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ABSTRACT

Ultrasonography is a rapid and non-invasive method for assessing internal organs. The purpose of
this study is to determine the differences in ultrasonographic imaging of internal organs between green
turtle (Chelonia mydas) and olive ridley turtles (Lepidochelys olivacea). This study used two female green
turtles (C. mydas) and two olive ridley turtle (one male and one female) (L. olivacea) with body condition
index ranging from Average-Very Good. Micro-convex transducer ultrasonography with frequencies 4.5-8
MHz was used in this study. Acoustic windows were used in this study from cervical dorsal, cervical
ventral, cervicobrachial, sinister-dexter, axillary sinister-dexter, prephemoral sinister-dexter and
postphemoral sinister-dexter. The necropsies were performed to provide reference data. The results of
ultrasonography imaging showed that the jugular vein of the olive ridley turtles (L. olivacea) was wider
than the jugular vein of the green turtles (C. mydas). The ultrasonography imaging also showed that the
stomach of green turtles (C. mydas) was smooth folds but the stomach of olive ridley turtles (L.olivacea)
was sharp folds according to necropsy. There were no differences in the heart, stomach, liver, small intestine,
large intestine, and kidneys. Vitellogenic follicles ultrasonography imaging was found from the olive ridley
turtles (L. olivacea) which had shown in the period of premating and mating.
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ABSTRAK

Ultrasonografi adalah metode yang cepat dan tidak invasif untuk menilai organ internal. Penelitian ini
bertujuan untuk mengetahui perbedaan pencitraan ultrasonografi organ internal penyu hijau (Chelonia
mydas) dan penyu lekang (Lepidochelys olivacea). Penelitian ini menggunakan dua ekor penyu hijau (C.
mydas) dan dua ekor penyu lekang (L. olivacea) dengan indeks kondisi tubuh dari Sedang-Sangat Baik.
Jendela akustik yang digunakan yaitu cervical dorsal, cervical ventral, cervicobrachial sinister-dexter,
aksilaris sinister dexter prefemoral sinister-dexter, dan postfemoral sinister-dexter. Hasil nekropsi
ditampilkan untuk melengkapi data referensi. Hasilnya menunjukkan bahwa citra ultrasonografi vena
jugularis pada penyu lekang (L. olivacea) memiliki ukuran lebih lebar daripada vena jugularis pada penyu
hijau (C. mydas). Citra ultrasonografi pada lambung juga menunjukkan bahwa penyu hijau (C. mydas)
memiliki lipatan lebih halus daripada penyu lekang (L. olivacea) yang memiliki lipatan yang lebih tajam
sesuai dengan nekropsi. Tidak terdapat perbedaan pada organ jantung, lambung, hati, usus halus, usus
besar, dan ginjal. Ditemukan juga citra ultrasonografi folikel vitellogenik pada penyu lekang (L. olivacea)
yang menunjukkan dalam periode sebelum kawin dan kawin.

Kata-kata kunci:  Chelonia mydas; Lepidochelys olivacea; organ intenal; ultrasonografi.
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INTRODUCTION

Indonesia’s ocean is the habitat of six out of
seven species of sea turtles in the world. Those
species are green turtles (Chelonia mydas), olive
ridley turtles (Lepidochelys olivacea), loggerhead
turtles (Caretta caretta), hawksbill turtles
(Eretmochelys imbricata), leatherback turtles
(Dermochelys coriacea) and flatback turtles
(Natator depressus) (Karnan, 2008).

Green turtles (C. mydas) are the most
commonly found sea turtles in Indonesia,
however olive ridley turtles (L. olivacea) are
widely distributed in the Arafuru Sea. According
to IUCN (2004), green turtles are listed as
endangered animals (EN A2bd), due to the high
level of human consumption, especially in Bali.
However, according to IUCN (2008), olive ridley
turtles are listed as vulnerable animals (VU
A2bd) after being listed as endangered animals
until 1996. The main purpose of sea turtle
conservation is to increase the population of sea
turtle from being exposed to eat fish hooks, get
trapped in fishing nets, get hit by boat propellers
and eat trash which results in various wounds
and diseases (Bugoni et al., 2001; Magalhães et
al., 2012). To diagnosis of a disease in a sea turtle
is difficult, because it is recently done only based
on clinical examination.  When the sea turtles
get disease infection, they generally do not show
clear clinical signs. This condition might be due
to the presence of carapace and plastron which
contribute to the difficulties to make the
diagnosis. Physical examination is an example
of health status requirement which requires
complementary diagnostic procedures to provide
useful information for clinical diagnosis
(Penninck et al., 1991; Lieberman dan Rosskopf,
1984).

Ultrasonography (USG) is a rapid, non-
invasive, and inexpensive method for assessing
internal organs. Usage of ultrasonography can
show some imaging of pathological features, for
the example is calculi in the gallbladder (Majo
et al., 2016).  It is also valid for detecting the
abnormalities of internal organs, therefore
ultrasonography is a very useful tool for clinical
diagnosis at sea turtle conservation. The imaging
of ultrasonography in green turtles and olive
turtles is important to be done in order to support
in making the diagnosis of them in the Turtle
Conservation and Education Center (TCEC).
Turtle Conservation and Education Center is one
of the conservation places of turtle stranded and
sea turtle health examination. The study of USG

is important to be done, because each species of
sea turtle has differences anatomical related on
ultrasonography imaging.

A study on ultrasonography imaging on
green turtles and olive ridley turtles is needed
for a basic reference for related knowledge and
as a milestone for related further studies.

RESEARCH METHODS

This study used two female green turtles
(C. mydas) and two olive ridley turtles (one male
and one female) (L. olivacea), with a minimum
straight carapace length (SCLmin) in green
turtles 59 cm to 70 cm and olive ridley turtles
62 cm to 63.5 cm. This study has been approved
ethically by Ethic commission of using animals
for research and education, Faculty of Veterinary
Medicine, Udayana University with the number
of Ethical Clearence of 1593/UN 14.2.9/PD/2019).
The green turtles from the confiscation of the
Gianyar Police and olvie ridley turtles from the
rescue of Kuta Beach because got caught by
fishing nets. All sea turtles have been measured
of their Body Condition Index (BCI) on green
turtles with results in 1.02-1.23, while for the
olive ridley turtles with results in 1.02-1.44.
Based on the standard of BCI measurement, all
of the sample sea turtles are categorized as
Average-Very Good.

Ultrasonography examinations were
performed with a real-time, B-Mode (Sogata 10)
using micro-convex transducer with frequencies
4.5 MHz – 8 MHz. During the ultrasonography
examinations at Turtle Conservation and
Education Center (TCEC) Serangan Island,
Denpasar, Bali, the turtles were restrained in
ventral recumbence position and placed on a
bucket and tire. No sedation was given. The head,
neck or limbs were extended as needed and the
body surface was kept wet using a sopping towel.
Acoustic windows (Fig 1) were used in this study
from cervical dorsal, cervical ventral,
cervicobrachial, sinister-dexter, axillary sinister-
dexter, prefemoral sinister-dexter and
postfemoral sinister-dexter (Majo et al., 2016).
The results of ultrasonography imaging were
saved on USB flash disk to be analyzed.

Anatomical sections used each green turtles
and olive ridley turtles to be compared with
ultrasonography imaging.  Necropsies were done
from deceased sea turtle. The necropsies were
used for comparison of morphological data:
Anatomical terminology by Wyneken (2001).
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RESULTS AND DISCUSSION

The results of ultrasonography imaging on
green turtles (C. mydas) and olive ridley turtles
(L. olivacea) were clearly seen in transverse and
oblique on the cervical dorsal acoustic window
showed cervical vertebrae was hyperechoic
followed by acoustic shadowing due to strong
reflection from the osseous, spinal cord was
hyperechoic, vertebral vein, and jugular vein
were hypoechoic (Fig 2).  Vertebral vein and

spinal cord can be used as a landmark to identify
the left and right cervical dorsal sinuses. The
left and right jugular vein was seen through the
anastomosis with vertebral vein. The width of
the jugular vein on olive ridley turtles was 5.36
cm and green turtles was 4.56 cm. It showed
that the jugular vein on olive ridley turtles wider
than green turtles. The jugular vein of C. mydas
is relatively small in diameter and has fewer
branches than the anatomy of other cheloniids
(Wyneken, 2001).

Fig 1.  Acoustic windows and echo accesses were used for ultrasound.
   (Valente et al., 2007)

Fig 2A and 2B.  Ultrasound evaluation of the cervical dorsal acoustic window (Fig 2A)
Ultrasonography imaging was taken by Transverse 90°. (Fig 2B) Ultrasonogaphy iImaging was
Taken by Trasnverse 45°.

A B
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Fig 2C, 2D, 2E, and 2F.  Ultrasound evaluation of the cervical dorsal acoustic window: a. Vertebral
Vein, b-b’. Jugular Vein, c. Vertebra Cervical, and d. Spinal Cord. (Fig 2C and Fig 2E) Transverse
ultrasonography imaging on green turtles. (Fig 2D and Fig 2F), Transverse ultrasonography imaging
on olive ridley turtles.

Fig 2G and 2H.  Ultrasound evaluation of the cervical dorsal acoustic window: b. Jugular Vein.
(Fig 2G) Oblique Ultrasonography Imaging on Green Turtles. (Fig 2H) Oblique Ultrasonography
Imaging on Olive Ridley Turtles.
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Cardiovascular system on olive ridley
turtles and green turtles can be seen in
cervical ventral acoustic window. The heart
of green turtles has a similar ultra-
sonography imaging with olive ridley
turtles.  The atrial systole (Fig. 3C and E)
was identified with hyperechoic wall, but
when the ventricle systole (Fig 3B and D)
showed hyperechoic wall. The heart of green
turtles and olive ridley turtles corresponded
to the anatomy of turtles by Wyneken
(2001).

Fig 2I and J.  Anatomical transverse cross section: c. Vertebra Cervical, d. Spinal Cord, and e.
Oesophagus. (Fig 2I) Anatomical Transverse Cross Section on Green Turtles. (Fig 2J) Anatomical
Transverse Cross Section on Olive Ridley Turtles.

Fig 3A. Ultrasound evaluation of the cervical
ventral acoustic window. (Fig 3A) Ultrasonography
Imaging was Taken by Transverse.

Fig 3B, 3C, 3D and 3E.  Ultrasound evaluation of the cervical ventral acoustic window: a.
Brachiocephalic Trunk, b. Pulmonary Trunk, c. Left Aorta, d. Ventricle, and e. Atrial. (Fig 3B and
Fig 3D) Transverse Ultrasonography Imaging on Green Turtles. (Fig 3C and Fig 3E) Transverse
Ultrasonography Imaging on Olive Ridley Turtles.
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The stomach of green turtles and olive ridley
turtles was located on the left side. Although it could
be seen in the left cervicobrachial, axillary and
prefemoral acoustic window, it was more frequently
found in the left axillary. The determination of the
stomach could be seen on subscapular muscle which
located dorsally from the stomach. The stomach
showed a thin wall with hyperechoic wall, the lumen
showed poor images due to the presence of
intraluminal gas. The stomach of green turtles has
smooth folds on fundus area. The parallel folds of
green turtles begin weaving, branching and
converging, and finally changing to the transverse
folds. The stomach of olive ridley turtles (Fig. 4G)
showed longitudinal folds, the pattern and
distribution of the gastric folds are various depends
on the species which may associate with the gastric
dynamic and dietary of animals.

Fig 3F and 3G.  Anatomical transverse cross section: a. Brachiocephalic Trunk Vertebral, b.
Pulmonary Trunk, c. Left Aorta, d. Ventricle, and e. Atrial. (Fig 3F) Anatomical Trasnverse Cross
Section on Green Turtles. (Fig 3G) Anatomical Transverse Cross Section on Olive Ridley Turtles.

Fig 4A. Ultrasound Evaluation of the Left
Axillary Acoustic Window. (Fig 4A)
Ultrasonography Imaging was Taken by
Transverse.

Fig 4B,4C, 4D, AND 4E.  Ultrasound evaluation of the left axillary acoustic window: a. Lumen and
b. Subscapular Muscle. (Fig 4B and 4D) Transverse Ultrasonography Imaging on Green Turtles.
(Fig 4C and Fig 4E) Transverse Ultrasonography Imaging on Olive Ridley Turtles.
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The liver of green turtles and olive ridley
turtles was located in the right side of sea turtles
internal body, it can be evaluated in the right
cervicobrachial and axillary. The best position
to see this organ is from the right axillary. The
liver of green turtles and olive ridley turtles had
no difference. The gallbladder showed an
anechoic oval appearance, was surrounded by
granular parenchyma with hypoechoic. The
hepatic vein was seen anechoic on the lumen
without the echogenic borders The portal vein
was seen anechoic on the lumen with the
echogenic borders. The liver of green turtles and
olive ridley turtles corresponded to Wyneken
(2001).

Fig 4B,4C, 4D, AND 4E.  Ultrasound evaluation of the left axillary acoustic window: a. Lumen and
b. Subscapular Muscle. (Fig 4B and 4D) Transverse Ultrasonography Imaging on Green Turtles.
(Fig 4C and Fig 4E) Transverse Ultrasonography Imaging on Olive Ridley Turtles.

Fig 4F and 4G. Anatomical Transverse Cross Section Stomach on Green Turtles. (Fig 4G) Anatomical
Transverse Cross Section Stomach on Olive Ridley Turtles

Fig 5A.  Ultrasound evaluation of the right
axillary acoustic window. (Fig 5A) Ultrasono-
graphy Imaging was Taken by Transverse
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Fig 5B, 5C, 5D, and 5E.  Ultrasound Evaluation of the Right Axillary Acoustic Window: a. Gallbladder,
b. Granular Parenchyma, c. Portal Vein, and. d. Hepatic Vein. (Fig 5B and Fig 5D) Transverse
Ultrasonography Imaging on Green Turtles (Fig 5C and Fig 5E) Transverse Ultrasonography
Imaging on Olive Ridley Turtles.

Fig 5F and 5G.  Anatomical Transverse Cross Section Liver on Green Turtles. (Fig 5G) Anatomical
Transverse Cross Section Liver on Olive Ridley Turtles.

The small and large intestine can be seen
in the prefemoral acoustic window from both
sides. The small intestine was more frequently
seen on the right side. The ultrasonography

imaging of the intestine was similar to
mammals, and stratification in five layers could
be recognized (Noviana et al., 2018). In all the
intestine of sea turtles species consisted of a long
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and convoluted tube with a constant diameter
throughout its length. In C. mydas, L. olivacea,
C. caretta and E. imbricata mucosa of the
duodenum was characterized by the presence of
reticular folds. The jejunum/ ileum region had
rectilinear longitudinal folds (Magalhaes et.al.,
2012). The presence of folds considerably enlarges
the surface of this organ, thus increasing the

area available for absorbing nutrients. (Porter,
1972; Romes dan Parsons, 1985; Legler 1993;
Wyneken 2001). In the large intestine of the
species C. mydas, L. olivacea, E. imbricata and
C. caretta, regions with flat mucosa were
observed, probably due to the accumulation of
fecal matter (Magalhaes et.al., 2012).

Fig 6A and 6B.  Ultrasound Evaluation of the Prefemoral Acoustic Window. (Fig 6A) Ultrasonography
Imaging of Left Prefemoral was Taken By Transverse (Fig 6B) Ultrasonography Imaging of Right
Prefemoral was Taken By Transverse.

Fig 6C, 6D, 6E and 6F.  Ultrasound evaluation of the prefemoral acoustic window: a. small intestine,
b. Large Intestine, and b’. Large Intestine Containing Mass (Fig 6C and Fig 6E) Transverse
Ultrasonography Imaging on Green Turtles. (Fig 6D and Fig 6F) Transverse Ultrasonography
Imaging on Olive Ridley Turtles.
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Vitelogenic follicle on female olive ridley
turtles were seen in the left and right prefemoral
acoustic window. The diameter of vitelogenic
follicle are 2.44 cm; 3.14 cm; 3.30 cm; 3.80 cm;
and 3.93 cm, and the echogenicity was
hyperechoic. Vitelogenic follicle was made in the
process of vitellogenesis, which consists of the
enlargement of ovaries and follicles before
reproduction, during which yolk proteins
incorporate with the oocyte within the follicle

(Rostal 2007). In the beginning stage (premating
period), The ovary was filled with vitellogenic
follicles (Blanco et al., 2012). This follicle
continues to increase in size during the period of
premating and mating. As female sea turtles get
closer to the nesting season, they become
receptive to the mating advances of males. At
this stage, the ovaries are completely developed
(Rostal et al., 1998) and the final stages of
follicular maturation begin (Owens 1980).

Fig 7. Ultrasound Evaluation of Vitelogenic Follicle of the Prefemoral Acoustic Window.

The kidney was identified in the prefemoral
acoustic window. The results of ultrasonography
imaging showed that no difference between green
turtles and olive ridley turtles. The kidney could
be seen in the prefemoral and postfemoral
acoustic window. The best access to see the
kidney from the prefemoral acoustic window, due
to strong reflection from coxae ossea made
acoustic shadow in the postfemoral acoustic

shadow. The kidney of green turtles and olive
ridley turtles have no difference and showed
hypoechoic. Based on FIG. 8E and 8F shows that
the kidneys are paired, lobular, elliptical, pink
or red structures according to Wyneken (2013).

Vesica urinaria (VU) could have seen
anechoic on USG if it was full of urine. In this
research, VU was not seen.

Fig 8A, 8B, 8C, and 8D. Ultrasound Evaluation of Kidney of the Prefemoral Acoustic Window. (Fig
8A and Fig 8C) Transverse Ultrasonography Imaging on Green Turtles. (Fig 8B and Fig 8D)
Transverse Ultrasonography Imaging on Olive Ridley Turtles.

Gunawan et al.  Jurnal Veteriner



134

CONCLUSION

Based on the results of this study, it is
concluded that the cervical dorsal acoustic
window showed that the jugular vein of olive
ridley turtles wider than green turtles,
ultrasonography imaging of the stomach showed
that green turtles had smooth folds than olive
ridley turtles which had sharper folds according
to necropsy, there were no difference in the
stomach; heart; small intestine; large intestine;
and kidney on green turtles and olive ridley
turtles, and ultrasonography imaging of
vitelogenic follicle showed that the turtle was
being in a period premating and mating.

SUGGESTION

The suggestions for further are using
USG with interval frequencies 2,5-3.5 MHz
for big sea turtle, doing very good necropsy
for the best results, and doing further
research to measure growing of ovarium
follicle.
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Fig 8A, 8B, 8C, and 8D. Ultrasound Evaluation of Kidney of the Prefemoral Acoustic Window. (Fig
8A and Fig 8C) Transverse Ultrasonography Imaging on Green Turtles. (Fig 8B and Fig 8D)
Transverse Ultrasonography Imaging on Olive Ridley Turtles.
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Fig 8E and 8F.  Anatomical transverse cross section kidney on Green Turtles. (Fig 8F) Anatomical
Transverse Cross Section Kidney on Olive Ridley Turtles.

Jurnal Veteriner Maret 2020 Vol. 21 No. 1 : 124-135



135

REFERENCE

Blanco GS, Morreale SJ, Velez E, Piedra R,
Montes WM, Paladino FV, Spotila JS. 2012.
Reproductive Output and Ultrasonography
of an Endangered Population of East Paciûc
Green Turtles. The Journal of Wildlife
Management 76(4): 841–846.

Bugoni L, Krause L, Petry EMV. 2001. Marine
debris and human impacts on sea turtles in
southern Brazil. Mar Pollut Bull 41: 1338–
1342

IUCN (International Union for Conservation of
Nature and Natural Resources). 2004. Red
List of Threatened Species. www.iucnre-
dlist.org. [15 Januari 2019].

IUCN. 2008 (International Union for
Conservation of Nature and Natural
Resources). Red List of Threatened Species.
www.iucnredlist.org. [2 Februari 2019].

Karnan. 2008. Penyu Hijau: Status dan
Konservasinya. J Pijar MIPA 3(1):  39-46.

Legler JM. 1993. Morphology and Physiology of
the Chelonia. Dalam: Glasby CJ, Ross GJB,
Beesley PL. (Eds). Fauna of Australia.
Canberra, Australian Biological Resourses
Study. Pp. 108-119; 439.

Lieberman SS, Rosskopf WS. 1984. Blood panel
analyses of captive desert tortoises (Gopherus
agassizi). Avian/ Exotic Practice 1: 15–29.

Magalhaes MS, Santos AJB, Silva NB, Moura
CEB. 2012. Anatomy of the digestive tube
of sea turtles (Reptilia: Testudines). Zoologia
29(1): 70–76.

Majo MD, Macri F, Masucci M, Coci G, Pennisi
MG. 2016. Clinical ultrasonography in
loggerhead sea turtles (Caretta caretta):
imaging of pathological features. Vet Med
61(3): 155–161

Noviana D, Aliambar SH, Ulum MF, Siswandi
R, Widyananta BJ, Soehartono GRH,
Soesatyoratih R, Zaenab S. 2018. Diagnosis
Ultrasonografi pada Hewan Kecil. Edisi 2.
Bogor. Percetakan IPB. Hlm. 22-27.

Owens DW. 1980. The comparative reproductive
physiology of sea turtles. American Zoologist
20: 549–563.

Penninck DG, Stewart JS, Paul-Murphy J, Pion
P. 1991. Ultrasonography of the California
desert tortoise (Xerobates agassizi): anatomy
and application. Veterinary Radiology
Ultrasound 32: 112–116.

Porter KR. 1972. Herpetology. Canada, WB
Saunders Company. Hlm. 530.

Romes AS, Parsons TS. 1985. Anatomia
Comparada dos Vertebrados. São Paulo,
Atheneu. P. 559.

Rostal DC. 2007. Reproductive physiology of the
ridley sea turtle. Dalam: Plotkin PT,
(Editor). Biology and conservation of Ridley
sea turtles. Baltimore, Maryland, USA. The
Johns Hopkins University Press.  Pp. 151-
165

Rostal DC, Robeck T, Owens DW, Louis E,
Kraemer DC. 1998. Ultrasonic imaging of
ovaries and eggs in sea turtles. Proceedings
of the Ninth Annual Symposium on Sea
Turtle Biology and Conservation. NOAA
Technical Memorandum NMFS-SEFC 232,
Georgia, February 7 to 11. Pp. 257-258.

Valente AL, Parga ML, Espada Y, Lavin S,
Alegre F, Marco I, Cuenca R. 2007. Normal
Ultrasonographic imaging of the loggerhead
sea turtle (Caretta caretta). Vet. Rec 160.

Wyneken J. 2001. The Anatomy of Sea Turtles.
Department of Commerce National Oceanic
and Atmospheric Administration. Southeast
Fisheries Science Center, 75 Virginia Beach
Drive, Miami, FL 33149. Technical
Memorandum NMFS-SEFSC-470, Pp. 28-
42, 108-114, 153-165.

Wyneken J. 2013. Reptilian Renal Structure and
Function. Florida Atlantic University, Dept.
of Biological Sciences, Florida USA. Boca
Raton. Pp. 72-78.

Gunawan et al.  Jurnal Veteriner


