upper Middle Left zone the most, and used the front right zone the least. In
contrast, Derek'91 used the middle right section the most, and Front Left and Upper Middle
Right the least (Figure 16).

0-14.5
14.6-35
35.1-136.25
136.26-279

Figure 16: A diagrammatic representation of the space use by two ground hornbills, A) Tsuwane'91, B)
Derek'91, in 12 zones of the Monte left enclosure display enclosure. The colours indicate interquartiles of
the frequency of zone use (see Figure 14).

77



Sex differences

The space use of the male and female at the Monte Left display was similar for the most part,
with just males using the Front Right zone much more than the female (Figure 16).

Lory Park

The space use at the Lory Park enclosure was significantly influenced by the zone (Xfl =
2700.54; p< 0.001) and the interaction between individual*zone (y{, = 263.59; p< 0.001).
However, ID had no significant influence on space use (x; = 0.00; p=1.000). Of the 12 zones

within the Lory Park enclosure, the occurrence of ground hornbills in five zones differed
significantly from the Back Left (BL) zone which used as the reference category, and six

zones did not differ significantly from the reference category (Table 23).

Table 19: The 12 zones in the Lory Park enclosure and their corresponding z and p values

Zone z value P value
Back Right -1.35 0.178
Front Left 7.09 <0.001
Front Right 7.36 <0.001
Middle Left 0 0.999
Middle Right 1.74 0.082
Upper Back Left 8.59 <0.001
Upper Back Right 8.19 <0.001
Upper Front Left 5.06 <0.001
Upper Front Right 0 0.999
Upper Middle Left 0 0.999
Upper Middle Right 0.27 0.781

The zone most used by the two ground hornbills was the Upper Back Left zone (Table 24).
This zone contained a large perching platform and the left boundary fence that is closest to
the Northern ground hornbill pair. The second most used zone was the front right zone which
contained the front boundary fence available for public interaction (Table 24). The two least
used zones were the upper middle left zones and the upper front right zones which both

consisted of nothing.
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Table 20: The frequency of occurrence by two ground hornbills in 12 zones in the Lory Park

enclosure shown in descending order with the main physical contents in each zone.

Zone from most used to least

Frequency of

Zone contents

used entry

Upper Back Left 593 Large perching platform with the boundary fence that
is closest to the Northern ground hornbill pair

Front Right 348 The boundary fence available for public interaction

Upper Back Right 222 Large perching platform with the boundary fence that
is closest to the fish eagle pair

Front Left 165 The boundary fence available for public interaction

Upper Front Left 55 Large perching pole and boundary fence that is
available for public interaction

Back Left 22 Nest box and feeding station and shade from the large
perching platform above

Middle Right 20 The small river

Upper Middle Right 10 Large perching pole

Back Right 5 Feeding station and shade from the large perching
platform above

Middle Left 0 Nothing

Upper Middle Left 0 Nothing

Upper Front Right 0 Nothing

Individual Differences

When comparing the individuals in the Lory Park enclosure, Pricilla’'06 used the Upper Front

Left zone the most, and used the Front Left and Upper Middle Right zone the least. Elvis'92

used the middle right section the most, and Upper Back Left zone the least (Figure 17).
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29.1-126.75
126.76-382

Figure 17: A diagrammatic representation of the space use by two ground hornbills, A) Pricilla'06 and B)
Elvis'92, in 12 zones of the Lory park enclosure display enclosure. The colours indicate interquartiles of the
frequency of zone use (see Figure 14).

Sex differences

The space use of the male and female at Lory Park showed large differences. The female
used the Back Right, Upper Back Left and Upper Middle Left zones much more often than

the male, whereas the male tended to use the Front Left and Front Right more than the female
(Figure 17).
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The risk-taking behaviour of captive ground hornbills in their responses to novelty and a

startle
Startle Tests

From the video footage, the ground hornbills performed one or more of the 9 behaviours
initially before the startle noise was emitted. The time taken to resume regular behaviour after
being exposed to a startle sound (i.e. a siren) was not significantly influenced by location (XE
=5.73, p= 0.330; Figure 18a), sex (y; = 0.57, p= 0.681; Figure 19) or by replicate number
(x5 = 2.26, p= 0.442; Figure 20). Figure 18a shows similar responses by ground hornbills to
resume activity following the sound startle test in the 6 populations, although the duration of
time for individuals to resume normal activity was longest in Lory Park, followed by WOB,

Joburg Hidden enclosure and Monte Left enclosure (Figure 18).

Joburg Public Joburg Hidden Lory Park Monte Left Monte Right WOB

Figure 18: The comparison of the latency (total duration) to resume normal activity by ground hornbills in 6
enclosures.

The latency to resume activity following a startle was similar in the sexes (Figure 19).
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Figure 19: The latency (total duration) to resume normal activity between the two sexes in all institutions.
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Replicates

Startle tests were conducted in three replicates per session per ground hornbill enclosure. The
latency to resume normal activity in the three trial replicates was similar with a slightly
greater response in replicate 2 (Figure 20).

12 ¢
10

Time (s)

o N A OO ©

Replicate 1 Replicate 2 Replicate 3

Figure 20: The latency (total duration) to resume normal activity by ground hornbills in three replicates

Individual Differences

| compared the startle response of individual ground hornbills within the Joburg Zoo Hidden
Enclosure, and found no significant difference in startle behaviour amoung the three
individuals (y; = 1.99, p= 0.736; Figure 21). Similarly, individuals did not differ in their

response to a startle in the Joburg Public Enclosure (y; = 2.21, p= 0.697; Figure 22).
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Figure 21: The latency (total duration) to resume normal activity by the three individual ground

hornbills at the Johannesburg Zoo Hidden Enclosure in three replicates (Rep).
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Figure 22: The latency (total duration) to resume normal activity by the three individual ground
hornbills at the Johannesburg Zoo Public Enclosure in three replicates (Rep)

In the Monte Casino Right Enclosure, the two ground hornbills differed significantly in their
responses to a startle (y; = 9.99, p= 0.007; Figure 23). The female took less time to resume
normal activity in replicate 2 and the male resumed activity quicker in replicate 3
(contribution to chi-squared analysis; Figure 23). Similarly, there was a significant difference
in the startle response between individuals at the Monte Casino Bird Gardens Left Enclosure
(x5 = 28.09, p < 0.001; Figure 24). The female took the longest to resume activity after the

startle in replicate 1 and the male took the shorter time to resume activity in replicate 3
(contribution to chi-squared analysis; Figure 24).
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Figure 23: The latency (total duration) to resume normal activity by the two individual ground

hornbills at the Monte Casino Bird Gardens Right Enclosure in three replicates (Rep).
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Figure 24: The latency (total duration) to resume normal activity by the two individual ground

hornbills at the Monte Casino Bird Gardens Left Enclosure in three replicates (Rep).

In the Lory Park Enclosure, the two individuals differed significantly in their response to a
startle (y; = 32.93, p< 0.001; Figure 25). The female took a shorter time to resume activity in

replicate 2 compared to the male and took longer to respond to a startle in replicate 3
(contribution to chi-squared analysis; Figure 25).
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Figure 25: The latency (total duration) to resume normal activity by the two individual ground
hornbills at the Lory Park Enclosure in three replicates (Rep).

In the World of Birds Enclosure, the six individuals differed significantly in their response to
the startle (Xfo =133, 29, p< 0.001; Figure 26). The male, WOB_2 was quickest to resume
activity after the startle. In contrast, WOB_3 (male) and WOB_5 (juvenile) showed the

slowest latency to resume activity in replicates 1 and 2, and so too WOB_6 (juvenile) in
replicate 2 (contribution to chi-squared analysis; Figure 26)
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Figure 26: The latency (total duration) to resume normal activity by the six individual ground
hornbills at the World of Birds Enclosure in three replicates (Rep).
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Novel Object Tests

Approach

Location

The latency to touch a novel object was significantly influenced by location (37 = 1279.52, p

< 0.001; Figure 27). The Tukey post-hoc tests (Ismeans test) showed that the WOB birds took
significantly longer to approach the novel object (p < 0.001).
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Figure 27: The latency (total duration) to approach the novel object by ground hornbills in in the 6 enclosures.

Sex

The time taken to approach and touch the novel object was not significantly influenced by
sex (x5 = 1.45, p=0.221; Figure 28).

Time (s)

0

Female Male
Figure 28: The latency (total duration) to approach the novel object by the two ground hornbill sexes
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Replicates

The latency to touch a novel object was significantly influenced by replicate number (y; =

18.30, p < 0.001; Figure 19c). The Ismeans r showed latency was greater in replicate 1

compared to replicate 3 (tg= 3.23; p=0.041; Figure 29).

B

Replicate 1 Replicate 2 Replicate 3

Figure 29: The latency (total duration) to approach the novel object by ground hornbills in the three replicates.

Individual Differences

There was a_significant difference in the latency to approach the novel object in the three
individuals in the Joburg Zoo Hidden Enclosure (y; = 19, 98, p< 0.001; Figure 30). The one

male (Green) showed the lowest latency in replicates 2 and 3. The other male (Silver) had the

longest latency in replicate 1 (contribution to chi-squared analysis; Figure 30).
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Figure 30: The latency (total duration) to approach the novel object by the three individual ground
hornbills at the Johannesburg Zoo Hidden Enclosure in three replicates (Rep).

In the Joburg Zoo Public Enclosure, the three individuals differed in the latency to approach
the novel object (y; = 14.32, p= 0.006; Figure 31). The one male (Silver) showed the longest

latency in replicates 1 and 3 (contribution to chi-squared analysis; Figure 31).
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Figure 31: The latency (total duration) to approach the novel object by the three individual ground
hornbills at the Johannesburg Zoo Public Enclosure in three replicates (Rep).
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There was also a significant difference in the latency to approach the novel object by the two
individuals in Monte Casino Bird Gardens Right Enclosure (y; = 15.51, p< 0.001; Figure
32). The female consistently showed a greater latency to approach the novel object than the
male, particularly in replicate 1 (contribution to chi-squared analysis; Figure 32). A
significant difference in the latency was also recorded in the Monte Casino Bird Gardens Left
Enclosure (x; = 20.67., p < 0.001; Figure 33). The male took the longest to resume activity
after the startle in replicate 2 compared to other individuals (contribution to chi-squared

analysis; Figure 33).
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Figure 32: The latency (total duration) to approach the novel object by two three individual ground

hornbills at the Monte Casino Bird Gardens Right Enclosure in three replicates (Rep).
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Figure 33: The latency (total duration) to approach the novel object by the two individual ground

hornbills at the Monte Casino Bird Gardens Left Enclosure in three replicates (Rep).

At Lory Park, the two individuals differed significantly in their responses to the novel object
(x5 = 13.04, p=0.001; Figure 34). The male consistently took longer to approach the novel

object than the female, with the longest latency in replicate 3 (contribution to chi-squared

analysis; Figure 34).
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Figure 34: The latency (total duration) to approach the novel object by the two individual ground

hornbills at the Lory Park Enclosure in three replicates (Rep).
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In the World of Birds, none of the six individuals interacted with the novel object, so no

analyses were conducted.

Interaction with Novel Object

The duration of time spent with the novel object was not significantly predicted by location
(XE =10.55, p=0.071), sex (x; = 1.92, p=0.166) and by replicate number (y; = 1.29, p=
0.521). Even though individuals spent an equal amount of time interacting with the object in
all 6 populations, individuals in both the Joburg Public and Hidden enclosures spent the more
time interacting with the novel object. Individuals in the WOB and Monte Right enclosures

spent the smallest time interacting with the novel object (Figure 35).
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Figure 35: The time spent by ground hornbills interacting with the novel object in the 6 locations
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Figure 36: The time spent by ground hornbills interacting with the novel object in the two sexes
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Figure 37: The time spent by ground hornbills interacting with the novel object in three replicates observations

Individual Differences

The three individuals in Johannesburg Zoo Hidden Enclosure differed significantly in their
time spent interacting with the novel object (y; = 33.37, p< 0.001; Figure 38). Male (Green)
showed the longest interaction with the novel object in all 3 replicates, and the other male

(Silver) showed the lowest interaction in replicate 1 (contribution to chi-squared analysis;

Figure 38).
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Figure 38: The time spent with the novel object by the three individual ground hornbills at the

Johannesburg Zoo Hidden Enclosure in three replicates (Rep).

The three individuals in the Joburg Zoo Public Enclosure showed a significant difference in
their interaction with the novel object (y; = 33, 37, p< 0.001; Figure 39). One male (Silver)
showed a consistent shorter time spent with the novel object (contribution to chi-squared
analysis; Figure 39).
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Figure 39: The time spent with the novel object by the three individual ground hornbills at the
Johannesburg Zoo Public Enclosure in three replicates (Rep).

There was no significant difference in the time spent with the novel object between the two
birds in Monte Casino Bird Gardens Right Enclosure (35 = 2.82, p = 0.243; Figure 40). In
contrast, in the Monte Casino Bird Gardens Left Enclosure, the two birds differed

significantly in their time spent with the novel object (y; = 13.11, p= 0.001; Figure 41). The

male spent more time with the novel object in replicate 1 (contribution to chi-squared

analysis; Figure 41).
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Figure 40: The time spent with the novel object by the two individual ground hornbills at the

Johannesburg Zoo Hidden Enclosure in three replicates (Rep).
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Figure 41: The time spent with the novel object by the two individual ground hornbills at the

Johannesburg Zoo Hidden Enclosure in three replicates

In Lory Park, the two ground hornbills differed significantly in the time spent with the novel
object (y; = 45.44, p<0.001; Figure 42). The female spent more time with the novel object

than the male in all 3 replicates (contribution to chi-squared analysis; Figure 42).
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Figure 42: The time spent with the novel object by the two individual ground hornbills at the

Johannesburg Zoo Hidden Enclosure in three replicates

In the World of Birds, all six individuals did not interact with the novel object, so no analyses

were conducted.
The behavioural syndrome in captive ground hornbills

Behavioural syndromes among individual ground hornbill individuals were investigated by
pairwise correlations between the variables scored in the general behavioural observations,
sociality observations, space use observations and risk taking behaviour tests. Out of a total
of 78 possible correlations, there were 19 significant correlations, 11 positive correlations and
8 negative correlations between the variables (with r > 0.5). The significant correlations

mentioned above were syndromic (Mackay 2017).

Bolder individuals displayed behaviours that correlated with a shorter latency to approach
novelty, quicker recovery after a startle, longer time spent interacting with the object, a
longer time feeding and interacting with their beak, as well as greater vocalising, a larger
amount of space used in the enclosure and a greater locomotion frequency. Less bold
individuals displayed behaviours that correlated with the opposite to that of bold individuals,
and had a longer latency to approach novelty, long recovery time after a startle, a shorter time
spent interacting with the object, a shorter time feeding and interacting with their beak, as
well as low vocalization and less amount of space used in the enclosure and the less they

locomoted.
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Table 21: The correlations between the variables scored in the general behaviours observations, sociality observations, space use observations and risk taking

behaviour tests for 18 ground hornbill individuals (except space use for WOB individuals).

Novel . Novel Startle | Space Feed Perch Social Vocal Preen Lie down | Locomote | Interact Thermc_> §
Interaction | Latency | Test Use regulation
Novel R 0.28, -0.35, | 0.47, 062, -0.34, -0.23, -0.57, -0.34, 0.41, 0.66, 0.27 0286
Interact 0.269 0262 | 0.122 0.006 0.166 0.365 0.015 0.170 0.093 0.003 CURS
Novel . 0.44, 0.10, 0.56, -0.23, -0.38, -0.16, -0.31, -0.08, 0.29, 0.29, 0.06.0.823
Latency 0.148 | 0.760 0.016 0.360 0.124 0.534 0.206 0.755 0.247 0.247 06, 0.
Startle . -0.41, -0.05, -0.02, -0.37, 0.60, -0.49, 0.36, -0.04, -0.15, 10.09.0.786
Tet 0.183 0.882 0.95 0.234 0.040 0.103 0.258 0.903 0.636 s
. 0.55, -0.76, 0.67, -0.35, 0.32, -0.58, 0.60, 058,
Space Use 0.064 0.005 0.017 0.260 0.311 0.050 0.039 0047 | 0370241
-0.44 -0.12 -0.52 -0.13 -0.49 0.30 0.56
* 1 1 1 ] 1 1 1
Feed 0.068 0.624 0.027 0.603 0.035 0.223 0.015 0.06,0.794
. -0.13, 0.22, -0.04, 0.34, -0.66, -0.61,
Perch 0.607 0.384 0.872 0.167 0.003 ooog | 0380119
. 0.39 0.83 0.03 -0.46 -0.46
* 1 [ 1 l ’
Social 0.112 <0.0001 | 0.904 0.053 0.056 s i
. 0.26, 0.44, -0.43, -0.56,
Vocal 0.292 0.065 0.075 0016 | 0020932
0.01 -0.53 -0.51
* 1 ] y
Preen 0.988 0.024 0.032 st Guoen
. -0.38, -0.52,
Lie down * Py 0.0%6 -0.11, 0.669
072
* -
Locomote 0.001 0.16, 0.512
Interact * 0.12, 0.633
Thermo - -
regulation
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DISCUSSION

| investigated the inter-individual behavioural variation in the threatened Southern Ground
Hornbill. Specifically, I documented the behaviour of individual captive ground hornbills
housed in four institutions (6 population groups) in South Africa. These ground hornbills
were either captive hatched or rescued birds, housed in pairs or small flocks (up to 6
individuals). I additionally assessed whether the ground hornbills had personalities and
behavioural syndromes, and whether there were sex and institution related behavioural

differences. | discuss my findings in each of my six objectives, below.
The broad behavioural categories of captive ground hornbills

| generated a written and video ethogram of nine broad behavioural categories (hamely
perching, locomotion, object interaction, lying down, social interaction, preening, feeding,
thermoregulation and vocalising) of the captive ground hornbills. Overall, the behaviours that
were observed in the captive populations in this study were a good representation of the
behaviours also seen in the free-living populations (Kemp and Kemp 1980) as well as in
another captive study of the species (Cooper and Jordan 2013). My categorisation of
behaviours can be used for future research by ground hornbill handlers and even the public to

understand the general behaviours displayed by individual ground hornbills.
The diurnal activity patterns of captive ground hornbills

The second objective of my study was to document the diurnal activity patterns of ground
hornbills in a captive environment. Free-living ground hornbills have a bimodal activity
profile where activity decreases towards midday (when the groups spends time resting) and
then increases again later in the day (Kemp and Kemp 1980). | predicted that the activity
profile of the captive ground hornbill would be similar to that of their free-living
counterparts. However, the patterns of the captive ground hornbills in all enclosures
combined did not conform to the bimodal pattern of their free-living counterparts, but rather
their activity, at least for the three common behaviours (perching, locomotion, object

interaction), remained fairly constant throughout the sampling time.

| found that perching occupied a quarter of the time among all ground hornbills studied.
Locomotion, object interaction, and lying down occupied greater than 10% of the bird’s time;

the remaining behaviours occurred less frequently.
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Kemp and Kemp (1980) found that free-living ground hornbills’ activity varied from day to
day, with the group’s activity mostly consisting of movement from roosts, movement along
territorial boundaries, movement to and from feeding areas, as well chasing neighbouring

group members. Similarly, locomotion occurred frequently in my study of captive hornbills.

The higher level of perching behaviour in my study compared to free-living ground hornbills
might indicate a reduced need to forage and defend territories. Similarly, orangutans Pongo
pygmaeus, showed reduced overall low activity in captivity compared to nature, with the
orangutan’s activity being reduced by the smaller usable surface area, reduced number of
movable objects, as well as regular food availability (Perkins 1992). In another example, a
comparison of individual behaviour between captivity and the free-living blue tits Cyanistes
caeruleus, showed lower activity levels, exploratory tendency and neophobia in captive birds
(Herborn et al. 2010).

In the only other known study done on the activity of captive ground hornbills, Cooper and
Jordan (2013) investigated the random (i.e. irregular sampling regime vs daily sampling)
time-activity budgets of captive ground hornbills at the Johannesburg Zoo. They found that
there were differences in activity and behaviours observed in captivity compared to the free-
living ground hornbills studied by Kemp and Begg (2001). The captive ground hornbills, did
not need to forage, defend territories nor did they have long distances to travel and did not
show a bimodal activity profile (Cooper and Jordan 2013). Therefore, the constant (non-
bimodal) overall activity pattern seen in the ground hornbills in both my study and in that of
Cooper and Jordan (2013) could suggest a captive phenomenon, in which behaviours are
modified. This implies that the bimodal activity of the ground hornbill is not a fixed circadian
activity (except for possibly diurnal activity). Animals have been known to alter their
bimodal circadian rhythm in nature to unimodal in captivity. For example, Gattermann et al.
(2008) found that the mechanisms controlling circadian rhythms in golden hamsters
Mesocricetus auratus were altered in a laboratory setting from a strictly diurnal profile in

nature to an extended diurnal and nocturnal profile in captivity.

Comparisons between institutions showed that there were significant differences in five
(feeding, perching, social, vocalization, thermoregulatory behaviour) out of the nine
behaviours displayed by the captive ground hornbill individuals in the six different
populations. These results indicate differences in the husbandry routine and/or the enclosure
object composition. For example, a reason for population differences in feeding behaviour
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could be a result of a different feeding routine and different dietary composition. Individuals
in the Joburg Public display showed the highest feeding frequency among the other five
populations, with the Lory Park individuals having the lowest feeding frequency.

A reason for the difference in perching and thermoregulation could be due to the different
number of trees, shade cloths and perches present in the enclosure. In particular, individuals
in the Monte Right and Left enclosures had the highest perching frequency followed by Lory
Park. These three locations were the smallest enclosures and the low perching might be
because the space available for locomotion was reduced in the small spaces. In contrast, the
lowest perching frequency was observed in the Joburg Hidden and public displays which

both had large volume enclosures, enabling locomotion.

The WOB had the greatest social interaction frequency compared to the other populations. A
reason for the high social interactions could be a result of the population having the highest
number of individuals present (6 individuals), as well as having juvenile individuals that
naturally play or compete for dominance. Monte Left and Right enclosures and the Lory Park

enclosures had the lowest social interactions and all three comprised of a breeding pair.

Location was not a significant predictor of preening, lying down, locomotion, nor interactions
with objects. These natural maintenance behaviours are thus conserved across populations
and not affected by routine nor enclosure size and composition. Out of the nine behaviours,
there was only a sex effect in the locomotion, with females’ locomoting significantly less
than males, suggesting that males were generally more active in captive environments. A
reason for the sex differences in locomotion could be that males do more territorial patrolling

than females (Kemp and Kemp 1980).
The transactional (two-way social) interactions of captive ground hornbills

Ground hornbills have a complex intragroup social organisation, and an elaborate territorial
maintenance behaviour (Kemp and Kemp 1980), and little is known about whether
individuals within groups behave differently than between groups. The six captive
populations in this study were already well established prior to any observations. Therefore, |
predicted that there would be a higher frequency of amicable behaviour than aggressive
behaviour. In support, aggression was scored only in the Johannesburg Hidden and the World
of Birds populations, and virtually absent in the other populations; due to the large number of

zeros for aggressive interactions, socio-metric analyses could not be run on the results for the
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Johannesburg Zoo public display, Lory Park, as well as Monte Casino Bird Gardens Right
and Left enclosures. The socio-metric analyses showed that three populations (Lory Park and
the two Monte Casino garden groups) showed significantly high reciprocal amicable
interactions. All three had a couple — a male and female only. A reason for the high
amicability could be due to the mating and courtship, as suggested by Kemp and Kemp
(1986).

Extensive research has been done on the captive behaviours of different animals and how
they avoid aggression in restricted space (deWaal, 1989; deWaal et al., 2000). Chimpanzees
cope with restricted space by using tension-reduction tactics and conflict-avoidance tactics to
limit aggression (Duncan et al., 2013). The reduced aggression in the studied populations
could suggest that the ground hornbill individuals were using a conflict-avoidance tactic in
established groups. The WOB was the only population of the six to show a significant
aggression occurrence, that between the two juveniles. The WOB population was the largest
group in this study, consisting of six individuals, an alpha male and an alpha female and four
of their offspring. The social interactions of the WOB ground hornbills suggest a tightknit
family unit and the aggressive behaviour between the two juveniles could be a result of either

dominance behaviours testing or just rough play.
The space use and exploratory behaviour of captive ground hornbills

Free-living ground hornbills’ groups fly from their tree roosts at first light and thereafter
spend most of their day on the ground where foraging was the main activity (Kemp and
Kemp 1986). | therefore predicted that ground hornbill would spend the majority of their time
in areas of the enclosure that have feeding stations, large perches or trees and nest boxes. The
space use varied between the individuals in the different institutions, but overall the
individuals spent more time in areas with large perching platforms, areas with a nest box and

a small river stream as well as areas that consisted of a boundary fence.

When comparing the space use of each individual within an enclosure, the results showed
that there was a distinct overlap among the individuals. In the Joburg Hidden enclosure, three
individual ground hornbills all overlapped in their use of five of the 12 zones. In the Joburg
Public enclosure, the three individual ground hornbills all overlapped in five of the 12 zones.
In the Monte right enclosure, individuals overlapped in five of the 12 zones. In the Monte left

enclosure, individuals overlapped in three of the 12 zones. In the Lory Park enclosure,
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individuals overlapped in four of the 12 zones. In these cases, on numerous occasions, the
individuals were using the same zones at the same time. The most common zones that were
used contained either the entrance gate, the feeding station, boundary fence closest to the foot
traffic of people, a perch platform or a zone that had constant shade from the large tree.

The risk-taking behaviour of captive ground hornbills in their responses to novelty and a

startle

An individual’s behaviour is influenced by the interaction between its genes and the
environment that it inhabits (Fuller et al. 2005). Therefore, it is possible for individuals in
different populations of the same species to behave differently in a way that maximises their
fitness for the different environments they occupy (Taylor 1991). To establish whether
captive ground hornbills differed in their risk taking and neophobic responses in each
enclosure, | used two well-known personality tests, namely startle tests and novel object tests.
| predicted that individuals and sexes would differ in their risk-taking behaviour in the

different institutions.

The results from the startle tests showed that individual behaviour did not differ among the
ground hornbills in the six populations, did not differ between sexes nor did it differ in the 3
replicates. However, in the novel object test, individual boldness was influenced by location
and replicate number. Overall the individuals in Lory Park enclosure took the longest time to
return to normal activity, followed by WOB, Joburg Hidden enclosure and Monte Left

enclosure.

Individuals in Lory Park and WOB were overall more “timid” than the others for the novel
object. The reasons for this could be due to the fact that they were unaccustomed to novelty.
For example they received less enrichment than the other individuals in the other institutions.
Another aspect to consider, particularly with the WOB individuals, is that their responses
could be because they reacted as a group to the novelty, such that all individuals were

influenced similarly by the novel object (i.e. a behavioural contagion).

Risk taking behaviour tests were conducted in three replicates per session per ground hornbill
population. The latency to resume normal activity in the three replicates was similar with a
slightly greater response in replicate 2. Generally, the latency to touch (and continue to
interact with) was greater in replicate 1 compared to replicate 3, which shows habituation to

the novel object. Similarly, Eastern chipmunks Tamias striatus showed habituation and
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behavioural carryover in activity/exploration and docility across replicates in risk taking
behaviour (Martin and Réale 2008). The duration of time spent with the novel object was not

significantly predicted by replicate number.

Both personality tests showed that there was no sex effect, and ground hornbill personality
did not differ among males or females within a group, contrary to my prediction. Similarly,
Patrick and Weimerskirch (2014) studied personality in black browed albatross Thalassarche
melanophris and found that there were no sex effects on boldness. In another example, Brust
et al. (2014) found no sex effect in personality of zebra finches Taeniopygia guttata, and

found no sex effect in the measured personality traits.

Comparisons between individuals in each population separately revealed inconsistent
individual and replicate variation. One reason for the variation between individuals could be
due to individuals responding collectively as part of socially mediated responses (e.g. local
enhancement behavioural contagion) vs individual responses. In contrast, for the novel object
tests, there were some consistent individual responses, indicative of personality differences.
In particular, the female in the Monte Casino Bird Gardens Right population showed
consistently greater latency to approach than the male, whereas the male at the Lory Park
population took consistently shorter time to approach the novel object than the female. In the
Johannesburg Zoo Hidden population, one male showed consistently longer interaction with
the novel object and one male in the Johannesburg Zoo Public population showed consistent
lower time spent with the novel object. Finally, in the Lory Park population, the female spent

more time with the novel object than the male.
The behavioural syndrome in captive ground hornbills

Using the data from objectives 1-5, | tested whether a behavioural syndrome exists in ground
hornbills. I ran correlations on functionally different behaviours for 18 individuals combined
(excluding only space use from the six the individuals in WOB). Out of a total of 78 possible
correlations, there were 19 significant correlations, 11 positive correlations and 8 negative
correlations between the variables (with r > 0.5). These correlations where indicative of a
syndrome (i.e. consistent behavioural responses across contexts; Sih et al. 2004a; Bell and
Stamps 2004).
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CONCLUSION

| aimed to investigate the behaviour of individual captive ground hornbills housed in different
institutions in South Africa. Mine is the first study to consider individual variation in the
behaviour of the species. Overall, the six populations showed differences as well as
similarities in nine behaviours considered here. The similarities in activity patterns of ground
hornbills in the populations suggest that all birds have adapted to the optimal conditions in
captivity, which reduces their need to forage. The low levels of aggression could be because
the birds have already established settled groups. Another reason for the low aggression is the
fact that human minders keep only non-aggressive birds together (Anderson et al. 2002).
When looking at the individual differences among the birds, the low differences in risk taking
could be because captive birds are accustomed to loud noises such as car hooters, screaming
children and general loud ambient noises from urban life. Since | was unable to isolate the
birds during tests, another reason for the low individual differences in risk taking behaviour
could be that they are making decisions as a group (local enhancement, behavioural
contagion). Overall, through observation and quantifying of behaviours, | conclude that the
behaviours of the 18 captive birds showed a behavioural syndrome, in that behaviours were

correlated in bold and less bold individuals.
Conservation relevance

There have been some studies done on ground hornbills (Kemp and Kemp 1980; Theron
2011; Cooper and Jordan 2013; Kemp 2017), all of which have contributed significantly to
the overall understanding of ground hornbill biology. Even though Cooper and Jordan (2013)
also considered the time-activity budgets in captive ground hornbills, they did not study the
behaviour of individual ground hornbills. Therefore, nothing is known about the ground
hornbill’s individual behaviour and whether they have personalities and behavioural
syndromes. Thus, the knowledge of the behaviour of individuals and how it differs in
different contexts could be beneficial for general captive handling and husbandry as well as
for future reintroductions, by identifying suitable individuals to form pairs and social groups.
These findings allow for a greater understanding of the individual differences in captive
ground hornbills, which are important when considering how individuals are managed and
respond to interactions with other conspecifics in captivity and for the inclusion in future

release programmes.
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Understanding animal behaviour is fundamental to animal conservation, as it allows for the
correct formation of groups and the correct reintroduction strategies (for example release the
individuals in groups, pairs or alone). Previous research has shown that both wild and captive
animal populations show rapid changes in behaviour as a consequence of conservation
attempts (Marliave et al. 1993; Trut, 1999; Drent et al., 2003). These changes in behaviour
can affect the success of conservation strategies, and therefore understanding individual

behavioural differences can play an important role in conservation practices.
Future studies

For future studies | would suggest extending the research to more institutions, to account for
different age and sex compositions. Perhaps, studying the behaviour of individuals from the
initiation of group formation over time will show whether behaviours are shaped (and
converges) by social learning, as assumed here. Another issue would be to develop a way to
study risk taking behaviour by individuals, either by confining the individuals or studying

them before they are placed in groups.
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SUPPLEMENTARY GRAPHS
Perching

Johannesburg Zoo Hidden Enclosure
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Figure 1S: The 12 hour activity-time profile of perching in three captive ground hornbills in
the Johannesburg Zoo Hidden Enclosure. Bars denote the counts per hour spent doing that
particular activity. During the study period sunrise occurred between 06h00- 06h30 and
sunset between 17h30-18h00.
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Figure 2S: The 12 hour activity-time profile of perching in three captive ground hornbills in
the Johannesburg Zoo Public Enclosure. Bars denote the counts per hour spent doing that
particular activity. During the study period sunrise occurred between 06h00- 06h30 and
sunset between 17h30-18h00.
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Monte Casino Left Enclosure
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Figure 3S: The 12 hour activity-time profile of perching in two captive ground hornbills in
the Monte Casino Left Enclosure. Bars denote the counts per hour spent doing that particular

activity. During the study period sunrise occurred between 06h00- 06h30 and sunset between
17h30-18h00.
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Figure 4S: The 12 hour activity-time profile of perching in two captive ground hornbills in
the Monte Casino Right Enclosure. Bars denote the counts per hour spent doing that
particular activity. During the study period sunrise occurred between 06h00- 06h30 and
sunset between 17h30-18h00.
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Lory Park Enclosure
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Figure 5S: The 12 hour activity-time profile of perching in two captive ground hornbills in
the Lory Park Enclosure. Bars denote the counts per hour spent doing that particular activity.
During the study period sunrise occurred between 06h00- 06h30 and sunset between 17h30-
18h00.
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Figure 6S: The 12 hour activity-time profile of perching in six captive ground hornbills in the
World of Birds Enclosure. Bars denote the counts per hour spent doing that particular
activity. During the study period sunrise occurred between 06h00- 06h30 and sunset between
17h30-18h00.
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Object Interaction
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Figure 7S: The 12 hour activity-time profile of interaction in three captive ground hornbills in
the Johannesburg Zoo Hidden Enclosure. Bars denote the counts per hour spent doing that
particular activity. During the study period sunrise occurred between 06h00- 06h30 and

sunset between 17h30-18h00.
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Figure 8S: The 12 hour activity-time profile of interaction in three captive ground hornbills in
the Johannesburg Zoo Pulic Enclosure. Bars denote the counts per hour spent doing that

particular activity. During the study period sunrise occurred between 06h00- 06h30 and

sunset between 17h30-18h00.
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Monte Casino Left Enclosure
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Figure 9S: The 12 hour activity-time profile of interaction in two captive ground hornbills in
the Monte Casino Left Enclosure. Bars denote the counts per hour spent doing that particular
activity. During the study period sunrise occurred between 06h00- 06h30 and sunset between

17h30-18h00.
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Figure 10S: The 12 hour activity-time profile of interaction in two captive ground hornbills in
the Monte Casino Right Enclosure. Bars denote the counts per hour spent doing that
particular activity. During the study period sunrise occurred between 06h00- 06h30 and
sunset between 17h30-18h00.
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Lory Park Enclosure
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Figure 11S: The 12 hour activity-time profile of interaction in two captive ground hornbills in
the Lory Park Enclosure. Bars denote the counts per hour spent doing that particular activity.
During the study period sunrise occurred between 06h00- 06h30 and sunset between 17h30-

18h00.
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Figure 12S: The 12 hour activity-time profile of interaction in six captive ground hornbills in
the World of Birds Enclosure. Bars denote the counts per hour spent doing that particular

activity. During the study period sunrise occurred between 06h00- 06h30 and sunset between

17h30-18h00.
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Locomotion
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Figure 13S: The 12 hour activity-time profile of locomotion in three captive ground hornbills
in the Johannesburg Zoo Hidden Enclosure. Bars denote the counts per hour spent doing that

particular activity. During the study period sunrise occurred between 06h00- 06h30 and

sunset between 17h30-18h00.
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Figure 14S: The 12 hour activity-time profile of locomotion in three captive ground hornbills
in the Johannesburg Zoo Public Enclosure. Bars denote the counts per hour spent doing that
particular activity. During the study period sunrise occurred between 06h00- 06h30 and
sunset between 17h30-18h00.
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Monte Casino Left Enclosure
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Figure 15S: The 12 hour activity-time profile of locomotion in two captive ground hornbills
in the Monte Casino Left Enclosure. Bars denote the counts per hour spent doing that
particular activity. During the study period sunrise occurred between 06h00- 06h30 and
sunset between 17h30-18h00.
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Figure 16S: The 12 hour activity-time profile of locomotion in two captive ground hornbills
in the Monte Casino Right Enclosure. Bars denote the counts per hour spent doing that
particular activity. During the study period sunrise occurred between 06h00- 06h30 and
sunset between 17h30-18h00.
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Lory Park Enclosure
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Figure 17S: The 12 hour activity-time profile of locomotion in two captive ground hornbills
in the Lory Park Enclosure. Bars denote the counts per hour spent doing that particular
activity. During the study period sunrise occurred between 06h00- 06h30 and sunset between

17h30-18h00
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Figure 18S: The 12 hour activity-time profile of locomotion in two captive ground hornbills
in the World of Birds Enclosure. Bars denote the counts per hour spent doing that particular

activity. During the study period sunrise occurred between 06h00- 06h30 and sunset between

17h30-18h00
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