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pillae, develop normally (COULOMBRE, COULOMBRE 
and MEHTA, 1962).

Several authors have confirmed the presence of the pa-
pillae in different species of Testudines, such as Chelydra 
serpentina (FRANZ-ODENDAAL, 2005; YNTEMA, 1968), 
Carettochelys insculpta (BEGGS, YOUNG, GEORGES 
et al., 2000), Apalone spinifera (GREENBAUM and CARR, 
2002); Pelodiscus sinensis (TOKITA and KURATANI, 
2001); Chrysemys picta (MAHMOUD, KLICKA 
and HESS, 1973); Dermochelys coriacea (RENOUS, 
RIMBLOT-BALY, FRETEY et al., 1989); and Trachemys 
scripta (GREENBAUM, 2002).

According to Modesto and Anderson (2004), birds and 
reptiles are organized in the same group and their scle-
ral ossicles are morphologically similar (WALLS, 1942). 
Considering the similarities in the development of the pa-
pillae of birds and reptiles, it is possible that the scleral os-
sicles of all Testudines are induced by the scleral papillae 
(FRANZ-ODENDAAL, 2005).

Knowledge of the development of these small bones is 
relevant in the clinical treatment of reptiles, since there has 
already been a case report of fracture of the scleral ossicles 
of a Buteo jamaicensis hawk (LINDLEY, HATHCOCK, 
MILLER et al., 1988). According to those authors, the os-
sicles of the sclera serve as the place of origin of the striated 
ciliary muscles and provide protection for the intraocular 
content.

1 Introduction

The sclera is the outermost covering of the eye, a strong 
structure that preserves the shape of the eye socket, pre-
venting internal and external pressures from modifying it. 
Another type of protection is provided by the presence of 
a sclerotic ring, a series of bony plates in fixed positions 
(HILDEBRAND and GOSLOW, 2006; MAHECHA and 
OLIVEIRA, 1988).

Bony scleral plates or ossicles are common in many ver-
tebrates, including Birds, Testudines and some Squamata, 
but are absent in Ophidians, Crocodilians, Amphibians and 
Mammals (ANDREWS, 1996; FRANZ-ODENDAAL, 
2005).

According to Hall (1981) and Pinto and Hall (1991), 
scleral papillae induce the formation of scleral ossicles. Hall 
and Miyake (1992) state that intramembranous ossification 
occurs in reptiles and birds. An experimental study of chicken 
embryos proposed that the scleral ossicles emerge as conden-
sations of mesenchymal cells originating from the neural crest 
(HALL, 1981; JOHNSON, 1973). There is always an exact 
correspondence between the number of ossicles and papillae, 
with the latter preceding the development of the scleral os-
sicles (FYFE, FERGUSON and CHIQUET-EHRISMANN, 
1988; FRANZ-ODENDAAL, 2005; HALL and MIYAKE, 
1992).

The removal of one or more papillae from the sclera in 
chicken embryos in a given phase of their development pre-
vents the induction of the ossicle beneath this removed papil-
la, while other ossicles of the ring, without rupture of the pa-
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quadrangular and occupy fixed positions close to the anterior 
edge of the sclera (Figure 1).

The ossification centers of the scleral ossicles in Podocnemis 
expansa do not begin at the same time, and are characterized 
by specific temporal patterns. The number of ossicles in each 
eye socket is also not uniform within this species. Variations 
were found between individual animals and between the left 
and right antimeres of the same animal.

Ten ossification centers were found at the beginning of 
stage 21 in the sclera of the right eye and eight ossification 
centers in the left eye. As can be seen in Figure 2a, the os-
sification centers are at the same level of development. In 
stage 22 (Figure 2b), 11 ossicles were observed in the right 
eye and 12 in the left eye socket. In this stage, the ossicles are 
still well separated from each other, but already have a clearly 
quadrangular shape.

In stage 23, all the ossicles of the sclerotic ring are close 
to the adjacent ossicles (Figure 2c), and in stage 24 the os-
sicles are joined to each other, forming a ring with discrete 
overlapping between the bony plates. In stage 26, the scleral 
ossicles are arranged in their definitive position (Figure 2d).

According to Franz-Odendaal (2008) and Warheit et al. 
(1989), the ossicles of the sclera are bony elements located 
in the sclerotic ring of the eye socket of many vertebrates, 
including P. expansa, differing in their morphology, develop-
ment, number and position.

In studies of C. serpentina, Franz-Odendaal (2005) con-
cluded that the process of ossification of the scleral ossicles 
is intramembranous, as it is in P. expansa. However and 
Andrews (1996) contradicts this information, claiming that 
the scleral ossicles of C. serpentina ossify endochondrally, 
as reported by Franz-Odendaal and Hall (2006) for teleost 
fishes.

According to Andrews (1996), C. serpentina and C. picta 
begin to ossify at stage 21, as occurs in P. expansa. The scle-
ral ossicles in C. serpentina (FRANZ-ODENDAAL, 2005) 
start the process of ossification at the end of stage 19, and 
in stage 22 all the plates present ossification centers. After 
hatching, the scleral ossicles form a continuous ring, with 
the plates presenting discrete overlapping of their edges. 
Deraniyagala (1939) apud Franz-Odendaal (2005) observed 
a similar ossification pattern in Dermochelys coriacea and this 

Andrews (1996) and Franz-Odendaal (2005) analyzed 
several series of scleral ossicles in four species of Cryptodira: 
Chelydra serpentina, Sternotherus odoratus, Trachemys scripta 
elegans and Chrysemys picta. However, such a study has not 
yet been made of P. expansa.

Podocnemis expansa is a fluvial Testudine of the 
Podocnemididae family found in the Amazon River and 
most of its tributaries. It is a large species, with the largest 
specimens reaching more than 90 cm in length. Its meat and 
eggs are highly appreciated, constituting the basis for various 
dishes of Amazonian cuisine. This species is also locally called 
araú, jurará-açu and tartaruga-da-Amazônia (Amazonian 
turtle) (GASPAR, SILVA, SÃO-CLEMENTE, 2005; 
LUZ, STRINGHINI, BATAUS et al., 2003; MALVASIO, 
SOUZA, REIS et al., 2002).

The objective of this work is to examine the develop-
ment, number, shape and arrangement of the ossicles of the 
sclera during the prenatal period and in adult specimens of 
Podocnemis expansa.

2 Material and methods

Fifteen embryos of Podocnemis expansa (Testudines, 
Podocnemididae) were collected during the spawning peri-
ods of 2005 and 2006 in the reproduction area protected by 
IBAMA/RAN (Reptile and Amphibian Conservation and 
Management Center) on the beaches of the Araguaia River 
in the state of Goiás, Brazil, in the region called Remansão 
(13º 20’ 38.7” S and 50º 38’ 05.7” W), under permit no. 
117/2005-IBAMA/RAN. In addition, 16 adult specimens 
belonging to the collection of the Wild Animal Research 
Laboratory (LAPAS) were purchased and their eye sockets 
removed.

Egg specimens were collected randomly from an arbitrar-
ily selected nest up to hatching. The stages of embryonic 
development were named according to the external mor-
phological criteria described by Danni et al. (1990). All the 
embryos were removed from the eggs by cutting the shell 
with surgical scissors, isolating them from the vitellus and 
membranous sacs.

Embryos and eye sockets were subjected to diaphaniza-
tion by potassium hydroxide (KOH) and bone staining with 
alizarin red S, and five embryos were also processed with 
the cartilage staining technique using alcian blue, follow-
ing the methods described by Davis and Gore (1936) and 
Digenkus and Uhler (1977) modified at the Wild Animal 
Research Laboratory (LAPAS) of the Federal University of 
Uberlândia (UFU) Faculty of Veterinary Medicine. 

The presence of ossification centers and the distinct stages 
of development of the bone elements that make up the scleral 
ossicles (Figure 1) were analyzed under a stereoscopic micro-
scope (Olympus SZX-12) interfaced with an electronic cam-
era (Olympus DP-10) and a digital camera (Olympus  FE-100, 
6.0). A schematic drawing was also made of the scleral bones 
(Figure 1), using six specimens of adult P.  expansa fixed in 
formaldehyde from the LAPAS collection (Figure 2).

3 Results

The adult specimens of Podocnemis expansa displayed 
11.25 ± 0.93 scleral ossicles in the right eye and 11.43 ± 0.81 
in the left, varying from 10 to 13 ossicles. The ossicles are 

Figure 1. Schematic drawing of the scleral ossicles of adult Po-
docnemis expansa. SO, ossicles of the sclera.
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1992). Gallus gallus has 13 to 14 scleral ossicles in each eye 
(PALMOSKI and GOETINCK, 2005). Alectura lathami, 
Numida meleagris and Aburria aburri have 14 scleral os-
sicles, while Crotophaga ani and Tauraco hartlaubi have 12 
and 13 scleral ossicles, respectively (WARHEIT, GOOD and 
QUEIROZ, 1989).

Underwood (1970) reported that in Testudines, the 
number of ossicles varies from 6 to 13. C. serpentina has 
10 scleral ossicles (FRANZ-ODENDAAL, 2005), and 
P.  expansa has an average of 11.25 ± 0.93 ossicles in the 
right eye socket and 11.43 ± 0.81 in the left.

4 Conclusion

The species P. expansa has a scleral ring with 11.25 ± 0.93 
ossicles in the right and 11.43 ± 0.81 in the left eye socket, 
varying from 10 to 13 ossicles. 

The ossicles are quadrangular in shape and develop in-
tramembranously, beginning to present ossification cent-
ers at stage 21 and reaching their definitive arrangement in 
stage 26.
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pattern is also seen in chicken embryos (COULOMBRE and 
COULOMBRE, 1973) as well as in P. expansa.

Warheit et al. (1989) stated that a sclerotic ring com-
posed of overlapping bony plates enables the ring to grow 
during ontogeny. Hildebrand and Goslow (2006) suggest 
that the ring, with an arrangement of overlaps at the edges 
of the bony plates, gives the eye socket greater resistance 
against deformations and allows for better development of 
the bony plates. 

In addition to the ossification pattern, the number of ossicles 
in the sclera also varies among taxa ( FRANZ-ODENDAAL, 
2005; WARHEIT, GOOD and QUEIROZ, 1989). Warheit 
et al. (1989) proposed that the difference in the number of 
ossicles among taxa can be attributed to the peculiar growth 
of each taxon.

In primitive fishes, the ring consisted of four plates, 
which were reduced to two elements. Most teleosts today 
have only two ossicles situated anteriorly and posteriorly in 
the eye socket (NAKAMURA and YAMAGUCHI, 1991). 
In the ancestral crossopterygians of the terrestrial verte-
brates and in the most ancient fossils of amphibians, the 
number of plates increased substantially and a large number 
is still present in reptiles and birds (FRANZ-ODENDAAL, 
2005; HILDEBRAND and GOSLOW, 2006; SANES, 

Figure 2. Photographs of Podocnemis expansa eyes. Right eye – corneal view. a) stage 21; b) stage 22; c) stage 23; d) stage 24. Ar-
row – ossicles of the sclera, Ov – overlapping. Diaphanization by KOH and bone staining with alizarin red S (a, c and d) and cartilage 
staining with alcian blue (b). (a, c and d) x 16, (b) x 7. 
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