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STRUCTURAL BIOINFORMATICS

BIOINFORMATICS MODEL OF THE CARAPACE SCUTE PATTERN OF THE RED-EARED SLIDER
TRACHEMYS SCRIPTA ELEGANS (WIED-NEUWIED, 1839)
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Abstract
The scutes located on the carapace of the red-eared slider Trachemys scripta elegans (Wied-Neuwied, 1839) have been
modeled. Bioinformatics modeling of carapace’s scutes were carried out by utilizing the Voronoi decomposition and De-
launay triangulation method. These two geometric techniques allow the patterns of vertebral and costal scutes to be rec-
reated. The proposed model may have a certain value for taxonomy as well as for estimating the symmetry of the mor-
phological structures, which is important for the purposes of biomimetics.
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1 Introduction

The turtle shell has a long history of studies and is consid-
ered in various aspects of biology starting from paleontologi-
cal and evolutionary reconstructions and ending with molecu-
lar genetic studies (Sukhanov, 1964; Zangerl, 1969; Feldman
and Parham, 2002; Rieppel, 2013). The shell is a key anatom-
ical structure that forms the habit of turtles and consists of a
dorsal carapace and a ventral plastron (Saxena R.K. and
Saxena S., 2008). The shell is characterized by adaptive plas-
ticity that manifests in qualitative and quantitative differences
in land, freshwater and sea turtles. It is the features of the
habitat that predetermine the geometry of the shell and a de-
gree of its dome which can be determined by the angles of
carapace curvature in various projections, such as lateral,
horizontal and frontal (Kiladze, 2017). The physiological
significance of turtle shell is associated with passive protec-
tion from predatory animals, thermoregulation, deposition of
mineral and fatty substances, as well as water (Cordero,
2017).

Scutes on the shell of the turtles have a geometrically regu-
lar shape and a characteristic arrangement. This allows scien-
tists to discuss the natural symmetry of the shell as the scutes
are distinguished by a high level of morphological specializa-

tion which are associated with adaptations to the environment.
There is a high level of individual variability of a mosaic
pattern of scutes against the background of their phylogenet-
ically stable pattern (Cherepanov, 2014). The carapace is
formed not only by scutes that are separated by furrows, but
also by epidermal bumps, or tubercles that can occur in some
species. In terms of evolution, the scutes are considered an
innovation, while the tubercles are homologous to reptilian
scales (Moustakas-Verho and Cherepanov, 2015).

It is important to use visual bioinformatics models to rec-
reate the natural pattern of pholidosis because it aids in
providing the solution of taxonomic issues since the configu-
ration of the scutes is of a species-specific nature. In addition,
a turtle’s shell serves as an excellent example for demonstrat-
ing the laws of symmetry in biology. Fundamentals of model-
ing the surface of a turtle’s shell can find their application in
biomimetics (Jabbari et al., 2014). Previous attempts were
made to study the symmetry and asymmetry of the skin as
well as its derivatives in vertebrates, as this would allow us to
analyze existing principles and approaches in the field of
theoretical and applied biosymmetrics (Chernova and Ki-
ladze, 2014; Kiladze and Chernova, 2014). Scientists from the
University of Pisa and Sea Turtle Rescue Centre (Italy) have
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studied geometric morphometrics and scute patterns of shell
of loggerhead turtle (Caretta caretta) (Casale et al., 2017).

The purpose of this work is to visualize the geometric fea-
tures of the mosaic pattern of carapace scutes using the red-
eared slider as a study object. The natural habitat of these
turtles is the United States, while in Russia red-eared sliders
are widely distributed as pets. When these turtle escape into
the wild or a new habitat, it acquires the characteristics of an
invasive species (Semenov, 2009).
2 Material and Methods

The carapace surfaces of ten adult red-eared sliders Tra-
chemys scripta elegans (Wied-Neuwied, 1839) were exam-
ined. Sliders for the research were provided by private ter-
rariophiles. The turtles care and feeding were standard in
captivity. Carapaces of the studied turtles were photographed.
Simulation of the location and shape of vertebral and costal
scutes was performed on a digitized image of the most typical

carapace, which did not have visible asymmetry and anoma-
lies of pholidosis. This condition allowed us to consider this
carapace as a standard material. The bioinformatics model
was based on the Voronoi decomposition and Delaunay trian-
gulation. To create the model, we used Ivan Kuckir’s comput-
er program that he posted on the Internet (Kuckir, 2017).

3 Results

The carapace of adult turtles demonstrated different shades
of green. The camouflage tones were the most common color,
while on a fairly uniform background, yellowish stripes may
occur. It was observed that furrows clearly separated each
scute. The three most common shapes of the carapace scutes
were trapezoidal, pentagonal and hexagonal (Fig. 1).

Fig. 2 — Modeling of the carapace scute pattern of the red-eared slider Trachemys scripta elegans (Wied-Neuwied, 1839):
A — apexes of scutes; B — Voronoi diagram consisting of cells having different areas depending on the arrangement of the scute

vertices; C — Delaunay triangulation modeling the shape of scutes



Geometric modeling of the form of vertebral and costal
scutes included a number of stages: (1) Plotting of points on
the plane, which coincided with the corners of the scutes (Fig.
2A). (2) Construction of the Voronoi diagram. In this context,
the distance between the point vertices of the scutes is con-
nected by a positive correlation with the area of the cells: the
farther the points from each other, the larger the cell. Con-
versely, the smaller the distance, the smaller the partition area
(Fig. 2B). (3) Modeling, by means of triangular simplices, of
the configuration of vertebral and costal scutes using the De-
launay triangulation. The resulting graph is adequate to the
real geometric configuration of the scutes and their topogra-
phy on the carapace (Fig. 2C).

4 Discussion

The obtained results should be considered in the context of
the evaluation of symmetry and asymmetry of natural struc-
tures. The Voronoi diagram explains the natural pattern of
dragonfly wing (Gawell and Nowak, 2015), scales in some
species of fish (Voytekhovsky, 2009), or spotted color in
giraffes (Wormser, 2008). In discussing the natural geometry
of cutaneous appendages, it must be pointed out that hexago-
nal symmetry is characteristic of certain features of some
animals. For example, it is characteristic of the scales of
snakes and also for the location of feather follicles in the Af-
rican ostrich (Chernova and Kiladze, 2014; Kiladze and
Chernova, 2014). All these examples seem to suggest a uni-
fied mechanism of morphogenesis, which encompass the
development of various organs and tissues. Currently, the
alternation of laying skin appendages, as well as the pigmen-
tation in reptiles in ontogenesis, can be explained using the
chemical bases of morphogenesis (Turing, 1952), the theory
of the formation of biological patterns (Gierer and Meinhardt,
1972) and the physical foundations of biological morphogen-
esis (Belintsev, 1991).

In practical herpetology, the application of geometric tech-
niques is believed to allow comparative studies of the scute
arrangement, to reveal the species-specific features of turtles,
which is of great importance in taxonomic work. Considering
the regular mosaic of scutes, which is distinguished by a cer-
tain symmetry, a natural pattern can be used in systems of the
industrial design and biomimetics.

5 Conclusion

In conclusion, it should be noted that the application of the
methods of geometric modeling and visualization of morpho-
logical elements will allow a wider understanding of the
structural architectonics of scutes of a turtle’s shell. This
would be necessary for solving various biological problems
when discussing key theories of the morphogenesis of the
skin of vertebrates. The applied aspects of the results obtained
can have significant value in the construction of certain tech-
nical elements that use as a basis the natural position of scutes
on the shell of turtles.
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BUOMH®OPMAINIMOHHAA MOJAEJIb MTATTEPHA POI'OBBIX IIUTKOB KAPAITAKCA
KPACHOYXOM MPECHOBOITHOM YEPEITAXYA TRACHEMYS SCRIPTA ELEGANS (WIED-
NEUWIED, 1839)

bnacooapnocmu
Buipasicaemces enybouatiwan 6nazodaprocms Yeprogou O.D. (Mucmumym npobaem sxonoeuu u ssomoyuu um. A.H.
Cesepyosa Poccuiickoii akademuu nayk U139 PAH) 3a akademuueckoe pedaxmupoganue cmambli.
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*KoppecroHMpyIOmuii aBTOp.
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Annomauyusn
Cmooenuposana (hopma poeosvix WUMK0O8 Kapanakca KpacHoyxou npechosoonoiuepenaxu Trachemys scripta ele-
gans (Wied-Neuwied, 1839). Buoungopmayuonnas moodensv exmouana pazouerue Boponoeo u mpuanzynsyuio [e-
JIOHe. DMo NO360MUN0 2e0MEeMPUUECKUMU MeMOOaMU 60CCO30amb NAMMEPH NO360HOUHBIX U PEOEPHBIX WUMKOB.
Ipeonodicennasn modenb Modicem UMems ONpeoesieHHOe 3HAUeHUe 68 MAKCOHOMUL, a MAK’ce 0N OYEHKU CUMMENI-
PUUHOCIU MOPHOTOSUUECKUX CIPYKIYD, YO 6AXNCHO OIS Yenell OUOMUMEMUKU.

Knwueswie cnosa: Kpacroyxas npeCHOGOC)HCl}l uependaxa, Kapandakc, pocoevle Wumku, ()uazpafwwa BOpOHOZO, mpu-
AH2YTIAYUSA ﬂeﬂOHe, CUMMEMPUHL.



