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Abstract

The sesarmid crab Muradium tetragonum, inhabiting the mangrove, are considered as a key 
consumer of litter and thereby play an important role in the detritus food chain and energy flow in 
the mangrove ecosystem. The present investigation was carried out with objectives to enlighten the 
reproductive system of Muradium tetragonum through histological and histochemical studies. 
Histological organization of the testis of M. tetragonum revealed that each testis has a lobular 
structure consisting of several testicular lobules arranged around the collecting duct. Histology of 
the deferens of M. tetragonum revealed it to be composed of three-layer of tissues along the entire 
length:the outer connective tissue, the middle muscular and the inner epithelial layer. Based on the 
histological architecture these three regions are recognized as proximal vas deferens (PVD), middle 
vas deferens (MVD) and distal vas deferens (DVD). Histological characteristics of the ovary of M. 
tetragonum during different phases of ovarian development were studied. Based on the colour 
changes of the ovary and diameter of the oocytes five stages of ovarian development can be 
pronounced. Histochemical analysis of the male reproductive tissues of M. tetragonum signifies the 
secretion of a different biomolecule by specifying their origin in the reproductive tissue and their 
possible transformation into spermatophores. In the female reproductive tissues, histochemical 
evaluation envisaged the secretory products during different stages of ovarian development The 
secretory substances of the spermatheca expound on the significance of its secretion in dehiscing 
the spermatophore wall and in nourishing as well as protecting the spermatozoa.
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1. Introduction

Decapod crustaceans exhibit different 
patterns of breeding, which are related with 
the efforts of the species to cope with the 
respective ecosystem it inhabits. Brachyuran 
crabs, considered as one of the broadest 
crustacean groups, occupy a variety of marine 
environments including coral reefs, sandy 
beaches, rocky beaches, mangroves, and seagrass 
meadows[1-2]. Ecofriendly and environmentally 
significant crabs are abundantly found in the 
mangrove forests and are highly important in 
assessing the mangrove ecosystem[8]. The 
sesarmid crabs are considered “ecological 
engineers” since they play a noteworthy role 
in the detritus food chain and energy flow[5-7]. 
The male reproductive organ of decapod 
crustaceans is composed of testis and vas 
deferens (VD) leading to the external gonopore. 
Rarely in some species, at the junction 
between the VD and ejaculatory duct (ED) 
receive tubular, saccular, rosette, coral-shaped 
glandular structures which are described as 
accessory glands (AG). Some glandular structures 
arising in an adventitious manner are also 
involved in the production and/or protection 
of semen. Oogenesis is an energetically expensive 
reproductive process that is generally divided 
into primary and secondary phases, the 
former is characterized by primary oocyte 
recruitment from oogonia[8-9] and the latter 
featuring the growth of the oocytes[10]. The 
histochemical organization of the ovary of 
the test crab M. Tetragonum revealed that its 
histological architecture has a close resemblance 
to those of other brachyuran crabs[11-13]. The 
reproductive cycle of crustaceans has been 
studied in detail in commercially important 

species such as Macrobrachium rosenbergii [14], 
Callinectes sapidus[15], Scylla paramamosain[16], 
S. olivacea[17] and in some ecologically important 
species such as U. rapax [18], Armases rubripes [19], 
Goniopsis cruentata[20] Ucides cordatus[21]. The 
literature describes male and female reproductive 
systems of crustaceans, but studies on the 
physiology of reproduction are far from 
satisfactory. The present study was aimed to 
elucidate the male and female reproductive 
system by detailed analysis of the sperm 
formation, the seminal secretion in the VD 
and with emphasis to spermatheca of the 
sesarmid crab M. tetragonum through histological 
and histochemical studies.

2. Materials and methods

2.1 Collection and maintenance of crabs

The experimental crab of the present study 
M. tetragonum was collected from Agniyar 
estuary, Tanjavur district, Tamil Nadu. Upon 
transport to the laboratory, Crabs were 
divided into male and female by observing 
their abdomen and chelipeds. The following 
day, the moulting stages of the crab were 
identified by observing the setagenic events 
of the epipodite of the maxillipedes after[22]. 
Crabs were fed with puffed rice and rice 
flakes. Water was changed on alternate days. 
Crabs (3.3±0.5 cm) alone were taken for 
study. The hard carapace was dissected, and 
the morphological structure of both male and 
female reproductive systems was observed.

2.2 Dissection

The intermolt male and female crabs with 
a carapace width of 2.2-3.2 cm were considered 
for the present study. The reproductive system 
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of the crab was dissected by cutting off the 
dorsal portion of the hard carapace. Dissection 
was done under a dissection microscope using 
0.9% saline as the medium. The testes, the 
different regions of the vas deferens i.e. PVD, 
MVD, DVD, accessory sex gland (ASG) and 
the ejaculatory duct (ED) were removed from 
the male crab and the ovary, oviduct and 
spermatheca removed from the female crab 
were used for the experimental analyses. A 
portion of tissue for observation was made 
into a smear on a clean slide stained with 
methylene blue and observed under a microscope.

2.3 Histological Study

The testes of the experimental crabs were 
fixed in Carnoy’s fixative, while the different 
regions of the VD, the accessory sex gland 
(ASG) and the ejaculatory duct (ED) and the 
female reproductive tissues, i.e. ovaries and 
spermatheca were fixed in alcohol. After 24 
hours of fixation, the tissues were passed through 
an ascending series of alcohol for dehydration 
and cleared in xylene or methyl benzoate. The 
paraffin-block was sectioned to a thickness of 
7 μm using a rotary microtome. The sections 
were stained with Harris’ hematoxylin and then 
counterstained with 1% alcohol eosin[23].

2.4 Histochemical Study

For the detection of proteins, carbohydrates, 
and lipids by histochemistry, testes, three different 
regions of the VD namely PVD, MVD, DVD, 
the ejaculatory duct and female reproductive 
tissues of M. teragonum were fixed in 5% 
cold neutral buffered formalin. After fixation, 
they were washed in water, dehydrated in an 
ascending series of alcohol, and cleared in 
methyl benzoate, the tissues were embedded 

in paraffin wax (melting point 58-60℃) and 
7µm thick tissue sections were taken. The tissue 
sections on the slide after deparaffinization and 
hydration were used for histochemical analysis.

To detect the basic protein, the acidic 
protein, free amino group, the tyrosyl group, 
the tryptophanyl group, the methods Aqueoeus 
bromophenol blue test[24], Mercuric bromophenol 
test[25], Ninhydrin - Schiffs test, Millona test 
and DMAB - nitrite[26] were adopted respectively. 
Periodic acid Schiffs test, Schiff’s technique[26], 
Best’s Carmine Test, Toluidine blue test[24], 
Alcian blue (pH - 2.5) test were adopted to detect 
the glycogen and Acid Mucopolysaccharides, 
acidic sulphated mucopolysaccharides, hyaluronic 
acid and sialomucins respectively. Sudan Black 
B Test and Oil Red O Test were adopted for 
the detection of lipids following the protocol 
of[27] and[24] respectively.

3. Results

3.1 Histological analysis of male
reproductive system

3.1.1. Testis
The testes of Muradium tetragonum appear 

to be lobular and composedof several testicular 
lobules arranged around the centrally located 
collecting duct (seminiferous tubules) (Fig.1). 
The germ cells in different divisional stages 
appear to be synchronous. Each lobule of the 
testis, lined by a simple squamous germinal 
epithelium, produces a cyclic generation of 
spermatocytes. The Interior of the lobules is 
classified into two distinct zones: multiplication 
or germinal zone (GZ) and transformation 
zone (TZ). The GZ is located at the periphery 
of the lobules or near the seminiferous tubules 
with spermatogonial cells and few accessory 
cells (Fig.1). The spermatocytes and spermatids 
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in the advanced stages of their development 
are in the TZ.

Fig. 1. T.S. of testis of the male sesarmid crab
M. tetragonum. CT-Collecting tubule, PSC-
Primary spermatocyte, S-spermatozoa,
SG-Spermatogonia, TL-Testicular lobule, Scale Bar
100 µm

The germ cells of each lobule mature 
synchronously. The resulting sperms, after 
proliferation of a new generation of spermatocytes 
from the peripheral layer of spermatogonia 
proceed to the collecting tubule. Cross-sections 
of these tubules have revealed that the primary 
spermatogonia are large and spherical with an 
indistinct cytoplasm and a centrally positioned 
nucleus with one or two nucleoli. Secondary 
spermatogonia were smaller than primary 
spermatogonia with a clump of chromatin and 
a much-reduced cytoplasm and nucleus-plasma. 
The spermatocytes have a relatively small indistinct 
cytoplasm, with a voluminous spherical nucleus 
showing several stages of division. The chromatin 
of primary spermatocytes appears as basophilic 
clumps, which become more pronounced and 
deeply basophilic as they develop into secondary 
spermatocytes. The nucleus of the spermatid 
is initially spherical and then becomes elliptical 
in the advanced phase of spermiogenesis. 

The chromatin of each spermatid appears as 
a ring immediately below the nuclear membrane. 
Sperms are formed due to cell differentiation, 
resulting in the appearance of an acrosomal 
vesicle near the nucleus. The nucleus 
gradually extends over the acrosomal vesicle 
and surrounds almost the entire area when 
spermatogenesis is complete. At the end of 
this process, the spermatozoa (size - 4.11 ± 
0.31 μm) looks like a crescent, with a cup-shaped 
nucleus partially containing the vesicular 
acrosome (Fig.1). The sertoli cells remain 
interspersed between the germinal cells which 
are irregularly shaped, variable in length, 
with the definite plasma membrane, nucleus 
and nucleolus and they undergo division.

3.1.2. Vas deferens
The vas deferens of the sesarmid crab M. 

tetragonum, begin in the collecting duct of 
the testis and end in the papillae of the 
penis. The vas deferens are classified into 
proximal vas deferens (PVD), middle vas 
deferens (MVD) and distal vas deferens (DVD). 
PVD, measuring 200-350µm in diameter is further 
differentiated into two distinct regions. Light 
microscopic studies of the anterior part of 
the PVD reveal large nuclei and columnar 
cells of varying heights located in the lower 
half of the cells. The lumen of the anterior 
end of the vas deferens shows a uniform 
distribution of sperms. The lumen contains a 
homogenous basophilic secretion, which 
surrounds the mature spermatozoids without 
the spermatophore. The sperms are grouped 
and distributed in the basophilic secretion.

3.1.3. Proximal vas deferens (PVD) The proximal 
region of the PVD is characterized by an increase 
in the diameter of the lumen and an associated 
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thinning of the walls. The posterior part of the 
PVD contains cuboidal columnar cells resting 
on a layer of muscle and connective tissue. 
The nuclei in the lower half of the cells are 
more spherical. Segmentation of the continuous 
sperm sheath into individual capsules occurs 
in the posterior part of the PVD region. The 
lumen comprises fully formed spermatophores 
of various sizes and is distributed within the 
eosinophilic vesicular secretion (Fig. 2, 3).

Fig. 2. T.S. of the Proximal Vas deferens (PVD)
of the male sesarmid crab M. tetragonum.
ECE-Elongated columnar epithelium, L-Lumen,
SM-sperm mass. Scale Bar 120 µm

Fig. 3. T.S. of the Proximal Vas deferens (PVD)
of the male sesarmid crab M. tetragonum.
ECE-Elongated columnar epithelium, L-lumen,
SM-sperm mass, NL-Narrow lumen. Scale Bar
100 µm

3.1.4. Middle vas deferens (MVD)

The histological organization of the proximal 
part of the middle vas deferens is almost 
similar to the distal part of PVD. The MVD is 
surrounded by an outer connective tissue, a 
middle muscle layer and an inner squamous 
or cuboidal epithelium. MVD secretes profuse 
abundant amount of vesicular eosinophilic 
secretion, which enrich the spermatophore’s 
wall. The spermatozoa are organized in the 
form of a thick agglutinated mass inside the 
spermatophore. The lumen of MVD serves as 
a storage area for spermatophores and seminal 
plasma (Fig.4).

Fig. 4. T.S. of the Middle Vas deferens (MVD) of
the male sesarmid crab M. tetragonum.
CE - Co l umna r e p i t h e l i um, L - Lumen ,
SPH-spermatophore, Scale Bar 80 µm

3.1.5. Distal vas deferens (DVD)
A cross-section of the DVD showed a thin 

cuboidal epithelium with a thick musculature, 
measuring approximately 4-6 µm. The epithelial 
layer comprises cuboidal cells with numerous 
folds in the lumen. The lumen contains 
basophilic and eosinophilic secretions intertwined 
with spermatophores. Spermatophores in the 
DVD lumen are infrequent on both PVD and 
MVD as presented in (Fig. 5).
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Fig. 5. T.S.of the Distal Vas deferens (DVD) of
the male sesarmid crab M. tetragonum
CCE-Cuboidal columnar epithelium, SP-Seminar
plasma, WL-Wide lumen. Scale Bar 60 µm

3.1.6. Accessory sex gland (ASG) 
The ASG tubules of M. tetragonum are the 

protrusion of the DVD as small sacs or buds. 
The epithelium is squamous or cuboidal with 
variable heights (3.5 ± 0.7 μm). The nuclei of 
the epithelial cells are large, spherical, or oval 
and sometimes lobulated. The secretory product 
of the ASG is highly specific in nature and 
consistent with that of VD secretions. The 
lumen of ASG is filled with eosinophilic 
polygonal masses bordered by eosinophilic 
granules. Some ASG sacs show the presence 
of few spermatophores (Fig.6). 

Fig. 6. T.S. of the Accessory sex gland of the
male sesarmid crab M. tetragonum ASG-Accessory
sex gland, DA-Duct of Accessory sex gland with
the distal vas deferens, E.Epithelium, LS-Luminal
secretion. Scale Bar 200 µm

3.2 Histological analysis of female
reproductive system

The histological characterization of the M. 
tetragonum ovary during the different stages 
of maturation was examined. They were 
recognized based on colour changes in the 
ovary, the diameter, and cytological characteristics 
of the oocyte, especially the chromatin pattern 
and amount of lipid vesicle in five stages 
viz., Stage I, Stage II, Stage III, Stage IV and 
Stage V and one sorptive or elapsed stage 
(Stage VI). Histologically, the ovary of M. 
tetragonum consists of two functional regions:

(a) germinal zone or proliferative zone;
(b) maturation zone as presented in (Fig. 7-12).

3.2.1.Stage I ovary
The ovary at Stage I appears as a white 

band, is characterized by the presence of 
vitellogenic oocytes with a relatively high 
nucleo-cytoplasmic index. Most of the oocytes 
have undergone yolk synthesis. The germinal 
zone (GZ) appeared very active and showed a 
significant number of basophilic oogonia. 
Each oogonium was found to possess a large 
round nucleus with a thin layer of cytoplasm. 
The ovary comprises previtellogenic oocytes 
(PVO) in its peripheral zone, surrounded by 
follicle cells (FC) (Fig. 8). The size of the 
oocytes gradually increased with mature ones 
occupying the center and smaller ones 
towards the periphery as shown in (fig 7-12). 
Stage I oocytes characterized by finely 
granular cytoplasm were spherical and 
measured 26- 52 μm in diameter. 
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Fig. 7 and 8. T.S. of the Immature ovary of the
female sesarmid crab M. tetragonum FC- Follicle
cells, OG- Oogonia, PVO- Previtellogenic oocytes.
Scale Bar 1500 µm and 150 µm

3.2.2. Stage II ovary
Stage II The ovary appears slightly thicker 

than Stage I with a yellowish hue. The germinal 
zone contains oogonia in the meiotic stages. 
Previtellogenic oocytes with a diameter of 46–
92 μm are dispersed in the peripheral 
(maturation) zone of the ovary. Follicle cells, 
which enclose each oocyte as a continuous 
layer, are prominent in this stage. Many 
basophilic granules are witnessed in the 
ooplasm. Similarly a few droplet-like structures 
appeared on the peripheral ooplasm as 
shown in (Fig. 10), could be the precursors 
of yolk. Oogonia and premeiotic oocytes are 

found in GZ. After migration, previtellogenic 
oocytes appeared large in the peripheral 
maturation zone, where they grow.

Fig. 9 and 10. T.S. of the nearly mature ovary of
the female sesarmid crab M. tetragonum FC-
Follicle cells, VO- Vitellogenic oocyte Oogonia,
NO- Nearly mature oocytes. Scale Bar 1500 µm
and 150 µm

3.2.3. Stage III ovary
The ovary at stage III was yellowish-brown, 

with a diameter of 102-145 μm. At this stage, 
the ovary was composed of densely packed 
vitellogenic oocytes with a-pronounced size. 
No proliferative activity was observed in the 
germinal zone. The ooplasm had a considerable 
amount of yolk with centrally positioned nuclei 
and distinct nucleoli. 
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3.2.4. Stage IV ovary
The ovary at this stage exhibits brown 

colouration. The Oocytes, characterized by 
large and small yolk globules, tend to be 
bulky with a diameter ranging between 150 
and 198 μm. The Germarium appears as a 
stripe like structure. The nucleus was ellipsoidal. 
The cytoplasm of the follicle cells is 
elongated due to the enlargement of oocytes.

3.2.5. Stage V – (Pre-spawn) ovary
Ovary at Stage V appeared dark brown. Large 

vitellogenic oocytes ready for egg-laying were 
displayed. The germinal zone, comprising 
differentiating oocytes and premeiotic oogonial 
cells, appeared as ribbon-like spots together 

Fig. 11 and 12. T.S. of the mature ovary of the
female sesarmid crab M. tetragonum FC- Follicle
cells, YG-Yolk granules, MO- mature oocytes.
Scale Bar 1500 µm and 150 µm

with the ovary. The vitellogenic oocytes had 
tightly packed yolk globules and cortical 
granules in their ooplasm. Cortical granules 
may be the precursor of yolk granules. The 
nucleus could only be seen in very few 
oocytes (Fig. 12).

3.2.6. Stage VI – Post-spawn Ovary
The post-spawn ovary appeared as a 

translucent yellowish flaccid band. Small, 
resorbed oocytes were seen. The germinal 
zone was inactive, which was evidenced by 
the presence of non-proliferating oogonia 
represented as a compact structure in the 
center of the ovary. Some undifferentiated 
oogonic cells scattered in the peripheral zone 
had been observed. The peripheral zone also 
divulged the existence of the residual follicle 
cells of the previous clutch pending lysis.

3.2.7. Spermatheca
Compound microscopic observation of the 

spermatheca of M. tetragonum indicates that 
it is bounded by the muscle layer of (almost 
2 μm), multilayered connective tissue (10–11 
μm) and an epithelium were observed. The 
spermatheca can be spatially differentiated 
into dorsal and ventral chambers based on 
the morphology, position, and function of the 
oviduct. The dorsal chamber of the 
spermatheca, lined with a layer of columnar 
epithelium ranging from 15 to 24 μm has a 
basal nucleus of 2.5 ± 0.91 μm in diameter. 
The wall of the oviduct is composed of thin 
connective tissue and a cuboidal epithelium, 
which connects the spermatheca through the 
ventral chamber. The junction of these two 
forms a special kind of tissue consisting of 
densely packed cells with oval-shaped nuclei. 
The ventral chamber of the spermatheca is 
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lined by columnar epithelium, the height of 
the epithelium ranging between 32 and 43 μ
m. The luminal content that appears as 
homogeneous, eosinophilic, and basophilic 
represent the cumulative products of VD, 
ASG and spermatheca as well as the sperms 
interspersed in the luminal contents. 

3.3 Histochemical analysis of male and
female reproductive system

3.3.1. Testis
Histochemical studies revealed that the 

connective tissue layer reacts positively to 
carbohydrate (PAS) and lipids (SBB) but 
moderately to mucopolysaccharides (AB). The 
cytoplasm of spermatogonial cells showed 
negativity to PAS, but the nucleus shows 
moderate positivity to PAS. Moderate positivity 
to Best’s carmine in the nucleus suggests the 
presence of glycogen. The germinal center 
shows positivity to SBB and AB. In the 
present investigation, the sperm mass in the 
testis collectior tubule was agglutinated by 
testis secretion. Positive reactions with the 
Mercuric bromophenol blue test, Ninhydrin 
test, Schiff’s test and Millon’s tests elucidate 
the presence of basic, acidic, amino and 
hydroxyl groups of proteins (Table-1). The 
results of carbohydrate histochemistry viz. 
PAS, Best carmine and Toluidine blue 
demonstrated positive reactions that explain 
the presence of Carbohydrates (Table-2). In 
addition to proteins and carbohydrates, lipids 
were also deduced by the Sudan Black B, Oil 
Red O and Nile blue tests (Table-2)

3.3.2. Vas deferens
Histochemical analysis of the vas deferens 

of M. tetragonum showed that the VD 
epithelium reacted positively for lipids and 

moderately to PAS and AB. The homogeneous 
secretion of the anterior PVD reacted 
intensively to PAS, MBB, and AB and 
moderately to glycogen (Best’s carmine). The 
eosinophilic vesicular secretion of the distal 
PVD and MVD was positive to PAS, MBB and 
AB. The spermatophore wall exhibited intense 
positivity for mucopolysaccharides (AB), neutral 
mucopolysaccharides (Aldehyde fuchsin) and 
protein (MBB) that showed the presence of 
sulfated and carboxylated glycosaminoglycans. 
The PVD epithelial cells and secretory 
products indicated the presence of basic, 
acidic, amino, tyrosyl and tryphtophenyl 
groups of proteins. In the present study, the 
histochemical characteristics of the DVD 
epithelium and its secretions are rich in 
basic, acidic and tyrosyl groups of proteins. 
Positive reaction with toluidine blue at higher 
pH inferred the presence of carboxylated and 
sulphated mucopolysaccharides (Table-2).

3.3.3. Accessory sex glands 
Histochemical evaluation of the granular 

secretion of ASG divulged high positivity to 
carbohydrate (PAS) mucopolysaccharides (AB) 
and protein (MBB) as presented in (Table -2).

3.4. The ovary of M. tetragonum

3.4.1. Mercury Bromophenol Blue test (MBB)
Oogonial cells and previtellogenic oocytes 

showing an intense positive reaction to MBB, 
have general and acidic proteins. The nucleus 
of the previtellogenic oocyte revealed a 
weaker reaction to MBB. On the other hand, 
the cytoplasm of early primary vitellogenic 
oocytes showed a positive reaction to MBB 
with the nucleus being highly reactive. The 
secondary vitellogenic oocytes also showed a 
very high reactivity to MBB. Follicle cells 
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were also seen to be intensely stained with 
MBB as presented in (Table- 3).

3.4.2. Periodic acid Schiff’s test
Evaluation of Schiff’s periodic acid on the 

ovary of M. tetragonum revealed a positive 
PAS reaction and clarified the presence of 
glycogen, while the nucleus of previtellogenic 
and primary vitellogenic oocytes showed a 
slight positivity. But their perinuclear space 
was intensely stained with PAS and indicated 
the high amount of carbohydrates. The secondary 
vitellogenic oocytes were more deeply stained 
with PAS that primary vitellogenic oocytes. 
Granules seen at the periphery of previtellogenic 
oocytes as well as primary and secondary 
vitellogenic oocytes showed intense positivity 
to PAS. The ovarian stroma of the spent 
ovary specified moderate positivity to PAS but 
the follicle cells were strongly stained with 
periodic acid and Schiff’s reagent (Table-3).

3.4.3. Best’s Carmine 
The histochemical evaluation of the M. 

tetragonum ovary in the Best Carmine test 
showed a slight positive reaction in the 
Previtellogenic oocytes. The ooplasm of primary 
and secondary vitellogenic oocytes indicated 
moderate positivity showing a rational amount 
of glycogen.

3.4.4. Sudan black
Histochemical analysis of lipids in the M. 

tetragonum ovary by the Sudan Black B test 
demonstrated that oogonia and previtellogenic 
oocytes exhibited moderate positive reaction 
to Sudan black B. Follicle cells, the nucleus 
of the pre and primary vitellogenic oocytes 
displayed positivity to lipids. Yolk globules 
showed an intense positive reaction to Sudan 

Black B. Secondary vitellogenic oocytes showed 
greater positivity to Sudan black B stain than 
primary vitellogenic oocytes. In contrast, a 
negative reaction to Sudan Black B was 
observed in the ovarian stroma.

3.4.5. Alcian blue
The evaluation of sulfated mucopolysaccharides 

in the M. tetragonum ovary by Alcian blue 
test had the following results: Oogonial cells 
showed a negative reaction to Alcian blue 
while previtellogenic oocytes and follicle cells 
showed positivity to Alcian blue. The nucleus 
of previtellogenic, primary and secondary 
vitellogenic oocytes, as well as the ooplasm 
of primary and secondary vitellogenic oocytes 
and the ovarian stroma showed a moderate 
reaction to Alcian blue.

3.4.6. Spermatheca
Histochemical analysis of the epithelium of 

the spermatheca showed a positive reaction 
to Mercuric bromophenol blue stains, while 
the basal region of the epithelium had moderately 
positive reaction to Periodic acid Schiff’s 
reagent and indicates the presence of general 
and acidic proteins as well as glycogen. The 
presence of sulphated mucosubstances in the 
epithelium is evidenced by their intense blue 
colour to Alcian blue staining. The connective 
tissue and muscle layer are rich in glycogen 
and can be evidenced by their positive 
reaction to PAS and Best Carmine. The 
luminal content of the spermatheca exhibited 
high positivity to MBB, PAS and Alcian blue 
which predicts the presence of protein, glycogen 
and sulfated mucosubstances respectively. 
Free spermatozoa as well as those found 
inside the spermatophores are strongly 
positive to MBB and PAS which showed the 
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presence of general and acidic proteins as 
well as glycogen. The histochemical evaluation 
of the spermathecal layers, luminal contents 
and spermatozoa are represented in the table.

4. Discussion

4.1. Histological and histochemical
analysis of male reproductive system.

The cytological architecture of the testis of 
M. tetragonum shows several testicular lobules, 
with many sperm cells in different developmental 
stages. In decapods, the stages of spermatogenesis 
can be synchronous or asynchronous in the 
acini of different regions of the testis 
depending on the species[28]. The current 
study observed two zones namely germinal 
(GZ) and transformation (TZ) zones in the 
testis through light microscopic observations. 
Each zone has a different content and plays 
a specific role during spermatogenesis [29]. 
The germinal zone in the testis of M. 
tetragonum is thinner and is located at the 
periphery or close to the seminiferous tubule 
(collecting duct). It contains accessory cells and 
spermatogonia, which consequently transforms 
into spermatocytes, spermatids, and spermatozoa 
in the transformation zone. In addition, the 
dividing Germ cells are interspersed with 
non-germinal cells or accessory cells also 
called sustentacular cells, interstitial cells, 
nurse cells or nutritive cells, and Sertoli 
cells. The existence of such non-germinal cells 
has been reported by several authors[29-30]. 
According to[32], Sertoli cells strongly enhances 
the process of spermatogenesis and 
spermiogenesis in Decapoda. Accessory cells 
in M. brachydactyla[29] and P. plicatum[31] 
become prominent and elevate during the 

final stage of spermatogenesis. Thus, the 
observations of the current study, being in 
congruence with the findings of the studies, 
predict a similar functional role of the 
accessory cells in enhancing and assisting the 
process of spermatogenesis.

In the present investigation, the testis of M. 
tetragonum produces a cyclic generation of 
spermatocytes. The contents of each follicle 
mature synchronously, the resulting sperm 
showing an eccentric position (Fig. 2). The 
collector tubule of M. tetragonum encompasses 
only mature spermatozoa which have migrated 
to the VD, being differentiated into three 
zones according to their size and synthetic 
activity. Similar observations have been made 
in other brachyuran crabs[33-37]. The lumen of 
PVD in M. tetragonum exhibited a variation in 
its size and shape, being oblique and narrow. 
The columnar epithelium of the PVD, which 
shows variation in thickness on the dorsal, 
ventral, and lateral sides, causes fragmentation 
of the sperm to sheathe and form the mould 
for the formation of the spermatophore 
capsule. 

Histochemical assessment of the reproductive 
tissues reveals their biochemical nature and 
that of secretory products. Positivity to Mercuric 
Bromophenol test, Ninhydrin test, Schiff’s test 
and Millons test, indicates the presence of 
basic and acidic groups, amine groups and 
hydroxyl groups of proteins as presented in 
(Table-1). The positive results obtained in 
Bestcarmine, PAS and Toluidine blue test 
elucidate the presence of carbohydrates. In 
addition to proteins and carbohydrates, lipid 
substances were also ascertained through 
Sudan black B, oil Red O and Nile blue tests 
(Table-2). The sperm mass in the collecting 
tubule of the testis was found to be agglutinated 
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with the secretions of the testis. It is inferred 
that the proteins and mucopolysaccharides 
secreted from the posterior part of the testis 
might have been involved in the agglutination 
of sperm mass into discrete units. The above 
findings are in accordance with the report 
of[38] in S.serrata.

In brachyuran decapods, the epithelium of 
PVD performs a secretoryfunction[39]. The 
secretion of the PVD serves as the basic 
substance for the spermatophore. It helps to 
agglutinate sperm and serves as a nutritional 
source for the sperm stored in the spermatophore. 
However, as evidenced by the current 
investigation, the lumen of the PVD contains 
not only the substances of its own epithelial 
cells but also the secretory products of the 
testes. Histochemical analysis of epithelial 
cells proteins and substance “A” secreted in 
the PVD revealed the presence of basic, 
acidic, amine, tyrosyl and tryptophenyl 
groups (Table-1). The best carmine, PAS and 
toluidine blue tests specified the presence of 
glycogen and acid mucopolysaccharides in 
the substance A and epithelium (Table-2). 
Lipid histochemical tests indicated negative 
results with substance “A” and positive results 
with the epithelium of PVD (Table-2). 

MVD of M. tetragonum apparently serves 
as a long-term storage site. The MVD of 
Brachyuran crabs such as S. quadratum [40] 
and P. plicatum[31] shows a pouch-like 
appearance which could allow storage of 
more sperms. Studies have been carried out 
on the MVD of brachyuran crabs to evaluate 
their secretory activity and storage[37, 40-41]. 
The secretion of MVD not only offers mechanical 
support but also incorporates some substances 
to harden the spermatophore wall. In few 
brachyuran decapods, the MVD epithelium 

has been suited for the absorption of the 
PVD secretory materials[31, 39-40]. The structure of 
the DVD in M. tetragonum does not vary 
considerably with that of MVD of the brachyuran 
crabs except for the thick muscular layer, 
which probably facilitates the combination of 
seminal plasma, the spermatophores and 
seminal ejaculation during coitus. 

The male reproductive tract of some decapods 
consists of glandular structures, located in 
the posterior part of VD called ASG. Cuboidal 
epithelium of ASG has been previously 
reported by a number of authors[42], in O. 
platytarsis[43], in O. ceratopthalmus, and[44] in 
S. quadratum. The ASG secretion of 
crustaceans is presumed to be either neutral 
mucopolysaccharide or mucoprotein. In this 
work, the Lumen of the accessory sex gland 
tubule of M. tetragonum encloses eosinophilic 
secretion with different textures: homogenous 
polygonal masses and granular secretions, 
which showed positivity to MBB, PAS and AB 
test suggesting the presence of mucoprotein 
and glycoprotein (Table-2). Similar histochemical 
nature of ASG secretory products have been 
reported by[44] in S. quadratum.

4.2 Histological and histochemical analysis 
of female reproductive system 

Histologically, the ovary of M. tetragonum 
is composed of an outer connective tissue 
and a very thin inner layer of epithelium. Most 
of the ovarian histological studies emphasize 
the germinative components but give little or 
no attention to the lining of the ovary. 
However, in C. sapidus[45], Panulirus spiny 
lobsters[46] and G. cruentata[20], the ovary was 
lined by a thin layer of fibrous connective 
tissue. Significant colour changes in the 
ovary of M. Tetragonum during the different 
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developmental stages can be attributed to the 
degree of yolk deposition. 

Some crab species lack muscles in their 
ovary. Hence, spawning occurs with the 
contraction of the abdominal and cephalothoracic 
muscle adjacent to the ovaries[47]. Consequently, 
the ovary of M. tetragonum was observed to 
be without muscles. It is compatible with the 
results of other brachyurans such as Ranina 
ranina[48], Ucides cordatus[49], M. brachydactyla[50], 
G. cruentata[20] and C. sapidus[15]. 

In this investigation, the size of the 
oogonium of M. tetragonum was smaller than 
the oogonia of other brachyuran crabs Sesarma 
quadratum (4 to 8 μm)[51], S. serrata (5-10 μm)[16] 
and C. sapidus (9-12 μm)[15]. The variation in 
oogonia size between different brachyuran 
decapods may be related to the size of the 
animals, an increase in diameter of the 
oocytes could be attributed towards the 
transformation of previtellogenic into primary 
vitellogenic oocytes, because of vacuolization. 
Studies by Grapsidae[20], Majidae[50], Portunidae[16], 
Hymenosomatidae[52], Gecarcinidae[53] and 
Penaeidae[54] have suggested that such 
variation in diameter could be related to the 
accumulation of yolk, and the process of 
accumulation of yolk is species-specific. 

In the experimental crab M. tetragonum, 
the cytoplasm of primary vitellogenic oocytes 
was less basophilic. They later became acidophilic 
in nature, due to the accumulation of vitellus 
in the oocyte[55]. The secondary vitellogenic 
oocyte of M. tetragonum was found to be 
significantly larger than that of other crabs 
reported so far.

Based on histological architecture of the 
ovary of M. tetragonum five developmental 
stages can be classified as reported by[56-57]. 
While a greater number of young germinative 

cells is observed in the Stage - 1 and Stage 
- 2 of the ovary, highlighting the beginning 
of ovarian development[55], a significant 
increase in the number of mature oocytes 
can be observed during the last stages of 
vitellogenesis and clarified the maturity of the 
ovary, being ready to spawn favouring the 
observation of[17].

From the carbohydrate histochemical analysis 
of the ovary, it is clear that the oocyte of M. 
tetragonum was highly positive to PAS. Magenta 
colour stained granules were observed in the 
periphery of the early-stage oocytes. The 
presence of these granules was also reported 
in the blue crab, C. sapidus[15] where they 
were known as cortical alveoli, whereas in S. 
quadratum[51] they are named as cortical 
granules. In M. tetragonum the oocytes of 
latter stages exhibited mild reaction with 
Alcian blue, but the early-stage oocyte and 
follicle cells were found to be highly alkinophilic 
and mucopolysaccharides were expected. These 
observations corresponded to the findings 
of[53] in brachyurans.

The spermathecae of M.tetragonum were 
histologically composed of a connective tissue 
capsule which encompassed the glandular 
epithelium. The lumen comprised sections of 
the spermatheca, seminal fluids and 
spermatophores[58-59]. Histochemical analysis of 
the spermatheca of M.tetragonum revealed that 
the epithelium of spermatheca exhibited high 
positivity to Mercuric bromophenol and 
moderate positivity of Periodic acid Shiff’s 
reagent. Similar observations had been made 
by[45] in Callinectes sapidus. The connective 
tissue layer of the spermatheca of the 
present study was rich in glycogen[60]. showed 
a moderate positive reaction of connective 
tissue layer to PAS in the spermatheca of 
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Chionectes opilio. The luminal content of the 
spermatheca of the experimental crab 
displayed high positivity to MBB, PAS and AB 
which specified the high amount of protein, 
glycogen and sulfated mucosubstances. The 
above observations are in line with that of[60] 
in C.opilio. and attributed that luminal 
substances are high energy content and may 
be significant in the storage and opening 
(dehiscing) of the spermatophores.

5.Conclusion

The results concerning the histological and 
histochemical characteristics of the reproductive 

gonads of sesarmid crab Muradium tetragonum 
were discussed/compared with the findings of 
studies conducted in other brachyuran crabs. 
The biological structures displayed elucidate 
the reproductive organization of the study 
organism and confirm its phylogenetic origin, 
documenting the characteristics of the 
thoracotrema-heterotrema clade. The evaluation 
of spermatozoa formation and seminal secretion 
in vas deferens together with the role of 
spermatheca in females through histochemical 
studies provides a deep insight into the 
existing chemical constituents, the nature of 
secretory products and their function in the 
physiology of reproduction. 

Table. 1. Histochemical results of the ovary and spermatheca of the female sesarmid crab M. tetragonium

Tests

Oocyte of 
Privitelloge
nic Ovary

Oocyte of 
vitellogenic 

Ovary

Oocyte of  
Secondary 
vitellogenic 

Ovary

Oocyte 
of Spent 
Ovary

Spermatheca
To Indicate

C N C N C N C N E LC S

Mercuric 
Bromophenol blue

+++ ++ +++ +++ +++ +++ +++ ++ ++ +++ +++

General and Acidic Proteins 

Methylation+MBB - - - - - - - - - - -

Periodic acid and Schiff

Diastase+PAS

++

-

+

-

+++

-

++

-

+++

-

++

-

++

-

++

-

++

-

+++

-

+++

-

Free Aldehydes Glycogen, 
Viccny Glycol

Best Carmine

Diastase + Best Carmine

++

 -

+

  -

++

 -

++ ++

 -

++

  -

++

 -

++

-

++

-

++

-

++

-

Glycogen and 
Muccopolysaccarides

Sudan Black B 

Acetone + SBB 

+

-

++

-

++

-

++

-

+++

-

++

-

+

-

+

-

+

-

+++

-

+

-
General Lipids

Alcian Blue + + + ++ + ++ + ++ ++ +++ ++ Hyaluronic Sialomucin

+ Moderate positive reaction
++ Greater positive reaction
+++ Intense positive reaction
- Negative reaction



Histology and Histochemistry of the Male and Female Reproductive System of the Sesarmid Crab Muradium Tetragonum

J. Chosun Natural Sci., Vol. 16, No. 1, 2023

27
Table. 2. Histochemical results of the testis and Vas Deferens of the male sesarmid crab M. tetragonium

Tests
Testis PVD MVD DVD ASG ED

To Indicate
GE SM EL SA EL SB EL SP SC EL SP

Periodic acid 
and Schiff

+ ++ + +++ + ++ + ++ ++ + ++ Glycogen

Best’s 
Carmine

++ + ++ ++ ++ ++ ++ ++ ++ + ++ Glycogen

Toluidine Blue 
at Different pH

++ + + ++ + ++ + ++ ++ + +++
Acid 

Mucopolysaccharides

Sudan Black B + + + + + + + + + ++ General Lipids

Oil Red O Test + + + - + ++ + ++ + + ++ Neutral Lipids

+ Moderate positive reaction
++ Greater positive reaction
+++ Intense positive reaction
- Negative reaction

Table. 3. Histochemical results of the Ovary and Spermatheca of the female sesarmid crab

Tests
Testis PVD MVD DVD ASG ED

To Indicate
GE SM EL SA EL SB EL SP SC EL SP

Aqueou Bromophenol 
blue

+ ++ + +++ + ++ + ++ ++ + ++ 
Basic Group of 

Proteins

Mercuric Bromophenol 
blue

++ + ++ ++ ++ ++ ++ ++ ++ + ++
General and Acidic 

Proteins

Ninhydrin – Schiff’s ++ + + ++ + ++ + ++ ++ + ++
Presence of free 

amino group

Millon’s + + + + + ++ + ++ +++ + ++
Hydroxyl group 

tyrosine

DMAB + + +  ++ + ++ + ++ ++ + +++ Tryptophanyl Group

+ Moderate positive reaction
++ Greater positive reaction
+++ Intense positive reaction
- Negative reaction



Pothiappan Kumarasamy, Viswambaram Ganapiriya, Kannayiram Muthukumaravel, Manickam Sasipriya et al.

J. Chosun Natural Sci., Vol. 16, No. 1, 2023

28
References

0[1] Tran, N.D.M.; Lee, D.; Kim, W.; Phan, 
D.D.; Luong, D.T. Species composition 
and distribution of brachyuran crabs in 
Duyen Hai town, Tra Vinh province. 
Vietnam Journal of Science, Technology 
and Engineering 2018, 60(4), 39-44.

0[2] Gharaei, A.; Karimi, M.; Mirdar, J.; Miri, 
M.; Faggio, C. Population growth of 
Brachionus calyciflorus affected by 
deltamethrin and imidacloprid insecticides. 
Iranian Journal of Fisheries Sciences 
2020, 19(2), 588-601.

0[3] Gillikin, D.P.; Kamanu, C.P. Burrowing in 
the east African mangrove crab Chiromantes 
ortmanni (Crosnier, 1965) (Decapoda: 
Brachyura: Sesarmidae), Crustaceana 2005, 
78(10), 1273 – 1275.

0[4] Aliko, V.; Hajdaraj, G.; Caci, A.; Faggio, 
C. Copper induced lysosomal membrane 
destabilisation in haemolymph cells of 
Mediterranean green crab (Carcinus aestuarii, 
Nardo, 1847) from the Narta Lagoon 
(Albania). Brazilian Archives of Biology 
and Technology 2015, 58, 750-756.

0[5] Robertson, A.I. Leaf-burying crabs: their 
influence on energy flow and export from 
mixed mangrove forests (Rhizophora sps.) 
in Northeastern Australia. J. Exp. Mar. 
Biol. Ecol 1986, 102, 237-248.

0[6] Skov, M.W.; Hartnoll, R.G. Paradoxical 
selective feeding on a low nutrient diet: 
why do mangrove crabs eat leaves? 
Oecologia 2002, 131, 1–7.

0[7] Qyli, M.; Aliko, V.; Faggio, C. Physiological 
and biochemical responses of Mediterranean 
green crab, Carcinus aestuarii, to different 
environmental stressors: Evaluation of 

hemocyte toxicity and its possible effects on 
immune response. Comparative Biochemistry 
and Physiology Part C: Toxicology & 
Pharmacology 2020, 231, 108739.

0[8] Charniaux-Cotton, H.; Payen, G. Crustacean 
reproduction. In: Laufer H, Downer RGH 
(Eds.), Endocrinology of selected Invertebrate 
Types. Liss New York 1988, 279–303.

0[9] Garcia, R.C.P.; Craveiro, C.F.F.; Bernabé, 
C.V.; Silva, M.A.; Aride, P.H.R.; Oliveira, 
A.T.; Faggio, C. Gonadal Development of 
Females of the White Shrimp Penaeus 
schmitti (Burkenroad, 1936) Caught in 
Southeastern Brazil. Journal of Marine 
Science and Engineering 2021, 9(6), 653.

[10] Adiyodi, R.G.; Subramoniam, T. Oogenesis, 
ovipositon and oosorportion. In: Adiyodi, 
K. G; Adiyodi, R. G (Eds), Reproductive 
Biology of Invertebrates, John Wiley and 
son Ltd. New York 1983, 1, 443 - 495.

[11] Lopez Greco, L.S.; Stella, V.S.; Rodriguez, 
E.M. Size at onset of sexual maturity in 
Chasmagnathus granulata (Decapoda, 
Brachyura). Nauplius. Rio Grande 1997, 
5(2), 65-75.

[12] Rodriguez – Gonzalez, H.; Cia- Ulloa, M.; 
Hernandez- Llamas, A.; Villarreal, H. Effect 
of dietary protein level on spawning and 
egg quality of red claw crayfish, Cherax 
quadricarinatus. Aquacullture 2006, 257, 
412-419.

[13] Litulo, C. Population biology of the fiddler 
crab Uca annulipes (Brachyura: Ocypodidae) 
in a tropical East African mangrove 
(Mozambique). Est. Coastal. Shelf Science 
2005, 62, 283-290.

[14] Revathi, P.; Iyapparaj. P.; Munuswamy, 
N.; Krishnan, M. Vitellogenesis during the 
ovarian development in the freshwater 
female prawn Macrobrachium rosenbergii 



Histology and Histochemistry of the Male and Female Reproductive System of the Sesarmid Crab Muradium Tetragonum

J. Chosun Natural Sci., Vol. 16, No. 1, 2023

29
(De Man). Inter. J. Aqua. Sci 2012, 3(2), 
13-28.

[15] Brown, C. E. Ovarian morphology, oogenesis, 
and changes through the annual reproductive 
cycle of the female crab, Callinectes 
sapidus Rathbun, in Tampa Bay. M.Sc 
Thesis, University of South Florida, 2009.

[16] Islam, M. S.; Kodama, K.; Kurokura, H. 
Ovarian development of the mud crab 
Scylla paramamosain in a tropical mangrove 
swamp, Thailand. J. Sci. Res 2010, 2(2), 
380 – 389.

[17] Azmie, G.; Abol-Munafi, A.B.; Faizal, 
W.W.Y.M.; Ikhwanuddin, M. Ovarian 
maturation stages of orange mud crab, 
Scylla olivacea. 11th Inter. Ann. Sym. 
Sus. Sci. Man 2012, 58-64.

[18] Castiglioni, D. S.; Negreiros- Fransozo, 
M. L.; Lopez Greco, L. S.; Silveira, A. F.; 
Silveira, S.O. Gonad development in 
females of fiddler crab Uca rapax 
(Crustacea, Brachyura, Ocypodidae) using 
macro and microscopic techniques. 
Iher.Ser. Zool., Porto alegre 2007, 97(4), 
505-510.

[19] Santos, C.M.; Lima, G.V.; Nascimento, 
A.A.; Sales, A.; Oshiro, L.M.Y. Histological 
and histochemical analysis of the gonadal 
development of males and females of 
Armases rubripes (Rathbun, 1897) (Crustacea: 
Brachyura: Sesarmidae). Braz. J. Biol 2009, 
69(1), 161-169.

[20] Souza, L.P.D.; Silva, J.R.F. Morphology of 
the female reproductive system of the 
red-clawed mangrove tree crab (Goniopsis 
cruentata Latreille, 1803). Sci. Mar 2009, 
73(3), 527-539.

[21] Sampaio, F.D.F.; Carmo, T.M.S.D.; Penna, 
A.M. Morphology and histology of the 
female reproductive system of the mangrove 

land crab, Ucides cordatus (Linnaeus, 
1763) (Brachyura: Ocypodidae). Nauplius 
2011, 19(2), 145–153.

[22] Suganthi, A.S.; Anilkumar, G. Moult-related 
fluctuation in ecdysteroid titre and 
spermatogenesis in the crab, Metopograpsus 
messor (Brachyura: Decapoda). Zool. Stud 
1999, 38, 313-320.

[23] Humason, L. 1967. Animal tissue techniques, 
4th ed.; W.H. Freeman and Company, San 
Franscisco.

[24] Pearse, A.G.E., 1968. Histochemistry, 
theoretical and applied, VII. 1. J. and A. 
Churchill, London.

[25] Mazia, D.; Brewer, P.A.; Alfert, M. The 
cytochemical staining and measurement 
of protein with mercuric bromphenol 
blue. The Biological Bulletin 1953, 104(1), 
57-67.

[26] Hotchkiss, R.D. A microchemical reaction 
resulting in the staining of polysaccharides 
structure in fixed tissue preparations. 
Arch. Biochem 1948, 16(1), 131-141.

[27] Barnes, H.; Blackstock, J. Biochemical 
composition of the seminal plasma of the 
Cirriped Balanus balanus (L) with particular 
respect to free amino acids and proteins. 
J. Exp. Mar. Biol. Ecol 1974, 16: 47-85.

[28] Erkan, M.; Tunali, Y.; Balkis, H.; Oliveira, 
E. Morphology of testis and vas deferens 
in the xanthoid crab, Eriphia verrucosa 
(Forskål,1775) (Decapoda:Brachyura). J. Crust. 
Biol 2009, 29, 458-465.

[29] Simeo, C.G.; Ribes, E.; Rotllant, G. Internal 
anatomy and ultrastructureof the male 
reproductive system of the spider crab 
Maja brachydactyla (Decapoda: Brachyura). 
Tissue. Cell 2009, 41, 345-361.

[30] Sherkane, V.D.; Patil, M.V.; Pande, G.S. 
Gross anatomy of male reproductive 



Pothiappan Kumarasamy, Viswambaram Ganapiriya, Kannayiram Muthukumaravel, Manickam Sasipriya et al.

J. Chosun Natural Sci., Vol. 16, No. 1, 2023

30
system and histology of testis and vas 
deferens in fresh water crab Barytelphusa 
cunicularis (Westwood 1836) (Decapoda: 
Crustacea). The Bioscan 2010, 5(4), 599-603.

[31] Ganapiriya, V. Ultra structural and 
biochemical studies on male reproductive 
system of the brachyuran crab, Parasesarma 
plicatum (Latreille, 1803). Ph.D Thesis, 
Manonmaniam Sundaranar University, 
Tirunelveli, India, 2012.

[32] Hinsch, G.W.; Walker, M.H. The vas deferens 
of the spider crab, Libinia emarginata. 
J.Morphol 1974, 143(1), 1-19.

[33] Cronin, L.E. Anatomy and histology of 
the male reproductive system of Callinectus 
sapidus (Rathbun) J. Morphol 1947, 81, 
209-240.

[34] Burton, T. E. The spermatid pathway and 
associated reproductive structures of squat 
lobster Thenus orientalis (Lund, 1793). 
Invert. Reprod. Develop 1995, 28(1), 53-61.

[35] Lopez Greco, L.S.; Lopez, G.C.; Rodriguez, 
E. M. Morphology of spermatheca in the 
estuarine crab Chasmagnathus granulata 
Dana 1851 (Grapsidae, Sesarminae). J.Zool 
2006, 249(4), 490-493.

[36] Bauer, R.T.; Min, L.J. Spermatophores 
and plug substance of the marine shrimp 
Trachypenaeus similis (Crustacea: Decapoda: 
Penaeidae): formation in the male reproductive 
tract and disposition in the inseminated 
female. The Biological Bulletin 1993, 185(2), 
174-185.

[37] Castilho, G.G.; Ostrensky, A.; Pie, M.R.; 
Boeger, W.A. Morphology and histology 
of the male reproductive system of the 
mangrove land crab Ucides cordatus (L) 
(Crustacea, Brachyura, Ocypodidae). Acta 
Zool 2008, 89, 157-161.

[38] Uma, K.; Subramoniam, T. A comparative 

study on the spermatophore formation in 
Scylla serrata (Forskal) (Decapoda: Brachyura) 
and Clibanarium longitarsus (Dettaon) 
(Decapoda: Anomura) J. Mar. Biol. Assoc. 
Ind 1984, 26, 103-108.

[39] Hinsch, G.W.; Walker, M.H. The vas 
deferens of the spider crab, Libinia 
emarginata. Journal of Morphology 1974, 
143,(1), 1-19.

[40] Suganthi, A.S. Studies on semenogenesis 
and sperm storage in a brachyuran crab, 
Metopograpsus messor. Ph.D. Thesis, 
University of Calicut, Kerala, 1996.

[41] Garcia, T.M.; Silva, J.R.F. Testis and vas 
deferens of the red-clawed mangrove 
tree crab (Goniopsis cruentata) (Latereille, 
1803). Braz. Arch. Biol. Technol 2006, 
49(2), 339-345.

[42] Sukumaran, M. Certain aspects of 
reproductive biology of the ghost crab, 
Ocypode platytarsis. Ph. D. Thesis, University 
of Calicut, Kerala, India, 1985. 

[43] Sudhadevi, A.R. Certain aspects of growth 
and reproduction in Brachyura. Ph.D. 
Thesis, University of Calicut, Kerala, India, 
1993.

[44] Suganthi, A.S.; Anilkumar, G. Ultra structural 
studies on the male accessory glands of 
two estuarine crabs Metopograpsus messor 
(Forskal) and Sesarma quadratum (Fabricius) 
(Grapsidae: Brachyura: Decapoda). Cytobios 
1998, 93, 7-21.

[45] Johnson, P.T. Histology of the blue crab 
Callinectes sapidus. In: A model for 
Decapoda. Praeger Publishers: New York, 
1980; pp. 440.

[46] Silva, J.R.F.; Cruz-Landim, C. Macroscopic 
aspects and scanning electron microscopy 
of the ovaries of the spiny lobsters 
Panulirus (Crustacea: Decapoda). Braz. J. 



Histology and Histochemistry of the Male and Female Reproductive System of the Sesarmid Crab Muradium Tetragonum

J. Chosun Natural Sci., Vol. 16, No. 1, 2023

31
Morphol. Sci 2006, 23 (3-4), 479–486.

[47] Wolfe, A. F. A histological and histochemical 
study of the male reproductive system of 
Artemia (Crrustacea, Brachiopoda). J. 
Morphol 1971, 135, 81–90.

[48] Minagawa, M.; Chiu, J.R.; Cudo, M.; 
Takashima, F. Male reproductive biology 
of the red frog crab, Ranina ranina off 
Hachijojma, Izu Inlands, Japan. Mar. Biol. 
(Berlin) 1994, 118(3), 393-401.

[49] Santana, G.X. Caracterização morfológica 
do sistema reprodutor feminino do 
caranguejo uca Ucides cordatus (Linnaeus, 
1763) (Decapoda Ocypodae). Monograph, 
Universidade Federal do Ceará, Ceará, 
2002.

[50] Rotllant, G.; Gonzalez- Gurriaran, E.; 
Fernandez, L.; Benhalima, K.; Ribes, E. 
Ovarian maturation of the multi-spawning 
spider crab Maja brachydactyla (Decapoda: 
Majidae) with special reference to yolk 
formation. Mar. Biol 2007, 152, 383-394.

[51] Syama, V. P. Studies on hormonal 
regulation of growth and reproduction in 
decapod crustaceans. 2009.

[52] Diez, M.J.; Lovrich, G.A. Reproductive 
biology of the crab Halicarcinus planatus 
(Brachyura, Hymenosomatidae) in sub - 
Antarctic waters. Poll. Biol 2010, 33(3), 
389–401.

[53] Shinozaki-Mendes, R.A.; Silva, J.R.F.; 
Sousa, L.P.D.; Hazin, H.V. Histochemical 
study of the ovarian development of the 
blue land crab Cardisoma guanhumi 
(Crustacea: Gecarcinidae). Inver. Reprod. 
Dev 2011, 1-9.

[54] Ayub, Z.; Ahmed, M. A. Description of 
the ovarian development stages of 
penaeid shrimps from the coast of 
Pakistan. Aqu. Res 2002, 33(10), 767–776.

[55] Beninger, P.G.; Lanteigne,C.; Elner.R.W. 
Reproductive processes revealed by 
spermatophore dehiscence experiments 
and by histology, ultrastructure, and 
histochemistry of the female reproductive 
system in the snow crab Chionoecetes 
opilio (O.Fabricius) J.Crust. Biol 1993, 8, 
322-332.

[56] Anilkumar, G. Reproductive physiology of 
female crustaceans. University of Calicut, 
Calicut, India, 1980.

[57] Lima, G.V.; Soares, M.R.S.; Oshiro, L. 
M.Y. Reproductive biology of the sesarmid 
crab, Armases rubripes (Decapoda, Brachyura) 
from an estuarine area of the sahy river; 
sepatiba bay, Rio de Janeiro, Brazil. 
Inher. Ser. Zool., Proto. Alegre 2006, 96(1), 
47-52.

[58] Sant’Anna, B.S. ; Pinheiro, M.A.A. ; 
Mataqueiro, M. ; Zara, F.J. Spermatheca 
of the mangrove crab Ucides cordatus: a 
histological and histochemical view. J. 
Mar. Biol. Ass 2007, 87, 903-911.

[59] Becker, C.; Brandis, D.; Storch, V. 
Morphology of the female reproductive 
system of European pea crabs (Crustacea, 
Decapoda, Brachyura, Pinnotheridae). J. 
Morphol 2011, 272, 12–26.

[60] Beninger, P.G.; Elner, R.W.; Foyless, T.P.; 
Odense, P.H. Functional anatomy of the 
male reproductive system and the female 
spermatheca in the snow crab Chionoecetes 
opilio (O.Fabricius) (Decapoda: Majidae) 
and a hypothesis for fertilization. J. 
Crust. Biol 1988, 8, 322-332.




