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Abstract

This work provides information about the sexual commitment and the folliculogenesis of the gatuzo, Mustelus schmitti.
A total of 112 females of all maturity stages were fished in the Bahia Blanca estuary, between 2009 and 2010. The
oogonia were present throughout the life cycle of the animals. The folliculogenesis follows a pattern similar to other
elasmobranchs. The granulosa layer keeps monolayered throughout the folliculogenesis, but with two cell types in
the vitellogenic follicle. The zona pellucida forms in the primordial follicles. The thecal system shows a connective
inner layer and a glandular outer sheath. The microscopic beginning of the sexual commitment, indicated by the
vitello hoarding, takes place in follicles from 500 micrometres, while the macroscopic evidence appears in follicles of
2500-3000 micrometres. The results presented in this study suggest that the fishery pressure may affect a susceptible
range of sizes of the species, not previously considered and provides a biological framework for the development of
fisheries policy.
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Indicadores morfologicos de compromisso reprodutivo inicial em Mustelus
schmitti (Springer 1939) (Chondrichthyes, Triakidae): folliculogenesis e
estrutura ovariana ao longo do ciclo de vida

Resumo

Este trabalho prové informagdes sobre o compromisso sexual e da foliculogénese do gatuzo, Mustelus schmitti. Um
total de 112 fémeas de todas as fases de maturidade foram pescados no estudrio Bahia Blanca, entre 2009 e 2010. O
oogonias foi presentes durante todo do ciclo de vida dos animais. A foliculogénese segue um padrao semelhante a outros
elasmobranquios. A capa granulosa mantém-se simples durante toda a foliculogénese, mas com dois tipos de células
no foliculo vitelogénico. A zona pelucida forma-se nos foliculos primordiais. O sistema mostra uma capa tecal interior
de tecido conjuntivo e uma bainha exterior glandular. O inicio microscépico do compromisso sexual, indicado pela
acumulag@o do vitello, realiza-se em foliculos de 500 micrémetros, enquanto que a evidéncia macroscopica aparece
em foliculos de 2500-3000 micrometros. Os resultados apresentados neste estudo sugerem que a pressdo da pesca pode
afetar um amplo intervalo de tamanho das espécies nio considerado anteriormente, e fornece uma base bioldgica para
o desenvolvimento de politica comum da pesca.

Palavras-chave: reproducdo, ovario, maturidade sexual, condrictios, gatuzo.

1. Introduction

Chondrichthyhan fisheries deal with stock problems
worldwide and the SW Atlantic is not an exception, with
a marked increase of fishing efforts in demersal fisheries
(Luciforaetal., 2012). Cartilaginous fishes have an extensive
fan of reproductive adaptations, the same that allow the
survival of the group from the Devonian (Musick and
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Ellis, 2005). Comparing them with teleosts, these fishes
produce a few viable follicles in each reproductive season
and the offspring is delivered in an advanced developmental
stage, looking like small adults (McMillan, 2007). The
knowledge of reproductive features in fishes contribute
to the understanding and preservation of natural stocks.
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Despite this need, information about folliculogenesis in
sharks is scarce and fragmented (Teshima et al.; 1976;
Andreuccetti et al., 1999; Prisco et al., 2001, 2002; Storrie,
2009; Davenport et al., 2011).

The production of a functional reproductive cell includes
some general steps: the commitment of the primordial
germ cells that originate in the vitellin endoderm, their
migration to the genital ridges where they “nest”, their
association with other epithelial cells to form the follicle
and, finally, the accumulation of nutrients to support, at
least, the initial stages of the future embryo’s development
(Kryskoet al., 2008). In elasmobranches, the ovarian
structure and the production of gametes are completely
adapted to their reproductive behaviour and the seasonality
of reproduction, if it exists. In some species this is a long
process extending for a few years, concomitantly or not
with gestation. On the other hand, some species show
a clear annual reproductive season, with a few months
for the production of gametes and delivery of the next
generation (Castro, 2009). Moreover, the function of the
ovary is not restricted to the gametogenesis, but it is also
a complex endocrine organ (Chieffi Baccari et al., 1992).

One of the most critical parameters for the implementation
of adequate fishery management is the estimation of
the reproductive status of the populations. Thence, the
recognition of the maturation degree is basic. Usually,
the most used indicators of maturity in females are
macroscopic: the presence of yellow (vitellogenic) follicles
in the ovary, as well as the enlargement of associated
structures like the uterus and oviductal glands (Stehmann,
2002; Colonello et al., 2007). Despite this, commitment
in the reproductive process may occur before the onset
of these characteristics; therefore fishery effort could be
targeted onto vulnerable size classes. Mustelus schmitti
Springer 1939, is a medium-small carchariniform shark
that extends from Rio de Janeiro (Brazil) to Patagonia
(Argentina). Due to its migratory habits, this shark is
caught by different fishing fleets which affect different
stages of its life cycle (Oddone et al., 2005; Molina and
Lopez Cazorla, 2011). Their stock decline, shrinking size
of captures and decrease in the LT, is well documented
(Massa and Hozbor, 2011). In spite of their commercial
importance, there is scarce and fragmented information
about its reproductive biology and only one report exists
concerning the morphophysiology of reproductive organs
(Galindez et al., 2010).

The knowledge of the morphology of folliculogenesis,
as well as the determination of the onset of reproductive
activity are important subjects, so for the physiological
understanding of a transcending clade, as for a better
comprehension of reproductive physiology from an
important economic resource.

2. Material and Methods

Females were caught seasonally during 2008 and 2009,
by line fishing in the Bahia Blanca estuary (38°45°-39°45°
S; 61°30°-62°30° W). Animals were sacrificed by blunt
trauma to the cranium, measured and immediately dissected.
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The determination of maturity stage was made according
to Chiaramonte and Pettovello (2000) and Colonello et al.
(2007). For light microscopy, tissue samples were fixed
in the Bouin’s fixative or formaldehyde 10%, both in
seawater, dehydrated through a graded series of alcohols
and embedded in paraffin wax. Sections of 3-5 micrometres
were stained with hematoxylin-eosin, Masson’s trichromic
stain, periodic acid Schiff reaction (PAS), the Alcian blue
technique (AB pH 2.5) and the Sudan B technique. Sections
were examined and photographed in an Olympus BX 51
microscope with an Olympus Camedia C-7070 camera. For
transmission electron microscopy, small pieces were fixed
in 2.5% glutaraldehyde in 0.05 M sodium cacodylate buffer
with 12% sucrose (Hyder et al., 1983), for 12 hs at 4 °C
and post fixed in osmium tetroxide 1% in the same buffer
for 90 minutes at 4 °C. Samples were washed in the same
buffer, dehydrated in graded acetone and infiltrated in low
density epoxy resin (Spurr). Semithin sections were colored
with the methylen blue-azure II-basic fuchsine method and
ultra-thin sections on grids were contrasted with uranyl
acetate and lead citrate. Specimens were examined in an
electron transmission Jeol CXII microscope.

3. Results

3.1 Microanatomy

The functional ovary of M. schmitti is the right one.
It is associated to the epigonal organs that, in mature
females, are caudally fused. In immature exemplars
(24 to 57 cm of total length, n = 32), there is no evidence
of ovary differentiation. In maturing females (42-68 cm
TL, n = 58), the ovary develops from the cranial-ventral
side of the right epigonal organ as an almond-shaped
structure, filled with small translucent or white ova and
separated from the granulopoietic tissue, by a slight sheet
of loose connective tissue. As development continues,
the ovary expands in detriment of the epigonal organ, so
that in mature females (58-90 cm TL, n = 22), this organ
withdraws to two minimal fused caudal projections. At
this stage, the ovary occupies more than the 60% of the
general cavity and the residual space is shared by a very big
liver, the digestive tract and other organs. The remaining
myeloid cells are intermingled with loose connective tissue
between follicles (Figure 1). The ovarian epithelium is
simple columnar or cuboidal, with two cell types. One
of them is less electrondense, shows small, apical, PAS
positive vesicles, while the other type is denser and lacks
of vesicles. Both cell types exhibit dilated spaces in the
lateral surfaces and the basal cytoplasm retracts, leaving an
arciform space (Figure 1, insert). Beneath the epithelium,
there is a false albuginea of dense connective tissue, with
smooth muscular cells.

3.2. Folliculogenesis

3.2.1. Oogonia (12.50-25.00 um diameter)

These cells are present in all developmental stages
of females. Even though the oogonia are more numerous
in immature and maturing animals, they are also present
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in pregnant females. These are medium roundish cells,
with a high nucleus:cytoplasm ratio, located beneath the
ovarian epithelium and normally forming nests (Figure 2).
The euchromatic nucleus shows partially condensed
chromosomes and one or two evident nucleolus. The
acidophilic cytoplasm displays small vacuoles, glycogen
and lipid droplets. Inside the nests and intermingled with
the oogonia, there are companion epithelial-like cells
that will form the follicular envelope (Figure 3). These
cells are lightly basophilic and depict numerous RER
profiles, as well as a moderate heterochromatic nucleus.
At this time, in a pre-follicular stage, it is possible to find
atretic structures, which show a high degree of cytoplasm
vacuolization and nuclear disorganization. A thick basal
membrane (Figure 3) surrounds each nest.

3.2.2. Primordial Follicles (37.50-360 um diameter)

The first steps of follicle formation are the association of
the oogonia with follicular epithelial-like cells enveloping
it and a clear diminish of the nucleus:cytoplasm ratio. At
this point, the follicular cells are flattened (Figure 4), with
an elongated euchromatic nucleus and one nucleolus. The
oocyte nucleus shows the typical lampbrush chromosomes
(Figure 4). The cytoplasm is slightly acidophilic, with patches
of less eosinophilic reaction, corresponding to Balbiani’s
corps (Figure 4). As the follicle increases (approximately
100-150 mm diameter), both cell types show caveolae in
the plasmatic membrane (Figure 5). At their interface, the
zona pellucida originates as a deposition of an amorphous
coat of glycosaminoglycans that react positive to PAS and
AB pH 2.5 (Figure 5). Likewise, the presence of microvilli
inside this caveolae evidences the beginning of the oolema
folding (Figure 5). The follicular cells are surrounded by
a thick basal membrane and out of this, one or two layers
of fibroblast-like cells are committed for the constitution
of thecae (Figure 5).

3.2.3. Previtellogenic developing follicles (300-830 um
diameter)

This heterogeneous category includes from follicles
with one simple coat of cubical or columnar follicular
cells, to follicles with a tall-pseudostratified follicular
sheet (Figure 6), with wide empty spaces between cells
(Figure 7). The nucleus:cytoplasm ratio of the oocyte
diminishes and their eosinophilic cytoplasm takes a foamy
appearance. A morphological evidence of interaction
between the oocyte and follicular cells is seen. On the one
hand, the oolema folds tightly forming a refringent edge
and, on the other hand, the granulosa cells emit apical
projections that stretch out through the zona pellucida and
reach the oocyte (Figures 6 and 8). The zona pellucida
itself is characterised by its thickness, which is maximal in
these follicles (Figures 6 and 7). In some of them, an inner
plywood-like zone is evident in the zona pellucida. Both
thecas are well developed (Figures 6 and 7). The internal
one is fibrous, while the outer one comprises polyhedral
glandular-like cells, which form acinar—like structures in
the bigger follicles (Figures 6 and 7).
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Figure 1. General view of the ovary of a sexually
mature female. Follicles at different maturity stages are
intermingled with a connective stroma. The circle indicates
a group of primordial follicles. The insert shows a medium
magnification of the germinative epithelium, with large
intercellular spaces (arrow). Pre: previtellogenic follicles;
arrowheads: primary follicles; Vit: vitellate follicle. Scale
bar =350 mm; insert Scale bar = 50 mm. Masson trichromic
stain.

e AT AP |
Figure 2. Cist of oogonia. There are multiple oogonia
(0og), intermingled with prefollicular cells pfc). The arrow
makes point on the thick basal membrane. Semithin section,
methylen blue-azure II-basic fuchsine. Scale bar = 30 mm.

3.2.4. Vitellogenic follicles (1100-2820) um diameter

Vitellogenic follicles depict many special features
(Figures 9-11). Their granulosa comprises a simple layer
of two cell types, differentiated by their electrondensity
(Figures 9-10). The cytoplasm of “dark™ cells shows
granules PAS and AB 2.5 positive, while those of “light”
cells also depict scarce small granules that react positive
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to Sudan B (Figures 9-10). These lipid droplets are also
located in the intercellular spaces. The zona pellucida
decreases in thickness as the follicle diameter increases
(Figures 9-10). The vitello hoarding is a centripetal
phenomenon that begins by the input of small vitellin
granules. The precursors reach the ooplasma from a thin
vascular sinus, located immediately outside the follicular
basal membrane (Figures 9-11). These precursors cross
the granulosa sheath via the enlarged intercellular spaces

of one cist. Look at the thick basal membrane (arrow)
and the close interaction between the oogonia (00g) and a
prefollicular cell (pfc), where both cells interdigitate their
membranes. The asterisk depicts one apoptotic oogonia.
Scale bar = 20 mm.

- M5 P e

Figure 4. High magnification of a primordial follicle. Look
at the flat follicular cells (fc) and the fibroblastic-like cells
forming an incipient theca (th). Balbiani’s Corps (Bc) are
present in the ooplasm. Masson Trichromic stain.Scale
bar = 30 mm. The insert depicts the thin zona pellucida
(arrow and zp). PAS reaction.Scale bar = 20 mm.
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Figure 5. Transmission electron microscopy image of the
interface between the oolema (00) and the follicular cells
in a primordial follicle. Look at the incipient formation of
the zona pellucida defined by the incipient folding of the
oolema (arrowheads) facing the peripheral caveolae (cv)
of the follicular cells. The thick basal membrane is evident
(arrow). The connective cells begin the organization of the
theca (th). n: nucleus of a follicular cell. Scale bar =5 mm.

Figure 6. High magnification of envelops of one
previtellogenic follicle. The peripheral ooplasma looks
foamy, indicating the coming vitellogenesis. The oolema
is tightly folded (arrowheads), while follicular cells emit
apical projections (empty arrow). Between them, a thick
zona pellucida (zp) is evident. The basal membrane (arrow)
separates the follicular epithelium from the thecas. The
external one shows their cells arranged in an acinar-like
structure (oth). The connective stroma is highly vascularized
(vs). Masson trichromic stain. Scale bar =40 mm. The insert
depicts the same follicle stained with the PAS reaction,
evidencing the thick zona pellucida (arrow, zp). Scale
bar =40 mm.
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Figure 7. Semithin section of a latter previtellogenic
follicle (or an incipient vitellogenic one). The empty
intercellular spaces in the granulosa are evident (broad
empty arrows). Look at the extreme development of the
zona pellucida (zp) with the inner side apposed to the folded
oolema (arrowheads). Thearrow shows the follicular basal
membrane. Both thecae are clearly developed (ith: inner
theca; oth: outer theca). Blood vessels (vs) are common in
the interstitial tissue. Methylen blue-azure 1I-basic fuchsine.
Scale bar = 60 mm.
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Figure 8. Detail of the interface between the oolema (00)

and the zona pellucida (zp) in a vitellogenic follicle. Look at
the closed folding of the oolema. Scale Bar = 50 nm.

(Figure 9-10), pass through the zona pellucida and, finally,
enter into the ooplasma, by the oolema’s folds (Figure 10).
Inside the gamete, the vitellin platelets accrete to form the
typical ellipsoidal structures, with an electrondense core
(Figure 10). Both thecas are well defined (Figures 9-11).
The inner one develops a vascular sinus that surrounds
the follicle, while the outer is glandular-like and their cells
are cuboidal, with short microvilli, mitochondria with
tubular cristae, many SER profiles and developed lateral
interdigitations (Figure 9, insert).
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Figure 9. High magnification of a vitellogenic follicle.
Look at the clear pseudostratified epithelium. The zona
pellucida is very thin at this stage (zp). There are numerous
intercellular spaces filled with granules (empty arrows).
Both thecae are well defined and the external is composed
by polyhedral cells (oTh). One vascular sinus (vs) is
interposed between the internal theca (iTh) and the basal
membrane of the granulosa (arrow). Vp: vitelline plate.
Sudan B technique, Scale bar = 40 mm. The insert depicts
an electron micrography of the cells of the outer theca.
Tubular mitochondria profiles (m) and SER (O) are seen.
Cells present profuse lateral interdigitations (e).Scale
Bar=0.7 mm.

3.2.5. Corpora lutea

When the oocyte leaves the ovary, the remaining
follicular structures transform into a corpus luteum. The
first morphological hint is the invagination and folding of
the granulosa sheath, with both thecas wrapping all the
structure (Figure 12). A simple layer of very tall cells lines
the central cavity. These have a vacuolated acidophilic
cytoplasm with two kinds of granules: one of them, of
greater size, are AB pH 2.5 and PAS positive, while the
others are small and react to the Sudan B (Figure 12,
insert). The acinar-like structures of the outer theca expand
in size (Figure 12).

3.2.6. Corpora atretica

Follicular death occurs in every stage of development.
In primordial (Figure 13) and previtellogenic phases,
the atresia is indicated by nuclear apoptotic images, the
enlargement of the zona pellucida and the disorder of
the granulosa. In vitellogenic follicles, some granulosa
cells show evidence of hyperplasia and others become

Braz. J. Biol., 2014, vol. 74, no. 3 (suppl.), p. S154-S163



Sexual commitment of Mustelus schmitti

—_— . B 2

Figure 10. Microscopic electron image of the follicular
cells in a vitellogenic follicle. Two cellular types were seen,
the dark follicular cells (dfc) and the light ones (Ifc).Broad
empty arrows depict the transport of vitellin precursors
in the intercellular spaces, while emptyarrowheads show
the intracytoplasmatic granules. Black arrowhead makes
point on the folding of the oolema; zp: zona pellucida, vp:
vitelline plate. Scale Bar = 4 mm.

Figure 11. Microscopic electron image of the follicular
cells in an early vitellogenic follicle. Follicular cells (fc)
are arranged in a seudostratified epithelium. One vascular
sinus (vs), plenty of blood cells, is developed between the
follicular basal membrane (black arrow) and the inner
theca (iTh). The outer theca (0Th) shows polyhedral cells.
The empty arrow makes point on granules of vitellin
precursors. Scale Bar =5 mm.

phagocytic and transform into tall, glandular-like cells,
similar to those of the corpus luteum (Figure 14). The
remaining follicle collapses. Both thecas involute and
adopt the morphology of a dense connective tissue that
infiltrates all the structure, transforming it in a dense scare
(corpus albicans).

4. Discussion

The elamobranchs are key organisms in the evolutive
context. They show many innovations in several aspects,
such as the presence of jaws, placoid scales, an adaptable
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Figure 12.Medium size image of an early corpus luteum.
The inner folding of the granulosa is clear, as well as the
hypertrophy of the outer theca (th). The vascular sinus is
enlarged (vs). The insert is a magnification of the luteinic
tall cells, with evidence of phagocytosis (broadblack
arrows). Masson trichromic stain. Scale Bar = 60 mm.

immune system (Haines et al., 2005) and display an adaptive
spectrum of reproductive characteristics (McMillan, 2007).
The ovary structure and the dynamics in the production
of gametes agree with the manner of reproduction and the
periodicity of litters. This information becomes relevant
when it comes from an important economic resource.

The presence of only one functional ovary, closely
associated with the epigonal organ, is the rule for the
genus (Tewinkel, 1950; Hamlett et al., 2002; Walker,
2007; Saidi et al., 2008,2009) and M. schmitti is not an
exception. Unlike M. antarcticus Gunther, 1870 (Storrie,
2004), in the gatuzo, the left epigonal organ is caudally
fused with the right one. If we add to this the fact that the
mature ovary, plenty of ova, occupies more than one half
of the general cavity, the laterality of the ovary in this
species is unclear at naked eye.

The ovarian differentiation triggers the beginning of
sexual development at the expense of the most important
granulopoietic organ. This epigonal organ produces mainly
granulocytes, related to the innate immunity, as well as
lymphocytes associated to the adapted immunity (Galindez
and Aggio, 2002). However, it is interesting that this fact
seems not to be crucial for the healthiness of the animals.
Nevertheless, this is still an unexplored topic.
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Figure 13. Apoptosis in incipient folliculogenesis
(primordial follicles). The asterisk depicts an apoptotic
follicle. Masson trichromic stain. Scale Bar = 60 mm.

Figure 14.Medium size image of the follicular wall of an
atretic vitellogenic follicle. The is a clear transition between
the hyperplasic and the normal epithelium. In the image
top there are some vitellin debris (vd) and zp indicates the
disorganized zona pellucida. Th: thecas. Masson trichromic
stain. Scale Bar = 20 mm.

The gatuzo’s female reaches the sexual maturity at
2.7-2.4 years (Massa and Lasta, 2000; Colautti et al.,
2010), corresponding to a total length higher than 57 cm
for the south of Brazil and the northern coasts of Argentina
and Uruguay (Oddone et al., 2005; Sidders et al., 2005)
and 79 cm for the Patagonian district (Chiaramonte and
Pettovello, 2000). The microscopic evidence of the onset of
vitellogenesis in animals macroscopically immature indicates,
that they are already committed in the reproductive process
with an important energetic investment. That results in an
indicator, nor previously considered, for the determination
of the maturity stage and may contribute in the planning
of specific regulations. Otherwise, it is possible that this
early commitment will reflect a population disturbance,
probably due to the increasing fishing pressure that is
undergoing this species.

The ovary exhibits a massive structure, with no cortex
and medulla, as well as it was reported for M. asterias
Cloquet, 1819 (Capapé, 1983). It is lined by a simple
epithelium, with different cell types and enlarged intercellular
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and basal spaces. Some similar features were found in
M. manazo Bleeker, 1854 and M. griseus Pitschmann,
1908 (Teshima, 1981) but the presence of two cell types
has not been reported before. However, the presence of
smooth muscle in the albuginea has not been previously
reported for the genus. The occurrence of this cells might
be associated to the maximal distention attained by the
organ in mature females, due to the increment in number
and size of the follicles.

The recruitment of follicles is modulated by the
relationships established between the oogonia and the
pre-follicular cells (Oktem and Oktay, 2008). As in other
species (Capapé, 1983; Prisco et al., 2007), the oogonia
of M. schmitti may occur isolated or forming clusters of
sister cells all through the female’s life. Cortes and Massa
(2006) suggested that the gatuzo has some characteristics
that may enable a sustainable exploitation, if managed
properly. If we take into account that the pools of germinal
cells, as well as the atresia, define the amount of viable
gametes, the results here presented support the idea of the
sustainable fishery of the gatuzo.

Folliculogenesis begins with the meiotic process and
the envelopment of the oocyte by the follicular cells. The
interrelation between these cells and the local production of
growth factors (Hutt and Albertini, 2007) define two possible
routes: or development continues and the germinative cell
becomes a mature gamete, or the follicle undergoes atretia.
In general, the follicle development in sharks follows
the same pattern as it does in other vertebrate species
(Davenport et al., 2011). The first morphological step is
the differentiation of a primordial follicle, where a simple
layer of flattened cells coats the oocyte. In M. schmitti,
these follicles are bigger than the observed in M. manazo
and M. griseus (Teshima, 1981). On the other hand, the
carlier deposition of the zona pellucida, in the primordial
stage from both, oocyte and follicular cells, is proper
of this species and different from other fish’s pattern.
Moreover, the zona pellucida of the gatuzo attempts its
maximal thickness in previtellogenic stages (less than
2500 micrometers), as it does in M. canis (Mitchell, 1815)
(Davenport et al., 2011).

In M. schmitti, the onset of vitellogenesis occurs in
follicles of about 1100 - 1300 micrometers, although,
at that point, it is not detectable at naked eye. As a rule,
the follicular layer in this developmental step is simple
in selachians, while batoids show a stratified granulosa
(Prisco et al., 2002; Diaz Andrade et al., 2009, 2011). At
early gatuzo’s vitellogenesis, the granulose increases in
size and adopts the aspect of a pseudostratified epithelium,
as it does in M. antarcticus (Storrie, 2004), but different of
M. manazo and M. griseus, which depict stratified granulosa
layers as the skates (Teshima, 1981). However, despite the
diversity exhibited by chondrichthyans about the dynamics
of the follicular wall, it seems to be no consistent pattern
associated to the reproductive mode, either the oviparity
or the placentary or aplacentary viviparity. There are no
previous reports about different cell types in the follicular
coat of the genus Mustelus. In the gatuzo there is evidence
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oftwo different electrondense cells. However, it is not yet
clear if they constitute two functionally different cells or
two developmental stages of the same cellular type, so
that more studies are needed to explain this singularity
and its implications.

Close to the ovulation point, the follicular cells reduce
their height. These epithelial-like cells show dilated
intercellular spaces filled with dense material. It is known
that vitellogenin, a lipophosphoprotein, is synthesised in
the liver and transported by blood vessels to the oocyte,
through the follicular intercellular spaces (Prisco et al.,
2002). Even though it is known that this protein is present
in elasmobranchs (Pérez and Callard, 1989), the role of
follicular cells in their production is unclear (Prisco et al.,
2004). However, the presence of small cytoplasmic
granules that react positively to Sudan B in M. schmitti
supports the theory of the uptake of precursors from the
maternal circulation.

The maximal size registered for one follicle “at term”
in this work, agrees with the range of values for the species
(Chiaramonte and Pettovello, 2000; Sidders et al., 2005).
All studies Mustelus species have “at term” follicles ranged
from 15 to 28 mm (M. antarcticus, Walker, 2005; M. asterias,
Capapé, 1983; M. canis, Conrath and Musick, 2005;
M. griseus and M. manazo, Teshima et al., 1976; M. henlei
(Gill, 1863), Pérez and Sosa, 2008; M. lenticulatus Phillips,
1932, Francis and Mace, 1980; M. mustelus (Linnaeus,
1758), Capapé et al., 2006 and M. punctulatus Risso, 1827,
Saidi et al., 2009). This condition may not be related with
the reproductive mode or the mother’s size; the species
referred above include placentary and aplacentary animals
and comprise sharks from 95 to 185 cm of total length. If
we take into account the particular structure of the zona
pellucida and the interface between follicular cells and
the oocyte (Davenport et al., 2011), it is probably that the
constancy in the egg size responds to a midcourse between
size, volume, resistance to deformation (flexibility) and
the maximal thinness that allows fecundation.

The endocrine function of the follicle in Vertebrates
is beyond question (McMillan, 2007). There are two
known morphological ways of thecal arrangement: or
the glandular tissue is part of the inner layer (Guraya,
1986), or the endocrine cells are found in the external
sheet (Dodd, 1983; Prisco et al., 2002; Storrie, 2004). The
gatuzo exhibits this last model. The presence of a great
amount of REL and tubular mitochondria in the thecal
cells, constitute a strong evidence of the secretory nature
of'this external theca, since all these are characteristics of
cells involved in steroid production (Chieffi Baccari et al.,
1992). M. manazo and M. griseus depict different thecas
too, but no morphological data was reported, except for a
reference to a light eosinophilia in the inner one (Teshima,
1981), that might suggest a fibroblastic nature, in agreement
with the other members of the genus.

The results exposed show that atresia may occur in
any developmental stage, even in oogonia (Ricchiari et al.,
2003). In early follicles, there is no major evidence than
the disorganization and resorption of the follicle. On the
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other hand, in the vitellogenic ones, the hyperplasia of
the follicular epithelium seen in M. schmitti has not been
previously reported, so that only one histologic study exists
in the genus (M. canis,Hisaw and Hisaw, 1959). Moreover,
there is much confusion refering to the identity of corpora
lutea and corpora atretica in Chondrichthyes. The corpus
luteum seems to be present in all studied Mustelus species
(Storrie, 2004) with similar characteristics, such as the
granulosa folding and the tall phagocytic cells. In spite
of this morphological features, there are no conclusive
studies about their glandular nature.

Despite its importance from the evolutionary, ecological
and commercial standpoint, fisheries have led to the
elasmobranchs stocks worlwide to a critical reduction, even
just to the point of commercial and biological extinction
(Oddone et al., 2005). That is why the knowledge of all
biological features, with special emphasis on reproductive
traits, is necessary for the implementation of adequate
management and protection policies. As mentioned before,
the sharks of the genus Mustelus have some characteristics
that may enable a sustainable exploitation, under adequate
management. Is in this context, it is hoped that the new data
presented here may contribute to a better understanding
and protection of this important resource.
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