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SUMMARY: The present study describes the morphology of the female reproductive system and the development of the
germ cells of the crab Goniopsis cruentata. Specimens were collected monthly from the mangrove of the Ceard River
(Brazil) for study of the reproductive system. The ovarian lobes unite near the middle of the cephalothorax and extend to
the third abdominal segment. The ovaries connect to spermathecae draining into a short oviduct. Microscopically, four
types of germ cells were identified. Four stages of ovary development were defined based on macroscopic and microscopic
features. The association of ovary development stages with biometric measures shows that ovaries of females with triangular
abdomens and a carapace width (CW) of 21.0-29.3 mm were in the previtellogenic stage, while those of females with
rounded abdomens and a CW of 26.4-46.1 mm varied with regard to maturity, the majority being late-stage vitellogenic or
mature. The organisation of the female reproductive system of G. cruentata is similar to that of most other brachyurans,
except for the extension of the ovaries to the abdomen.
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RESUMEN: MORFOLOGTA DEL SISTEMA REPRODUCTIVO DE LAS HEMBRAS DEL CANGREJO ROJO DE MANGLE (GONIOPSIS CRUEN-
7ATA LATREILLE, 1803). — El presente estudio describe la morfologia del sistema reproductivo femenino y el desarrollo de
las células germinativas del cangrejo Goniopsis cruentata. Los ejemplares estudiados fueron recolectados mensualmente en
un manglar del Rio Ceara (Brasil). En plena madurez, los 16bulos del ovario se unen cerca del centro del cefalotérax y se
extienden hasta el tercer segmento abdominal. Los ovarios se conectan a la espermateca a través de un pequefio oviducto.
Microscopicamente, cuatro tipos de células germinativas fueron identificadas. Cuatro estadios de desarrollo ovdrico fueron
definidos en base a caracteristicas macroscopicas y microscopicas. La asociacion del desarrollo de los estadios de desarrollo
ovarico con medidas biométricas muestra que los ovarios de las hembras con abdémenes de forma triangular y talla com-
prendida entre 21-29.3 mm de anchura de cefalotérax se encuentran en el estadio pre-vitelogénico, mientras que los ovarios
de hembras con abdémenes redondeados y tallas comprendidas entre 26.4-46.1 mm varian en relacion a su grado de desarro-
1lo, 1a mayoria perteneciendo al estadio vitelogénico tardio o maduro. La organizacién del sistema reproductivo femenino de
G. cruentata es similar al de la mayoria de otros cangrejos braquiuros, excepto por la extension de los ovarios al abdomen.
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INTRODUCTION and Brusca, 1990). The reproductive system of the
female consists of a pair of ovaries, a pair of oviducts
Decapod crustacean gonads are partly or com- and, in some groups, a pair of spermathecae (Krol et

pletely connected, paired and typically elongated  al., 1992). Crab ovary development stages are usu-
organs located in the dorsal part of the body (Brusca ally determined based on the macroscopic features
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of the gonads, as reported for Araneaus cribrarius
(Pinheiro and Fransozo, 1998), Hepatus pudibundus
(Reigada and Negreiros-Fransozo, 2000), Chasmag-
nathus granulatus (Ituarte et al., 2004) and Goniopsis
cruentata (Cobo and Fransozo, 1998a; 2005; Moura
and Coelho, 2004). Microscopic features are rarely
used for the purpose of classification. Mota-Alves
(1975) and Santana (2002) used macroscopic fea-
tures and histological analyses for the classification
of the ovary development stages of the mangrove
crab, Ucides cordatus.

The red-clawed mangrove tree crab (G. cruenta-
ta) is found in the tropical waters of both the western
Atlantic (Bermudas, Gulf of Mexico, the Antilles,
the Guianas and Brazil from Para to Santa Catarina,
including Fernando de Noronha) and the eastern
Atlantic (from Senegal to Angola) (Melo, 1996). In
spite of its extensive distribution, few studies on the
species’ reproductive biology have been published
in Brazil. Exceptions include studies from Pernam-
buco and Sao Paulo on physiological sexual matu-
rity (Moura and Coelho, 2004; Cobo and Fransozo,
2005), fecundity (Cobo and Fransozo, 1997; Moura
and Coelho, 2003), reproductive period (Cobo and
Fransozo, 1998a) and spawning period (Cobo and
Fransozo, 2003).

A description of the morphology of the male re-
productive system of G. cruentata was published by
Garcia and Silva (2006) based on specimens from
the mangrove of the Ceara River (Caucaia, Ceard,
Brazil). The present study aims to describe the struc-
ture of the female reproductive system, discuss the
process of germ cell development and characterize
the stages of ovarian development in relation to bio-
metrical data and abdominal shape in G. cruentata.

MATERIALS AND METHODS

Ten female specimens of G. cruentata were col-
lected monthly from the mangrove of the Ceard River
(Caucaia, Ceara, Brazil) between October 2004 and
October 2005. The animals were taken to a labora-
tory and cold-anesthetised and the carapace width
(CW) and abdominal width (AW) were measured
with a precision calliper (0.1 mm). After egg-bearing
condition had been recorded, the reproductive system
was exposed and the ovaries were examined for col-
our, consistency, volume and extension. Fragments
of ovary were fixed in Bouin aqueous solution for
6 hours. Subsequently, the fragments were submit-

ted to dehydration in a graded series of alcohol for
infiltration and embedding in paraffin, or in historesin
for thinner microtome sections. Histological sections
measuring 5 um were submitted to staining with Go-
mori’s trichrome (adapted from Tolosa et al., 2003)
and the periodic acid-Schiff (PAS) reaction method
(adapted from Junqueira and Junqueira, 1983) for
the identification of glycoproteins, or with Ponceau
xylidine (adapted from Mello and Vidal, 1980) and
bromophenol blue (adapted from Pearse, 1960) for
total protein. Macroscopic and microscopic aspects of
the gonads, including the frequency of germ cells per
microscope field and their organisation in the stroma,
were used to determine the development stage of the
ovary. Biometrical data and abdominal shapes were
associated with ovary development stages.

RESULTS

A total of 120 females were examined, 23 of
which were egg-bearing. Carapace width ranged
from 21.0 to 46.1 mm for the whole group, and from
27.2 to 46.1 mm for egg-bearing individuals. The
latter were observed in the months of March through
August 2005, but were most frequent in April (80%),
May (60%) and June (60%).

The sexual dimorphism of G. cruentata is evident
in the morphology of the abdomen, the number and
position of the pleopods, the position of the gonop-
ores and the size of the chelipeds. Some overlapping
was observed with regard to abdomen shape and
carapace width. Thus, among the specimens col-
lected for this study, females with triangular abdo-
mens had carapaces measuring 21.0-27.6 mm (but
could be distinguished from males by the position of
the gonopores), females with abdomens of the tran-
sitional type though not extending to the coxae of
the pereiopods had carapaces measuring 23.6-29.3
mm, and females with rounded abdomens with the
extremities reaching the coxae of the pereiopods had
carapaces measuring 26.4-46.1 mm.

Anatomy of the female reproductive system

The female reproductive system of G. cruentata
consists of a pair of ovaries, a pair of oviducts and
a pair of spermathecae. The ovaries are elongated
organs located dorsally in the cephalothorax and in-
terconnected only by a short transversal expansion
posteriorly to the stomach and ventrally to the heart.
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FiG. 1. — Anatomy of the female reproductive system of Goniopsis

cruentata. A, schematic illustration showing only of female repro-

ductive system showing ovaries (0) and spermathecae (s); B, sagittal

section showing ovary (o), spermatheca (s) and oviduct (ov). Abdo-
men (a).

The ovaries extend posteriorly from the transversal
expansion in the form of two parallel lobes positioned
laterally to the mid-digestive tract. Depending on the
stage of maturation, the posterior lobes may extend
as far as the third abdominal segment (Fig. 1).

Around the middle of each posterior lobe an ex-
tension is seen projecting ventrally and connecting
to the underside of the spermathecae. The spermath-
ecae are spherical or ovoid sacs below the middle
intestine, filled with a thick, milky liquid. The walls
of the organ are thin, whitish and easily disrupted
with the tweezers. Ventrally the spermathecae
are coupled to a pair of short, thin and translucent
oviducts which open onto the sternite of the sixth
thoracic segment through an operculated pore called
the gonopore.

The gonads vary in colour, shape, consistency
and volume as the female matures. The colouring
changes from white through orange to dark brown.
White-coloured ovaries are cylindrical, slender and
flaccid and extend to the first abdominal segment.
Orange-coloured gonads are likewise cylindrical and
slightly compressed dorsoventrally, but are firmer to
the touch and reach the second or third abdominal
segment. Dark brown ovaries are considerably larg-
er and compressed dorsoventrally; the anterior lobes
cover the entire hepatopancreas, while the posterior
lobes may extend as far as the extremity of the third
abdominal segment (Table 1).

TABLE 1. — Aspects of the ovary development stages of Goniopsis cruentata. Ovary (ov). Histological sections show types of germinative cells
predominant in each stage (0o, oogonia; po, previtellogenic oocytes; ev, early-stage vitellogenesis; vo, late-stage vitellogenesis) and empty
space (e) present in post-spawning ovaries.

Stage of ovary development Macroscopic characteristic

Posterior lobes extension

Schematic illustration Histological section

Previtellogenesis Slender and flaccid lobes,
tubular form. White colour
Early-stage Compressed dorso-ventrally

with the anterior lobes almost
entirely covering the
hepatopancreas. Orange colour.

vitellogenesis

Late-stage or mature
vitellogenesis with the anterior lobes cover
the entire hepatopancreas.

Dark brown colour

Flaccid and slender.
White or light yellow colour

Post-spawning

First abdominal segment

Second or third
abdominal segment

Compressed dorso-ventrally Third abdominal segment

First abdominal segment
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F1G. 2. — Photomicrograph of the somatic components of the ovary of Goniopsis cruentata stained with Gomori’s trichrome. A, longitudinal

section of ovary - germinative zone (gz); maturation zone (mz). Scale: 25 um. B, external lining of ovary after spawning (arrow) with wavy ap-

pearance characteristic of the stage. Scale: 50 um. C, previtellogenic ovary - periodic invaginations (arrow) in the lining in which cysts (c) are

formed. Scale: 50 um. D, hemal vessel (v) in ovary after spawning. Hemolymph (h). Scale: 30 um. E, hemocytes (he). Nucleus of hemocytes

(n). Scale: 4 um. F, follicular cells (arrow) around previtellogenic oocytes (po). Scale: 30 um. G, follicular cells (arrow) in squamous form
associated with late-stage oocytes (ov). Scale: 50 um.
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Histological description of the ovaries

The histological study provided information on
the germinative and somatic components of the ova-
ries as well as on the relation between maturity and
the organisation of these components.

The ovary of G. cruentata may be divided into
two regions: the germinative (or proliferative) zone
and the maturation zone (Fig. 2A). In the former, the
germ cells undergo mitosis and initiate their develop-
ment. Distally, in the latter, the growing germ cells
go through the stages of vitellogenesis. The ovary of
G. cruentata features no lumen.

The somatic components include the lining of
the ovary, hemal vessels and sinuses, hemocytes,
oocytes, follicular cells and fibrous material, the lat-
ter constituting the ovarian stroma.

The ovaries are lined with a layer of fibrous ma-
terial containing cells with light-coloured immature
cytoplasm and nuclei shown to be basophilic when
submitted to staining with Gomori’s trichrome. In
the early stages of ovarian maturation, periodical
invaginations in the lining give rise to cysts in which
the germ cells develop (Fig. 2C). As the oocytes in-
crease in volume and number in the ovaries, the lin-
ing changes appearance from wavy to distended and
the cells assume the squamous form. After spawning,
the lining becomes once again wavy in appearance
and the cells turn ovoid (Fig. 2B).

The follicular cells, with their flattened and barely
visible cytoplasm, are found throughout the ovaries,
including the central germinative zone where they
appear as scattered and unclustered. However, in the
maturation zone the follicular cells start organising
irregularly around the germ cells until they form a
single layer of flattened cells with which the germ
cells remain closely associated during the later stages
of maturation (Fig. 2F and 2G).

The hemal vessels are lined by a thin and wavy
membrane and contain a granular substance, the
hemolymph (Fig. 2D). The membrane is stained dark
green with Gomori’s trichrome and reacts intensely
to bromophenol blue or xylidine. The hemal sinuses
appear as spaces filled with hemolymph between the
ovary fibres. Both vessels and sinuses are most eas-
ily observed in the early stages of maturation and
after spawning. The hemolymph contains spherical
or ovoid cells, the hemocytes, which may also be
seen in vessels and in the ovarian stroma (Fig. 2E).
The nuclei of the hemocytes have an irregular shape
and the cytoplasm is weakly basophilic, and stain-

ing with bromophenol blue, xylidine and PAS elicits
almost no response.

The germinative components are represented by
germ cells at different stages of maturation, as de-
termined by size, form, location in gonadal sections
and response to dyes. Four categories of germ cells
were identified:

Oogonia: Small germ cells measuring 10 um
on average, oogonia are characteristically spheri-
cal with a small amount of cytoplasm in the form
of a slender band encircling the nucleus. The nuclei
of oogonia appear more developed than the cyto-
plasm, the chromatin is condensed especially at the
periphery and in the centre of the nucleus, and no
nucleoli are seen. The presence of groups of oogonia
with highly condensed chromatin possibly indicates
early mitosis (Fig. 3A). The oogonia are shown to be
weakly basophilic when submitted to staining with
Gomori’s trichrome, and react little to the other dyes
tested. Follicular cells and oogonia do not appear to
be associated.

Previtellogenic oocytes: Irregularly shaped cells
measuring 20-80 um, previtellogenic oocytes have
larger nuclei and more cytoplasm than oogonia. The
cytoplasm becomes gradually less basophilic as it
increases in volume, the chromatin of the nucleus
becomes less condensed and two peripheral nucleoli
may be seen in close contact with the inner surface
of the nuclear envelope (Fig. 3B). The cytoplasm of
the previtellogenic oocytes in the maturation zone is
weakly stained with bromophenol and xylidine, but
not with PAS.

Vitellogenic oocytes: Measuring 50-340 wm,
vitellogenic oocytes differ from previtellogenic
oocytes mainly by the presence of vesicles in the
cortical region of the cell. As the ovaries mature,
these vesicles become more densely and evenly
distributed in the cytoplasm, thus increasing the
size of the oocyte. The cytoplasm, which is initially
basophilic and granulated within, becomes gradu-
ally filled with colourless vesicles in the cortical
region. As the oocytes grow, the cytoplasm and
emerging vesicles in the cortical region tend to
be become green when stained with Gomori’s tri-
chrome (Fig. 3D). As the vesicles from the cortical
region accumulate in the centre of the oocyte, two
zones become visible in the cytoplasm: a weakly
basophilic region near the nucleus and a corti-
cal area completely filled with colourless vesicles
when stained with Gomori’s trichrome (Fig. 3C).
By the end of this stage, the vitellogenic oocytes
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F1G. 3. — Photomicrograph of the germinative cells of Goniopsis cruentata stained with Gomori’s trichrome showing germ cells at different

development stages. A, oogonia (00). Observe compacted chromatin, indicating possible cell division (od). Scale: 10 um. B, previtellogenic

oocytes (pvo); nucleus (n); peripheral nucleoli (arrow). Scale: 15 um. C, oocytes in vitellogenesis (vo). Basophilic region (b) near the nucleus

(n). Scale: 100 um. D, oocyte in early-stage vitellogenesis (ev); vitelline vesicles (arrow). Previtellogenic oocytes (pvo). Scale: 25 um. E,

oocyte in late-stage vitellogenesis (Iv). Nucleus (n). Scale: 50 um. F, oocyte in late-stage vitellogenesis. Light green chorion (arrow). Nucleus
(n). Scale: 60 um.

undergo biochemical changes, as reflected by the
change from light green to bright red when stained
with Gomori’s trichrome (Fig. 3F), and the cyto-
plasm is totally filled with vesicles. As long as the
vesicles are stained green with Gomori’s trichrome,
they display a weak reaction to bromophenol blue,

xylidine and PAS. However, once they turn bright
red with Gomori’s trichrome they also react more
intensely to other dyes. At this point the cell nu-
clei have become centralised, irregularly shaped,
strongly basophilic and smaller than during the
previtellogenic stage.
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At a more advanced stage of vitellogenesis, a
continuous and flattened band—the chorion—may
be seen externally to the oocytes and below the
follicular cells. While clearly visible in sections
stained with PAS, the chorion is weakly stained with
bromophenol blue and xylidine and stained light
green with Gomori’s trichrome (Fig. 3F).

Mature oocytes: The largest of the germ cells,
mature oocytes are polyhedral and measure 250-
410 wm. The cytoplasm is filled with vesicles stained
red with Gomori’s trichrome and colourless vesicles
larger than those observed during earlier stages.
The cytoplasm of mature oocytes react strongly to
bromophenol blue, xylidine and PAS. The nucleus
is not visible, probably because of its reduced size in
relation to the cytoplasm and of the plane of histo-
logical section.

Stages of ovary development

Four stages of development were defined based
on the microscopic and macroscopic characteristics
of the ovary.

1. Previtellogenesis. The ovaries are little de-
veloped and feature slender lobes reaching no far-
ther than the first abdominal segment. The flaccid
and whitish or yellowish ovaries of this stage can
be difficult to excise (Table 1). In longitudinal and
transversal sections of the central germinative zone,
oogonia may be seen undergoing division. Outside
this zone only previtellogenic oocytes are observed,
organised in periodic invaginations in the lining and
forming cysts (Fig. 2C). At this point follicular cells
start grouping around the oocytes.

1. Early-stage vitellogenesis. The ovary is or-
ange-coloured and compressed dorso-ventrally
with the anterior lobes almost entirely covering the
hepatopancreas, while the posterior lobes extend to
the second or third abdominal segment (Table 1).
The germinative zone is observed microscopically
to be compressed by the surrounding previtellogenic
oocytes. At the periphery of the ovary, oocytes may
be seen undergoing early vitellogenesis. Due to in-
crease in volume, the vitellogenic oocytes eventually
compress the periodical invaginations in the lining.

1Il. Late-stage or mature vitellogenesis. At this
stage the ovaries are large and dark brown. The ante-
rior lobes cover the entire hepatopancreas while the
posterior lobes may extend as far as the end of the
third abdominal segment (Table 1). Histologically, in
late-stage vitellogenesis the ovaries are mostly filled

with oocytes undergoing late-stage vitellogenesis,
and very few previtellogenic oocytes are observed.
Mature ovaries appear uniform and completely filled
with mature oocytes in addition to a small number
of late-stage vitellogenic oocytes. The germinative
zone is difficult to see.

1V. Post-spawning. After spawning, the gonads
become flaccid and white or light yellow, making
them difficult to distinguish from previtellogenic
gonads. Due to the release of mature oocytes, the
ovaries become extremely flattened and now extend
as far as the first abdominal segment (Table 1). His-
tologically, the ovaries may take on two distinct ap-
pearances. One of these is associated with a period
of major disarray caused by the release of mature
oocytes. At this stage, several previtellogenic oocytes
and empty spaces are seen in the ovarian stroma,
along with a considerable number of hemocytes,
fibres and follicular cells. In our specimens, a few
hemocytes associated with previtellogenic oocytes
were also observed. Likewise, a number of oogonia
in the germinative zone seem to be undergoing mito-
sis. Upon oocyte release, the ovarian lining assumes
a distinctly wavy appearance. The second condition
observed corresponds to the reorganisation of the
ovaries accompanied by a significant decrease in the
number of hemocytes and empty spaces. The follicu-
lar cells appear to cluster around the oocytes and the
lining loses its wavy appearance.

Ovary stages vs biometric data

Females with a triangular abdomen reaching
short of the coxae of the pereiopods (CW: 21.0-29.3
mm) had previtellogenic ovaries without exception,
while larger specimens with the abdomen extending
as far as the coxae of the pereiopods (CW: 26.4-46.1
mm) featured ovaries at varying stages, though most
were late-stage vitellogenic or mature.

Thus, some overlapping is observed in the CW
range of 26.4-29.3 mm, in which some females
feature a completely developed abdomen and are
capable of producing fertilizable oocytes, while oth-
ers feature a triangular abdomen and are capable of
producing previtellogenic oocytes only (Table 2).

DISCUSSION

The shape of the abdomen of maturing females
of G. cruentata changes from triangular to rounded
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TaBLE 2. — Interrelation between ovary stages and abdomen shape in Goniopsis cruentata.

Carapace width (cw) Abdomen shape Stagy of ovary development Abdomen picture
21-27.6 mm Triangular Previtellogenesis
23-29.3 mm Transitional type though Previtellogenesis
extending to the coxae
of the pereiopods
26.4-46.1 mm Rounded with the Previtellogenesis;

extremities reaching the
coxae of the pereiopods

early-stage vitellogenesis;
late stage or mature vitellogenesis;

post-spawning

and eventually reaches the coxae of the pereiopods.
Similar variations have been observed in brachyuran
crabs such as Libinia emarginata (Hinsch, 1972) and
Arenaeus cribrarius (Pinheiro and Franzoso, 1998),
as well as in a study on G. cruentata classifying fe-
males into juvenile, prepuberal or adult (Cobo and
Franzoso, 1998b).

The fact that all egg-bearing females displayed
a rounded abdomen indicates that this modification
is required for incubation. Thus, since incubation is
characteristic of all Pleocyemata (Christoffersen,
1988), it is not unlikely that the widening of the ab-
domen may serve as an indicator of maturity in other
species of the group.

Anatomy of the female reproductive system and
ovary development stages

The paired gonads of the female G. cruentata are
bridged by a tranversal commissure, as described
by Adiyodi and Subramoniam (1983) and by Krol
et al. (1992) for other decapod species. A similar
structure has been reported for Panulirus spiny lob-
sters (Mota-Alves and Tomé, 1966; Silva and Cruz-
Landim, 2006), for the spiny lobster Jasus frontalis
(Elorza and Dupré, 2000), and for the brachyurans
Libinia emarginata (Hinsch and Cone, 1969; Hin-
sch, 1972), Ucides cordatus (Mota-Alves, 1975;
Santana, 2002), Callinectes sapidus (Johnson, 1980),
Portunus sanguinolentus (Ryan, 1967) and Potamon
dehaani (Ando and Makioka, 1999).

Decapod ovaries are generally located in the ce-
phalothorax, with the exception of the anomurans,
whose gonads are primarily located in the abdomen

(Kaestner, 1970). In G. cruentata the maturing go-
nads extend as far as the third abdominal segment,
while brachyuran ovaries are restricted to the ce-
phalothorax (Adiyodi and Subramoniam, 1983;
Krol et al., 1992). In shrimps and lobsters, posterior
lobes extend to the abdomen. In the shrimp species
Macrobrachium acanthurus (Carvalho, 1981; Car-
valho and Pereira, 1981) and the spiny lobster spe-
cies Jasus frontalis (Elorza and Dupré, 2000) and
Panulirus species (Mota-Alves and Tomé, 1966;
Silva and Cruz-Landim, 2006), the ovaries reach the
second abdominal segment. The posterior lobes do
not reach the telson in Pleocyemata decapod crus-
taceans, while, in contrast, Dendrobranchiata have
lobes extending to the telson.

In the present study, gonads of G. cruentata at
different stages of maturity displayed differences
in colouring from white to orange to dark brown,
matching the findings of Cobo and Franzoso (1998a;
2005) for specimens collected on the coast of Sdo
Paulo, Brazil. According to Adiyodi and Subramo-
niam (1983), the colouring of the ovaries is the result
of carotenoid pigments accumulated in the oocytes
during vitellogenesis, protecting the embryo against
solar radiation.

Four stages of ovary development were observed
for G. cruentata: previtellogenesis, early-stage vitel-
logenesis, late-stage vitellogenesis or mature, and
post-spawning. According to Silva and Cruz-Landim
(2006), while the first stage is generally termed “im-
mature” and the last stage is called “spawned” or
“post-spawn”, intermediate stages are assigned a
confusing array of names, including “development”,

“inactive”, “prematuration”, “near-mature”, “active”,
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“mature” and “maturing”. Some authors have pro-
posed rather impractical ovary development staging
systems subdividing primary stages into a number
of smaller stages based on very slight morphologi-
cal changes. The four-stage classification used in
the present study accentuates the main morphologi-
cal aspects presented by the developing gonads and
would therefore be more suitable for routine use. A
similar classification has been used for the crab spe-
cies U. cordatus (Santana, 2002). Other authors have
classified ovary development in G. cruentata based
on macroscopic observation alone, as in a study pub-
lished by Cobo and Fransozo (1998a) considering
three maturation stages, and in studies by Moura and
Coelho (2004) and by Cobo and Fransozo (2005)
proposing a five-stage classification.

In the first (previtellogenic) stage of ovary de-
velopment our specimens had mitotic oocytes in the
central germinative zone and, outside this zone, only
previtellogenic oocytes organised in cysts, match-
ing findings for the shrimp species Macrobrachium
acanthurus (Carvalho and Pereira, 1981); Macrobra-
chium amazonicum (Bragagnoli and Grotta, 1995),
for which the stage was given as “immature”; and
Artemesia longinaris (Dumont and d’Incao, 2004),
for which the stage was described as “immature” or
“previtellogenic”, but differing from the crab Ucides
cordatus (Mota-Alves, 1975), and the spiny lob-
sters Panulirus laevicauda (Mota-Alves and Tomé,
1966) and Panulirus argus (Mota and Tomé, 1965),
which have only oogonia during the first stage of
maturation.

Krol et al. (1992) described how some decapod
species can store sperm in a modified section of the
oviduct termed the “spermatheca”. While the ovary
of the portunid crab Callinectes sapidus is connected
to the dorsum of the spermatheca (Johnson, 1980),
in G. cruentata it adheres to the underside, suggest-
ing that the structure may be a modified part of the
oviduct. Depending on the species, the connection
may consist of a short oviduct, as in the spider crab
Chionoecetes opilio (Beninger et al., 1998), or of
several oviducts, as in the freshwater potamonid
crabs (Brandis er al., 1999).

The spermathecae of G. cruentata are filled with
a thick, milk-coloured liquid. According to Adiyodi
and Subramonian (1983), the secretions of crab sper-
mathecae probably contribute to the maintenance of
the spermatozoa. In fact, the spermatozoa of a single
mating may be stored in the spermathecae for more
than one spawning season.

Histological characterisation of ovaries

The central position of the germinative zone in the
ovaries of G. cruentata resembles that of the brachy-
urans Portunus sanguinolentus (Ryan, 1967), Libinia
emarginata (Hinsch and Cone, 1969), Ranina ranina
(Minagawa et al., 1993), Chionoecetes opilio, Hyas
coarctatus (Lanteigne et al., 1996), Ucides cordatus
(Santana, 2002) and Maja brachydactyla (Rotllant et
al., 2007), the caridean freshwater shrimps Macro-
brachium acanthurus (Carvalho and Pereira, 1981;
Carvalho, 1981) and Macrobrachium amazonicum
(Chaves and Magalhies, 1993) and the spiny lobster
Jasus frontalis (Elorza and Dupré, 2000). Accord-
ing to Adiyodi and Subramoniam (1983), while the
location of the germinative zone varies considerably
in decapods, it is primarily central in brachyurans.
Examples of the germinative zone in outlying posi-
tion are the peneid shrimp Litopenaeus setiferus and
Litopenaeus stylirostris (King, 1948) and the hermit
crab Clibanarius clibanarius (Varadarajan and Sub-
ramoniam, 1980).

No lumen-like central cavity was observed in the
ovaries of G. cruentata, following the example of
most decapods (Krol ef al., 1992). However, a lumen
may be seen in Ucides cordatus (Santana, 2002),
Potamon dehaani (Ando and Makoika, 1999), Jasus
frontalis (Elorza and Dupré, 2000) and in Panulirus
spiny lobsters (Silva, 1999).

Most studies on decapod ovarian histology
concentrate on germinative components, giving
little or no attention to somatic components. In G.
cruentata, the ovarian lining consists of a thin layer
of fibrous connective tissue with associated cells.
Similar findings have been reported by Johnson
(1980) for Callinectes sapidus and by Silva and
Cruz-Landim (2006) for Panulirus spiny lobsters.
In Jasus frontalis (Elorza and Dupré, 2000) the lin-
ing features two layers, an external layer of connec-
tive tissue and an internal layer of muscle tissue.
Despite the fact that few crustacean ovaries contain
muscle tissue (Adiyodi and Subramoniam, 1983),
Elorza and Dupré (2000) report that the ovulation
of J. frontalis occurs with the aid of contractions of
muscles in the ovary wall. Species with no muscles
in the ovaries probably spawn by contracting the
abdominal and cephalothoracic muscles adjacent
to the ovaries (Adiyodi and Subramoniam, 1983).
This is very likely also the case of G. cruentata
since no muscles have been observed in the ovaries
of this species.
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In our specimens no change was observed in the
thickness of the ovary lining regardless of the germ
cell development stage, unlike findings reported for
Panulirus spiny lobsters (Silva and Cruz-Landim,
2006). The organisation of the ovaries into subu-
nits (called cysts, lobes or nodules, depending on
the study) observed for G. cruentata has also been
reported for the brachyurans Callinectes sapidus
(Johnson, 1980), Portunus sanguinolentus (Ryan,
1967) and Ucides cordatus (Mota-Alves, 1975;
Santana, 2002), for the palemonid Macrobrachium
amazonicum (Bragagnoli and Grotta, 1995) and for
the spiny lobsters Panulirus laevicauda (Mota-Alves
and Tomé, 1996; Silva and Cruz-Landim, 2006),
Panulirus argus and Panulirus echinatus (Silva and
Cruz-Landim, 2006). Elorza and Dupré (2000) con-
sider these invaginations a sort of internal ovarian
skeleton responsible for organising the structural
components of the organ.

The cells associated with the ovary lining in G.
cruentata are possibly fibre-producing fibroblasts or
myofibroblasts. In an ultrastructural description of
Panulirus ovaries, Silva (1999) characterised simi-
lar cells as myofibroblasts. According to Ross et al.
(1993), myofibroblasts not only produce the fibres
of the connective tissue, but also contain contractile
elements involved in the process of ovulation.

Hemocytes were observed mostly in ovaries fol-
lowing spawning. In a study on the deep-sea crab
Chaceon fenneri, Hinsch (1992) hypothesised that
these cells are associated with oocyte resorption,
possibly by secreting hydrolitic enzymes promot-
ing oocyte degeneration. Adiyodi and Subramoniam
(1983) believe hemocytes may act as phagocytes,
ingesting residues present in the ovaries.

The association between follicular cells and
oocytes was observed at all ovary development
stages. At first the follicular cells cluster irregularly
around previtellogenic oocytes, but subsequently
they make up a single layer encircling mature and
vitellogenic oocytes. The process, which is called
folliculogenesis in a study by Adiyodi and Subra-
moniam (1983), has been observed for the brachy-
urans Portunus sanguinolentus (Ryan, 1967), Cal-
linectes sapidus (Johnson, 1980), Cancer pagurus
(Eurenius, 1973) and Ucides cordatus (Santana,
2002), as well as for Panulirus spiny lobsters (Silva
and Cruz-Landin, 2006).

Ryan (1967) and Silva (1999) have hypothesised,
respectively, that the follicular cells of Portunus
sanguinolentus and of Panulirus spiny lobsters are

responsible for synthesising the components of the
chorion. In G. cruentata, since the chorion is only
observed after the follicular cells have formed a
single layer around the oocytes, it seems likely that
the follicular cells contribute to the formation of the
chorion.

In our study, hemal sinuses and vessels were
mostly observed in post-spawn ovaries or during
the early stages of maturation, probably because
they become compressed between vitellogenic and
mature oocytes, and thus invisible, during the later
stages. In an earlier study, the hemolymph of im-
mature Panulirus spiny lobster ovaries, or of ova-
ries undergoing resorption, stained intensely for
proteins and carbohydrates (Silva, 1999). This, ac-
cording to the author, may be due to increased con-
sumption of these substances by vitellus-forming
germ cells during the previtellogenic and mature
stages and to their elimination by oocytes remain-
ing after ovulation.

The histological examination of the ovaries of
G. cruentata revealed four types of germ cells: oo-
gonia, previtellogenic oocytes, vitellogenic oocytes
and mature oocytes. The description of cellular
stages agrees with the characteristics described by
Adiyodi and Subramonian (1983). A similar char-
acterisation was adopted for the brachyurans Uca
rapax (Castiglioni et al., 2007), Ucides cordatus
(Santana, 2002), and Chasmagnathus granulata
(Lopez et al., 1997) and for Panulirus spiny lob-
sters (Silva, 1999). Germ cells are classified ac-
cording to a range of criteria, such as cell diameter
and nucleus appearance (Mota and Tomé, 1965)
and degree of vitellogenesis (Kulkarni et al.,1991).
In the present study the classification was based on
degree of vitellogenesis.

According to Silva (1999), the presence of highly
developed nuclei, as observed in G. cruentata, indi-
cates that the nuclear components are ready for vitel-
logenesis. In crustaceans, this type of cell is only
found in the germinative zone, where it is produced
by mitosis throughout the egg-bearing life of the fe-
male (Adiyodi and Subramoniam, 1983; Krol et al.,
1992). Groups of oogonia with compacted chromatin,
possibly undergoing mitosis, were observed in the
specimens of G. cruentata collected for this study.
According to Adiyodi and Subramoniam (1983), the
rapid succession of mitotic stages in oogonia makes
them difficult to observe. In fact, although mitotic
oogonia were identified in our specimens, the spe-
cific stages could not be determined.
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The previtellogenic oocytes of G. cruentata may
be described as cells with strongly basophilic cy-
toplasm, relatively uncondensed nuclear chromatin
and two peripheral nucleoli in close contact with
the internal surface of the nuclear envelope. Chaves
and Magalhaes (1993) believe the high level of ba-
sophilia observed in the previtellogenic oocytes of
Macrobrachium acanthurus are due to enrichment
of the cytoplasm with ribosomes attached to the
rough endoplasmic reticulum. Beams and Kessel
(1962) and Eurenius (1973) found a well-developed
rough endoplasmic reticulum in the previtellogenic
oocytes of the crayfish Cambarus virilis and the crab
species Cancer pagurus, respectively. Kessel (1968)
observed a great number of ribosomes in early-stage
germ cells of lobsters of the genera Homarus and
Panulirus. According to Krol et al. (1992), deca-
pod previtellogenesis is characterised by increased
activity in the various cytoplasmic organelles. The
proximity of the nucleoli to the nuclear envelope
suggests that material may be transferred to the
cytoplasm of the oocytes, a phenomenon observed
by Hinsch and Cone (1969) for Libinia emargi-
nata, by Kessel and Beams (1968) for Orconectes
virilis and by Silva (1999) for Panulirus lobsters.
The displacement of nuclear material, as observed
for G. cruentata, may entail the transfer of RNA or
mRNA from the nucleus to the cytoplasm (Adiyodi
and Subramoniam, 1983).

In Callinectes sapidus (Johnson, 1980), Ucides
cordatus (Santana, 2002) and in Panulirus (Silva,
1999) the previtellogenic oocytes have a large
peripheral cytoplasmic inclusion body called the
perinuclear yolk-nucleus complex; this, however,
was not observed in the present study for G. cruen-
tata. According to Silva (1999), the presence of this
component indicates that the oocytes are ready for
vitellogenesis. The vitellus may consist of lipids,
glycogen and protein-rich inclusions associated with
lipids and polysaccharides, the latter enveloped by
a membrane (Ganion and Kessel, 1972). According
to Adiyodi and Subramoniam (1983), the decapod
vitellus consists mostly of proteins and lipids, and
during embryogenesis lipids, as well as proteins
used as basic structural material in the synthesis of
new tissue components, act as an energy reserve.
Carbohydrates, however, are used in chitin forma-
tion (Travis, 1955).

Vitellogenesis is divided into two successive
phases that clearly differentiate the oocyte growth
period. Primary vitellogenesis is characterised

by endogen protein yolk accumulation, while in
secondary vitellogenesis extracellular protein sub-
stances are incorporated through pinocytosis. This
pattern was described in Homarus americanus (Kes-
sel, 1968), Libinia emarginata (Hinsch and Cone,
1969), Cancer pagurus (Eurenius, 1973) and Maja
brachydactyla (Rotllant et al., 2007). In a light
microscopy study of the vitellogenesis of Ucides
cordatus, Santana (2002) observed a large number
of small, spherical vesicles developing adjacent to
the inner surface of the membrane. The author char-
acterised the process as the possible incorporation
of extracellular material by the cell for the purpose
of vitellogenesis. The characteristics observed for
previtellogenic oocytes in G. cruentata, such as the
presence of nucleoli in close contact with the nuclear
envelope (indicating the transfer of nuclear material
to the cytoplasm) and the high degree of basophilia
in the cytoplasm (indicating the accumulation of acid
structures like RNA and ribosomes, and consequent
development of rough endoplasmic reticulum), sug-
gest endogen yolk accumulation. It was not possi-
ble to determine the occurrence of incorporation of
extracellular substances in this research. For such
intention, studies with electronic microscopy should
be accomplished.

Histochemical analyses have shown that the
vesicles contain proteins, glycoproteins and lipids.
Bromophenol blue and xylidine were used to stain
vesicles for proteins, while glycoproteins were de-
tected with PAS. Lipid components were detected
by the negative response to these dyes of some of the
cytoplasmic vesicles. These were larger and more
numerous in mature oocytes.

The present study suggests that late-stage oocytes
undergo biochemical changes, as indicated by the
change from light green to bright red in vesicles
stained with Gomori’s trichrome. In a study of the
ultrastructure of the vitellogenic oocytes of Cancer
pagurus, Eurenius (1973) observed that the yolk pro-
tein, a precursor to the actual yolk through a series of
biochemical changes, is initially synthesised in the
rough endoplasmic reticulum. Kessel (1968) report-
ed similar findings for Homarus and Panulirus lob-
sters, but added that the yolk in the vesicles becomes
more concentrated after the biochemical changes. In
G. cruentata, when the vitelline vesicles are stained
bright red with Gomori’s trichrome, they also react
intensely to bromophenol blue and PAS, indicating
an increase in, respectively, the concentration and
the quantity of proteins and glycoproteins.
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Ovary stages vs biometric data

In our sample, the smallest females of G. cruen-
tata with developed ovaries had a CW of 26.4 mm,
while egg-bearing females measured at least 27.2
mm. According to Conan et al. (2001), crustaceans
may be considered physiologically mature when
they are capable of producing viable gametes. Thus,
sexual maturity for female specimens of G. cruen-
tata collected from the Ceard River in Northeastern
Brazil seems to be attained when the CW is approxi-
mately 26.4 mm. These findings match observations
for specimens sampled in Pernambuco (CW: 28
mm) (Moura and Coelho, 2004), while individuals
collected for a study in Sdao Paulo were mature at
only 21.0 mm (Cobo and Fransozo, 2005). On the
other hand, this is not surprising since the size at
sexual maturity has been observed to vary according
to geographical distribution (Adiyodi, 1988).

Leite (2005) associates the onset of functional
sexual maturity with the attainment of the size at
which crustaceans are able to mate as a consequence
of morphometric changes in structures related to sec-
ondary sexual characteristics. In the present study,
all specimens of G. cruentata featuring triangular
abdomens, or abdomens not reaching the coxae of
the pereiopods (CW: 21-29.3 mm), had previtello-
genic ovaries, while all late-stage and mature females
featured rounded abdomens reaching the coxae of
the pereiopods. This resembles findings for females
of Libinia emarginata (Hinsch, 1972) showing that
individuals with triangular abdomens are sexually
immature and individuals with rounded abdomens
are late-stage or mature. Thus, it seems that physi-
ological maturity and functional sexual maturity
are synchronous in G. cruentata, and it may be sug-
gested that the presence of a rounded abdomen with
the extremities reaching the coxae of the pereiopods
is an indicator of both physiological and functional
sexual maturity in females of G. cruentata.
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