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The Loggerhead sea turtle (Caretta caretta) is widely distributed in the Mediterranean Sea but, like
other sea turtles, it is considered a threatened species. Improving anatomical knowledge on normal
aspects of the species is important for correct diagnosis and proper therapy and, therefore, for improv-
ing the chances of a complete recovery and a fast reintroduction into the wild for a greater number of
sea turtle bycatch and other mishaps. For this reason, 15 Loggerhead turtles, with clinically healthy
eyes, were submitted to ocular ultrasonographic (US) examinations. The US exam was quick, non-in-
vasive, and simple to perform and permitted researchers to assess all the ocular features.
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Glavata zelva (Caretta caretta) je Siroko rasprostranjena u Sredozemnom moru, no, kao i ostale vrste
morskih kornjaca, smatra se ugrozenom vrstom. Bolje poznavanje anatomije vrste vazno je za pravilnu
dijagnostiku i terapiju, a time se povecavaju Sanse potpunog izlijecenja I brzog povratka u divljinu za
veliki broj slu¢ajno ulovljenih ili ozlijedenih morskih kornjaca. Iz tog razloga petnaest glavatih Zelvi
podvrgnuto je ultrazvucnom pregledu ociju. Ultrazvucni pregled bio je brz, neinvazivan, jednostavan
za provedbu i omogucdio je znanstvenicima pregled svih o¢nih funkcija.

Kljucne rijeci: glavata Zelva, morska kornjaca, oko, ultrazvuk, biometrija

INTRODUCTION

The Loggerhead sea turtle (Caretta caretta) belongs to the Cheloniidae family. The
distribution of this species is worldwide, included the Mediterranean Sea. In the Med-
iterranean Sea the nesting sites are mainly in the southern regions such as the coasts
of Greece, Turkey and North Africa. In Italy, nesting occurs mainly along the coastlines
of Sicily and Calabria (MinGozzi ef al., 2007). Loggerhead turtles are also commonly
encountered along the south-western coasts of Italy in the Tyrrhenian Sea, where ju-
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veniles and adults utilize the rich local shallow habitats for foraging (HocHscHEID et
al., 2013, Marrucct et al., 2013).

These animals are threatened by multiple human activities: pollution of the seas,
ingestion of fish-hooks and other foreign bodies (Lazar & Gracan, 2011; SanTos ef al.,
2015), such as plastic bags that are confused with plankton, incidental catch in fisheries,
propeller injuries, as well as, the destruction of nesting sites. The loggerhead sea turtle
has been considered endangered for a long time (IUCN/SSC, 2002) but, thanks to the
international efforts to protect the species, it has been reclassified as vulnerable (Hocn-
scHEID et al., 2018). In recent decades, the interest of the scientific community in these
animals has increased. In order to improve the preservation and the treatments of these
animals, the knowledge of the normal anatomy is mandatory and diagnostic imaging
techniques represent a valuable means to reach this goal (VALENTE ef al., 2006; VALENTE,
2007; PeasE et al., 2010; MENNONNA et al., 2015; DE Majo et al., 2016; Peask et al., 2017).
The sense organs, especially the sight, of these ancient animals concern biologists and
veterinarians, particularly for their visual abilities both in water and out (NORTHMORE
& GraNDA, 1991; OL1vER et al., 2000; BarToL et al., 2002; MATHGER et al., 2007; CROGNALE
et al., 2008). Often, turtles with ocular injuries are presented to veterinarians who work
in rescue centers; therefore the knowledge of normal eye features is of a paramount
importance.

Ultrasonography (US) has already been used to study the eye and to establish the
normal biometrics in many species (PENNINCK et al., 2001; HoLLINGswWORTH ef al., 2007;
SPAULDING, 2008; LEnmkuHL et al., 2010; DAR et al., 2013; LAURIDSEN et al., 2014; THAfs et
al., 2014; Somma et al., 2015; Raroso et al., 2017; MeomarTiNO et al., 2018).

The aim of this study was to describe the normal ultrasonographic features and
dimensions of the eyes in the Loggerhead sea turtle (Caretta caretta).

MATERIALS AND METHODS

The ultrasonographic exams were performed on live Loggerhead sea turtles and the
study was approved by the Italian Ministry of the Environment and the Protection of
Natural and Marine Resources (protocol number 24471).

Thirty US of the eye were performed on fifteen Loggerhead sea turtles rescued from
the south of the Tyrrhenian Sea and admitted at the Marine Turtle Research Centre
(MTRC) of the Anton Dohrn Zoological Station in Portici (NA). All the turtles included
were preventively submitted to a complete ophthalmic exam and had normal eyes. The
straight length of the carapace (SCL) and the body weight (BW) were measured and
recorded for all the turtles.

All the animals were manually gently restrained and sterile topical anesthetic (No-
vesin, oxybuprocaine hydrochloride 0.4%; Novartis Farma spa, Italy) was instilled
before B-mode US. Twelve turtles were examined at the MTRC; the remaining three
were examined at the Interdepartmental Center of Veterinary Radiology, during dia-
gnostic investigations required for conditions not involving the eyes. Two ultrasound
devices, equipped with a 12-MHz linear probe, were used: MyLab30° (Esaote, Floren-
ce, Italy) at the MTRC and Mylab Class C® (Esaote, Florence, Italy) at the Interdepar-
tmental Center of Veterinary Radiology. The eye was coupled to the probe with a co-
pious amount of sterile gel (Sterile Aquasonic 100; Parker La. Inc., Fairfield, NJ, USA)
and the probe footprint was held in a horizontal and vertical position for the correspo-
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nding US scans, until optimal images were obtained (Fig. 1). The ocular dimensions
were measured using the US device software calipers. The following measurements
were obtained for each eye: the polar axis (PA), the distance from the corneal surface
to posterior wall of the retinal layer; the equatorial axis (EA), the maximal diameter
perpendicular to the PA; the corneal thickness (CT), the distance between the two lines
of the cornea; the anterior chamber depth (ACD), the distance from the posterior line
of the cornea to the anterior capsule of the lens; the lens thickness (LT), the distance
between the anterior and the posterior capsules; the vitreous chamber depth (VCD),
the distance from the posterior capsule of the lens to the retinal surface (Fig. 2).

Fig. 1. The photo shows an ultrasonographic exam in progress: the turtle is gently restrained and the
probe is placed on the right eye in a vertical position.
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Fig. 2. Schematic drawing of the Logger-
head eye with the measurements perfor-
med. Legend: 1 = corneal thickness; 2 =
anterior chamber depth; 3 =lens thickness;
4 =vitreous chamber depth; 5= polar axis;
6 = equatorial axis.

Data collected were analyzed for normality
with the Shapiro-Wilk test and reported as Me-
an+SD or Median (range) if normally or not
normally distributed respectively. Differences
between right and left eye in PA, EA, CT, ACD,
LT, were analyzed with 2-sided Student’s t-test
or Mann Whitney test, according to their distri-
bution. Correlation between SCL or BW and
other variables were tested using Pearson’s r or
Spearman’s r_ correlation coefficients, accor-
ding to the distribution. Significance was set for
P<0.05. Data analysis was performed with de-
dicated software (JMP® 8.0.2, SAS Institute Inc.,
Cary, NC, USA).

RESULTS

The sample was composed of 11 sub-adults
(SCL<65 cm) and 4 juveniles (SCL<40 cm). Only
5 individuals were sexed as 2 males and 3 fe-
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males. The mean SCL was 47.18 cm (+10.22; range 33.2-61.0 cm) and the mean BW was
18.79 kg (£12.6; range 6-32.7 kg).

The US exam of the eye was successfully performed on all the turtle but some dif-
ficulties were encountered because of the retraction reflex, particularly present in this
species. Each exam lasted from 3 to 5 minutes. Starting from the eyelid, the US features
of the eye were as described below: the cornea was formed by two hyperechoic parallel
lines and showed a slight anterior convexity; the anterior chamber was thin and anec-
hoic; the lens was formed by two hyperechoic convex lines, representing the anterior
and posterior capsules, delimiting an anechoic parenchyma, and was relatively small
compared to the eyeball; the scleral ossicle appeared as two hyperechoic lines at the
level of the limbus followed by a shadowing artifact, obscuring the equatorial borders
of the lens and, sometimes, of the eye; the vitreous chamber was anechoic; the retinal
fundus was regular and no optic disc was visible; on some occasions, the cartilaginous
portion of the posterior sclera was easily visible (Fig. 3).

Fig. 3. Ultrasonographic
image of the Loggerhead eye
in the horizontal scan. Le-
gend: 1 = cornea; 2 = anterior
chamber; 3 = scleral ossicle; 4
= salt gland; 5 = anterior and
posterior capsule of the lens;
6 = vitreous body; 7 = retinal
layer; 8 =scleral cartilage; 9=
artifact shadowing from sc-
leral ossicle.

Except for the CT, no statistical differences were found between right and left eye
and the mean (xDev.St.) are summarized in Tab. 1.

The SLC was significantly correlated only with VCD (p=0.01) while BW correlated
with PA (p<0.01), EA (p<0.01), LT (p=0.01) and VCD (p<0.01) (Fig. 4).

Tab. 1. - Mean (+Dev.St.) of the measurements performed, expressed in mm. * Statistical difference
between right and left eyes (P < 0.01).

Right Eye Left Eye Pooled Eyes
Polar Axis 18.41 (+1.51) 18.60 (+1.73) 18.50 (+1.11)
Equatorial Axis 23.28 (+2.40) 23.43 (+2.51) 23.35 (+2.41)
Corneal Thickness* 0.62 (+0.12) 0.52 (+0.06) 0.57 (£0.11)
Anterior Chamber Depth 0.83 (+0.16) 0.82 (+0.18) 0.83 (+0.16)
Lens Thickness 4.46 (+0.50) 4.40 (x0.41) 4.43 (+0.45)
Vitreous Chamber Depth 11.41 (+0.97) 11.26 (+1.08) 11.34 (x1.01)
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Fig. 4. Linear correlation Body weight with Polar axis, Equatorial axis, Lens thickness, and Vitreous
chamber depth.

DISCUSSION

In the Loggerhead sea turtle the eye is placed within the skull (MaDER et al., 2017),
dorsally and laterally; they have three keratinized eyelids, two mobile, dorsal and
ventral, and a non-mobile medial lid, called a “secondary lid” (WyNEkEN, 2001). As in
other animal species the ocular globe is formed by three layers that, starting from the
outside to the inside, are the following: the sclera and, anteriorly, the cornea, formed
by connective tissue; the uvea, the intermediate and vascularized layer; the retina, the
inner sensory layer. In these animals there are two supporting structures, posteriorly
the scleral cartilage and anteriorly the scleral ossicle (WyNEkeN, 2001; ARENCIBIA et al.,
2006; BRuDENALL et al., 2008; JoNEs et al., 2012).

This study provides the normal ocular ultrasonographic and biometric features in
the loggerhead sea turtle (Caretta caretta). Compared to mammalian species, the ocular
globes in these reptiles have a spheroidal shape, with a polar axis shorter than equa-
torial one. They also present a slight corneal curvature, as well as a very thin anterior
chamber and a relatively small lens.

The US examination was quite easy to perform on awake animals, however some
difficulties resulted from the presence of the scleral ossicle and the retraction reflex,
very pronounced in this species. The scleral ossicle, due to the shadowing artifact, did
not permit the complete visualization of the equatorial border of the lens or, on some
occasions, of the eyeball. In addition, sea turtles, like other species of reptiles, such as
lizards and crocodiles, have two muscles, retractor oculi and protractor oculi, which
insert on the sclera and determine the movement towards the inside and the outside
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of the eye within the orbit. On the other hand, the absence of fur facilitates the tran-
smission and the progression of the ultrasound beam.

Our results showed a good correlation between eye dimensions and body weight
as already reported (Raroso et al., 2017). Interestingly, the ocular dimensions in our
sample were quite similar to those obtained in a previous study, in spite of the larger
mean weight of those turtles (Raroso ef al., 2017). We speculate that the ocular dimen-
sions correlate with body dimensions during growth but, in the subadult subjects, they
attain their final dimensions.

Loggerhead sea turtles, like other species of sea turtles, can be affected by several
eye diseases and many of those can make the anterior portions of the eye opaque (IsLEr
et al., 2014; MaDER et al., 2017), and prevent a normal ophthalmic examination. Conver-
sely, ultrasonography allows the evaluation of the interior of the eye, even when it is
obscured from direct visualization by any disease resulting in ocular opacity (MacKay
& Matoon, 2015). Therefore, the US exam has to be considered an important comple-
mentary technique for studying the eye in this species of reptiles.

The B-mode US features presented are useful for clinical evaluation and provide
reliable information about the normal dimensions and intraocular anatomy of logger-
head eyes. Our results also showed that the ultrasonography of the eye is a quick,
simple and safe exam to perform in Loggerhead sea turtles. The use of general purpose
US devices equipped with relatively high-frequency probes (10-12 MHz) allows im-
ages of all the ocular structures to be obtained. Moreover, the US exam does not require
sedation and it can be performed on conscious animals just after the instillation of eye
anesthetic drops. In the authors” opinion, ultrasonography of the eye should become
a routine in the examination of Loggerhead sea turtles.

Received April 1, 2019
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SUMMARY

Normal ultrasonographic features of loggerhead (Caretta caretta) eyes

G. Mennonna, B. Lamagna, A. Affuso, A. Greco, F. Micieli, D. Costanza,
S. Hochscheid & L. Meomartino

Fifteen Loggerhead sea turtles admitted to the Marine Turtle Research Center of the
Anton Dohrn Stazione Zoologica of Naples and with healthy eyes underwent ocular
ultrasonography in order to assess the normal features and dimensions of the eyes.
Polar axis (PA), equatorial axis (EA), corneal thickness (CT), anterior chamber depth
(ACD), lens thickness (LT), and vitreous chamber depth (VCD) were measured. The
sample was composed of 11 sub-adults and 4 juveniles with a mean SCL of 47.18 cm
(#10.22; range 33.2-61.0 cm) and a mean BW of 18.79 kg (+12.6; range 6-32.7 kg). Com-
pared to mammalians, the ocular globes in these species have a spheroidal shape in
which the PA is shorter than EA, a lesser pronounced convexity of the cornea and
relatively small lens. Results show that ocular dimensions, in particular PA (p<0.01),
EA (p<0.01), LT (p=0.01) and VCD (p<0.01) were correlated with body weight. In these
animals several eye diseases are described, so knowing the normal features and dimen-
sions of the eye allows a quicker diagnosis. Ultrasonographic exam performed using
general purpose devices was demonstrated to be feasible in this species and must be
considered particularly useful when the transparency of the anterior portion of the eye
is lost.



