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Abstract

Zoo diets containing fruit and vegetables are commonly chopped into small pieces, and yet there is limited evidence as to
why this is practiced. Species-specific studies are therefore needed to determine whether chopping food is a good use of time.
Many hornbill species are primarily frugivorous, and they are popular in zoos globally. Studies, therefore, on hornbill food
presentation and behaviour could have application for zoo diets worldwide. This study explores food presentation effects on
the behaviour of two hornbill species (Visayan hornbill, Penelopides panini and von der Decken hornbill, Tockus deckeni) were
studied at Sparsholt College. Both species’ behaviour was observed utilising instantaneous focal sampling during chopped
and whole presentation conditions. Food intake and the time taken to prepare each diet was also measured. Behavioural
results showed a significant increase in natural behaviours such as social feeding, and a significant decrease in inactivity and
aggression during whole presentation for both species. There was no significant difference in food intake and preparation
time, suggesting whole presentation did not reduce intake, add wastage, or make diet preparation difficult. Therefore, this
study evidences the use of whole presentation for both species as there was a definitive increase in natural behaviour, which
signifies welfare improvement, with no negative impacts such as decreased nutrient intake or increased preparation time.
Both species are threatened in their wild habitats; therefore, captive management is required, and improvements in husbandry
may improve welfare. Increased sociality and decreased inactivity are important for captive animals, and swapping to whole
presentation had no apparent effect for these species while saving keeper time. Future studies should replicate this on other
hornbill groups to evidence a complete change of husbandry for these species and others to continue to evidence husbandry
methods.

Keywords: Avian; Chopped Food; Diet Presentation; Hornbill; Natural Behaviour; Zoo Nutrition

Introduction

Zoo diets for captive animals should be nutritionally
equivalent to a species’ wild diet, allowing expression
of natural behaviours in captivity [1]. However, a lack of
species-specific research makes the development of zoo
diets challenging for specialist species [2]. Additionally,
most research on zoo nutrition concerns nutritional content
in diets; however, food presentation and feeding behaviour
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are rarely incorporated [3]. It is important that both the
nutritional value, and the behavioural value, of food is
therefore considered [4].

Brereton JE, et al. [1] found an increase in food
presentation studies since the seminal study by Plowman
A, et al. [5] which highlights that correct food presentation
can increase naturalistic behaviours and provide valuable
enrichment in captivity [6]. Therefore, repeating these
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presentation studies on various species could vastly improve
their welfare. Preparation and presentation methods, such as
heating or cooling, can change a diet’s nutritional value [7].
Additionally, chopping fruit increases nutrient breakdown;
these studies require nutritional analysis [8,9]. However,
presentation studies like Plowman A, et al. [5] focus on the
size or visual image of food items, such as whether an animal
should receive whole or chopped food.

Zoos commonly feed chopped diets to their animals
[10,11], the reasoning behind feeding chopped diets
includes reduced competition/aggression around larger
items, increased foraging opportunities and better portion
control [12]. However, one approach for one species may not
be suitable for all [13]. A range of mammal studies Shora JA,
et al. [10,14,15] suggest that whole foods increase natural
behaviour and feeding duration, reducing inactivity. If zoos
aspire to continue their recent movements towards evidence-
based husbandry practices, more taxa must be covered [16].

Avian behaviour is understudied compared to mammals,
yet they contain the most individual species of all taxa in
zoos [17]. The need for more bird species to be researched
separately has grown as more species require ex-situ
conservation due to population decline [18]. Avian studies
on food presentation, such as James C, et al. [19] have found
that parrot species prefer to work for their food. If this is the
case, chopping food items may limit cognitive enrichment
[20]. Parrots are the most widely studied avian family due to
their perceived intelligence [21]; however, studies of other
families could expand knowledge on husbandry techniques
for multiple species.

Hornbills (Bucerotidae) are unique birds, characterised
by their casque and breeding strategy, which involves sealing
the female with her eggs within a tree cavity [22]. Due to
habitat loss, populations of varying hornbill species have
significantly declined [23]. Monogamy, low reproductive
success, and choosy nesting habits inhibit them from
maintaining numbers when threats like deforestation are
introduced to their natural environment [24]. Visayan tarictic
hornbills (VTH) (Penelopides panini) (Boddaert, 1783) are
endangered [25]; therefore, zoological collections such as
the Zoological Society of London, have captive individuals to
breed [26]. VTH are native to southeast Asia, where their diet
consists of fruit and insects [27]. Natural feeding behaviours
include swallowing small items whole or tearing large fruits
apart [28]. Asian hornbills depend highly upon fruiting trees
and nest availability to determine breeding opportunities
[29]. Vital research on the breeding strategy of VTH by
Lamperti AM, et al. [24] suggests that current chopped
diets may be under-stimulating as varying-sized fruits with
seasonal changes in diet promote breeding.
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In addition to Asian hornbills, there are also lesser-
studied African species [30]. The International Union for
the conservation of nature’s (IUCN) red list shows that
most sub-Saharan Hornbill populations are decreasing
[31]. Von der Decken’s hornbill (VDH) (Tockus deckeni)
(Cabanis, 1868) is currently rated least concern by the IUCN;
however, their numbers have continued to decrease like the
VTH [32]. There is also little published research on VDH;
therefore, their dietary needs also lack detail [33]. Common
behaviours studied in VDH show they soften hard food items
by mashing them within their beak for prolonged periods
[34]. This softening behaviour removes the fruit’s flesh from
centre stones [22]. This skill shows hornbills are capable of
problem-solving like parrots, further highlighting the need
for studies on suitable enrichment in captivity to provide
mental stimulation [13].

VTH and VDH populations are progressively getting
smaller [31,35]. Therefore, human intervention is required
to prevent further population decline [36]. Creating the ideal
environment for these species could change breeding success
[37]. New research suggests chopped food is oversimplified
and does not fully meet dietary needs [38]. Deciding whether
whole or chopped food is optimal may add valuable detail to
husbandry guidelines for hornbills [39].

Differingresultscanbeattributed tovaried methodologies
[40]. Mathy JW, et al. [14] conducted 1-0 sampling due to the
fast-paced recording of aggressive behaviours; therefore,
positive behaviours were mainly neglected. Results showed
a significant correlation between food size and aggression
[14]. In contrast, Plowman A, et al. [5] found no significance
when using continuous focal sampling for a broader range
of behaviours for each individual. Although animals were
sampled individually, data were analysed per group,
potentially missing key individual differences. Shora JA, et
al. [10] conducted instantaneous group sampling; therefore,
results were formed on group average [40]. Thus, both
studies Plowman A, et al. [5,10] may not show individual
differences. When one individual was separately analysed by
Plowman A, et al. [5], it was discovered that the subordinate
individual obtained more food under the whole condition [5].
This finding links to Mathy JW, et al. [14] result that depletion
time increased as dominant individuals focused on one food
item for longer; therefore, preventing them from returning to
take more food from lower-ranking individuals [41]. These
mammalian studies have varied results, but all show that
behaviour is affected by food presentation.

Chopped Versus Whole

Plowman A, et al. [5] concluded that the benefits of
chopped food were unfounded, suggesting more studies need
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to be done on other species to potentially change husbandry
methods. There is little literature on birds compared to
mammals [4]. There is recent growth in avian research;
this study also identified that research focuses on flagship
species. This is evident in published avian presentation
studies which mainly study parrots (Psittaciformes),
renowned for attracting visitors with their colourful plumage
and social behaviour [21]. Rozek JC, et al. [20] found orange-
winged Amazonian parrots (Amazona amazonica) to prefer
large pellets to regular ones; within this study, parrots were
affected not only by a food’s nutrients but also by food form.

James C, et al. [19] study on blue-and-gold macaw
(Ara ararauna) found similar results to Rozek JC, et al. [20]
but with fruit instead of pellets. James C, et al. [19] used
a randomised feeding regime, which has been shown to
prevent order effects [42]. Rozek ]JC, et al. [20] did not use this
method; therefore, the results could be due to acclimatisation
[43]. This method was used to determine whether macaws
preferred chopped or whole fruit; results showed natural
behaviour and feed time increased with whole foods. Neither
study saw an effect on aggression, as seen in mammalian
studies [10,44], however, this could be attributed to less
detailed knowledge within literature on avian aggression
compared to mammals [45]. However, Rozek ]C, etal. [20] and
James C, et al. [19] found no negative impact of whole food
on birds, only positive. The display of natural behaviour is a
positive welfare indicator [46]; therefore, visible increase in
food manipulation resulting from large food items, as seen by
Rozek]C, etal. [20] and James C, etal. [19] suggests improved
welfare. These results indicate that replicate studies need to
be performed on other avian families to determine whether
others could also have their welfare in captivity improved.

Zoo Husbandry

Fidgett AL, et al. [6] state that chopped diets have many
benefits and suggest chopped food is easier to weigh and
distribute than the whole. Portion control is vital to ensure
that animals maintain a healthy weight [47]. For species that
lack the ability to know when their stomachs are full (limited
leptin hormone), chopped food may be more appropriate
[48]. However, it is stated by Friedman-Einat M, et al.
[48] that birds stop eating when they are full; therefore, if
hornbills were given whole items, they may eat a portion of
the fruit and leave the rest for later. This, however, could lead
to the suggestion that food wastage for zoos using the whole
method could increase. Komdeur J, et al. [49] and Gonzalez
JC, et al. [27] found that VTH and VDH feed socially so those
whole items may be shared rather than wasted. Griffin B,
et al. [50] found no significant difference in food wastage
when turacos (Tauraco leucotis and Tauraco fischeri) were
fed whole food. Rojas TN, et al. [51] found frugivorous birds
to be highly selective with the type of fruits eaten; brightly
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coloured fruits with high sucrose levels were favoured,
suggesting food wastage may be more affected by food type
rather than presentation. However, James C, et al. [19] found
a decrease in wastage with whole presentation, suggesting
that the presentation method may be more important for
some species than others.

Zookeepers commonly chop most animal diets to weigh
them easily [5,10]; however, Arbuckle K, et al. [3] states that
this process is time-consuming. Multiple studies Plowman
A, et al. [5,10,19] found that whole-feeding food reduced
preparation time. Chopping diets may be necessary for some
species which need to be scatter-fed [52]. Scatter feeding
has been shown by Woods B, et al. [52] to increase foraging
behaviours and feeding time. This may be appropriate for
birds that commonly only have access to small, scattered
food sources [53], but VDH and VTH feed from a far larger
range of fruiting trees with varying-sized fruits, often
abundant in one area [24]. Zoos may save money by feeding
whole diets to some species as it may reduce costs associated
with paying staff for diet preparation time [54]. Additionally,
zoos could reduce wastage and improve animal welfare;
whole diets may save time and money that can be focussed
on conservation [1,55].

Hornbill Research

Hornbill and parrot husbandry are comparable [56];
nearly all are frugivorous, live in groups, and display social
behaviours such as allo-feeding in the wild [57]. Despite
these similarities, research on parrot diets has not been
applied to hornbills [58]. Brereton JE. et al. [1] identifies
that many avian taxa have been neglected, referring to the
lack of diversity of zoo taxa covered in presentation studies.
This study suggests fruit-eating birds such as Bucerotiformes,
which include hornbills, should be studied as they could
likely have similar results to Psittaciformes [1]. James C, et al.
[19] also suggest that other frugivorous birds could benefit
from whole food. For example, Griffin B, et al. [50] studied
turacos and found increased food manipulation with whole
presentation; however, this result varied between juveniles
and adults.

There is no available research on food presentation in
frugivorous hornbills; most papers focus on breeding strategy
[22,24,27]. However, Lamperti AM, et al. [24] suggest that
hornbill breeding depends highly on the available fruit types
and quantity. Drupes (large, stoned fruits) are identified by
Lamperti AM, et al. [24] to be the preferred fruits of African
hornbills; this is similar to Meehan CL, et al. [59] who found
parrots also prefer large fruit with centre stones. Schlegel
ML, et al. [34] found that VDH mash large drupes in their
beaks to break away the flesh from large seeds. Sherub K, et
al. [22] also observe this mashing behaviour and state that
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this allows parent birds to tear away segments of fruit to
share with offspring or partners.

Few studies are solely on VDH; however, limited
information is available within broader hornbill studies,
such as Kitamura S, et al. [60] focused on diets. Kitamura S,
et al. [60] reviews Asian and African hornbill diets through
a literature survey, finding wild hornbill diets to be far more
diverse than what captivity can provide [60,61]. Kinnaird
MEF et al. [25] builds on Kitamura S, et al. [60] research and
describes VDH courtship as exchanging high-value food
items such as large drupes. Riamon S, et al. [33] support
Kinnaird MF, et al. [25] and state hornbill beaks have evolved
to clamp down on fruits to compress them into an edible
size; this study observed hornbills to work together to hold
large fruits still whilst others tear away flesh. Viseshakul N,
et al. [62] state that this cooperative behaviour has evolved
to allow hornbills to consume a broader range of available
fruits in their native habitats. These studies Kinnaird MF,
et al. [25,33,60,62] show that VDH have the physiological
means to consume large fruit.

VTH are larger than VDH, but their diets in captivity are
made of the same constituents; tropical fruit and insects [24].
Reintar ART, et al. [63] has studied their natural behaviour,
but this research mainly focuses on breeding strategy due to
their endangered status [35]. This intense focus on breeding
behaviour has overshadowed the need for studies on this
species’ dietary needs, which could improve conservation
efforts [6]. Crissey S, et al. [64] highlights that for a diet
to be suitable, animal preference needs to be considered.
Fidgett AL, et al. [6] expands on this idea of preference and
determines presentation and palatability to strongly affect
animal behaviours towards their food. Regarding VTH,
observation by Sinnott-Armstrong MA, et al. [65] shows they
select large, brightly coloured fruits over small dull ones.
Therefore, VTH shares this preference with VDH. Research
such as Lamperti AM, et al. [24] on hornbill diets has not
been replicated enough; therefore, without further research
confirming similar results on more samples, these species’
genuine preference remains just speculation.

The aim of this study is to fill a gap in the zoo food
presentation literature, by conducting studies on two novel
hornbill species. Here, the impacts of food presentation on
behaviour, and the impacts of food presentation on keeper
time, are investigated.

Materials and Methods
Study Subjects and Location

Before this study commenced, ethical approval was
provided by the University Centre Sparsholt Ethical Review

Tavelli, et al. Should Zoo Foods be Chopped for Hornbills?. Int ] Zoo Animal Biol 2024,

7(4): 000599.

Committee (UCSEC 6022). This study utilised convenience
sampling of two species of hornbill: Penelopides panini
(VTH) and Tockus deckeni (VDH). Both groups were housed
at Sparsholt’s Animal Health and Welfare Research Centre.
Two VTH and three VDH captive born subadult females were
studied. Both groups were housed in thermostat-controlled
indoor enclosures and unheated semi-natural outdoor areas.
Enclosures allowed full visibility of the birds due to indoor
and outdoor access (Figures 1-4). Staff provided individual
bird profiles to differentiate between birds, including feather
markings and beak abnormalities. VDH were all between two
and three years old and VTH were both between 11 and 12
months old. Both species had previous exposure to human
presence, as students and staff are in their vicinity multiple
times a day. Therefore, the researcher’s presence was not
a hindrance [13]. During the study period, extraneous
variables such as the outdoor temperature ranged from
14°C-31°C, and humidity was between 53% - 82%; these
statistics were obtained from local met office data for the
observed hour [66].

Figure 1: VDH indoor enclosure.
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Figure 2: VTH indoor enclosure.

Figure 3: VDH outdoor enclosure.
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Figure 4: VTH outdoor enclosure.

Data Collection

Data collection took place in summer 2022; this
period was chosen to reduce the confounding effects of
temperature change [67]. A total of 60 hours of observation
was carried out, alongside 20 recordings of food intake per
group and four weeks of diet preparation times. Observation
hours were during morning feeds (9:30 am - 10:30 am), and
staff were present to introduce food and provide access to
indoor areas. Staff left the proximity of the enclosure during
observation, limiting behaviour induced by the keeper’s
presence [50].

Tavelli, et al. Should Zoo Foods be Chopped for Hornbills?. Int ] Zoo Animal Biol 2024,

7(4): 000599.

Behaviour Data Collection

There were no available species-specific ethograms for
either VDH or VTH; therefore, an ethogram (Table 1) was
created using related avian papers [50,68,69] on species
with comparable behaviour. State behaviours were recorded
using instantaneous focal sampling during minute intervals,
whereas event behaviours were continuously recorded as a
tally for all individuals [70]. All behaviour was recorded on
paper record sheets and then converted into virtual copies
on Microsoft Excel™.
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Ethogram
Behaviour Description
State behaviours
Allo-preen Two or more individuals in close body contact, using their beaks to clean one another by picking

through feathers.

Food manipulation

An individual uses their beak or feet to break apart, move and consume food items.

Social feeding

One individual feeds with or shares food with another.

Insect capture

An individual grasps an insect within their beak or feet and then consumes it.

Locomotion Movement requiring the repositioning of the feet or flight.
Inactive/stationary Bird remains stationary, with little movement. Eyes may be open or closed.
Out of sight The observer can no longer physically see the individual.
Event behaviours
Peck One individual uses their beak to poke another individual.
Wing flap Individual flares wings, accompanied by raised feathers.
Stealing One animal forcibly takes an item from another, normally accompanied by loud vocalisations.

Table 1: The ethogram which was used for behavioural data collection.

Food Intake and Preparation Time

Dietary sheets were provided by staff before data
collection began (Tables 2 & 3). Food types and quantities
did not deviate from these diet sheets during the study.
Before feeding, each type of fruit/vegetable and pellets
were weighed using digital scales (0.1-gram sensitivity).
At the end of each day, staff collected the remnants from
both enclosures and weighed each food type. Weights were
recorded in separate chopped and whole sections in a booklet
provided by the researcher. Chopped food was described as
under five centimetres in length and width, and whole was

over 10 centimetres, and both were presented in bowls as
usual. Pellets were included in food intake to ensure nutrient
requirements were met; however, these did not change size.
Chopped and whole food was alternated weekly to avoid
order effects causing habituation [43,71-73]. An extra bowl
for each condition was placed in a vacant enclosure; these
were used to create a correction factor, accounting for
desiccation [19,50]. For each condition, preparation time
was recorded (seconds) on every observation day using a
stopwatch; time started when the keeper gathered utensils
and food and stopped after the equipment was washed and
put away.

VDH Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Grapes 10g Strav;rgzrries Grapes 10g Strav;lézrries Grapes 10g | Strawberries 10g | Grapes 10g
AM Plum 10g Blueberries 10g Plum 10g Blueberries 10g | Plum 10g | Blueberries 10g | Plum 10g
Feed | Redpepper Red pepper 10g | Red pepper 10g | Red pepper 10g Red pepper Red pepper 10g Red pepper
10g 10g 10g
Tliggm 116 Pellet 10g | 116 Pellet 10g | 116 Pellet 10g 116lg§llet 116 Pellet 10g 1161182“‘*

Table 2: VDH diet sheet.
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VTH Monday Tuesday Wednesday
Parsnip 50g Parsnip 50g Parsnip 50g
Squash 50g Squash 50g Squashe 50g
Apple 50g Apple 50e Apple 50g
Pesme 50gg Pear 50p Pear 50g
Tornaller 50er | Tomales 50er | Tomales 50g
AM
Feed Grapes 50g Grapes 50g Grapes 50g
Banana 50er Banana 50g Banana 50g
Blueberries Blueberries Blueberries
14g 14g 14g
H11660Pg ellet | 116 pellet 60g | H16Pellet 60g

Thursday Friday Saturday Sunday
Parsnip 50g Parsnip 50g Parsnip 50g Parsnip 50g
Squash 50g Squash 50g Squash 50g | Soponnese 50g
Apple 50% Apple 50g Apple 50e Apple 50g
Postar 50p Pear 50pc Pear 50gr Pear 50er
Tomato 50g Tomato 50g Tomalo 50e Tomullo 50e
Grapes 50g Grapes 50g Grapes 50g Grapes 50g
Bamama 50g | Banana 50g Banana 50er Banlr;r;)a;gnan
Blueberries Blueberries Blueberries Blueberries
14g 1l4g l4g 1l4g
H16Pellet 60g | H16 Pellet 60g | H16 Pellet 60g | H16Pellet 60g

Table 3: VTH diet sheet.

Data Analysis

Data were compiled using Microsoft Excel™ (2021) and
analysed using Minitab™ (2021). Individuals 1-3 were VDH,
and 4 and 5 were VTH. Excel was used to create activity
budgets for state and event behaviours for all birds, allowing
comparisons between conditions and species [74]. Event
behaviourswere converted into arate perhour. Allhypotheses
required differences to be analysed, and this study utilised a
repeated measures design. Most state and event behaviours
(state: allopreening, social feeding, locomotion, inactivity,
event: pecking, wing flapping and stealing) were determined
as parametric through probability plots, and both data sets
had equal variance, supported by histograms. Although food
manipulation and insect capture were non-parametric, data
followed mostly normal distribution. ANOVAs are robust
against violations of normal distribution [75,76] therefore,
nine general linear models (GLMs) were run for state and
event behaviours to compare conditions and species [77-79].
Behaviour was a random factor, and condition and species
were fixed. The alpha p<value was set at p< 0.05 for all GLMs.

Both food intake and preparation were only tested for
differences between conditions. Food intake was calculated
by subtracting the weight of leftovers from the supplied
weight for each condition. Correction factors were then
applied. Food intake was determined as non-parametric, and
a boxplot confirmed zero outliers. Therefore, a Wilcoxon-
signed rank was run. Preparation time was normally
distributed; therefore, a paired-sample t-test was used. Both
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the Wilcoxon and paired t-test significance/alpha levels were
set at p< 0.05.

Results

Behaviour

Table four depicts mean and standard deviations for all
GLM tests. Activity budgets (Figures 5 & 6) display differences
in behaviour between chopped and whole presentations and
between species. A significant difference (p<0.05 [*]) in state
behaviour was found between presentation conditions for
allopreening (R? = 41.20, F(1, 59) = 6.71), food manipulation
(R?=65.52, F(1, 59) = 77.37), social feeding (R? = 45.69, F(1,
59) = 22.48), insect capture (R?> = 15.54, F(1, 59) = 6.65) and
inactivity (R?= 55.56, F(1, 59) = 65.27); event behaviours of
pecking (R? = 35.31, F(1, 59) = 20.75), wing flap (R*> = 17.31,
F(1,59) = 11.11) and stealing (R? = 19.05, F(1, 59) = 14.82)
were also significant (Table 5).

A significant difference between species’ (p<0.05
[*]) state behaviour was identified for allopreening (R? =
41.20%), F(1, 59) = 36.62) food manipulation (R? = 65.52,
F(1,59) = 36.73), social feeding (R? = 45.69, F(1, 59) = 21.15),
locomotion (R? = 11.79, F(1, 59) = 7.54), insect capture (R?
= 15.54, F(1, 59) = 6.21) and inactivity (R*= 55.56, F(1, 59)
= 10.50). The event behaviour pecking (R? = 35.31, F(1, 59)
= 13.45) was also significantly different between species
(Table 6).
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Whole VDH VTH
Chopped Chopped Whole Chopped Whole
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Allopreen 3.133 | 2921 | 1.933 | 1.363 | 1.556 | 1.097 | 1.222 | 1.060 | 5.500 | 3.233 | 3.000 | 1.044

Food
manipulation | 14.630 | 6.170 | 26.800 | 7.400 | 17.830 | 5.190 | 30.440 | 5.530 | 9.830 | 4.090 | 21.330 | 6.530

Social feeding | 3.533 | 2.560 | 7.333 | 4.751 | 2.111 | 1.491 | 5.222 | 3.422 | 5.667 | 2.060 | 10.500 | 4.810
Insect capture | 0.433 | 0.774 | 1.067 | 1.172 | 0.667 | 0.907 | 1.333 | 1.138 | 0.083 | 0.289 | 0.067 | 1.155

Locomotion | 13.430 | 5.760 | 11.467 | 4.666 | 15.170 | 5,890 | 12.611 | 4.118 | 10.830 | 4.650 | 9.750 | 5.080
Inactive 24.830 | 7.280 | 11.400 | 6.600 | 22.670 | 7.580 | 9.170 | 4.380 | 28.080 | 5.630 | 14.750 | 8.050

State Chopped
behaviour

Event behaviour
Peck 0.029 | 0.024 | 0.009 | 0.012 | 0.036 | 0.025 | 0.015 | 0.013 | 0.018 | 0.017 | 0.000 | 0.000
Wing flap 0.034 | 0.021 | 0.017 | 0.029 | 0.039 | 0.020 | 0.020 | 0.022 | 0.028 | 0.002 | 0.013 | 0.014
Steal 0.025 | 0.002 | 0.007 | 0.011 | 0.029 | 0.025 | 0.007 | 0.012 | 0.019 | 0.019 | 0.007 | 0.011

Table 4: Mean and standard deviation for all GLM models.

Figure 5: Activity budget for average time spent exhibiting each event behaviour under chopped and whole conditions (*
standard error).

- J
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standard error).

Figure 6: Activity budget for average time spent exhibiting each event behaviour under chopped and whole conditions (*

State behaviour F- value P-value
Allopreen 6.710 0.012*
Food manipulation 77.370 <0.001*
Social feeding 22.480 <0.001*
Insect capture 6.650 0.013*
Locomotion 2.350 0.131
Inactive 65.270 <0.001*
Event behaviour F- value P-value
Peck 20.750 <0.001*
Wing flap 11.110 0.002*
Steal 14.820 <0.001*

Table 5: General linear model outputs difference in behaviour between conditions (* Indicates significance).

State behaviour F- value P- value
Allopreen 36.620 <0.001*
Food manipulation 36.730 <0.001*
Social feeding 29.150 <0.001*
Insect capture 6.210 0.016*
Locomotion 7.540 0.008*
Inactive 10.500 <0.001*
Event behaviour F- value P- value
Peck 13.450 <0.001*
Wing flap 3.240 0.077
Steal 1.060 0.307

Table 6: General linear model outputs difference in behaviour between species (*Indicates significance).
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Food Intake whole (Mdn = 205, range = 60 - 379) conditions (z = -0.89, p

= 0.929, p<0.005) (Figure 7).
A Wilcoxon signed rank test found no significance in food

intake between chopped (Mdn = 190, range = 60 - 446) and

Figure 7: Boxplot of total food intake (in grams) for all individuals per presentation method.

-

Preparation Time SD = 125.3) and whole (M = 265.3, SD = 98.4) conditions
(¢(22) = 1.11, p = 0.278) (Figure 8).
A two-sample t-test found no significant difference
(p>0.05) in preparation time between chopped (M = 361.4,

Figure 8: Average preparation time per presentation condition (+ standard error).

o

Discussion and all agonistic event behaviours (peck, wing flap and
steal). Locomotion was not significantly different between

Results show that whole food significantly increased conditions; however, the significant decrease in inactivity
allopreening, food manipulation, social feeding and insect and increase in other behaviours requiring movement may
capture. Whole food also significantly decreased inactivity account for this. Significant differences between species
Tavelli, et al. Should Zoo Foods be Chopped for Hornbills?. Int ] Zoo Animal Biol 2024, Copyright© Tavelli, et al.

7(4): 000599.


https://medwinpublishers.com/IZAB/

International Journal of Zoology and Animal Biology

were also found for all behaviours other than wing flapping
and stealing.

Behaviour

Both hornbill species showed significantly less inactivity,
and more social and feeding behaviours (figure 5), suggesting
they were affected positively by whole food presentation
[46]. This is confirmed through the significant reduction
of potentially aggressive behaviours such as pecking, wing
flapping and stealing, suggesting large food items improved
the overall temperament of both species during feeding
(figure 6). However, aggression seen during chopped
presentation was minor, similar to other studies [19,20].
This difference shows that this sample of VTH and VDH was
not as reactive as other studied species, and more extreme
comparisons of aggression have been found in primarily
mammalian studies [10,14]. However, this could be due to
the amount of available research on mammalian behaviour
compared to avian; aggression in birds may be more subtle
in comparison [1,45]. Studies such as Welsh O, et al. [44]
suggest that whole food decreases aggression by preventing
monopolisation; however, both James C, et al. [19] and Rozek
JC, et al. [20] found no effect on aggression on their studied
species of bird. VTH and VDH rarely displayed stealing and
other aggressive behaviour during chopped conditions. Yet,
there was still less during the whole presentation, confirming
Welsh O, et al. [44] suggestion. These results suggest that
whole food relieved boredom-induced stress by reducing
aggression and increasing sociality [13].

Recent studies state that preventing stereotypical
behaviour requires constant stimulation through movement,
feeding and socialisation [59,80]. Therefore, this study’s
results agree with others [19,20,50], showing whole items
encourage all the suggested positive behaviour for these
individuals. Similar results were found by Lamperti AM, et al.
[24] stating that this wiping behaviour is used to break apart
drupes in the wild. These behaviours were accompanied
by increased social behaviour, with individuals interacting
significantly more to share and pull apart larger items [49].

Birds perform allopreening when attempting to form
connections and reconfirm existing bonds; a significant
increase in this behaviour was seen for both species. All
individuals studied were female. However, improving
communicatory behaviours is beneficial when introducing
a male, as the females may be more receptive to courtship
behaviour and pair bond [81], increasing the chance of
breeding [37]. This is further supported by Kinnaird MF,
et al. [25] as they suggested that high-value food items are
exchanged in courtship, and this exchange of food items
was seen in both species within this study. Increasing social
bonds within captive groups have been found by Kemp LV,
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et al. [82] to improve breeding success. The added mental
stimulation of large bright fruit has also been found to signify
breeding season to female hornbills [6]. These findings are a
promising development towards understanding the breeding
requirements of these species in captivity. In addition to
increased social behaviour, reduced inactivity is also ideal
for the weight management of captive species [47,53,64].
Therefore, whole presentation could be an ideal method of
weight management as it does not require food deprevation
but increases exercise [56,12].

There was a significant difference in behaviour between
species (table 6), which was expected as there were two VTH
and three VDH. The three VDHs were more active and showed
more aggressive behaviour; the possibility that group size
affects intragroup dynamics is stated by Kinnaird MF, et al.
[25] as the inability to pair up may cause greater friction
within an avian group [67]. VTH were seen allopreening
and social feeding more frequently, confirming Kinnaird ME,
et al. [25] theory. In addition to different group sizes, VTH
is an Asian species, and VDH is an African species [35,31].
Climatic differences between wild habitats may have caused
significant differences [83,84]. Temperature and humidity
varied for each observational period (appendix A and B), and
VDH (African species) were observed to become more active
in warmer temperatures [18,27]. Therefore, environmental
conditions may have caused the difference between species,
not the presentation method. Thus, behavioural results can
be applied to both species.

Food Intake

No significant difference between presentation methods
was found for food intake (Figure 7). This result is similar
to Griffin B, et al. [50] who stated that neither over nor did
under-consumption result from the change to whole food.
However, long-term studies should be performed on both
VDH and VTH to monitor the weight of the birds over time
during whole presentation to ensure accumulative effects do
not occur.

Komdeur J, et al. [49] state that social feeding decreases
food wastage; this study confirms this suggestion as social
feeding increased under whole presentation, limiting food
wastage as large items were shared. No more was left over
than chopped, generating a non-significant result. James C, et
al. [19] found whole food decreased wastage, yet this result
was also non-significant. It is suggested by Kitamura S, et
al. [23] that hornbill species can be highly selective of food
items, choosing brightly coloured, high-sucrose fruits [64,85].
Therefore, food intake may depend more on the type of
foods provided and not the presentation method. Therefore,
studies that fed more bland diets, such as Plowman A, et al.
[5] may find different results to studies utilising brightly
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coloured sweet fruits [19,50]. However, this study’s results
show that neither presentation method made food items less
desirable (figure 7); this could be attributed to that the same
fruits were fed for both conditions.

According to James C, etal. [19] many bird species exhibit
contra-freeloading behaviour; thus, they will choose foods
requiring more effort [1], therefore chopping food items
simplifies the process of feeding [12,20]. A minimal increase
in intake was found during whole presentation; therefore,
whole presentation may make foods more desirable by
requiring more mentally challenging manipulation methods.
This correlates with behavioural results, showing that food
manipulation strategies significantly increased during the
presentation.

T16 bird pellets were included in food intake calculations.
These remained the same size for both chopped and whole
conditions, and their consumption did not differ. Their
inclusion in morning feeding was required on a nutritional
basis [6,50]. However, had they not been included, the
birds may have had a greater appetite for other food items,
increasing their overall consumption, and could have caused
a more significant result. As pellet consumption did not
change between conditions, the results are likely accurate
as all other food quantities remain comparable. The lack
of difference in intake between conditions can be viewed
as positive as neither species showed signs of neophobia
[19,37,50]. However, behavioural indications of neophobia
were not directly recorded; the increase in food manipulation
does support the suggestion that neophobia was not an issue
[44].

Preparation Time

There was no significant change in preparation time
between chopped and whole conditions (figure 8). This
result was unexpected as multiple other studies did find a
significant difference [19,50]. However, the lack of difference
shows that neither condition was more time-consuming;
therefore, the most suitable presentation method for the
species’ welfare can be utilised with no extra effort from
keepers [54]. Plowman A, et al. [5] suggest that keepers
choose whole presentation, as it is easier to prepare and
reduces nutrient breakdown [1]. This current study supports
Plowman A, et al. [5] as whole food was no harder to prepare
than chopped food, whole was also more stimulating; giving
no reason for why whole may not be beneficial.

Studies such as James C, etal. [19] that found a significant
difference were able to provide entire fruits to larger species
which would require little to no preparation. This study
required that whole items be substituted with 10cm pieces
not to exceed nutritional needs [6,17,51]. Keepers suggested
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that it was difficult to know how many 10 cm-sized pieces
made up the total weight within diet sheets, adding
preparation time to whole preparation. Ideally, this study
would have used whole fruits; however, the effect on food
intake/wastage and behaviour was yet to be deciphered.
If larger items were to cause increased aggression or
intake, the less extreme change might have mitigated these
adverse effects [86]. Nevertheless, results found decreased
aggression and increased natural behaviour with no added
wastage, suggesting that entirely whole fruits and vegetables
may be provided in the future without the fear of extreme
reaction from both species.

Future Research

Results from this study are compelling and suggest
that whole presentation may advance these species’ captive
management and improve their welfare and conservation
status. However, this study alone cannot influence change
within the wider industry; a greater sample size is required
to evidence a complete change to these species’ management.
The likelihood that similar results will occur is supported
by other frugivorous bird studies which also find whole
presentation to be the most practical way to mimic natural
feeding within captivity. The behavioural data collection
method used to find these results is robust as it has been
utilised multiple times within presentation studies, with
little criticism [5,42,70]. Therefore, once generalisability has
been confirmed, change can be facilitated in multiple VDH
and VTH zoological collections.

Behavioural data collection was performed on individual
birds; however, results focussed on species, not individuals,
like Plowman A, et al. [5] and Shora JA, et al. [10]. Using
this method gives a specific answer per species as to the
effect of each presentation method [40]. Furthermore, food
intake could only be calculated as all birds were fed together
and wastage was combined. Therefore, behaviours were
combined per species: for behavioural results and intake to
remain comparable. Individual preference is an extraneous
variable not evaluated within this study; Bender IMA, et al.
[85] state that this is common in frugivorous species and that
preference changes seasonally. Food preference combined
with its presentation would provide an in-depth view of
every individual’'s desires [60,64]; however, catering to the
specific preferences of each individual animal within a zoo
environment with limited staff and financial resources may
be unrealistic [55]. Conducting preference studies would be
ideal for specialist breeding facilities for hornbills to improve
breeding success [36,80]. However, this study aims to cater
to the wider zoological community and provide evidence
towards optimal husbandry, which can be applied to improve
the welfare of all captive populations [87-89].
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Both hornbill species were subjected to the same outdoor
temperatures. The weather had a greater impact on behaviour
than first expected; insect capture was a behaviour which
significantly increased during the final week of behavioural
observations (whole presentation); this was also the week
with the highest temperatures. High temperatures increased
the number of insects observed; therefore, this behaviour
cannot be attributed to the change in food presentation.
However, chopped and whole presentation were switched
each week; therefore, there was one cooler week and one
hotter week per condition (Appendix A). This mitigates the
effects of the weather on the behavioural results as an average
per condition was formed. This means this study’s results do
have biological significance. In future studies, individuals
could be kept inside for the duration of the study to remove
climatic factors. However, this could deprive the animals of
the enrichment of outdoor stimuli [12] and vitamin D. At no
point in this study was the welfare of the hornbills decreased
due to research measures; therefore, results come from
physically and mentally healthy individuals. Thus, these
results can be applied to other healthy populations. However,
separate studies would be required to assess the appropriate
presentation method for birds in rehabilitation or with badly
damaged beaks [33,56].

Conclusion

Results from this study suggest that food presentation
significantly affects VDH and VTH behaviour. The effect
of whole presentation is significant and provided welfare
improvement, as key natural behaviours were increased.
In addition, this presentation method had no significant
impact on food intake or preparation time; therefore, whole
presentation can be utilised without added complications.
Thisresultsupports multiple other studies’ results. Compared
to mammals and other species of frugivorous birds, there
remains a large gap within research on Bucerotiformes,
many of which are endangered and complex to maintain in
captivity. The lack of aggressive behaviour and display of
natural behaviour shows that the current welfare standard
of the sampled individuals is high. However, this could be
further improved by switching to whole presentation. These
findings provide species-specific

References

1. Brereton JE (2020) Challenges and directions in zoo and
aquarium food presentation research: A review. Journal
of Zoological and Botanical Gardens 1(1): 13-23.

2. Hosey G, Melfi V, Pankhurst S (2013) Zoo Animals:
Behaviour, Management, and Welfare. Oxford
UniversityPress.

Tavelli, et al. Should Zoo Foods be Chopped for Hornbills?. Int ] Zoo Animal Biol 2024,

7(4): 000599.

10.

11.

12.

13.

14.

Arbuckle K (2013) Folklore husbandry and a
philosophical model for the design of -captive
management regimes. Herpetol Rev 44: 448-452.

Melfi VA (2009) There are big gaps in our knowledge,
and thus approach, to zoo animal welfare: a case for
evidence-based zoo animal management. Zoo Biology
28(6): 574-588.

Plowman A, Green K, Taylor L (2009) Should zoo food be
chopped. Zoo Anim Nutr 4: 193-201.

Fidgett AL, Gardner L (2014) Advancing avian nutrition
through best feeding practice: Advancing Avian
Nutrition. The International Zoo Yearbook 48(1): 116-
127.

Rico D, Martin-Diana AB, Barat JM, Barry-Ryan C (2007)
Extending and measuring the quality of fresh-cut fruit
and vegetables: a review. Trends in Food Science &
Technology 18(7): 373-386.

Barrett DM, Beaulieu JC, Shewfelt R (2010) Color, flavor,
texture, and nutritional quality of fresh-cut fruits and
vegetables: desirable levels, instrumental and sensory
measurement, and the effects of processing. Critical
Reviews in Food Science and Nutrition 50(5): 369-389.

Brereton JE, Weaver C, Palmer GA (2024) Ready, steady,
chop! Investigating the impact of chop size on zoo food
nutritional quality. Journal of Zoo Biology 7(1): 11-23.

Shora JA, Myhill MGN, Brereton JE (2018) Should zoo
foods be coati chopped. ] Zoo Aquar Res 6: 22-25.

Waasdorp S, Tuffnell JA, Bruins-van Sonsbeek L, Schilp
CM, et al. (2021) Chopped and dispersed food enhances
foraging and reduces stress-related behaviours in
captive white-naped mangabeys (Cercocebus lunulatus).
Applied Animal Behaviour Science 241: 105392.

Woods]M, Eyer A, Miller L] (2022) Bird WelfareinZoosand
Aquariums: General Insights across Industries. Journal
of Zoological & Botanical Gardens 3(2): 198-222.

Brereton JE, Myhill MNG, Shora JA (2021) Investigating
the effect of enrichment on the behavior of zoo-housed
southern ground hornbills. Journal of Zoological and
Botanical Gardens 2(4): 600-609.

Mathy JW, Isbell LA (2001) The relative importance of
size of food and interfood distance in eliciting aggression
in captive rhesus macaques (Macaca mulatta). Folia
Primatologica; International Journal of Primatology
72(5): 268-277.

Copyright© Tavelli, et al.


https://medwinpublishers.com/IZAB/
https://www.mdpi.com/2673-5636/1/1/2
https://www.mdpi.com/2673-5636/1/1/2
https://www.mdpi.com/2673-5636/1/1/2
https://global.oup.com/academic/product/zoo-animals-9780199693528?cc=us&lang=en&
https://global.oup.com/academic/product/zoo-animals-9780199693528?cc=us&lang=en&
https://global.oup.com/academic/product/zoo-animals-9780199693528?cc=us&lang=en&
https://f000.backblazeb2.com/file/voldy-public/%E9%99%84%E4%BB%B6/Arbuckle%EF%BC%8CFolklore%20Husbandry.pdf
https://f000.backblazeb2.com/file/voldy-public/%E9%99%84%E4%BB%B6/Arbuckle%EF%BC%8CFolklore%20Husbandry.pdf
https://f000.backblazeb2.com/file/voldy-public/%E9%99%84%E4%BB%B6/Arbuckle%EF%BC%8CFolklore%20Husbandry.pdf
https://onlinelibrary.wiley.com/doi/10.1002/zoo.20288
https://onlinelibrary.wiley.com/doi/10.1002/zoo.20288
https://onlinelibrary.wiley.com/doi/10.1002/zoo.20288
https://onlinelibrary.wiley.com/doi/10.1002/zoo.20288
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/izy.12057
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/izy.12057
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/izy.12057
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/izy.12057
https://www.sciencedirect.com/science/article/abs/pii/S0924224407001057?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224407001057?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224407001057?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0924224407001057?via%3Dihub
https://www.tandfonline.com/doi/full/10.1080/10408391003626322
https://www.tandfonline.com/doi/full/10.1080/10408391003626322
https://www.tandfonline.com/doi/full/10.1080/10408391003626322
https://www.tandfonline.com/doi/full/10.1080/10408391003626322
https://www.tandfonline.com/doi/full/10.1080/10408391003626322
https://journals.esciencepress.net/index.php/JZB/article/view/4934
https://journals.esciencepress.net/index.php/JZB/article/view/4934
https://journals.esciencepress.net/index.php/JZB/article/view/4934
https://www.jzar.org/jzar/article/view/309
https://www.jzar.org/jzar/article/view/309
https://www.sciencedirect.com/science/article/pii/S0168159121001799
https://www.sciencedirect.com/science/article/pii/S0168159121001799
https://www.sciencedirect.com/science/article/pii/S0168159121001799
https://www.sciencedirect.com/science/article/pii/S0168159121001799
https://www.sciencedirect.com/science/article/pii/S0168159121001799
https://www.mdpi.com/2673-5636/3/2/17
https://www.mdpi.com/2673-5636/3/2/17
https://www.mdpi.com/2673-5636/3/2/17
https://www.mdpi.com/2673-5636/2/4/43
https://www.mdpi.com/2673-5636/2/4/43
https://www.mdpi.com/2673-5636/2/4/43
https://www.mdpi.com/2673-5636/2/4/43
https://pubmed.ncbi.nlm.nih.gov/11805423/
https://pubmed.ncbi.nlm.nih.gov/11805423/
https://pubmed.ncbi.nlm.nih.gov/11805423/
https://pubmed.ncbi.nlm.nih.gov/11805423/
https://pubmed.ncbi.nlm.nih.gov/11805423/

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Tavelli, et al. Should Zoo Foods be Chopped for Hornbills?. Int ] Zoo Animal Biol 2024,

International Journal of Zoology and Animal Biology

Maloney MA, Meiers ST, White ], Romano MA (2006)
Effects of three food enrichment items on the behavior
of black lemurs (Eulemur macaco macaco) and Ringtail
Lemurs (Lemur catta) at the Henson Robinson Zoo,
Springfield, Illinois. Journal of Applied Animal Welfare
Science 9(2): 111-127.

Brereton ], Brereton SR (2021) Examining taxa
representation in Asian zoos and aquaria using
historic records. Biodiversitas Journal of Biological
Diversity 22(5).

Das A (2018) Current trends in feeding and nutrition of
zoo animals: A review. Indian Journal of Animal Nutrition
35(3): 242-250.

Donald PF, Fishpool LDC, Ajagbe A, Bennun LA, Bunting
G, et al. (2019) Important Bird and Biodiversity Areas
(IBAs): the development and characteristics of a global
inventory of key sites for biodiversity. Bird Conservation
International 29(2): 177-198.

James C, Nicholls A, Freeman M, Hunt K, Brereton JE,
et al. (2021) Should zoo foods be chopped: macaws for
consideration. Journal of Zoo and Aquarium Research
9(4): 200-207.

Rozek JC, Danner LM, Stucky PA, Millam JR (2010) Over-
sized pellets naturalise foraging time of captive Orange-
winged Amazon parrots (Amazona amazonica). Applied
Animal Behaviour Science 125(1-2): 80-87.

Frynta D, Liskova S, Biiltmann S, Burda H (2010) Being
attractive brings advantages: the case of parrot species
in captivity. PloS One 5(9): e12568.

Sherub K, Tshering S (2019) Rapid assessment of two
sympatric hornbill species populations and their nesting
behaviour in Zhemgang district, Bhutan. Bhutan Birding
Asia 31: 54-58.

Kitamura S, Thong-Aree S, Madsri S, Poonswad P (2011)
Characteristics of hornbill-dispersed fruits in lowland
dipterocarp forests of southern Thailand. The Raffles
Bulletin of Zoology 24: 137-147.

Lamperti AM, French AR, Dierenfeld ES, Fogiel MK,
Whitney KD, et al. (2014) Diet selection is related to
breeding status in two frugivorous hornbill species of
Central Africa. Journal of Tropical Ecology, 30(4): 273-
290.

Kinnaird MF, O'Brien TG (2020) Geneticmonogamyin Von
der Decken’s and Northern Red-billed hornbills. Hornbill
Natural History and Conservation 1(1): 12-16.

7(4): 000599.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Zoological Society of London (2022) Zoological society
of London-stocklist.

Gonzalez]CT,Sheldon BC, Tobias]JA (2013) Environmental
stability and the evolution of cooperative breeding in
hornbills. Proceedings. Biological Sciences 280(1768):
20131297.

Ingle NMR (2003) Seed dispersal by wind, birds, and bats
between Philippine montane rainforest and successional
vegetation. Oecologia 134(2): 251-261.

Klop E, Curio E, Lastimoza LL (2000) Breeding biology,
nest site characteristics and nest spacing of the Visayan
Tarictic Hornbill Penelopides panini panini on Panay,
Philippines. Bird Conservation International 10(1): 17-
27.

Mills MS, Cohen C (2015) Birds of Somalia: new
records, range extensions and observations from
Somaliland. Journal of East African Ornithology 34: 31-
39.

BirdLife International (2016) Tockus deckeni. The
IUCN Red List of Threatened Species. [IUCN Red List of
Threatened Species.

Mynott HI, Lee C, Santillan RA, Schwarz CJ, Tacud B, et al.
(2021) Population assessment and habitat associations
of the Visayan Hornbill (Penelopides panini) in
Northwest Panay, Philippines. Avian Research 12(1): 67.

Riamon S, Pickford M, Senut B, Louchart A (2021) The
earliest hornbill with a modern-type beak. Ibis 163(2):
715-721.

Schlegel ML, Howenstein S (2014) Hornbill Diets at San
Diego Zoo Global: A Review. In Proceedings of the Tenth
Conference on Zoo and Wildlife Nutrition 29.

Bird Life International (2020) IUCN Red List of
Threatened Species: Penelopides panini. [IUCN Red List
of Threatened Species.

Collar NJ, Butchart SHM (2013) Conservation breeding
andaviandiversity: chancesand challenges: Conservation
Breeding and Avian Diversity. The International Zoo
Yearbook 48(1): 7-28.

Danel S, Rebout N, Kemp L (2022) Social diffusion of new
foraging techniques in the Southern ground-hornbill
(Bucorvus leadbeateri). Learning & Behavior.

Morelli F, Benedetti Y, Hanson JO, Fuller RA (2021)
Global distribution and conservation of avian diet
specialisation. Conservation Letters 14(4): 1-12.

Copyright© Tavelli, et al.


https://medwinpublishers.com/IZAB/
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0902_2
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0902_2
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0902_2
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0902_2
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0902_2
https://www.tandfonline.com/doi/abs/10.1207/s15327604jaws0902_2
https://smujo.id/biodiv/article/view/8279
https://smujo.id/biodiv/article/view/8279
https://smujo.id/biodiv/article/view/8279
https://smujo.id/biodiv/article/view/8279
https://www.cabidigitallibrary.org/doi/full/10.5555/20183329506
https://www.cabidigitallibrary.org/doi/full/10.5555/20183329506
https://www.cabidigitallibrary.org/doi/full/10.5555/20183329506
https://www.cambridge.org/core/journals/bird-conservation-international/article/important-bird-and-biodiversity-areas-ibas-the-development-and-characteristics-of-a-global-inventory-of-key-sites-for-biodiversity/CCBCA00B56F9F1CD6E049AF22CA3792A
https://www.cambridge.org/core/journals/bird-conservation-international/article/important-bird-and-biodiversity-areas-ibas-the-development-and-characteristics-of-a-global-inventory-of-key-sites-for-biodiversity/CCBCA00B56F9F1CD6E049AF22CA3792A
https://www.cambridge.org/core/journals/bird-conservation-international/article/important-bird-and-biodiversity-areas-ibas-the-development-and-characteristics-of-a-global-inventory-of-key-sites-for-biodiversity/CCBCA00B56F9F1CD6E049AF22CA3792A
https://www.cambridge.org/core/journals/bird-conservation-international/article/important-bird-and-biodiversity-areas-ibas-the-development-and-characteristics-of-a-global-inventory-of-key-sites-for-biodiversity/CCBCA00B56F9F1CD6E049AF22CA3792A
https://www.cambridge.org/core/journals/bird-conservation-international/article/important-bird-and-biodiversity-areas-ibas-the-development-and-characteristics-of-a-global-inventory-of-key-sites-for-biodiversity/CCBCA00B56F9F1CD6E049AF22CA3792A
https://www.jzar.org/jzar/article/view/507
https://www.jzar.org/jzar/article/view/507
https://www.jzar.org/jzar/article/view/507
https://www.jzar.org/jzar/article/view/507
https://www.sciencedirect.com/science/article/abs/pii/S0168159110000973?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159110000973?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159110000973?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159110000973?via%3Dihub
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012568
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012568
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0012568
https://biodiversity.bt/biodiv/content/documents/document-5130c704-5197-4f2f-9b69-8adecaa0a9f2/670.pdf
https://biodiversity.bt/biodiv/content/documents/document-5130c704-5197-4f2f-9b69-8adecaa0a9f2/670.pdf
https://biodiversity.bt/biodiv/content/documents/document-5130c704-5197-4f2f-9b69-8adecaa0a9f2/670.pdf
https://biodiversity.bt/biodiv/content/documents/document-5130c704-5197-4f2f-9b69-8adecaa0a9f2/670.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/568A3545A54A0E14631EC3F497C057D6/S0959270905000250a.pdf/characteristics-of-hornbill-dispersed-fruits-in-a-tropical-seasonal-forest-in-thailand.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/568A3545A54A0E14631EC3F497C057D6/S0959270905000250a.pdf/characteristics-of-hornbill-dispersed-fruits-in-a-tropical-seasonal-forest-in-thailand.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/568A3545A54A0E14631EC3F497C057D6/S0959270905000250a.pdf/characteristics-of-hornbill-dispersed-fruits-in-a-tropical-seasonal-forest-in-thailand.pdf
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/568A3545A54A0E14631EC3F497C057D6/S0959270905000250a.pdf/characteristics-of-hornbill-dispersed-fruits-in-a-tropical-seasonal-forest-in-thailand.pdf
https://www.cambridge.org/core/journals/journal-of-tropical-ecology/article/abs/diet-selection-is-related-to-breeding-status-in-two-frugivorous-hornbill-species-of-central-africa/6ECD634B194704FD226D76CAF5EED1FE
https://www.cambridge.org/core/journals/journal-of-tropical-ecology/article/abs/diet-selection-is-related-to-breeding-status-in-two-frugivorous-hornbill-species-of-central-africa/6ECD634B194704FD226D76CAF5EED1FE
https://www.cambridge.org/core/journals/journal-of-tropical-ecology/article/abs/diet-selection-is-related-to-breeding-status-in-two-frugivorous-hornbill-species-of-central-africa/6ECD634B194704FD226D76CAF5EED1FE
https://www.cambridge.org/core/journals/journal-of-tropical-ecology/article/abs/diet-selection-is-related-to-breeding-status-in-two-frugivorous-hornbill-species-of-central-africa/6ECD634B194704FD226D76CAF5EED1FE
https://www.cambridge.org/core/journals/journal-of-tropical-ecology/article/abs/diet-selection-is-related-to-breeding-status-in-two-frugivorous-hornbill-species-of-central-africa/6ECD634B194704FD226D76CAF5EED1FE
https://iucnhornbills.org/wp-content/uploads/2020/08/HSG_Vol1Num1_Genetic-monogamy.pdf
https://iucnhornbills.org/wp-content/uploads/2020/08/HSG_Vol1Num1_Genetic-monogamy.pdf
https://iucnhornbills.org/wp-content/uploads/2020/08/HSG_Vol1Num1_Genetic-monogamy.pdf
https://royalsocietypublishing.org/doi/10.1098/rspb.2013.1297?__cf_chl_tk=T.S5DH.zh4VQkDE8Rt2utRMinbBo.o29O4419WLpjLA-1721305255-0.0.1.1-4244
https://royalsocietypublishing.org/doi/10.1098/rspb.2013.1297?__cf_chl_tk=T.S5DH.zh4VQkDE8Rt2utRMinbBo.o29O4419WLpjLA-1721305255-0.0.1.1-4244
https://royalsocietypublishing.org/doi/10.1098/rspb.2013.1297?__cf_chl_tk=T.S5DH.zh4VQkDE8Rt2utRMinbBo.o29O4419WLpjLA-1721305255-0.0.1.1-4244
https://royalsocietypublishing.org/doi/10.1098/rspb.2013.1297?__cf_chl_tk=T.S5DH.zh4VQkDE8Rt2utRMinbBo.o29O4419WLpjLA-1721305255-0.0.1.1-4244
https://link.springer.com/article/10.1007/s00442-002-1081-7
https://link.springer.com/article/10.1007/s00442-002-1081-7
https://link.springer.com/article/10.1007/s00442-002-1081-7
https://www.cambridge.org/core/journals/bird-conservation-international/article/breeding-biology-nest-site-characteristics-and-nest-spacing-of-the-visayan-tarictic-hornbill-penelopides-panini-panini-on-panay-philippines/EDA00B692209EDC04DBF03C2B1342056
https://www.cambridge.org/core/journals/bird-conservation-international/article/breeding-biology-nest-site-characteristics-and-nest-spacing-of-the-visayan-tarictic-hornbill-penelopides-panini-panini-on-panay-philippines/EDA00B692209EDC04DBF03C2B1342056
https://www.cambridge.org/core/journals/bird-conservation-international/article/breeding-biology-nest-site-characteristics-and-nest-spacing-of-the-visayan-tarictic-hornbill-penelopides-panini-panini-on-panay-philippines/EDA00B692209EDC04DBF03C2B1342056
https://www.cambridge.org/core/journals/bird-conservation-international/article/breeding-biology-nest-site-characteristics-and-nest-spacing-of-the-visayan-tarictic-hornbill-penelopides-panini-panini-on-panay-philippines/EDA00B692209EDC04DBF03C2B1342056
https://www.cambridge.org/core/journals/bird-conservation-international/article/breeding-biology-nest-site-characteristics-and-nest-spacing-of-the-visayan-tarictic-hornbill-penelopides-panini-panini-on-panay-philippines/EDA00B692209EDC04DBF03C2B1342056
https://www.ajol.info/index.php/scopus/article/view/111950
https://www.ajol.info/index.php/scopus/article/view/111950
https://www.ajol.info/index.php/scopus/article/view/111950
https://www.ajol.info/index.php/scopus/article/view/111950
https://avianres.biomedcentral.com/articles/10.1186/s40657-021-00303-3
https://avianres.biomedcentral.com/articles/10.1186/s40657-021-00303-3
https://avianres.biomedcentral.com/articles/10.1186/s40657-021-00303-3
https://avianres.biomedcentral.com/articles/10.1186/s40657-021-00303-3
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/izy.12039
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/izy.12039
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/izy.12039
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/izy.12039
https://conbio.onlinelibrary.wiley.com/doi/epdf/10.1111/conl.12795
https://conbio.onlinelibrary.wiley.com/doi/epdf/10.1111/conl.12795
https://conbio.onlinelibrary.wiley.com/doi/epdf/10.1111/conl.12795

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Tavelli, et al. Should Zoo Foods be Chopped for Hornbills?. Int ] Zoo Animal Biol 2024,

International Journal of Zoology and Animal Biology

Gruen L (2016) Conscious animals and the value of
experience. In The Oxford Handbook of Environmental
Ethics. Oxford University Press, USA, pp: 92-101.

Davis GH, Crofoot MC, Farine DR (2018) Estimating
the robustness and uncertainty of animal social
networks using different observational methods. Animal
Behaviour 141: 29-44.

Papageorgiou D, Farine DR (2020) Shared decision-
making allows subordinates to lead when dominants
monopolise resources. Science Advances 6(48):
eaba5881.

Bateson M, Martin P (2021) Measuring behaviour: An
introductory guide. Cambridge University Press, UK.

Dissegna A, Turatto M, Chiandetti C (2021) Context-
specific habituation: A review. Animals: An Open Access
Journal from MDPI 11(6): 1767.

Welsh O, Sweeney MM, Brereton JE (2022) Should
Zoo Foods be Chopped or Should We ‘Lemur’ them
Whole? MedPress: Nutrition & Food Sciences 1(1).

Searcy WA, Ballentine B, Anderson RC, Nowicki S (2013)
Limits to reliability in avian aggressive signals. Behaviour
150(9-10): 1129-1145.

ASAB Ethical Committee & ABS Animal Care
Committee (2022) Guidelines for the treatment of
animals in behavioural research and teaching. Animal
Behaviour 183: 1-11.

Yi ], Yuan ], Gilbert ER, Siege PB, Cline MA (2017)
Differential expression of appetite-regulating genes
in avian models of anorexia and obesity. Journal of
Neuroendocrinology 29(8).

Friedman-Einat M, Seroussi E (2019) Avian Leptin:
Bird’s-eye view of the evolution of vertebrate energy-
balance control. Trends in Endocrinology and
Metabolism: TEM 30(11): 819-832.

Komdeur ], Ma L (2021) Keeping up with environmental
change: The importance of sociality. Ethology: Formerly
Zeitschrift Fur Tierpsychologie 127(10): 790-807.

Griffin B, Brereton JE (2021) Should zoo food be chopped
for captive Turacos?. Birds 2(4): 415-426.

Rojas TN, Bruzzone OA, Zampini IC, Isla MI, Blendinger
PG (2021) A combination of rules govern fruit trait
preference by frugivorous bat and bird species: nutrients,
defence and size. Animal Behaviour 176: 111-123.

7(4): 000599.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Wood B, Rufener C, Makagon MM, Blatchford RA (2021)
The utility of scatter feeding as enrichment: Do broiler
chickens engage with scatter-fed items? Animals: An
Open Access Journal from MDPI 11(12): 3478.

Schnegg A, Gebhardt-Henrich SG, Keller P, Visser GH,
Steiger A (2007) Feeding behaviour and daily energy
expenditure of domesticated budgerigars (Melopsittacus
undulatus): Influence of type of housing and vertical
position of the feeder. Applied Animal Behaviour
Science 108(3-4): 302-312.

Bunderson ]S, Thompson JA (2009) The call of the
wild: Zookeepers, callings, and the double-edged sword
of deeply meaningful work. Administrative Science
Quarterly 54(1): 32-57.

Kagan R, Allard S, Carter S (2018) What is the future for
zoos and aquariums?. Journal of Applied Animal Welfare
Science: JAAWS 21(S1): 59-70.

Orosz SE (2014) Clinical avian nutrition. The Veterinary
Clinics of North America. Exotic Animal Practice 17(3):
397-413.

Ahmad B (2013) Feeding ecology and competition for
food in two Philippine hornbill species (Bucerotidae;
Aceros waldeni, Penelopides panini) in the breeding
season [Ruhr-University Bochum].

Christie AP, Amano T, Martin PA, Petrovan SO, Shackelford
GE, et al. (2021) The challenge of biased evidence in
conservation. Conservation Biology: The Journal of the
Society for Conservation Biology 35(1): 249-262.

Meehan CL, Garner JP, Mench JA (2014) Environmental
enrichment and development of cage stereotypy
in Orange-winged Amazon parrots (Amazona
amazonica). Developmental Psychobiology 44(4): 209-
218.

Shumpe K (2011) Frugivory and seed dispersal
by hornbills (Bucerotidae) in tropical forests. Acta
Oecologica (Montrouge, France) 37(6): 531-541.

Witman P, LaGreco N (2020) Hornbills, kingfishers,
hoopoes, and bee-eaters. In: Duerr RS (Ed.), Hand-
Rearing Birds. Wiley & Sons Inc pp: 549-565.

Viseshakul N, Charoennitikul W, Kitamura S, Kemp A,
Thong-Aree S, et al. (2011) A phylogeny of frugivorous
hornbills linked to the evolution of Indian plants
within Asian rainforests: Frugivorous hornbills link to
evolution of Asian rainforests. Journal of Evolutionary
Biology 24(7): 1533-1545.

Copyright© Tavelli, et al.


https://medwinpublishers.com/IZAB/
https://academic.oup.com/edited-volume/28377/chapter-abstract/215262204?redirectedFrom=fulltext&login=false
https://academic.oup.com/edited-volume/28377/chapter-abstract/215262204?redirectedFrom=fulltext&login=false
https://academic.oup.com/edited-volume/28377/chapter-abstract/215262204?redirectedFrom=fulltext&login=false
https://www.sciencedirect.com/science/article/abs/pii/S0003347218301210?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003347218301210?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003347218301210?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003347218301210?via%3Dihub
https://www.science.org/doi/10.1126/sciadv.aba5881
https://www.science.org/doi/10.1126/sciadv.aba5881
https://www.science.org/doi/10.1126/sciadv.aba5881
https://www.science.org/doi/10.1126/sciadv.aba5881
https://www.mdpi.com/2076-2615/11/6/1767
https://www.mdpi.com/2076-2615/11/6/1767
https://www.mdpi.com/2076-2615/11/6/1767
https://medpresspublications.com/articles/mpnfs/mpnfs-202211002.html
https://medpresspublications.com/articles/mpnfs/mpnfs-202211002.html
https://medpresspublications.com/articles/mpnfs/mpnfs-202211002.html
https://brill.com/view/journals/beh/150/9-10/article-p1129_9.xml
https://brill.com/view/journals/beh/150/9-10/article-p1129_9.xml
https://brill.com/view/journals/beh/150/9-10/article-p1129_9.xml
https://www.sciencedirect.com/science/article/pii/S0003347221003894?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0003347221003894?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0003347221003894?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0003347221003894?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/jne.12510
https://onlinelibrary.wiley.com/doi/10.1111/jne.12510
https://onlinelibrary.wiley.com/doi/10.1111/jne.12510
https://onlinelibrary.wiley.com/doi/10.1111/jne.12510
https://www.cell.com/trends/endocrinology-metabolism/abstract/S1043-2760(19)30130-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1043276019301304%3Fshowall%3Dtrue
https://www.cell.com/trends/endocrinology-metabolism/abstract/S1043-2760(19)30130-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1043276019301304%3Fshowall%3Dtrue
https://www.cell.com/trends/endocrinology-metabolism/abstract/S1043-2760(19)30130-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1043276019301304%3Fshowall%3Dtrue
https://www.cell.com/trends/endocrinology-metabolism/abstract/S1043-2760(19)30130-4?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS1043276019301304%3Fshowall%3Dtrue
https://onlinelibrary.wiley.com/doi/10.1111/eth.13200
https://onlinelibrary.wiley.com/doi/10.1111/eth.13200
https://onlinelibrary.wiley.com/doi/10.1111/eth.13200
https://www.mdpi.com/2673-6004/2/4/31
https://www.mdpi.com/2673-6004/2/4/31
https://www.sciencedirect.com/science/article/abs/pii/S0003347221001007?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003347221001007?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003347221001007?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003347221001007?via%3Dihub
https://www.mdpi.com/2076-2615/11/12/3478
https://www.mdpi.com/2076-2615/11/12/3478
https://www.mdpi.com/2076-2615/11/12/3478
https://www.mdpi.com/2076-2615/11/12/3478
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000287?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000287?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000287?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000287?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000287?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0168159107000287?via%3Dihub
https://journals.sagepub.com/doi/10.2189/asqu.2009.54.1.32
https://journals.sagepub.com/doi/10.2189/asqu.2009.54.1.32
https://journals.sagepub.com/doi/10.2189/asqu.2009.54.1.32
https://journals.sagepub.com/doi/10.2189/asqu.2009.54.1.32
https://www.tandfonline.com/doi/full/10.1080/10888705.2018.1514302
https://www.tandfonline.com/doi/full/10.1080/10888705.2018.1514302
https://www.tandfonline.com/doi/full/10.1080/10888705.2018.1514302
https://www.sciencedirect.com/science/article/abs/pii/S1094919414000346?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1094919414000346?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1094919414000346?via%3Dihub
https://d-nb.info/1131354591/34
https://d-nb.info/1131354591/34
https://d-nb.info/1131354591/34
https://d-nb.info/1131354591/34
https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.13577
https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.13577
https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.13577
https://conbio.onlinelibrary.wiley.com/doi/10.1111/cobi.13577
https://onlinelibrary.wiley.com/doi/10.1002/dev.20007
https://onlinelibrary.wiley.com/doi/10.1002/dev.20007
https://onlinelibrary.wiley.com/doi/10.1002/dev.20007
https://onlinelibrary.wiley.com/doi/10.1002/dev.20007
https://onlinelibrary.wiley.com/doi/10.1002/dev.20007
https://www.sciencedirect.com/science/article/abs/pii/S1146609X11000166?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1146609X11000166?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1146609X11000166?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119167792.ch36
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119167792.ch36
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119167792.ch36
https://academic.oup.com/jeb/article-abstract/24/7/1533/7318701?redirectedFrom=fulltext
https://academic.oup.com/jeb/article-abstract/24/7/1533/7318701?redirectedFrom=fulltext
https://academic.oup.com/jeb/article-abstract/24/7/1533/7318701?redirectedFrom=fulltext
https://academic.oup.com/jeb/article-abstract/24/7/1533/7318701?redirectedFrom=fulltext
https://academic.oup.com/jeb/article-abstract/24/7/1533/7318701?redirectedFrom=fulltext
https://academic.oup.com/jeb/article-abstract/24/7/1533/7318701?redirectedFrom=fulltext

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Tavelli, et al. Should Zoo Foods be Chopped for Hornbills?. Int ] Zoo Animal Biol 2024,

International Journal of Zoology and Animal Biology

Reintar ART, Paguntalan L], Jakosalem PGC, Quidet
ACD, Warguez DA, et al. (2022) Habitat preference and
population density of threatened Visayan hornbills
Penelopides panini and Rhabdotorrhinus waldeni in the
Philippines. Journal of Threatened Taxa 14(3): 20713-
20720.

Crissey S (2005) The complexity of formulating diets for
zoo animals: a matrix. The International Zoo Yearbook
39(1): 36-43.

Sinnott-Armstrong MA, Downie AE, Federman S,
Valido A, Jordano P, et al. (2018) Global geographic
patterns in the colours and sizes of animal-dispersed
fruits. Global Ecology and Biogeography: A Journal of
Macroecology 27(11): 1339-1351.

Department for Business, Energy and Industrial Strategy
(2022) Find a Forecast, Met Office.

Galama W, King C, Brouwer K (2002) EAZA hornbill
management and husbandry guidelines. Artis Zoo.

Kemp MIAC, Kemp (1980) The biology of the Southern
Ground Hornbill Bucorvus leadbeateri (Vigors) (Aves:
Bucerotidae). Annals of the Transvaal Museum 32(4):
1-36.

Smith O, Wassmer T (2016) An ethogram of commonly
observed behaviors of the endangered Bridled White-
eye (Zosterops conspicillatus) in a Zoo Setting. The
Wilson Journal of Ornithology 128(3): 647-653.

Bosholn M, Anciaes M (2018) Focal Animal Sampling.
In Encyclopedia of Animal Cognition and Behavior.
Springer International Publishing pp: 1-3.

Bell AM, Peeke HVS (2012) Individual variation in
habituation: behaviour over time toward different
stimuli in threespine sticklebacks (Gasterosteus
aculeatus). Behaviour 149(13-14): 1339-1365.

Blumstein DT (2016) Habituation and sensitisation: new
thoughts about old ideas. Animal Behaviour 120: 255-
262.

Hulse SH (2018) Cognitive structure and serial pattern
learning by animals. In Cognitive Processes in Animal
Behavior. Routledge pp: 311-340.

Miller L], Vicino GA, Sheftel ], Lauderdale LK (2020)
Behavioral diversity as a potential indicator of positive
animal welfare. Animals: An Open Access Journal from
MDPI 10(7): 1211.

7(4): 000599.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Blanca M], Alarcén R, Arnau ], Bono R, Bendayan
R (2017) Non-normal data: Is ANOVA still a valid
option?. Psicothema 29(4): 552-557.

Dodge ], Ilharco G, Schwartz R, Farhadi A, Hajishirzi
H, et al. (2020) Fine-tuning pretrained language
models: Weight initialisations, data orders, and early
stopping. ArXiv [Cs.CL].

Ernst AF, Albers C] (2017) Regression assumptions
in clinical psychology research practice-a systematic
review of common misconceptions. Peer] 5(e3323):
e3323.

Lo S, Andrews S (2015) To transform or not to transform:
using generalised linear mixed models to analyse
reaction time data. Frontiers in Psychology 6: 1171.

Schmidt AF, Finan C (2018) Linear regression
and the normality assumption. Journal of Clinical
Epidemiology 98: 146-151.

Greggor AL, Vicino GA, Swaisgood RR, Fidgett A, Brenner
D, et al. (2018) Animal welfare in conservation breeding:
Applications and challenges. Frontiers in Veterinary
Science 5: 323.

Policht R, Petru M, Lastimoza L, Suarez L. (2009) Potential
for the use of vocal individuality as a conservation
research tool in two threatened Philippine hornbill
species, the Visayan Hornbill and the Rufous-headed
Hornbill. Bird Conservation International 19(1): 83-97.

Kemp LV, Kotze A, Jansen R, Dalton DL, Grobler P, et al.
(2020) Review of trial reintroductions of the long-lived,
cooperative breeding Southern Ground-hornbill. Bird
Conservation International 30(4): 533-558.

Combrink L, Combrink HJ, Botha AJ, Downs CT (2020)
Habitat preferences of Southern Ground-hornbills
in the Kruger National Park: implications for future
conservation measures. Scientific Reports 10(1): 16195.

Gonzalez JCT (2012) Origin and diversification of
hornbills (Bucerotidae). University of Oxford.

Bender IMA, Kissling WD, Bohning-Gaese K, Hensen
I, Kihn [, et al. (2017) Functionally specialised
birds respond flexibly to seasonal changes in fruit
availability. The Journal of Animal Ecology 86(4): 800-
811.

Hammerton R, Hunt KA, Riley LM (2019) An Investigation
into keeper opinions of great ape diets and abnormal
behaviour. Journal of Zoo and Aquarium Research 7(4):

Copyright© Tavelli, et al.


https://medwinpublishers.com/IZAB/
https://threatenedtaxa.org/index.php/JoTT/article/view/7261
https://threatenedtaxa.org/index.php/JoTT/article/view/7261
https://threatenedtaxa.org/index.php/JoTT/article/view/7261
https://threatenedtaxa.org/index.php/JoTT/article/view/7261
https://threatenedtaxa.org/index.php/JoTT/article/view/7261
https://threatenedtaxa.org/index.php/JoTT/article/view/7261
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1748-1090.2005.tb00003.x
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1748-1090.2005.tb00003.x
https://zslpublications.onlinelibrary.wiley.com/doi/10.1111/j.1748-1090.2005.tb00003.x
https://onlinelibrary.wiley.com/doi/10.1111/geb.12801
https://onlinelibrary.wiley.com/doi/10.1111/geb.12801
https://onlinelibrary.wiley.com/doi/10.1111/geb.12801
https://onlinelibrary.wiley.com/doi/10.1111/geb.12801
https://onlinelibrary.wiley.com/doi/10.1111/geb.12801
https://www.metoffice.gov.uk/
https://www.metoffice.gov.uk/
https://www.coraciiformestag.com/Research/Hornbill/EAZA_Hornbill_Management.pdf
https://www.coraciiformestag.com/Research/Hornbill/EAZA_Hornbill_Management.pdf
https://journals.co.za/doi/epdf/10.10520/AJA00411752_1057
https://journals.co.za/doi/epdf/10.10520/AJA00411752_1057
https://journals.co.za/doi/epdf/10.10520/AJA00411752_1057
https://journals.co.za/doi/epdf/10.10520/AJA00411752_1057
https://bioone.org/journals/the-wilson-journal-of-ornithology/volume-128/issue-3/1559-4491-128.3.647/An-ethogram-of-commonly-observed-behaviors-of-the-endangered-Bridled/10.1676/1559-4491-128.3.647.short
https://bioone.org/journals/the-wilson-journal-of-ornithology/volume-128/issue-3/1559-4491-128.3.647/An-ethogram-of-commonly-observed-behaviors-of-the-endangered-Bridled/10.1676/1559-4491-128.3.647.short
https://bioone.org/journals/the-wilson-journal-of-ornithology/volume-128/issue-3/1559-4491-128.3.647/An-ethogram-of-commonly-observed-behaviors-of-the-endangered-Bridled/10.1676/1559-4491-128.3.647.short
https://bioone.org/journals/the-wilson-journal-of-ornithology/volume-128/issue-3/1559-4491-128.3.647/An-ethogram-of-commonly-observed-behaviors-of-the-endangered-Bridled/10.1676/1559-4491-128.3.647.short
https://ouci.dntb.gov.ua/en/works/7A2b1aP4/
https://ouci.dntb.gov.ua/en/works/7A2b1aP4/
https://ouci.dntb.gov.ua/en/works/7A2b1aP4/
https://brill.com/view/journals/beh/149/13-14/article-p1339_4.xml
https://brill.com/view/journals/beh/149/13-14/article-p1339_4.xml
https://brill.com/view/journals/beh/149/13-14/article-p1339_4.xml
https://brill.com/view/journals/beh/149/13-14/article-p1339_4.xml
https://www.sciencedirect.com/science/article/abs/pii/S0003347216300689?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003347216300689?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0003347216300689?via%3Dihub
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203710029-11/cognitive-structure-serial-pattern-learning-animals-stewart-hulse
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203710029-11/cognitive-structure-serial-pattern-learning-animals-stewart-hulse
https://www.taylorfrancis.com/chapters/edit/10.4324/9780203710029-11/cognitive-structure-serial-pattern-learning-animals-stewart-hulse
https://www.mdpi.com/2076-2615/10/7/1211
https://www.mdpi.com/2076-2615/10/7/1211
https://www.mdpi.com/2076-2615/10/7/1211
https://www.mdpi.com/2076-2615/10/7/1211
https://www.psicothema.com/pi?pii=4434
https://www.psicothema.com/pi?pii=4434
https://www.psicothema.com/pi?pii=4434
https://arxiv.org/abs/2002.06305
https://arxiv.org/abs/2002.06305
https://arxiv.org/abs/2002.06305
https://arxiv.org/abs/2002.06305
https://peerj.com/articles/3323/
https://peerj.com/articles/3323/
https://peerj.com/articles/3323/
https://peerj.com/articles/3323/
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2015.01171/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2015.01171/full
https://www.frontiersin.org/journals/psychology/articles/10.3389/fpsyg.2015.01171/full
https://www.jclinepi.com/article/S0895-4356(17)30485-7/abstract
https://www.jclinepi.com/article/S0895-4356(17)30485-7/abstract
https://www.jclinepi.com/article/S0895-4356(17)30485-7/abstract
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2018.00323/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2018.00323/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2018.00323/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2018.00323/full
https://www.cambridge.org/core/journals/bird-conservation-international/article/potential-for-the-use-of-vocal-individuality-as-a-conservation-research-tool-in-two-threatened-philippine-hornbill-species-the-visayan-hornbill-and-the-rufousheaded-hornbill/0475B7746E582CE5C3A2216CF32484D2
https://www.cambridge.org/core/journals/bird-conservation-international/article/potential-for-the-use-of-vocal-individuality-as-a-conservation-research-tool-in-two-threatened-philippine-hornbill-species-the-visayan-hornbill-and-the-rufousheaded-hornbill/0475B7746E582CE5C3A2216CF32484D2
https://www.cambridge.org/core/journals/bird-conservation-international/article/potential-for-the-use-of-vocal-individuality-as-a-conservation-research-tool-in-two-threatened-philippine-hornbill-species-the-visayan-hornbill-and-the-rufousheaded-hornbill/0475B7746E582CE5C3A2216CF32484D2
https://www.cambridge.org/core/journals/bird-conservation-international/article/potential-for-the-use-of-vocal-individuality-as-a-conservation-research-tool-in-two-threatened-philippine-hornbill-species-the-visayan-hornbill-and-the-rufousheaded-hornbill/0475B7746E582CE5C3A2216CF32484D2
https://www.cambridge.org/core/journals/bird-conservation-international/article/potential-for-the-use-of-vocal-individuality-as-a-conservation-research-tool-in-two-threatened-philippine-hornbill-species-the-visayan-hornbill-and-the-rufousheaded-hornbill/0475B7746E582CE5C3A2216CF32484D2
https://www.cambridge.org/core/journals/bird-conservation-international/article/abs/review-of-trial-reintroductions-of-the-longlived-cooperative-breeding-southern-groundhornbill/D61849E76AC7A928B6FB5993C42936A8
https://www.cambridge.org/core/journals/bird-conservation-international/article/abs/review-of-trial-reintroductions-of-the-longlived-cooperative-breeding-southern-groundhornbill/D61849E76AC7A928B6FB5993C42936A8
https://www.cambridge.org/core/journals/bird-conservation-international/article/abs/review-of-trial-reintroductions-of-the-longlived-cooperative-breeding-southern-groundhornbill/D61849E76AC7A928B6FB5993C42936A8
https://www.cambridge.org/core/journals/bird-conservation-international/article/abs/review-of-trial-reintroductions-of-the-longlived-cooperative-breeding-southern-groundhornbill/D61849E76AC7A928B6FB5993C42936A8
https://www.nature.com/articles/s41598-020-73236-4
https://www.nature.com/articles/s41598-020-73236-4
https://www.nature.com/articles/s41598-020-73236-4
https://www.nature.com/articles/s41598-020-73236-4
https://ora.ox.ac.uk/objects/uuid:73e7eba9-fb13-4877-b735-bed38e0c8ffb
https://ora.ox.ac.uk/objects/uuid:73e7eba9-fb13-4877-b735-bed38e0c8ffb
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.12683
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.12683
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.12683
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.12683
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.12683
https://jzar.org/jzar/article/view/415
https://jzar.org/jzar/article/view/415
https://jzar.org/jzar/article/view/415

International Journal of Zoology and Animal Biology

170-178. Tockus. Transvaal Museum Memoirs 20(1): 35-46.

87. Holbech LH, Annorbah NND, Phalan B, Arcilla N 89. Nkwabi AK, Metzger K, Beyers R, Magige F, Mduma SAR,
(2018) Uncontrolled hunting and habitat degradation et al. (2019) Bird community responses to changes
decimate and extirpate forest hornbills in Ghana, West in vegetation caused by increasing large mammal
Africa. Biological Conservation 223: 104-111. populations in the Serengeti woodlands. Wildlife

Research (East Melbourne, Melbourne Vic.) 46(3): 256.
88. Kemp AC (1976) Radiation in the behaviour and
external morphology of the members of the genus

Tavelli, et al. Should Zoo Foods be Chopped for Hornbills?. Int ] Zoo Animal Biol 2024, Copyright© Tavelli, et al.
7(4): 000599.


https://medwinpublishers.com/IZAB/
https://jzar.org/jzar/article/view/415
https://pure.ug.edu.gh/en/publications/uncontrolled-hunting-and-habitat-degradation-decimate-and-extirpa
https://pure.ug.edu.gh/en/publications/uncontrolled-hunting-and-habitat-degradation-decimate-and-extirpa
https://pure.ug.edu.gh/en/publications/uncontrolled-hunting-and-habitat-degradation-decimate-and-extirpa
https://pure.ug.edu.gh/en/publications/uncontrolled-hunting-and-habitat-degradation-decimate-and-extirpa
https://journals.co.za/doi/abs/10.10520/AJA0000012_321
https://journals.co.za/doi/abs/10.10520/AJA0000012_321
https://journals.co.za/doi/abs/10.10520/AJA0000012_321
https://www.publish.csiro.au/wr/WR18001
https://www.publish.csiro.au/wr/WR18001
https://www.publish.csiro.au/wr/WR18001
https://www.publish.csiro.au/wr/WR18001
https://www.publish.csiro.au/wr/WR18001

	_Hlk119755481
	_GoBack
	RANGE!F3
	_Hlk95217812
	_Hlk127441361
	_Hlk128409777
	Abstract 
	Introduction 
	Chopped Versus Whole 
	Zoo Husbandry 
	Hornbill Research 

	Materials and Methods
	Study Subjects and Location 
	Data Collection 
	Behaviour Data Collection 
	Food Intake and Preparation Time 

	Data Analysis 
	Results 
	Behaviour
	Food Intake
	Preparation Time

	Discussion
	Behaviour 
	Food Intake 
	Preparation Time 
	Future Research

	Conclusion 
	References 

