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ABSTRACT

The development stages of male and female gonads in the freshwater crab Sylviocarcinus pictus (H. Milne

Eduards, 1853) were described through macroscopic and microscopic (histology) examinations. The

histological description was based on 40 specimens (20 each sex). Four gonadal development stages were

found for females: immature, ripening, mature and spawned. The following female cells were found: ovogonia,
oocytes in initial vitellogenesis, oocytes in advanced vitellogenesis, follicular cells and post-ovulatory follicles.

Three development stages were found for males: immature, maturing and mature, with the indication of:
spermatogonia, spermatocytes, spermatids, spermatozoids and spermatophores. These data suggest the pattern

described in the literature. Size at sexual maturity was 32.3 mm of carapace width for males and 31.5 mm for

females. The gonadal stages observed macroscopically by volume and color were validated through histological
analysis and proved to be useful method for the rapid identification of sexual maturity in the species. The

present study offers previously unpublished data on the reproductive biology of Sylviocarcinus pictus.
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INTRODUCTION

Sylviocarcinus  pictus (H. Milne-Eduards, 1853)
is a Trichodactylidae crab found in the northern-
northeastern coastal river basins of South America,
in the Amazon basin (Colombia, Peru, Bolivia and
Brazil) (Magalhdes 2003, Magalhdes and Tiirkay
1996) and in the Parana river basin (Collins et al. 2009).
The species is commonly found in rivers, creeks and
lakes, occurring in different types of environments,
such as dens in ravines, cracks or among the branches

of submerged, roots, hollow tree trunks, or associated
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to aquatic macrophytes and under rocks (Magalhaes
1999, 2000, Kowalczuk 2000 apud Magalhaes 2003).

The gonads of freshwater crabs are located
in the cephalothorax above the hepatopancreas.
The male reproductive system consists of a pair
of testes, a pair of vas deferens, two pairs of
gonopods (modification of the first and second pair
of pleopods) and a pair of penises (Cumberlidge
1999). The female reproductive system consists
of a pair of ovaries, a pair of ovarian ducts and
a pair of spermathecae, which terminate in two
genital pores. After copulation the ovules develop,
resulting in an increase of the ovary size and a
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change in color depending on the development
stage and species (Chen et al. 1994, Cumberlidge
1999, Rostant et al. 2008).

Histological methods are commonly used
on crustaceans to determine the phases of gonad
growth and maturation (Chaves and Magalhies
1993, Pinheiro and Lins-Oliveira 2006, Castiglioni
et al. 2007, Martins et al. 2007, Erkan et al. 2009,
Silva et al. 2009), which can also be recognized
by the outer appearance (Flores et al. 2002, Leme
2005, Barreto et al. 2006, Lima and Oshiro 2006).

However, there are few reports on the repro-
ductive biology of freshwater crabs, examples of which
include studies on the rate growth, reproduction period/
cycle, sex ratio and age structure of the freshwater
crab Sinopotamon yangtsekiense Bott, 1967 (Chen et
al. 1994), growth and maturity of Eudaniela garmani
(Rathbun 1898) (Rostant et al. 2008) and a description
of spermatozoon and spermatophore morphology in
potamoid freshwater crabs, in which a close relationship
between Deckeniinae and Gecarcinucidae could not be
confirmed through spermatology (Klaus et al. 2009).
Reproductive biology and growth of Trichodactylidae
are limited to Dilocarcinus pagei Stimpson, 1861
(Mansur and Hebling 2002, Mansur et al. 2005,
Pinheiro and Taddei 2005a, b) and Sylviocarcinus
australis Magalhdes and Tirkay 1996 (Mansur and
Hebling 2002, Mansur et al. 2005).

Studies on S. pictus are restricted to taxonomic
and distributinal aspects. In the state of Para
(northern Brazil) there are records of the occurrence
of only eight species of Trichodactylidae (Barros
and Pimentel 2001) and there are no previous data
on the histological description of the gonads of the
genus Sylviocarcinus. The aim of the present study
was to describe the development stages of male and
female gonads in Sylviocarcinus pictus.

MATERIALS AND METHODS

The specimens were sampled from the Combu
Island Environmental Protection Area, Guama
River, Guajara Bay, state of Para (northern Brazil)
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(01°30’S and 48°27°W). The Combu Island
Environmental Protection Area has an area of 15 km?
and is the fourth largest island within the limits of the
municipality of Belém (Para). The island has small,
very narrow tidal channels spanning few meters
and is characterized by a large amount of vegetal
formations throughout its entire extension, which
culminate in the formation of very large shaded
areas similar to swamps (Bentes et al. 2011). The
climate of the region is AM (Kdppen classification),
with a mean annual temperature of 27 °C (Jardim
and Vieira 2001). The annual rainfall in the region
ranges from 2300 to 2800 mm and the rainy season
occurs from December to June (Moraes et al. 2005).

Sampling was carried out in August 2006,
which is the month with the greatest representativity
of the population, in which juveniles and adults
in all phases of gonadal development were found
(Silva 2010). The crabs were collected with traps,
known locally as ‘matapi’, made from palm splints,
with a cylindrical shape and the ends turning
inward to forming a funnel — 82.5 cm in length and
28 cm in diameter, with three diameter sizes for the
openings (5.5/8.0/10.0 cm). The traps were baited
with the catfish Hoplosternum spp. (Siluriformes:
Callichthyiae). Each sample unit contained one fish
cut in the middle in the dorsal-ventral direction tied
with a string so that the bait remained suspended in
the center of the trap.

Following the capture, the specimens were
anesthetized by cooling for 30 minutes. Carapace
width (CW) was measured with calipers with a
precision of 0.01 mm. The dorsal portion of the
carapace was removed for the exposure of the
reproductive organs, which were examined and
removed from the thoracic cavity.

The gonadal development stages for both sexes
of S. pictus were investigated using two methods:
macroscopic examination of the consistence,
volume and coloration of the reproductive
system in relation to the hepatopancreas and
thoracic cavity (adapted from Mota-Alves 1975,
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Mantelatto and Fransozo 1999) and microscopic
examination of cells types (Chaves and Magalhaes
1993, Castilho et al. 2008, Keunecke et al. 2009).

For the histological description, 20 gonads of
each sex were randomly selected from specimens
collected in August 2009, ranging in CW from 27.86
to 43.90 (average of 35.84 = 4.24 mm of standard
deviation), encompassing both juveniles and adults.
The gonads were fixed in Bouin’s solution for 24
hours, stored in 70% alcohol and subsequently
dehydrated in increasing concentrations of alcohol
(70% to 100%), diaphanized in xylol, infiltrated
and embedded in paraffin. Sections of 5 um were
cut on a microtome (Leica 2245). Slides with the
histological cuts were stained with hematoxylin-
eosin (H.E.), analyzed with an optical microscope
(Zeiss Axiostar Plus) and photomicrographed
(Canon Power Shot 12.1 Megapixels).

RESULTS

FEMALES

Macroscopically, the differences in ovarian stages
varied in accordance with shape, coloration and
location. In immature females, the ovaries were located
ventrally to the stomach between the mid and anterior
regions of the thoracic cavity. In mature females, the
ovaries occupied the lower portion of the thoracic
cavity between the cardiac region and the insertion
base of the fifth pereiopod (Fig. 1). The macroscopic
and microscopic examination of the ovaries allowed
the identification of four gonadal stages:

Stage I (immature or pre-vitellogenic): The
ovaries were difficult to view, bear a filiform shape
and transparent appearence, with no oocytes visible
to the naked eye (Fig. 1a). Rounded ovogonia were
found, with little affinity for stains and evenly
distributed in the tissue. Follicular cells were also
observed, organized in a cordlike manner and
smaller in size in relation to the ovogonia (Fig. 2a).

Stage II (ripening or in vitellogenesis): The
ovaries had a larger volume, with the coloration

ranging from white to yellowish. Some oocytes could
be seen with the naked eye (Fig. 1c). Oocytes were
found in both initial and advanced vitellogenesis.
These cells were surrounded by follicular cells with
a flat aspect (Fig. 2b).

Stage III (mature or complete vitellogensis):
The ovaries had an orange coloration, cylindrical
shape and increased size, occupying one quarter
(1/4) of the thoracic cavity. Oocytes visible to
the naked eye were frequent (Fig. 1e). There was
a predominance of mature oocytes enveloped in
conjunctive tissue and few follicular cells (Fig. 2¢).

Stage IV (spawned): The ovaries had a
pale yellow coloration and a flaccid appearance,
occupying a larger space in the body cavity in
comparison to Stage II (Fig. 1g). Post-ovulatory
follicles, atresic oocytes and some mature oocytes
were observed (Fig. 2d).

MALES

The testes exhibited varied coloration and consistency
and were made up of various seminiferous tubules,
with each tubule enveloped in conjunctive tissue (Fig.
3a). The macroscopic and microscopic examinations
allowed the classification of the testes in three stages:

Stage [ (immature): The testes and vasa deferentia
had a transparent coloration and gelatinous aspect,
occupying little volume in the thoracic cavity (Fig.
1b). Spermatogonia and spermatocytes occupying
the lumen of the seminiferous tubules were identified
microscopically (Fig. 3b).

Stage II (maturing): The testes and vasa
deferentia had a whitish coloration and gelatinous
aspect with an increase in size and volume in
relation to the previous stage (Fig. 1d). The testes
exhibited spermatocytes and spermatids undergoing
cell division in nearly the entire lumen as well as
few spermatozoids (Fig. 3c).

Stage III (mature): The testes had a whitish
coloration withamilky aspectand the vasa deferentia
were either yellowish or brown. Both were large in
volume, occupying nearly the entire thoracic cavity
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Fig. 1 - Dorsal view of a female (left column) and a male (right column) of Sylviocarcinus pictus showing

changes in size and color of the reproductive organs at different stages of the reproductive cycle. Immature
stage: a- ovaries (ov) had a filiform shape and transparent color, b- testes (te) and vasa deferentia (vd) had
a transparent coloration and gelatinous aspect; Ripening/ Maturing stage: ¢- ovaries had a larger volume,
with the coloration ranging from white to yellowish, d- testes and vasa deferentia had a whitish coloration
and gelatinous aspect; Mature stage: e- ovaries showing an increase in size and an orange coloration, f-
testes and vasa deferentia with an increase in size and volume; Spawned stage: g- ovaries had a flaccid

appearance and a pale yellow coloration.
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Fig. 2 - Ovary of the crab Sylviocarcinus pictus: a- immature stage: presence of ovogonia (ovg), follicular cells (fc), 400x;

b- ripening stage: presence of oocytes in initial vitellogenesis (I) and advanced vitellogenesis (Av), 200x; ¢- mature stage:

presence of mature oocytes (M), 100x; d- spawned stage: presence of post-ovulatory follicles (pof), mature oocytes (M) and

atresic oocytes (at), 200x.

(Fig. 11). In the testes, spermatozoids were found in
all the seminiferous tubules (Fig. 3d).

The vas deferens in S. pictus was divided
into three regions: proximal, medial and distal.
In general, the vasa deferentia have a cylindrical
shape coated by support cells delimiting the
lumen and filled by colloid and spermatozoids or
spermatophores, depending on the reproductive
phase. The spermatophores were spherical and
consisted of various spermatozoids enveloped by a
thin membrane (Fig. 3g).

The proximal vas deferens had a tall cylindrical
cellular epithelium, with the lumen filled by colloid
or loose spermatozoids (Fig. 3e) in individuals in
Stages Il and III. The medial vas deferens also had
a cylindrical cellular epithelium, with the lumen
filled by colloid and spermatophores of different
sizes (Fig. 3f). The distal vas deferens had larger

dimensions than the medial vas deferens and was
made up of a basal cellular epithelium, with the lumen
filled by colloid and spermatophores; the amount of
spermatophores was greater in mature individuals.
No spermatophores were found in the medial or distal
vas deferens in immature or maturing individuals.

Carapace width of the specimens ranged from
27.8t043.9 mm (N=40; mean =+ standard deviation:
35.84 + 4.24 mm). The size at sexual maturity
found was 32.3 mm CW for males and 31.5 mm for
females. Table I displays the size data for each sex
in different developmental stages.

DISCUSSION
The male reproductive system in Sylviocarcinus

pictus is made up of a pair of testes, a pair of vasa
deferentia, two pairs of gonopods and a pair of

An Acad Bras Cienc (2012) 84 (3)



794 LEILIANE S. SILVA et al.

Fig. 3 - Testicle of the crab Sylviocarcinus pictus: a- Cross section of seminiferous tubules (t) and vas deferens
(vd) enveloped in conjunctive tissue (ct), 100x; b- immature stage: presence of spermatogonia (sg) and
spermatocytes (sc), 400x; ¢- maturing stage: presence of spermatocytes and spermatids (st) in cell division,
1000x; d- mature stage: cross section of a seminiferous tubule with the presence of spermatozoids (sz), 400x;

e- cross section of proximal vas deferens: presence of spermatozoids enveloped in cylindrical cellular epithelium
(ep), 200x; f- cross section of medial vas deferens: presence of colloid (¢) and spermatophores (sph) enveloped

in cylindrical cellular epithelium, 100x; g- spermatophores, 400x.
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TABLE I
Variation in size (carapace width, in mm) of females (N=20) and
males (N=20) specimens of Sylviocarcinus pictus that were found
in different gonadal development stages.

Carapace Width (mm)
Development Females ..
. Males (minimum-
Stages (minimum- .
. maximum)
maximum)
Immature 27.8-30.9 30.2-30.6
Ripening/ 29.8-39.7 30.5 342
Maturing
Mature 31.5-40.7 32.3-43.7
Spawned 32.6-43.9 -

penises. The female reproductive system is made
up of a pair of ovaries, a pair of ovarian ducts, a pair
of spermathecae and a pair of genital openings. The
morphology of the gonads in S. pictus follows the
pattern described for other brachyurans (Chen et
al. 1994, Leme 2005, Castilho et al. 2008, Rostant
et al. 2008, Keunecke et al. 2009, Souza and Silva
2009). The typical H shape was only observed in
the male gonads, whereas the female gonads had a
shape resembling an inverted U.

Regarding size, immature females were found
with up to 30.9 mm CW. However, some individuals
larger than 29.8 mm had ovaries in Stage II of gonad
development (ripening). The smallest mature female
was 31.5 mm, indicating that females are found
physiologically capable of reproduction from this
size on. Females larger than 32.6 mm were found
with the ovaries in Stage IV (spawned), which
indicates that the fecundation of mature oocytes
had occurred and those that were not fertilized were
being resorbed. These findings are in agreement with
the size at sexual maturity estimated by Silva (2010).
For males, individuals with a CW beginning at 32.3
mm are physiologically ready for reproduction. At
this size, the testes and vasa deferentia are replete
with spermatozoids/spermatophores.

The histological analysis of the ovaries revea-
led a gradual process of oocyte development based
on cellular characteristics, in which ovogonia,

oocytes in initial vitellogenesis, oocytes in advanced
vitellogenesis, mature oocytes, follicular cells and
post-ovulatory follicles were observed. With the
exception of the post-ovulatory follicles, these cell
types have also been found in other species of crabs
(Castiglioni et al. 2007, Rostant et al. 2008, Santos
et al. 2009, Souza and Silva 2009).

Post-ovulatory follicles are reported for the
prawn Macrobrachium amazonicum and the
swimming crabs Callinectes danae and Callinectes
ornatus (Chaves and Magalhdes 1993, Keunecke et
al. 2009). Post-ovulatory follicles indicate recent
spawning (Rjeibi et al. 2010) and this is the first
time such follicles are reported for freshwater
crabs. The follicular cells were present in all stages
of development in S. pictus, being more frequently
on stages [ and IV. According to Shinozaki-Mendes
et al. (2011b), follicular cells are responsible
for synchronic maturation, thereby ensuring the
necessary amount of mature oocytes for spawning.

During the maturation process, there are
histological and morphological alterations. The
gonads change in volume and are easily seen by
macroscopic examination. The coloration of the
ovaries in S. pictus ranged from transparent when
immature to white and yellow tones in stages
II and IV. The sequence in the change of color
was similar to that described for the freshwater
crabs Eudaniela garmani and Sinapotamon
yangtsekiense, in which transparent ovaries change
to a white color until acquiring a cream color,
followed by yellow and ending up bright orange,
evidenced by the accumulation of yolk (Rostant et
al. 2008, Chen et al. 1994, respectively).

The development of the male gonads in S.
pictus was divided into three stages. However,
maturation stages may vary depending on the
species and method used. For Ucides cordatus
and Cardisoma guanhumi, only two development
stages are generally used (immature and mature),
based on the presence or absence of spermatophores
in the distal vas deferens and ejaculatory ducts
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(Dalabona and Silva 2005, Castilho et al. 2008).
This division with few stages is sufficient when it
comes to species management.

The coloration and cell types followed the
pattern described in the literature for other decapod
species (Noro et al. 2007, Castilho et al. 2008,
Erkan et al. 2009, Santos et al. 2009, Shinozaki-
Mendes et al. in press). The cell types found in the
male reproductive system were spermatogonia,
spermatocytes, spermatids, spermatozoids and
spermatophores, which modified the coloration
of the gonads throughout the maturation process,
ranging from transparent in immature individuals
to white in mature individuals.

The vas deferens in S. pictus were divided
into three distinct regions, as reported for other
decapods (Noro et al. 2007, Amadio and Mantelatto
2009, Erkan et al. 2009, Santos et al. 2009). In the
proximal vas deferens, a cylindrical epithelium was
found, with loose spermatozoids in the lumen and
an absence of spermatophores, which is similar to
what was described for Armases rubrises, Ucides
cordatus and Cardisoma guanhumi (Castilho et
al. 2008, Santos et al. 2009, Shinozaki-Mendes
et al. in press). The spermatophores were found in
the medial and distal vas deferens. The medial vas
deferens was smaller and had fewer spermatophores
in relation to the distal vas deferens. A spermatophore
is a capsule formed by an acellular wall (Moriyasu
and Benhalima 1998). In §. pictus, spermatophores
exhibited a spherical shape, which is the most
common spermatophore shape among brachyurans
that have internal fecundation, with the storage of
spermatophores directly in the spermathecae of the
females (Erkan et al. 2009).

Brachyuran spermatozoids are generally cells
with uncondensed chromatin, a wide acrosome
and variable number of radial arms, depending on
the species (Medina and Rodriguez 1992, Klaus
et al. 2009). The method employed in the present
study did not allow the acquisition of detailed
characteristics of the spermatozoids.
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The analysis of the gonadal stages in S. pictus
through macroscopic examination and histology
demonstrated no differences in the stages between
the two approaches, as previously described for
the family Portunidae (Mantelatto and Fransozo
1999), for example.
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RESUMO

Os estadios de desenvolvimento das gonadas de machos
e fémeas de caranguejos Sylviocarcinus pictus (H.
Milne Eduards, 1853) foram descritos por meio de
observacdes macroscopicas € microscopicas (técnica
histologica). A descrigdo histologica foi baseada em 40
espécimes (20 de cada sexo). Foram identificados quatro
estadios de desenvolvimento para as fémeas: imaturo,
em maturagdo, maturo e em reabsor¢do. As seguintes
células foram encontradas: ovogonias, ovocitos em
vitelogénese inicial, ovdcitos em vitelogénese avangada,
células foliculares e foliculos pds-ovulatorios. Trés
estadios de desenvolvimento foram encontrados para os
machos: imaturo, em maturagdo e maturo, com indica¢ao
de: espermatogonias,

espermatocitos, espermatides,

espermatozoides e espermatoforos. Tais dados sugerem o
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padrao descrito na literatura. O tamanho da maturidade
sexual foi de 32,3 mm de largura da carapaga para machos
e 31,5 mm para fémeas. Os estadios gonadais observados
macroscopicamente por meio do volume e da coloragdo
das gonadas foram validados pela analise histologica,
sendo um critério Util ¢ agil para a identificagdo da
maturidade sexual para a espécie. O presente estudo
oferece informacdes inéditas sobre a biologia repro-

dutiva de Sylviocarcinus pictus.

Palavras-chave: estuario Amazdnico, histologia

gonadal, reprodugdo.
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