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SUMMARY: Clinically, avian medicine still finds it very difficult to treat wild patients due to the lack of reliable information about
their anatomy and physiological parameters that make comparative analyzes possible. Considering that computed tomograpkyofCT) i
the most viable alternatives in radiography of the head, we describe the comparative anatomy of the bAak &matainaand the
Ramphastos tocthrough this imaging modality and macroscopy analysis, providing additional information about their conformation and
topography for clinical exams. Adult specimens of each were dissected after the CT and beaks were removed for macrosespltianaly
macroscopic and tomographic findings for both species confirm the similarities in beak morphology and the dietary pezfidiachidhe
CT scan proved to be a useful tool to visualize internal structures of the skull through a detailed virtopsy of regieuftbalt &0 access
by the usual necropsy with a scalpel.
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INTRODUCTION

According to the SNational Report for the Convention resources (Tubelis, 2009). The ventrally curved beak of these
on Biological Diversity, Brazil is the country with the greatesbirds is especially adept for collecting and handling their food
biodiversity in the world (Ministério do Meio Ambiente, 2016).(Cubaset al).

When considering avian species alone, it assumes a tertiary

position only behind Colombia and Peru (BirdLife The Toco ToucanRamphastos togds a ranphastid

International, 2013). The economic exploration, intens@idespread distributed throughout neotropical regions,

destruction of habitats and illegal persecution of birds thatcupying an area that extends from southern Mexico to

represent this fauna place these animals under constant thrgathern Argentina. It is morphologically easy to identify, due

(Cubaset al, 2014). to its large and long beak (Culesl). Currently, it is accepted
that this characteristic is related to body thermoregulation

The Blue-and-yellow MacawAfa araraung are (Tattersallet al, 2009) and feeding aspects of fruit peeling
parrots that are widely distributed in Brazilian territory as we(Jones, 1985), nest predation (Sick, 1997), and greater reach
as the southern region of Central America (Scherer-Bietowithin holes in trees (Short & Horne, 2001).
al., 2011). It is one of the main targets for trafficking of wild
species, especially since it adapts easily in captivity, and for Clinically, avian medicine still finds it very difficult to
the beauty of its exuberantly colorful plumage (Bianchi, 1998¢ope with wild patients even when in captivity, inasmuch, as
Generally, they feed on fruits, seeds, flowers and leaves, whiitie is known of crucial pathological signs in these animals
can vary depending on the region and available environmengaéladiancet al, 2016). Diagnostic approaches have become
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more important and, despite the great advance in the area over
the past 20 years (Krautwald-Junghanns, 2010), there is still
little information on physiological parameters to make
comparative analyzes possible, especially for imaging tests in
the region of their heads (Veladiano ef al.).

As computerized tomography (CT) is one of the most
viable alternatives in radiology, mainly because it avoids a
structural overlap through higher spatial resolution
(Krautwald-Junghanns). We aim to describe the comparative
anatomy of the beaks of the Blue-and-yellow Macaw and Toco
Toucan using CT and macroscopy analysis, to provide
additional information on their conformation and topography
for use in clinical routine. It is also expected to observe
relationships between structural aspects and their eating habits.

MATERIAL AND METHOD

Three adult specimens of Blue-and-yellow Macaw (Ara
ararauna) and Toco Toucan (Ramphastos toco) were donated
to the scientific repository of the Animal Anatomy Laboratory
of the Department of Surgery of the School of Veterinary
Medicine and Animal Science of the University of Sdo Paulo
(USP-Brazil) by the Marinovic maintainer; authorized by the
Brazilian Institute of Environment and Renewable Natural
Resources (IBAMA) by protocol n° 3127.9144/2014-MG.

Tomographic examination of the cadavers was
performed in Phillips® Brilliance CT scanner with 64 rows of
sectors from the Imaging Service of the University of Sao
Paulo, and DICOM format (digital imaging and
communications in medicine) was used to save the images.
All content was analyzed by Radiant® Medical Image
processing software and Osirix®. Next, the animals were fixed
by means of intramuscular, subcutaneous, and intracavitary
injections of 10 % formaldehyde aqueous solution prior being
immersed in opaque tanks containing the same solution, where
they remained for 15 days. Dissections began only after that
period, and were performed according to procedures
established at the Laboratory.

The nomenclature used to designate the identified
structures was in accordance with the International Committee
on Avian Anatomical Nomenclature ICAAN) (Baumel ez al.,
1993) and, when applicable, with the International Committee
on Veterinary Gross Anatomical Nomenclature (International
Committee on Veterinary Gross Anatomical Nomenclature,
2017). The study was approved by the Ethics Committee on
the use of Animals of University of Sdo Paulo (protocol number
5351110320), and by the SISBIO-Brazil (protocol number
72069-1).
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RESULTS

Multiplanar reconstructions were generated in dorsal,
sagittal and transverse sections, in addition to the three-di-
mensional volumetric rendering of the bodies of both wild
birds. The beak consisted of a very resistant and, at the same
time, lightweight structure, formed by a network of very thin
bone trabeculae that make it possible to have ample internal
space.

For both species, the maxillary and mandibular parts
of the beak, respectively, are supported on the pre-maxillary
and mandibular pneumatic bones. These are recovered by a
hard keratinized layer. Together, these structures are called
rhamphotheca, the rhinotheca for the upper region and the
gnathotheca for the lower region (Figs. 1, 2 and 3).

For both species, the external region of the beak
comprises the angle of the dorsal midline of the rhinotheca,
called culmen; the angle of the ventral midline of the
gnathotheca, called gonys; and the cutting region of the right
and left lateral margins of both parts of the rhanphotheca, called
tomia (it is serrated in the Toco Toucan, but an unguis in the
Blue-and-yellow Macaw) (Figs. 1 and 2).

Macroscopically, as well as detected through the three-
dimensional reconstruction with differentiation of tissue
density by colors, a general thickening of these three regions
was visualized, as they were positioned rostrally towards the
apex of the beak, being a more compact tissue (Figs. 1,2 and
3). The structures containing air tend to appear darker while
the solid structures tend to color in red (Fig. 3).

In the Toco Toucan, the mandibular part is formed by
two rami that merge in the midline, in a dorsal view,
constituting a lower median raphe that supports the tongue
when it is at rest; and the maxillary part is formed by the fusion
of the ramus of the pre-maxillary bones, which in a ventral
view, form an upper median raphe. It is noteworthy that both
are morphologically similar to a gutter (Fig. 1).

In the Blue-and-yellow Macaw the rostral third of the
ventral part of the rhamphotheca consisted of palatal wrinkles,
transversely arranged and individualized from the rest of the
beak by a step-shaped depression. The apex of its beak is
strongly curved in a ventral direction, similar to a hook, and
the mandibular part is short with the apex analogous to a spatula
(Fig. 2), unlike the toucan which looks like a clamp (Fig. 1).

Through the median sagittal section using
computerized tomography, for both species, the internal region
of the beak is, generally, constituted by an extensive
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Fig. 1. Specimen of Blue-and-yellow Macaw (Ara ararauna). (A) Left side view showing the region of culmen and gonys (white lines), and
the superior (1”) and inferior tomia (1"). (B) Medial view of the left hemibeak after a mid-sagittal cut indicating the maxillary chamber
(dashed line) and the trabecular bone network in the maxillary (1) and mandibular (2) parts of the beak. (C) Ventral view of the maxillary part
of the beak showing the step-shaped depression (dashed line) and the area of the palatal folds (1). (D) Dorsal view with the mandibular part
of the beak removed together with the larynx (a) and hyoid bone (b), referencing the rostral limit of the mandibular part (1). (*) demonstrates
the tongue.

interconnected trabecular bone network (Figs. 1,2 and 4).  tissue was thinner and had a greater number of branches in
Sometimes, this is not present and just delimits a large internal ~ the Toco Toucan when compared to the Blue-and-yellow
space, the maxillary chamber (Figs. 1,2 and 5). The trabecular ~ Macaw (Figs. 1 and 2).
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LOWER PALATINE RAPHE

Fig. 2. Specimen of Toco Toucan (Ramphastos toco). (A) Left side
view showing the region of culmen, gonys (white lines), and upper
and lower tomia (dashed lines). (B) Medial view of the right hemibeak
after a median sagittal cut indicating the maxillary chamber (dashed
line) and the trabecular bone network in the maxillary (1) and
mandibular (2) parts of the beak. (C) Ventral view of the maxillary
part of the beak showing the upper median raphe (dashed line). (D)
Dorsal view with the mandibular part of the beak removed along
with the larynx (a) and hyoid bone (b), referencing the lower median
raphe (dashed line). (*) demonstrates the tongue.

DISCUSSION

The understanding of function is necessary to
comprehend the peculiar shape of these birds' beaks. The
study on the “Form-Function” complex defines that “form
is the plastic image of function”, that is, for anatomy, form
appears as “a fixed moment of function” (Ruffini, 1925).
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Fig. 3. Visualization of the rhinotheca (1) and gnathotheca (2) in
Blue-and-yellow Macaw (Ara ararauna) (A) and Toco Toucan
(Ramphastos toco) (B). It is also observed the differentiation of
density of the component tissues in species, referring to the more
intense red, the greater the density of this tissue.

The Blue-and-yellow Macaw with its beak in the form of
arigid hook needs to open the seeds and fruits for feeding,
in addition to also using it as a tool to climb trees (Cubas
etal)).

The Toco Toucan, on the other way, uses its beak
to capture food by destroying the nests of other birds and
inside cavities in trees (Sick). It also forages for fruits
that are not easily accessible in treetops (Short & Horne,
2001). Since it has a significant surface area for heat
exchange, the beak is also used as a thermoregulator, si-
milar to a radiator in an automobile (Tattersall ez al.).

A thin and extensive trabecular bone network is
present inside both the maxillary and mandibular parts of
the beaks of both species. This corroborates what has
already been reported by Short & Horne (2002), Seki et
al. (2006), Fecchio et al. (2010), Seki et al. (2010) and
Dislich (2014) for the latter. Similar information was not
available for the Blue-and-yellow Macaw, as the
description published by Aizawa et al. (2013) did not
address this anatomical region. This is also the first time
that the beak of these two species is described through
this imaging technique.

Such images are of great value for Veterinary Me-
dicine (Krautwald-Junghanns). Computerized tomography
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Fig. 4. In the sagittal section, the maxillary chamber (dashed line),
and the trabecular bone network in the maxillary (1) and mandibular
(2) parts of the Blue-and-yellow Macaw (Ara ararauna) (A) and
Toco Toucan (Ramphastos toco) (B) beaks are demonstrated. (*)
demonstrates the tongue.

offers high spatial resolution and allows for the evaluation
of more complex anatomical structures, being clinically
valuable in the identification of tumors and/or fluids within
the paranasal sinuses and nasal chambers during avian
medical routine (Hillyer, 1997). Sinusitis, for example, is
one of the most common respiratory problems in psittacine
birds (Altman, 1997), also occurring quite frequently in
ranfastids, which are susceptible to this disease. This is due
to the peculiar form their beaks which favors the growth of
aerobic bacteria and the accumulation of necrotic and caseous
materials between bone trabeculae (Dislich). In some specific
cases, the clinical condition of patients can be unresponsive
to conventional therapies and a chronic condition can be
reached, either due to the resistance of pathogens, or the
presence of some tumor or granuloma (Hillyer). However,
medical therapy can be effective once both situations are
solved (Pye et al., 2000), and so it is essential to have a
broad understanding of local physiological anatomy (Orosz,
1997). We contribute via anatomical and tomographic images
for the Blue-and-yellow Macaw and Toco Toucan.

The macroscopic and tomographic findings for both
the Blue-and-yellow Macaw and Toco Toucan corroborate

Fig. 5. The maxillary chamber (dashed line), and the trabecular bone
network in the maxillary (1) and mandibular (2) parts of the Blue-
and-yellow Macaw (Ara ararauna) beak (A); and the trabecular bone
network in the maxillary (1) and mandibular (2) parts of the Toco
Toucan (Ramphastos toco) beak (B) are demonstrated.

the similarities between beak morphology and dietary
peculiarities of each species. This enables these species to
break and peel hard seeds, and forage for other foods as
well (Jones; Sick; Short & Horne, 2001; Tubelis).
Radiological anatomy confirms the importance of the
computerized tomography as a valuable resource in vir-
tual dissection. This study highlights the relevance of
diagnostic imaging applied to the anatomy of wild animals.
Thus, CT was proven to be a useful tool for the visualization
of internal structures of the skull of birds, through a detailed
virtopsy of regions that are difficult to access by the usual
necropsy with a scalpel. Finally, although CT is not a
substitute for common dissection, it is an excellent
technique to complement traditional macroscopic analysis.
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RESUMEN: Debido a la escasa informacién de la
anatomia y de los pardmetros fisioldgicos que hacen posible
los andlisis comparativos en la medicina aviar, clinicamente
resulta muy dificil el tratamiento de estos animales. Conside-
rando que la tomograffa computarizada es una buena alterna-
tiva, estudiamos la anatomia comparativa del pico en Ara
ararauna 'y Toco Toucan utilizando imdgenes y un andlisis de
macroscopia. Estos métodos proporcionaron informacién adi-
cional referente a su conformacion y topografia para el traba-
jo clinico. Después de analizar la tomografia se disecaron las
muestras de especimenes adultos y se retiraron los picos para
un andlisis macroscopico. Los hallazgos macroscépicos y
tomogréficos para ambas especies corroboraron la relacién
morfolégica entre los picos y las peculiaridades dietéticas de
cada uno. Se demostré ademds, que la tomografia
computarizada es una herramienta ttil para visualizar las es-
tructuras internas del craneo de las aves, a través de una
virtopsia detallada en dreas de dificil acceso durante una ne-
cropsia habitual.

PALABRAS CLAVE: Anatomia de aves; Morfolo-
gia; Craneo; Examen de tomografia.
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