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diversity in reproductive strategies, the group is charac-
terized by low growth, an extensive period of gestation 
and a scarce number of large offspring, resulting in low 
reproductive potential (Hoenig and Gruber, 1990).

At least half of the Chondrichthyes belong to the or-
der Rajiformes, being the Rajidae family the most im-
portant. All skates are oviparous producing large oocytes 
with considerable yolk supplies. They encapsulate the 
eggs in complex egg cases produced by the oviducal 

1. Introduction

Chondrichthyes appeared on earth 400 million years 
ago. They constitute a diverse group in all aspects of 
lifestyle, particularly in their mode of reproduction 
(McEachran and Dunn, 1998). All modern chondrichthy-
ans exhibit internal fertilization and specialized genital 
tracts adapted for uterine gestation (Tricas, 1980). They 
are either oviparous or viviparous with four modes of 
viviparity based on the source of nutrition for the devel-
oping embryo (Koob and Callard, 1991). In spite of this 
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Abstract

Chondrichthyes have become an important economic resource in recent years. In spite of this importance, there is 
little knowledge about their reproductive biology, especially of species from the south-western Atlantic. In this work, 
we study the morphology and histology of the ovary of Sympterygia acuta. The results show that oogonia were present 
only in the immature females (stage I of maturity scale), whereas specimens in stages II and III of maturity displayed 
oocytes in all developmental steps. The most important histological features that vary throughout oocyte development 
are the presence or absence of yolk, the number of types and layers of follicular cells and the degree of development 
of the thecae. Follicular cells are, at least, of two different types. Finally, a new point of view for the determination of 
maturity stages in the field based on the size of follicles is discussed. 
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O ovário da bignose fanskate Sympterygia acuta Garman, 1877  
(Chondrichthyes, Rajidae) no estuário de Bahía Blanca,  

Argentina: morfologia e características reprodutivas

Resumo

Os Chondrichthyes tornaram-se num importante recurso econômico nos últimos anos. Apesar da sua importância, 
é muito pouco o que se conhece da sua biologia reprodutiva, especialmente das espécies do Atlântico sul-ocidental. 
Neste trabalho, foi estudada a morfologia e histologia do ovário de Sympterygia acuta. Os resultados mostraram 
que as oogonias somente encontraram-se presentes nas fêmeas imaturas (fase I de escala de maturidade) e que os 
animais em estágio II e III de maturidade exibiram oocitos em todas as etapas de desenvolvimento. As características 
histológicas mais importantes que variam ao longo de desenvolvimento dos oocitos são a presença da suarda, o tipo 
e quantidade de celas foliculares e o grau do desenvolvimento do thecae. Existem pelo menos dois tipos de células 
foliculares. Finalmente se discute um novo ponto de vista para a determinação dos estágios de maturidade no campo, 
baseado no tamanho dos folículos.

Palavras-chave: Chondrichthyes, folliculogenesis, fase de maturidade, biologia reprodutiva, Sympterygia acuta.
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For each specimen, at least one ovary was cut in small 
pieces for histology and in six specimens one ovary was 
dissected in toto for follicular countdown. This mate-
rial and small pieces of the liver were fixed in Bouin’s 
fixative or formaldehyde 10% in seawater, dehydrated 
through a graded series of alcohols and embedded in 
paraffin wax. Then, 5-10 μm-thick sections were stained 
by Masson’s trichromic stain, haematoxylin-eosin, al-
cian blue technique at 2.5 pH level, periodic acid Schiff 
reaction, Gomori technique for reticulum and orceine. 
Selected sections were photographed using an Olympus 
BX51 light microscope equipped with an Olympus 
C-7070 digital camera. 

The ovaries fixed in toto were carefully opened and 
each oocyte inside was measured in millimetres using a 
SOMET calibre with a 1/20 mm precision. The data ob-
tained was grouped at intervals of increasing amplitude 
to compensate the asymmetry of the variate.

A classification limit was identified macroscopically 
at 3.5 mm corresponding to the smaller size at which 
oocytes were yellow prior to the fixation. On the other 
hand, another limit was identified microscopically at 
1 mm, corresponding to the smaller size at which yolk 
was present in the ooplasm.

3. Results

Morphometric data of exemplars are shown in 
Table 1.

3.1. Macroscopic description of the ovary

Both ovaries were approximately of the same size, 
elongated and slightly compressed dorsoventrally. They 
were associated with the epigonal organ that extended 
beyond the length of the ovary. In a maturing or mature 
ovary (stages II and III of maturation scale) follicles of 
various sizes were present at any one time supported by 
loose connective tissue. Even though follicles were inter-

gland and lay them in muddy or sandy areas where they 
adhere to small pieces of rock, shell or seaweed. This egg 
case constitutes the only protection against pathogens or 
predators (Kormanik, 1993). 

Sympterygia acuta is an endemic species of the 
Argentinean Province with a latitudinal distribution be-
tween 22° and 43° 20’ S (De-Queiroz, 1995). It can be 
found from coastal waters to 188 m of depth (Meneses 
and Paesch, 2003), although it is caught mainly at 50 m 
of depth (Massa et al., 2004). The Bahía Blanca estu-
ary is known for its use by fishes to mate and give birth 
(López-Cazorla, 1987). S. acuta is present in this estuary 
throughout the year, with an abundance peak from the 
middle spring to summer (Mabragaña et al., 2002) con-
stituting an important economic resource (Massa et al., 
2003). The UICN Red List for threatened species (2006) 
has included this species since 2004 considering it “vul-
nerable” (A2bd). Nevertheless, S. acuta, along with 
other skates and demersal sharks, is a common by-catch 
in the coastal and continental shelf bottom-trawl fisher-
ies in the Argentine-Uruguayan Common Fishing Zone 
(Meneses and Paesch, 2003).

In spite of the evolutionary and economic impor-
tance of chondrichthyans, there are a scarce number of 
investigations with regards to the ovary structure and 
they have been conducted mainly in species from in-
tensive fishing zones (Pratt, 1988; Hamlett et al., 1999; 
Hamlett and Koob, 1999; Prisco et al., 2001; 2002a,b; 
Stehmann, 2002; Storrie, 2004; Oddone et al., 2005). 
About the genus Sympterygia there are very few in-
vestigations and they treat mainly ecological features 
(Pires, 1987; De-Queiroz, 1984; 1995), parasitology 
(Romera, 1993; Tanzola et al., 1998) and some repro-
ductive features (Mabragaña et al.; 2002, Oddone and 
Vooren, 2002; Oddone and Velasco, 2004; Galíndez and 
Estecondo, 2008).

The present work represents a contribution to the 
knowledge of the structure of the ovary of S. acuta, the 
features that characterize the different stages of follicu-
logenesis and some remarks on the reproductive biology 
of this commercially important and vulnerable species.

2. Materials and Methods

A total of 12 females of S. acuta were collected 
monthly by line fishing in the inner and medium zones 
of the Bahía Blanca estuary (61° 30’-62° 30’ W and 
38° 45’-39° 30’ S). This number of exemplars was con-
sidered appropriate due to the vulnerable status and the 
decline of its biomass in the stocks. The total length and 
disc width and length of each specimen were measured. 
Each animal was humanely terminated by blunt trauma 
to the cranium and then dissected. Once the ventral cav-
ity was opened, the sexual maturity of the females was 
determined following the Braccini and Chiaramonte 
(2002) criteria. This standard technique, common on 
board, is more than simple but in agreement, in general 
terms, with that proposed by Stehmann (2002).

Table 1. Morphometric data of exemplars.

Maturity 
stage  

(macroscopic)

Tot. 
length 
(cm)

Disc 
length 
(cm)

Disc 
width 
(cm)

Sa 1 III 50.0 28.0 28.0

Sa 2 III 54.0 28.0 29.0

Sa 5 III 54.5 31.0 31.5

Sa 6 III 53.5 28.0 29.0

Sa 7 III 50.0 28.0 31.0

Sa 8 III 58.0 30.0 33.0

Sa 10 III 56.0 30.0 31.0

Sa 11 III 56.6 30.0 31.0

Sa 3 II 49.0 32.0 28.5

Sa 4 II 50.0 32.0 29.0

Sa 12 II 48.0 27.5 28.0

Sa 9 I 31.0 17.0 22.0
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mately 55 μm, some enlarged globed-shaped cells ap-
pear between follicular cells.

At ~180 μm (primary follicles) follicular cells be-
come cuboids and arrayed in one layer (Figure 4), be-
tween them there are a great number of the globed-shaped 
cells (Figure 5). The zona pellucida is a homogeneous 
hyaline smooth line of 2 μm thick. The oocyte plasmale-
ma folds densely against the zona pellucida and appears 

mingled in different degrees of maturation, an increase 
in size from cranial to caudal and from dorsal to ventral 
could be recognized externally.

3.2. Microscopic description of the ovary

In the immature specimen, the ovary appears as a 
small structure at the medial cranial side of the epigo-
nal organ. As ovary development goes on, the epigonal 
organ withdraws and becomes restricted to a small pos-
terior outline and the space between oocytes. 

The ovary is surrounded by a folded simple columnar 
and ciliated germinative epithelium (Figure 1). Beneath 
the epithelium, there is a dense connective tissue with 
abundant reticular and collagen fibres and scarce elastic 
fibres. There are also abundant smooth muscular cells 
and blood vessels. There is no evidence of an ovarian 
matrix.

3.3. Folliculogenesis

Clusters of oogonia (Figure 2) were present only in 
the immature specimen (stage I) just beneath the germi-
native epithelium. Each germ cell (~20 μm) has an eosi-
nophilic cytoplasm and a big euchromatic nucleus with 
an evident nucleolus.

Primordial follicles are surrounded by simple squa-
mous follicular cells (Figure 3). At this stage a few thecal 
plane cells begun to differentiate. The oocyte shows a 
large nucleus containing a single nucleolus and lamp-
brush chromosomes. At this point of development, the 
zona pellucida appears as a diffuse and discontinuous 
structure. When follicles reach a diameter of approxi-

Ovo eo

100 m

20 m

Figure 1. General view of the outer region of the ovary. Arrow 
head indicates the folded germinative epithelium; arrow is 
pointed in the ciliated epithelium; Ovo; oocyte; eo: epigo-
nal organ intermingled with oocytes. Masson’sTrichromic 
stain.

20 m

Oo

n

20 m

Figure 2. High power light image of a nest of oogonia. 
Arrows indicate the superficial epithelium; Oo: oogonia. 
Masson’s Trichromic stain.

Figure 3. High power light image of a primordial oocyte. 
Observe the flat simple follicular epithelium (arrows), the 
beginning of an enlarged cell (arrow head) and the nucleus 
of a thecal cell (large arrow); n: nucleus. Masson’s Trichro-
mic stain.
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enlarged basophilic cells with euchromatic nucleus, some 
of them with a pyriform-like shape (Figure 6 and 7). The 
cytoplasm of all cell types and the space between them 
are occupied by vesicles AB (+) and PAS (+) (Figure 7). 
At this point of development, thin projections establish 
between both types of follicular cells and ooplasm, cross-
ing the zona pellucida (Figure 6). As a result, this region 
becomes thicker and irregular. The oocyte plasmalema 
shows no changes. Inner and outer thecae are clearly dif-
ferentiable, with a high blood irrigation of the prime.

When follicles reach ~1 mm of diameter, they begun 
to accumulate granules of yolk slightly stained. These 
granules increase in size as development continues to 
form finally elliptic plates (Figure 8).

From ~7 mm of diameter both types of follicular cells 
form one layer and the zona pellucida becomes thinner 
with no projections. Inner theca was stratified and outer 
theca inconspicuous (Figure 9). 

as a fluted refracting zone. At this point of development, 
the thecal layer begins to differentiate in an inner theca 
of squamous cells with plane euchromatic clear ended 
nucleus and eosinophilic cytoplasm, and an outer theca 
of squamous cells with plane, fusiform, heterochromatic 
nucleus and basophilic cytoplasm (Figure 5). 

As the oocyte grows, follicular cells become colum-
nar. When follicles reach ~410 μm diameter this epitheli-
um begins to stratificate. Columnar cells are eosinophilic 
with heterochromatic nucleus. Between them, there are 

n

100 m

Figure 4. General view of a developing pre-vitellogenic 
oocyte (primary oocyte), arrows indicate the zona pellucida; 
n: nucleus; observe the follicular wall formed by a single 
layer of columnar cells and the lampbrush chromosomes 
(arrow head). PAS stain.

ot

it

20 mzp

Figure 5. High power light image of a primary follicle; ar-
row heads indicate columnar cells; arrows show enlarged 
cells and double headed arrow depicts the zona pellucida 
(zp), observe the fine line close to the ooplasm (the fluted 
refracting zone); it: inner theca; ot: outer theca. Masson’s 
Trichromic stain.

ot
it

*
20 m

Figure 6. High power light image of a developing follicle 
wall (previtellogenic yet); asterisk indicates cytoplasmic 
projections between the oolema and follicular cells; arrows 
depict enlarged cells and arrow head the zona pellucida; it: 
inner theca; ot: outer theca. Masson’s Trichromic stain.

20 m

*

Figure 7. High magnification of the follicular wall. Observe 
the cells plenty of granules. Asterisk depicts the zona pel-
lucida. Masson’s Trichromic stain.
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3.4. Corpora lutea and liver

Once the oocytes are released, follicular cells begin 
to degenerate. At first, they are tall eosinophilic cells with 
irregular apical surfaces (Figure 10). Between these cells 
there are few globe-shaped cells that apparently undergo 
in the first stages apoptosis (Figure 11). As Corpora 
lutea development goes on, dense connective tissue in-
filtrates this structure and follicular cells become cubic 
with a vacuolated aspect, probably due to the presence 
of lipids. At more advanced stages there is a dense con-
junctive structure surrounding cellular fragments. The 
liver of females in the egg laying time is characterized 
by hepatocytes, plenty of drops of lipids and granules of 
glycogen (Figure 12).

df

tf

20 m

Figure 8. Detailed image of the follicular wall in a vitello-
genic developing follicle (df, right) and in a term follicle (tf, 
left), arrows indicate the zona pellucida of both. Observe the 
difference in the size, shape and packaging of the vitellinic 
plates as well as the difference in the thickness of the wall. 
Masson’s Trichromic stain.

otit

20 m

Figure 9. High power light image of an in term follicle; 
arrow indicates an enlarged cell; it: inner theca; ot: outer 
theca. Masson’s Trichromic stain.

100 m

100 m

Figure 10. General view of a recent forming Corpora 
lutea.; Masson’s Trichromic stain. Note the frayed surface 
of columnar cells. Masson’s Trichromic stain.

20 m

Figure 11. High power image of the cells of an incipient 
Corpora lutea. Arrows indicate the apoptotic figures, look 
the luteinic aspect of cells. Masson’s Trichromic stain.

50 m

Figure 12. Middle power image of the same liver of 
the Figure 11. Observe the granules located inside cells 
and lateralized by the immersion fixation method. PAS 
stain.
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ences between these groups is its reproductive strategy. 
Bonefishes depend on a high fecundity and specific 
ocean conditions to insure a high yield. On the other 
hand, cartilaginous fishes have long gestation periods, 
a high survival rate and a long-life after sexual matura-
tion (Frisk et al., 2001), their energy is invested in the 
production of a scarce number of active and big enough 
offspring (Moyle and Cech, 2000). Sharks give birth one 
or twice a year and even once every two years, while rays 
can lay eggs all year long (Hoenig and Gruber, 1990). 
The bignose fanskate agrees with this reproductive pat-
tern in some morphological and biological aspects. The 
relationship between the ovary and the epigonal organ 
during ontogeny is similar with that observed in other 
chondrichthyans species (Koob and Callard, 1991; 
Galíndez and Aggio, 2002; Storrie, 2004).

With regards to the microscopic characteristics, the 
ovary germinative epithelium of S. acuta represents a 
clearly different model from some studied cartilaginous 
fishes (Jezior and Hamlett, 1995; Hamlett et al., 1999) 
and is similar to those present in R. asterias (Barone 
et  al., 2007), so a more detailed study is required.

During development, primordial germ cells originate 
at the endodermic layer of the yolk sac and migrate to 
the germinal ridge where they associate with follicular 
cells (Matova and Cooley, 2001). Prisco et al. (2001) 
have demonstrated in T. marmorata that oogenesis oc-
curs early in development and continues even after 
birth. They observed clusters of oogonia and prefollicu-
lar oocytes only in newborn specimens and concluded 
that this feature was concordant with its low fecundity. 
Although oogonia were found only in young specimens 
in S. acuta this specie is able to release over 100 egg 
cases every setting (De-Queiroz, 1984; Oddone and 
Vooren, 2002), probably indicating an important number 
of offspring and marking a difference with the Torpedo 
model. In contrast to that observed in other oviparous 
species of chondrichthyans (Koob and Callard, 1991), 
the bignose fanskate does not present a pared disposition 

3.5. Macroscopic follicles countdown

Oocyte countdown results are shown in Figure 13 as 
a frequency histogram and Table 2 indicates the distribu-
tion of oocytes in each studied female. Results show that 
in the ovary only 34% of follicles are previtellogenic, 
whereas 49% of the follicles that are considered previtel-
logenic if we follow the present criteria of macroscopic 
identification are, in fact, vitellogenic. The remaining 
17% correspond to yellow vitellogenic oocytes. 

4. Discussion

Chondrichthyes are remotely related to osteichthyes 
and so, they have evolved in different ways (Moyle 
and Cech, 2000). One of the most important differ-

Table 2. Distribution of oocytes in each studied female.

Upper extreme of 
oocyte diameters 

(mm)

Sa 5 Sa 8 Sa 7 Sa 6 Sa 10 Sa 11 Total %

0.5 9 0 3 28 66 29 135 11.27

1.0 44 0 27 8 137 58 274 22.87

2.0 81 14 47 11 118 94 365 30.47

3.5 34 22 29 28 55 47 215 17.95

5.5 8 8 19 8 16 26 85 7.10

8.0 1 9 4 5 18 11 48 4.01

11.0 3 2 5 4 9 16 39 3.26

14.5 5 2 6 5 8 1 27 2.25

>14.5 5 0 3 2 0 0 10 0.83

Total 190 57 143 99 427 282 1198 100

 

N = 1198 (from 6 females)
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Figure 13. Frequency histogram of the oocyte countdown. 
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that observed in S. acuta. The thickness of the zona pel-
lucida varies among vertebrates and this may be related 
to the reproductive strategy and ecology of the animal. 
The follicles of an oviparous pelagic teleost have thin 
structures whereas those of benthonic species are thick 
and complex to reduce abrasion and erosion (Ravaglia 
and Maggese, 2003). We have observed in S. acuta that 
the thickness of the zona pellucida varies along develop-
ment, being thicker during the establishment of the fol-
licular cell projections. With regards their composition, 
we have observed a positive reaction to PAS, indicating 
the presence of mucopolysaccharides, as in other spe-
cies (Guraya, 1978; Koob and Callard, 1991; Storrie, 
2004; Barone et al., 2007). However, the reactivity to the 
Alcian Blue at pH 2.5 observed in S. acuta seems to be 
the first record of the presence of acid mucopolysaccha-
rides in this structure of Chondrichthyes.

Yolk production in cartilaginous fishes occurs by 
endogenous or exogenous mechanisms, or a combina-
tion of both (Prisco et al., 2002b). The presence of lipid 
and glycogen granules in the liver cells of adult bignose 
fanskate females indicates an active participation of this 
organ in the synthesis of reserve materials. Although the 
vitellogenesis in S. acuta may follow the model proposed 
by Prisco et al. (2002b), a more detailed physiological 
and ultrastructural study to confirm and complete our 
observations is necessary. 

S. acuta has differentiated inner and outer thecae. 
There are many studies about the stereidogenic capac-
ity of this tissue and there are differences among spe-
cies referring to which the thecal layer has this capacity 
(Koob and Callard, 1999). In the bignose fanskate the 
outer theca has characteristics consistent with syntheti-
cal activity, and some other species that show this model 
are Squalus canicula (Guraya, 1978) and T. marmorata 
(Prisco et al., 2002a). The high blood irrigation of the 
inner theca in S. acuta may constitute an adaptation to 
increase the flow of nutrients to the oocyte and the de-
livery of products.

One important aspect of our work is the determina-
tion of the stage of sexual maturity of specimens. There 
are many ways to do this, the histology, sizing of oocytes, 
the external appearance of the ovary and gonadal indexes 
(West, 1990). The Braccini and Chiaramonte (2002) cri-
teria is widely used in field work and it was our choice 
too. However, once the ovaries were studied at a micro-
scopic level, we found a remarkable difference between 
the developmental stages of the oocytes determined in 
the laboratory and in the field, so that approximately 
60% of the oocytes that were catalogued as previtel-
logenic following the macroscopic criteria were already 
committed to its reproductive function. This point is of 
particular interest because it could lead to bad interpreta-
tions of the reproductive potentialities and recovery rates 
of the species. Oddone and Velasco (2004) determined 
the size of sexual maturity in S. bonapartii using the 
presence of yellow oocytes as indicator of maturity. If 
in S. bonapartii follicles behave in the same way than in 

of follicles in the ovary. In spite of this, we consider that 
the number of ovaries that we used is low to support any 
conclusion.

In S. acuta the follicular wall consists in a follicular 
epithelium and a fibrous theca as in other Chondrichthyans 
(Guraya, 1978; 1986). Follicular cells begin as a simple 
squamous layer as in other fishes and non-mammalians 
(Guraya, 1978; Andreucetti et al., 1999; Prisco et al., 
2002a,b; Storrie, 2004). Nevertheless, the dynamics 
of follicular wall is not common to all Elasmobranchs. 
During folliculogenesis the follicular wall of some shark 
species remains simple (Guraya, 1978; Storrie, 2004). 
However, as in other studied Rajiforms (Pratt, 1988), 
the follicular cells of S. acuta stratify but they return 
to a simple stage before ovulation. This observation is 
different from that observed in T. marmorata by Prisco 
et al. (2002a) and R. asterias (Barone et al., 2007), where 
follicular cells stratify but they never return to simple. 
In spite of this, there is not a consistent relationship in 
chondrichthyes between the changes on the follicular 
wall and the reproductive mode or even the follicular 
size. 

One feature of Rajiforms is the presence of different 
follicular cell types (Guraya, 1978; Pratt, 1988). While 
Prisco et al. (2002a) and Barone et al., (2007) have dif-
ferentiated, with electron microscopy, three cell types 
in T. marmorata and R. asterias, in this work we could 
distinguish clearly, with light microscopy, at least two 
types. Though we have observed enlarged pyriform-like 
cells of different shapes, we cannot assure that they con-
stitute different cell types. Follicular cell projections are 
common in Chondrichthyes (Koob and Callard, 1991; 
Prisco et al., 2002a; Storrie, 2004). Hamlett et al., (1999) 
indicate digital projections of the small follicular cells, 
evident at optical level, and name them as transosomes, 
a term first used by Press (1964) for birds. On the other 
hand, Prisco et al. (2002a) describe the presence of inter-
cellular bridges in T. mamorata and suggest their need 
for follicular cell differentiation, but they do not specify 
if they are seen only at an ultrastructural level. This pat-
tern seems to be the same in R. asterias (Barone et al., 
2007) and could probably be the case of the S. acuta. The 
presence of microvilli on the oocyte surface is common in 
no mammalian vertebrates (Guraya, 1978; Andreuccetti 
et  al., 1999; Hamlett and Koob, 1999; Prisco et al., 
2002a) and they are present in the bignose fanskate too. 
They may facilitate the transfer of material between the 
oocyte and surrounding tissues and the entry of nutrients 
and yolk precursors (Prisco el al., 2002b). 

The zona pellucida is an acellular coat surrounding 
the oocyte of all vertebrates. It has not been determined 
conclusively for Chondrichthyans if it is produced by 
both the follicular epithelium and the oocyte, as in other 
animal groups (Storrie, 2004). This region has been de-
scribed as formed by an inner striated zone due to the 
oocyte microvilli and epithelial cell processes (zona ra-
diata) and an outer homogeneous zone (zona pellucida) 
(Ravaglia and Maggese, 2003). This is consistent with 
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S. acuta, this could have lead to an overestimation of the 
female’s maturity size.

Even though our observations are clearly different 
from those of Barone et al., 2007 in R. asterias, where 
microscopic and macroscopic classification are concord-
ant, this aspect should be corroborated in other species 
because the size of the follicles, instead of its coloration, 
seems to be the most certain criteria to determine matu-
rity, and this should be precise by histology. Although 
this makes generalizations difficult, it should be taken 
into account, mainly when a certain degree of accuracy 
is required.

Chondrichthyes clearly constitute a much conserved 
model with aspects of its ontogeny, development and re-
production very different from bonefishes, and certainly 
are much more vulnerable to over fishing (Paesch, 1999). 
Added to this, there is a growing number of chondrich-
thyan species classified as threatened by the UICN Red 
List (2006). Because of all this, it is necessary to increase 
our knowledge about its biology and specific reproduc-
tive characteristics, so that we might be able to imple-
ment effective management and preservation measures 
for this precious resource.
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