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ABSTRACT

The present study describes the structure of thedeand vas deferens of the red-clawed mangraee drab,
Goniopsis cruentata. Testes and vas deferens wexé With cold Bouin’s solution and submitted tgtbiogical
routine examinations. Light microscopy showed ##ig to be divided into three regions: anteriawnptaining the
germinal zone; intermediary, including the collagtiduct; and posterior. The vas deferens, which eadinuous
with the testes, could be divided into two regiarse corresponding to the expansions and anothedlby cubical
epithelium, collagenous fibers and a circular layef muscle cells and containing the androgenic dlan
Spermatophores were observed in both vas defesgians suggesting that they participated in theursion of
the spermatozoids preparing the male functionalyfértilization.
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INTRODUCTION Sainte-Marie and Sainte-Marie, 1999; Spalding,
1942).
The male reproductive organs of theAlthough much has been described on testis and
malacostracans, including the decapods, are fourvéts deferens morphology, only few studies have
in the cephalothorax or thorax (Krol et al., 1992)dealt with crabs. The latter include light
In decapods, the male reproductive tract consist®icroscopy studies of the specieSlenippe
of paired testes and genital ducts. Each genitahercenaria (Binford, 1913), Pachygrapsus
duct consists of a collecting tube, a vas deferer®armoratus(Mouchet, 1931)Callinectes sapidus
with regionally distinct functions, and an (Cronin, 1947; Johnson, 1980),Portunus
ejaculatory duct ending in a seminal vesicle or in &anguinolentugRyan, 1967)Libinia emarginata
terminal ampoule, depending on the species (KrdHinsh and Walker, 1974)Chionoecetes opilio
et al., 1992). When spermatogenesis is completé3eninger et al., 1988; Sainte-Marie and Sainte-
the sexual cells are transported to the vas deferehrie, 1999; Benhalima and Moriyasu, 2000) and
(Hinsh and Walker, 1974). The vas deferens is bcides cordatus(Leite, 2002). Testis and vas
tubular duct (Krol et al., 1992) in which the spermdeferens morphology has been described for
cells become encapsulated formingseveral other species of crustaceans, including
spermatophores (Hinsch and Mcknight, 1988Panulirus (Talbot and Summers, 1978&g¢yllarus
chacei (Hinsch and Mcknight, 1988)Thenus
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orientalis (Burton, 1995),Panulirus laevicauda the outside through small papillae at the base of
(Lima, 1995) andDiogenes pugilator(Manjén- the last thoracic appendage. The testes are flat and
Cabeza and Raso, 2000). highly coiled anteriorly, above the hepatopancreas
Spermatophore formation has been studied for and below the cardiac stomach. A commissure
number of crustaceans using light microscopybridged the left and right testes at this point. Along
including the crab specie€. sapidus(Cronin, the intestine and below the heart the testes became
1947; Johnson, 1980y ortunus pelagicus(El-  whiter, thicker and less coiled. The testis could be
Sherief, 1991), Scylla serrata (Uma and divided into three histologically distinct regions, in
Subramoniam, 1979 arcinus maenagSpalding, accordance with morphological variations in
1942), P. marmoratus(Mouchet, 1931)Lithodes sexual cells and epithelium. The anterior, coiled
maja (Tudgeet al., 1998)C. opilio (Beninger et region of the testis contains the germinal zone. It
al., 1988),U. cordatus(Leite, 2002), the lobster was lined externally by simple sguamous
specie<P. laevicaudaLima, 1995) and the hermit epithelium contained sexual cells at different
crab speciesD. pugilator (Manjon-Cabeza and stages of maturation.
Raso, 2000). These cells were organized in groups called
The present study studied the testis and vassticular cysts (Fig. 2A).
deferens  morphology and spermatophordhe intermediate region consisted of a collecting
formation of the red-clawed mangrove tree crabguct—covered by a simple columnar epithelium
Goniopsis cruentatdLatreille, 1803), in order to secreting a homogeneous polysaccharide, as
understand the reproductive process of thigvidenced by positive reactions to staining with
economically important fishing resource inAlcian Blue—and sexual cells which appeared to
Northeastern Brazil. be in the same stage of maturation. The posterior
region of the testis, which connected to the vas
deferens (Fig. 2B), was lined with simple
MATERIALS AND METHODS squamous epithelium and contain sexual cells in
the same stage of maturation.
Ten male specimens ofs. cruentata were The entire testis was enveloped by a fibrous layer
collected monthly from the mangrove of the Cear@verlying the epithelium. Positive reactions to
River (Northeastern Brazil) between October 2003taining with Gomori Trichrome show this layer to
and March 2003. Lifting the dorsal carapace antte made of collagen (Fig. 2C-D).
exposing the internal organs the testes and vas
deferens were excised and fixed with coldvas deferens
Bouin’s solution. After immersion in 70% ethanol, The sections of the vas deferens (Fig. 1) showed
segments of the organs were paraffin-embeddgwo distinct regions: One, corresponding to the
and cut serially in 5-um sections. The sectiongxpansions, was characterized by the presence of
were mounted and stained with Alcian Bluerod-shaped glycoprotein and polysaccharide
(adapted from Junqueira and Junqueira, 1983jlepositions, as evidenced by positive reactions to
Xylidine Ponceau (Pearse, 1960), PAS (adaptestaining with PAS and Alcian Blue, respectively
from Junqueira and Junqueira, 1983), Gomor{Fig. 3A). Transitions in epithelium characteristics
Trichrome (adapted from Tolosa et al., 2003) andevealed three distinct zones of the expansions: the
Mallory Trichrome (adapted from Tolosa et al.,epithelium was squamous proximally and distally

2003). and columnar in the intermediate region, forming a
deep blind.
The intermediate region of the vas deferens was
RESULTS lined internally with simple cubic epithelium. The
lumen was filled with rod-like polysaccharide and
Testis glycoprotein chains accompanying the structure

The male reproductive organ db. cruentata Observed in the expansion. Reinforced by a large
consisted of two basic components: a) th@&mount of collagenous fibers, the basal membrane

testes—a paired, H-shaped organ just beneath th@nd epithelium were covered by a thick layer of
dorsal carapace (Fig.1), and b) the relativelynuscle cells and groupings of epithelial cells.
shorter vas deferensa duct communicating with
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Figure 1 - Outline of the male reproductive systemGafniopsis cruentatainterior testis (AT) joined by
a commissure (C), posterior testis (PT), Expans{&Xg and posterior vas deferens (PV)

Figure 2 - Photomicrographs of the testis@bniopsis cruentata2A: Anterior part of the testis showing
germinal zone (GZ) and testicular cysts (TC): PA&le bar: 10Qum). 2B: Posterior region
of the testis showing spermatozoa (SZ): Mallorychirome (scale bar: 1@m). 2C:
Homogeneous secretion (HS), stained with Gomorchfame (scale bar: 1@m). 2D:
Columnar epithelium (CE): Mallory Trichrome (scaiar: 10um).
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Figure 3 - Photomicrographs of the expansions of the mgpeoductive system d@doniopsis cruentata.
3A: lumen (L) filled with rod-like polysaccharidend glycoprotein chains. Simple columnar
epithelium (CE) and collagenous fibers (CF): AlcBlne/PAS (scale bar: {n). 3B: Simple
columnar epithelium (CE), Lumen (L) and collagenéibers (CF): Gomori Trichrome (scale
bar: 1um). 3C: Androgenic gland (AG), stained with XylidirPonceau (scale bar:|#0).
3D: Spermatophores enveloped by a PAS- positive fIAS (scale bar: 16n).

The epithelium became columnar in the vicinity ofDISCUSSION
the gonopores. The semen was discharged through
a small papillae at the base of the last thoracic legTestis
The layout of the reproductive system of
Spermatophore Goniopsis cruentata-i.e., the paired testes and
The sexual cells in the posterior part of the vagas deferens-was similar to reproductive systems
deferens and inside the expansions were envelopéddscribed for decapods in general (Krol et al.,
by a PAS-positive film, forming a capsule called1992). These description of the testes and
spermatophore (Fig. 3C-D). Spermatophores in theommissure ofG. cruentatamatched descriptions
vas deferens could be oval or spherical. of Mouchet (1931), Ryan (1967), Johnson (1980),
Burton (1995) and Lima (1995) for three crab
species P. marmoratusP. sanguinolentuandC.
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sapidus respectively) and two lobster specids ( The secretion from the expansionsgdncruentata
orientalis and P. laevicauda respectively). consisted of rod-shaped glycoprotein and
Incidentally, Leite (2002) did not report the polysaccharide chains apparently originated in the
existence of a commissure between the testeks of columnarepithelium. In the posterior part of the
cordatus vas deferens two substances could be observed,
The fibrous collagen layer observed i®. one of which was produced in the expansions
cruentatawas similar to structures observed bywhile the other seems to be produced in the
Cronin (1947) and Johnson (1980) in the blue craimtermediate testis region. These secretions could
(C. sapidu}, by Lima (1995) in the spiny lobster play a role in spermatophore formation and were
(P. laevicauda and by Leite (2002) in the likely to correspond to the two amorphous
mangrove craby. cordatu3. According to Cronin substances mentioned by Sainte-Marie and Sainte-
(1947), the testes of the blue crab were lined by Blarie (1999) in a study on the crab spedgs
layer of epithelium and a layer of connectiveopilio. These results suggested the finding of
fibers. This finding was later confirmed by Beninger et al. (1988) who reported the existence
Johnson (1980), who referred to this connectivef two different types of seminal fluid posteriorly
tissue as the “fibrous capsule”. In a discussion om the vas deferens. However, Benhalima and
similar structures irP. laevicauda Lima (1995) Moriyasu (2000) reported that both fluids
refered to the fibrous layer as being collagenousriginated in the intermediate region of the vas
Leite (2002) reported the external layer of thedeferens and underwent changes in chemical
testis ofU. cordatusto be of fibrous nature. structure while passing to the posterior part of the
Several authors observed cell groupings in theas deferens.

posterior part of the testes referring to them a#ccording to Mouchet (1931), the secretion
either “lobes” (Ryan, 1967, fd?. sanguinolentys produced in the expansions contains clusters of
Johnson, 1980, foC. sapidus Manjon-Cabeza long, translucent and rod-like bodied. It could be
and Raso, 2000, foD. pugilaton, “tubules” observed as a flocculent substance enveloping the
(Binford, 1913, for M. mercenariy, “acines” sexual cells (Hinsch and Mcknight, 1988) and
(Burton, 1995, forT. orientalig or “testicular testing positive for PAS (Talbot and Summers,
cysts” (Leite, 2002, forU. cordatu3. Burton 1978). According to Hinsh and Walker (1974),
(1995) showed that the external surface of theperm maturation, spermatophore formation and
testes in T. orientalis consisted of simple seminal fluid production and storage all took place
squamougepithelium and collecting tubules lined in the vas deferens of crustaceans. Burton (1995)
with simple columnar epithelium. This matchedfound that the vas deferens stored spermatozoa

the findings of the present study. from the testes for maturation and nourishment
before ejaculating them.
Vas deferens In 1913, Binford described the vas deferens as a

The expansions of the vas deferen&ircruentata rectilinear  structure lined with  columnar
displayed secretory activity. Mouchet (1931)epithelium secreting the substances required to
observed similar activity in the vas deferens of th@roduce the wall of the spermatophore. Cronin
crab speciesP. marmoratus as did Bauchau (1947) observed that most of the anterior part of
(1966) and Leite (2002) for the spectésmaenas the vas deferens was involved in the secretion of
andU. cordatus respectively. In the present studysubstances required to envelop and storing
the vas deferens was considered as consisting gffermatophores. Hinsch and Mcknight (1988) also
two major parts, although this was not always thattributed early spermatophore formation and
case: the vas deferens bf emarginata(Hinsch  seminal fluid production to this region. However,
and Walker, 1974)C. sapidus(Johnson, 1980) Sainte-Marie and Sainte-Marie (1999) did not
andT. orientalis(Burton (1995) was divided into consider sperm cells leaving the testes and
three parts, that ofS. chacei (Hinsch and entering the vas deferens to be fully developed
Mcknight, 1988) into four parts and that B  spermatozoa, but suggested these cells completed
pugilator (Manjén-Cabeza and Evenness, 2000}heir maturation inside the spermatheca.
into as many as eight parts. Different criteria and\ccordingly, the appropriateness of the term “vas
different microscopic and macroscopic foci maydeferens” was questioned and was suggested
account for this diversity. reconsidering its use for brachyuran crustaceans.
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Brachyuran spermatophores differ from those oORESUMO
Anomurans (Spalding, 1942; Tudge et al., 1998;
Manjon-Cabeza and Evenness, 2000). FoCaranguejos sdo um importante recurso
example, spermatophores of the crab speGes econémico para a populacdo litorAnea e o
cruentataare simple, oval or spherical, and areconhecimento dos aspectos reprodutivos fornecem
enveloped by an acellular PAS-positivebase para 0 manejo das espécies. O presente
polysaccharide-rich film. Spermatophores ©f estudo descreve a estrutura do testiculo e do vaso
maenas are simple and resemble sphericadeferente do caranguejGoniopsis cruentatae
capsules of uniform thickness with no particulardiscute aspectos relacionados a formacdo do
external irregularities (Spalding, 1942). AccordingespermatoféroO testiculo é um 6rgdo pareado,
to Mouchet (1931), the average spermatophore @m forma de H, situado logo abaixo da carapaca
P. marmoratusvaries in size and sphericalness. Indorsal, enquanto o vaso deferente é bilateral e esta
a study involving the speciex serrata Uma and localizado abaixo do coracéo. O testiculo e 0 vaso
Subramoniam (1979) described thedeferente foram fixados em solucdo Bouin fria e
spermatophores as simple and mostly oval bwubmetidos a rotina histolégica. A microscopia de
occasionally triangular or spherical. The lattefuz revelou que o testiculo é dividido em trés
coincided with our observations of theregiGes: anterior, que contém a zona germinativa;
spermatophores @. cruentata médio, onde estao localizados os ductos coletores;
Uma and Subramoniam (1979) describedk posterior. O vaso deferente, continuo com o
spermatophores as having two PAS-positiveesticulo, é dividido em duas regides: a primeira
layers—the inner one, involved in spermatophorecorrespondendo as expansdes e a segunda formada
production, reacting more intensly to staining.por um epitélio clbico, fibras colagenas, camada
Similarly, El-Sherief (1991) reported observingcircular de células musculares e glandula
two layers in the wall of spermatophores Bf androgénica. Spermatophores were observed in
pelagicus and Johnson  (1980) found both vas deferens regions, sugerindo sua
spermatophores to be surrounded by PAS anghrticipagdo na maturagdo dos espermatozoides,
Alcian Blue-positive secretion. Beninger et al.tornando o macho apto funcionalmente para a
(1988) reported a homogeneous and acellular filrfecundacao.
enveloping the spermatophores. Cronin (1947)
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