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SUMMARY: Crassostrea rhizophorae (Guilding, 1828) is one of the tropical species of oysters cultivated on the Brazilian
shore. Despite its high commercial value, there is no information on the gonadal characteristics during the reproductive stages of this
species. The objective of this work was to analyze the morphology and morphometry of Crassostrea rhizophorae oocytes and follicles in
three stages of the gonadal cycle. Were analized histological sections of gonads considering that the oocytes presented visible nuclei and
nucleoli, it was observed three gonadal cycle stages: early gametogenesis, growth and maturation. In the early gametogenesis stage,
follicles and oocytes presented diameters of 180.29 (± 41.91) and 18.66 (± 6.85) µm, respectively, and presence of large amount of
connective tissue and previtellogenic oocyte. In the growth stage, follicles and oocytes presented diameters of 218.02 (± 43.19) and 25.92
(± 9.94) µm, respectively, this stage was characterized by a small amount of interfollicular connective tissue with vitellogenic oocyte
predominate. In the maturation stage, follicles and oocytes presented diameters of 298.16 (± 99.24) and 35.27 (± 6.2) µm, respectively,
and presence of large number of mature oocytes. We concluded that during culture Crassostrea rhizophorae tolerates the influence of
intrinsic and extrinsic factors and does not undergo significant changes in reproductive activity.
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INTRODUCTION

Crassostrea rhizophorae (Guilding, 1828) popularly
know as Mangue (mangrove) Oyster, Gaiteira Oyster or
Gureri (Boffi, 1979) is one of the cultivated tropical oyster
on the Brazilian shore with high commercial value (Vélez,
1977; Boffi, 1979; Gosling, 2003). Currently, Crassostrea
rhizophorae culture is being implemented in Pará (AlcântaraNeto, 2004). However, there is no information on the gonadal
characteristics during the reproductive stages of this species.

Nevertheless, the studies carried out make no
correlation between follicular components or acinus and
gametogenic cycle stages. Thus, the objective of this work
was to analyze the morphology of Crassostrea rhizophorae
gonad, taking oocytes and follicles in three stages of the
gonadal cycle as parameters.

MATERIAL AND METHOD
The gametogenic cycle of bivalve mollusk can be
evaluated by measuring samples and through gonad color
(Mattox, 1949; Mason, 1958; Saenz, 1965; Velez, 1976),
gonad histological analysis (Velez, 1977; Stephen, 1980;
Lopez & Gomes, 1982; Braley, 1984; Fournier, 1992; Barber,
1996) or more recently by associated histological and
quantitative methods (Choi & Chang, 2003).

*
**

a) Sample. Specimens of Crassostrea rhizophorae oysters
were cultivated in Nova Olinda, Augusto Corrêa-Pará.
Annual average water temperature and salinity were 27.4ºC
and 35.8 p.p.m., respectively. Some samples were collected
between April and November, 2004 and taken live to the
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histological rechnique laboratory of Universidade Federal do
Pará. The oysters were opened and the gonads were removed
and fixed in Bouin solution, for 24 hours.
b) Light microscopy. After fixation, the oysters were
dehydrated with concentrated graded ethanol series immersed
and included in paraffin. Serial 5 µm thick sections were
submitted to Hematoxylin and Eosin. The samples was
examined and photographed with and optical microscope
(Olympus X30).
c) Morphometric analysis. Aided by a model linear reticule
(µm) histological sections of gonads were analyzed. Only
oocytes that presented nuclei and nucleoli were considered.
ANOVA and Kruskal-Wallis tests were used and value
differences with probability ≤ 0.05 were considered significant.

RESULTS

Histological Analysis. In the Crassostrea rhizophorae.
specimens analyzed it was observed gonads in three gonadal
cycle stages early gametogenesis, growth and maturation.
In the early gametogenesis stage (Figs. 1a, 1b) average follicles diameter was 180.29 (± 41.91) µm in size and were
involved by a large amount of connective tissue. The follicle
lumen contained previtellogenic oocyte with diameter average 18,66 (± 6.85) µm in size and some vitellogenic oocytes.
In the growth stage (Figs. 2a, 2b) was characterized by
a small amount of interfollicular connective tissue. The follicles
diameter presented an average size of 218.02 (± 43.19) µm.
Few previtellogenic oocyte were found an the interior and
vitellogenic oocyte predominated. The oocytes diameter
presented an average size of 25.92 (± 9.94) µm. Some mature
oocytes characterized by free follicle lumen were also
observed.

The maturation stage (Figs. 3a, 3b) was characterized
by a small amount of connective tissue with thin follicular
wall. Follicles presented an average size of 298.16 (± 99.24)
µm, some vitellogenic oocytes and a large number of mature
oocytes with average size of 35.27 (± 9.94) µm. The latter
were characterized by a round shape, large volume, large nuclei
and few visible nucleoli. No previtellogenic oocytes were
observed in this stage.
Statistical analysis. It was observed a total of 6050 measures
from oocyte nucleus diameter (2250), oocyte diameter (2250)
and follicle diameter (225) measures and oocyte-per-follicle
count (225). The results are given in Table I.

DISCUSSION

The gonadal analysis of bivalve molluscs in an essential
tool to understand the reproductive biology of the species and
in the future to promote mechanisms for the preservation of
these animals and their later production in a low cost
subsistence food environment (Soudant et al., 1999; Gosling;
Al- Mohanna, 2003).
The classification of the gametogenic cycle of bivalve
molluscs is very complex and not standardized groups and
even within genus. They are generally divided in five stages:
undifferentiated, partial development, total development, egg
laying and regeneration (Gosling). Nevertheless, some authors
proposed their own classification according to the species
studied as for example, Crassostrea rhizophorae (Velez, 1977),
Ostrea iridescens (Fournier), C. gigas kumamoto (Robinson,
1992), C. gigas (Steele & Mulcahy, 1999) and Pinctada fucata
martensi (Choi & Chang). We have described three
gametogenic cycle stages in Crassostrea rhizophorae female
studies: early gametogenesis, growth and maturation. This
classification was based on the histological similarty between
the bivalves mentioned above. It is possible that there also is

Table I. Oocyte nucleus, oocyte and follicle diameters and oocyte-per-follicle count in the three gonadal developmental stages of the
Crassostrea rhizophorae.
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Figs. Female Gonad Crassostrea rhizophorae: 1a. Early gametogenesis stage – follicles (f) involved by connective tissue (ct) -100X. 1b.
Note the presence of previtellogenic oocytes (thin arrow), vitellogenic oocytes (thick arrow) - 400X. 2a. Growth stage. 100X. 2b. Detail
of the thin follicular wall (large arrow), previtellogenic oocytes (thin arrow), vitellogenic oocytes (thick arrow) and some mature oocytes
(*) 400X. 3a. Maturation stage. 100X. 3b. Detail of mature oocytes (*) in lumen, very visible nucleus (n). 400X. H&E staining.
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an undifferentiated stage, however, we have not observed any
specimens in this phase.
Barber & Blake (1991) described that histological
analysis is necessary to demonstrated reproductive events
during the gonadal development of a bivalve and that the
quantitative method contributes with accurate and less
subjective information on organ description. Our findings show
a progressive increase in the average oocyte size/follicle
diameter: 18.66 µm/ 180.29 µm in early gametogenesis, 25.92
µm/ 218.02 µm in growth and 35.27 µm/ 298.16 µm in
maturation stages. The sequence of the stages and oocyte
diameters found differ from those described by LangoReynoso et al., (2000) in their study of C. gigas. According
to them, oocytes reached maximum diameter of 46 µm in
the degeneration stage, which takes place after maturation.
This difference between species can be associated to
environmental and genetic differences between populations,
which may result in variations in the gametogenic process
of the species (Yakovlev, 1977; Lango-Reynoso et al.).
Analyzing the cells in the follicle we found oocytes:
previtellogenic, vitellogenic and mature. So far, it has been
possible to describe the morphology of these cells only by
ultrastructural method. Al- Mohanna et al., reported
oogenesis of the Amiantis umbonella and described primary
and secondary protogonia and previtellogenic and
vitellogenic oocytes. The differences between these phases
are based in the accumulation of the lipidic and granule
cytoplasm content. Although they do not belong to the same
genus, Crassostrea rhizophorae presents oocyte morphology
similar to that of A. umbonella. In C. virginica
macromolecules of the yolk are heterosynthetically
incorporated into the oocytes from the haemocel (Eckelbarger
& Davis, 1996). The analysis of the vitellogenesis by
immunocytochemical study showed that it results from

proteins present in the haemocel and from others located in
the ovary itself, in C. gigas (Suzuki, et al., 1992) and in
other species (Tseng, et al., 2001; Okumura et al., 2004).
We also analyzed the diameter of oocyte nucleus and
the number of oocytes per follicle and found larger oocytes in
the maturation stage; however, the average number of oocytes/
follicle was practically the same in the early and growth stages,
and larger in the maturation stage. This fact can be explained
by the presence of some previtellogenic oocytes that had a
late development due to intrinsic and/or extrinsic factors.
The gametogenic cycle of Crassostrea rhizophorae
must be similar to those of other bivalves even thought we
have not described an annual cycle. The aim of this work
was to describe the gonads of this mollusk during the culture,
mainly the morphology and the organization of the oocytes,
particularly in the early gametogenesis, growth and
maturation stages. These data reflect the moment the gonad
is in development in the reproductive cycle, probably under
the influence of intrinsic factors such as steroid hormones
(Matsumoto et al., 1997) and of extrinsic factors such as
temperature, salinity and nutrients (Stephen; Fournier;
Robinson; Choi & Chang and Moraga et al.).
Velez (1977) reported that Crassostrea rhizophorae
reproduces asynchronously resulting in a continual
production of gametes along the year with minimal activity
from January to June and maximal activity from July to
November. We analyzed oyster in the April-November period
and found synchronism between males and females (data not
published). However, females presented a gradual development
with a larger number of oocytes in November. Thus, we can
conclude that during culture, the Crassostrea rhizophorae
tolerates the influence of intrinsic and extrinsic factors and
does not undergo significant changes in reproductive activity.
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RESUMEN: Crassostrea rhizophorae (Guilding, 1828) es una de las especies de ostras tropicales cultivadas en la costa brasilera,
que presenta alto valor comercial, no existiendo información sobre las características gonadales, durante las fases reproductivas de esta
especie. El objetivo de este trabajo fue analizar la morfología de los ovocitos y de los folículos gonadales de Crassostrea rhizophorae, en
tres fases del ciclo gonadal. Analizando los cortes histológicos de las gónadas y considerando los ovocitos que presentaban núcleo y
nucléolo evidentes, fueron determinadas tres fases del ciclo gonadal: gametogénesis inicial, crecimiento y maduración. En la fase de
gametogénesis inicial, el diámetro de los folículos y de los ovocitos era de 180,29 (± 41,91) e 18,66 (± 6,85) µm, respectivamente;
también identificamos gran cantidad de tejido conjuntivo interfolicular y un número mayor de ovocitos previtelogénicos. En la fase de
crecimiento, el diámetro de los folículos y de los ovocitos era de 218,02 (± 43,19) y 25,92 (± 9,94) µm, respectivamente. Este fase fue
caracterizada por una pequeña cantidad de tejido conjuntivo interfolicular y predominio de ovocitos vitelogénicos. En la fase de maduración, el diámetro de los folículos y de los ovocitos era de 298,16 (± 99,24) y 35,27 (± 6,2) µm, respectivamente, existiendo gran número
de ovocitos maduros. De esta manera, concluimos que durante la implantación del cultivo, Crassostrea rhizophorae tolera la influencia
de los factores intrínsecos y extrínsecos y no presenta alteraciones significativas en su actividad reproductiva.
PALABRAS CLAVE: Crassostrea; Ovocito; Gónada; Morfología.
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