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Abstract— Chelonia mydas, popularly known as the green turtle, is widely distributed in tropical seas and uses
as its feeding area the coastal region of Peruibe, located on the southern coast of Sdo Paulo State. It has a solid
cranial formation, without temporal openings and formed by the junction of several small bones, among them the
hyoid bones that have the function of supporting the tongue. In a study conducted with 10 individuals of the same
species and with similar sizes, the objective was to verify the presence of a differentiated bone structure that has
not been described in any study until the present moment and to verify if it was not only anatomical variation
generated by any anomaly. in the evaluated animals. The techniques used for verification were computed
tomography (with window for bone parts: center - WL 300 and width - WW 1,500) and histological analysis. For
histology, the hyoid bone structure was removed from the skull separation and disarticulation and tongue
extraction. With the separation of the bones, cuts of approximately 0.5 cm in length were made and fixed in 10%
paraformaldehyde, with subsequent application of the fixation procedure, for observation with scanning electron
microscopy. The structure analyzed was identified in 6 individuals. This proves that it is part of the formation of
the hyoid bone, so it is necessary to name this structure and carry out in-depth studies to know its importance and
to verify if it is a modification that is affecting the species or if it is a genetic variation that affected population

studied.
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l. INTRODUCTION

The Chelonia mydas (1) popularly known as the
green turtle has wide distribution in tropical seas, usually
between 40°S and 40°N (2). It uses as food area the coastal
region of Peruibe, located on the south coast of Sdo Paulo
that is within the areas of the Cananéia-lguape-Peruibe
Conservation Units, Jureia-ltatins Conservation Units
Mosaic and Tupiniquins Ecological Station. (3).

According to the latest IJUCN (Red List of
Threatened Species) assessment in 2004, the conservation
status of the species Chelonia mydas (Family Cheloniidae)
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has category A2bd, which classifies the species as
endangered, based on information on population reduction
(4). With the increasing decline in the number of
individuals, studies are needed to assist in the health of these
animals when found / caught, whether intentionally,
incidentally, or stranded both alive and dead. These
individuals may be affected by various diseases involving
the cranial region, such as meningeal hemorrhage, spinal
cord compression, traumatic injuries associated with fishing
activities, ingestion of hooks and lines, eye fibropapillomas,
among others (5)(6).
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Unlike other reptiles, the sea turtle has a solid skull,
without temporal openings and formed by joining several
small bones. It is made up of the neurocranium that provides
the lining shell for the brain and the esplanocranium which
is made up of the bones that cover the face. Anatomical
variation that promotes bone shape is characteristic for each
species (7).

The green turtle has a cranial shape consisting of a
short rounded muzzle lined with keratin and parietal bones
with shallow carvings. They have a sturdy jaw, the upper
one having a smooth U-shaped contour and the lower jaw
having a ridge parallel to the interior surface and a midline
cusp. The palate is present between the upper jaw margins
and the inner nostrils (alveolar surface), has a pair of
mountain ranges that occur parallel to the outer edge of the
mandible. In addition, it has a horned or ranch-shaped beak
that covers the maxillary, premaxillary, and vomer bone of
the upper jaw, and the lower jaw dental, and present the
hyoid bone, which has the function of supporting the tongue
(8).

Computed tomography (CT) is a noninvasive
imaging diagnostic method that has been the focus of
research to develop new study and treatment methods to
assist in the conservation of sea turtle species, as can be
cited for use in rehabilitation Due to its high sensitivity, it
allows the visualization of various organs, providing
information on its shape, as well as the characterization of
small alterations. In addition, it is possible to provide
information on bone morphology, consequently allowing
the acquisition of biomechanical parameters, as it
characterizes loss of bone mass (9)(10).

It is widely used to detect skeletal and soft tissue
disorders in turtles (11). This is because turtles exhibit
changes in bone mineral metabolism regardless of whether
they are free-living or captive animals (12)(13)(14).

CT has been used to study the embryonic
development of these animals, according to Kuratani (15)
who describes the development of the chondrocranium of
Caretta caretta species. In the early stages of embryonic
development, the morphology of bird and reptile embryos
resembles that of a shark embryo, as does the initial pattern
of mesenchymal condensation seen in mammalian skulls.
Thus, reptiles can serve as a useful model system for
understanding the development and evolution of the
amniotic skull. They exhibit a set of primitive features that
are characteristic of amniotes such as an extensively
chondred neurocranium composed of paracordal cartilage
and broad orbital cartilage that surrounds the neural tube
(16).

In the application of the CT technique in the
chondrocranium region of juvenile turtle juveniles, the
presence of a bone structure that was not previously
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described was observed, and there are no studies related to
the observation of sequential morphological changes in the
hyoid bones of these animals. regardless of their stage of
growth. Therefore, it will be necessary to study the
morphology of the Chelonian hyoid to discover the function
of this new structure found only in this species (Chelonia
mydas).

The aim of the present study was to describe and
name a new bone structure (keratobranchial process I1),
located in the 2nd branchial horn of the hyoid.

1. MATERIAL AND METHODS

We used 10 individuals of the species Chelonia
mydas, found dead within the Environmental Protection
Area - Cananeia-lguape-Peruibe and Cananéia-lguape-
Peruibe Conservation Units, Mosaic of Jureia-ltatins
Conservation Units, collected by the SOS Tartarugas
Project, with license. Tamar / Icmbio-50132, authorization
of the Ethics Committee No. 003/19 - CEUA IBIMM and
donated to FMVZ, and approved by CEUA FMVZ — USP
No. 3829270117 of 03/15/2017.

The animals were taken to the radiology and
tomography center of the University Hospital of the
University of Sdo Paulo, where they diagnosed the images
using the Philips Brilliance CT Scanner, 64 rows of
detectors. Cutting Thickness: 1mm. Windows were
obtained for soft tissue and bone tissue. Soft Part Windows:
Center (WL 60) and Width (WW 400), Bone Part Windows:
Center (WL 300) and Width (WW 1,500), Flat
Reconstructed Cuts: Axial, Coronal, and Sagittal. The
Volumetric Reconstruction Technique was designed with
Volume Rendering and the computer programs used for
visualization and capture were done through Philips
Workstations and Radiant DICOM Viewer. For the hyoid
bones only windows for bone parts were used (HU-
University Hospital-Center of Radiology-USP).

The procedures for macroscopic analysis include
the separation and disarticulation of the skull, with cuts
made with the aid of a scalpel, sectioning the skin and
musculature, for access to the tongue. After removing the
tongue from the samples, the musculature and cartilage of
the tongue were separated until the hyoid bone structure was
located (17).

The samples were cut into approximately 0.5 cm
long sections and fixed in 10% paraformaldehyde, dried in
a Balzers CPD 020 critical point apparatus (CADI-FMVZ-
USP), glued with carbon glue on aluminum metal bases
(stub). and sputting with gold on the EMITECH K550
(FMVZ-USP) metallizer, and subsequently analyzed and
photographed on a LEO 435VP scanning electron
microscope (FMVZ-USP) (17).
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1. RESULTS AND DISCUSSION

The animals had an average body mass of 5.4 kg
and values of carapace curvilinear length (CCC) 38.05cm
and carapace curvilinear width (CCL) 34.95cm, the
individual measurements are shown in table 1.

Table 1 - Biometric data of green turtles.

INDIVIDUALS CCC LCC BODY MASS
(cm)  (cm) (Kg)
01 40 35 6.5
02 3 32 45
03 26 25 1,6
04 38 36 55
05 445 395 7.8
06 33 31 3,9
07 375 33 45
08 44 4 5.2
09 415 39 7.6
10 40 38 6.9

Source: WYNEKEN,
(2001) p. 28

Anatomy is of great importance in wild veterinary
medicine, most of the findings were based on the techniques
of dissection and study of the bones of various animals,
which contributes a lot to the morphological sciences. In the

case of sea turtles, mainly Chelonia mydas species, there is
no complete anatomical atlas, being used only as reference
the works restricted to the production of complementary
scientific articles. In this work, the anatomy and dissection
techniques contributed to the discovery of a new structure,
besides using computed tomography as an important
research aid tool.

During the anatomical evaluation process of the
skull bones of a green turtle (Chelonia mydas) individual,
the presence of a new anatomical structure was observed
and according to a bibliographic survey, it has not been cited
in any world literature until the present moment, which
generates the need to discuss a new nomenclature for it.

To verify its presence, the study was conducted
with other animals, totaling ten individuals, through the
computed tomography procedure in the skull region (Figure
1) and to verify if it was not only anatomical variation
generated by any anomaly in the evaluated animal, 9 more
individuals were dissected whose hyoid bones were
evaluated. The animals evaluated were of the same species
and with similar sizes.

Among all individuals analyzed, the structure was
found in 6 individuals. Which proves that it is part of the
formation of the hyoid bone. The bone composition of the
hyoid apparatus follows in figure (2).

Fig.1 - 3D computed tomography of the green turtle skull (Chelonia mydas). Figures I, 11 and 11 - yellow circle, presence of
the new structure. Caption: In (A): | - anatomical section for removal of the hyoid bone, | - keratobranchial 1, I - hyode
body, Il - keratobranchial 1lI. in (b):, IV- horned beak, 11 - tongue, I1I - keratobranchial musculature. in (c): VII -lingua,

VIlI-hyoid paraparate (keratobranchial | or horn 1), IX-keratobranchial 1l (horn 11). in (d): X - body of the hyode, XI -
keratobranchial I, XII - keratobranchial. in d, e, f (circle) keratobranchial process II.
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Fig.2: Computed tomography of the bone structure present in the green turtle hyoid. It is observed in the upper figure in I, 11

and 111 (yellow circle) the presence of white bone, orange cartilage. In the lower figure, photographs of the hyoid bone, in I,

Il and 111 (circles) presence of bone structures. Processed in a CT scanner at the Radiology Center of the University Hospital
of the University of S&o Paulo.

In computed tomography it was possible to prove that the structure is a bone. Layers define a different composition
of structures and coloring. It is possible to visualize the porous layers of the bones according to figures 3 and 4.
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Fig.3: Computed tomography of the keratobranchial process II; In A (yellow circle) calcified bone, 1um increase; in B -
Circle (pores) 1um increase; in (C) porous channels, 100um increase; in (D) I - bone structure, in Il - cartilage-increase of

éﬂ:ﬁs"" i

4

Fig.4: Scanning electron microscopy of the new color structure. Note (A) green (calcified bone and cartilage violet) 1um
increase; in (B), | - calcified bone, Il - cartilage, arrow (muscles) increase of 300um; and in (C) 11l - bone calcified with
pores, IV - cartilage - 1um increase.

In works by Kuratani (16)(18)(19) describes
cranial morphology and development of the hyoid in the
skull of Caretta caretta species, but did not present at any
stage of developmental stages (from embryo to adult
animal) the appearance of the observed structure. on green
turtles.

Other authors such as Werneburg et al. (20),
Garcia et al. (21), Jones et al. (22) describe the skull and
hyoid bone of Caretta caretta and Lepdichoelys kempi
turtles with computed tomography technique; Wyneken (8)
described the anatomical part from dissection and Arencibia
et al. (23) describe the skull of the species Caretta caretta
from computed tomography and also did not observe the
presence of the structure present in the hyoid bone
apparatus, located in the second gill horn or keratobranchial
bone 11, of the green turtle.

Work (24) and Wyneken (8) cite in their work
peculiar changes in green Hawaiian tortoises, such as the
emergence of a new structure called (esophageal
diverticulum or crop), the function of which has not yet been
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confirmed. This structure is found only in green turtles in
the Caribbean regions and also in some individuals in South
America.

V. CONCLUSION

Veterinary anatomy and osteology are essential
study tools to develop and expand the knowledge about
marine animals that are necessary to understand the life
dynamics of these organisms and therefore have data to use
for their conservation. At the first moment it is very
important to characterize this structure and name it
“keratobranchial process II”. Defining the importance /
function of the bone discovered in the green turtle may help
in understanding the eating habits of these animals, which
is completely different from other species of sea turtles, so
perhaps not yet described or found in them, as well as
verifying if it is. a modification that is affecting the species
or if it is a genetic variation that affected the population
studied This opens a new door to study the function of this
structure and why it does not appear in all green turtles.
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