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Abstract. Unlike the other penaeiodean shrimp, the ridge back shrimp, Sicyonia
ingentis does not produce a spermatophore, but transfers sperm suspended in seminal
plasm. This paper reports on the histomorphology and ultrastructure of the vas
deferens with reference to its functional role in secreting the sperm bearing materials.
The vas deferens is divisible into proximal secretory, mid storage and distal ejaculatory
regions. The epithelial cells lining the proximal vas deferens are comprised of secretory
and absorptive cell types. The loose sperm cells found in the lumen of this region
are in an immature condition, and are agglutinated into a compact mass with signs
of spermiogenesis in the mid vas deferens. The epithelial cells lining the mid vas
deferens are short flattened cells. The distal vas deferens is ensheathed by muscular
fibres. The inner epithelial cells are highly secretory and contain numerous microvilli
at the luminal end. The sperm cord gets liquefied in this region facilitating the transfer
of sperm in liquid form to the female during mating.
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1.

Introduction

In decapod crustaceans the sperm are non-motile and are transferred to females by
means of spermatophores. In Brachyura, with internal fertilization, the spermatophores
are simple spherical structures transmitted to the female gonopore in a fluid medium
of seminal plasm (Hinsch and Walker 1974). The spermatophores of anomuran
crabs are pedunculate and are deposited on the ventral surface of the females to
effect epizoic fertilization (Subramoniam 1977, 1984). In Macrura, comprising the
lobsters, crayfish and shrimp, the spermatophores often assume structural complexity.
For example, in the lobsters and crayfish, the spermatophore is tubular and has
several investment layers of mucoprotein to protect the delicate sperm cells inside
the spermatophore (Berry and Heydorn 1970; Kooda-Cisco and Talbot 1982;
Dudenhausen and Talbot 1983; Radha and Subramoniam 1985; Haley 1986). Penaeid
shrimp produce spermatophores of varying complexities and deposit them into the
thelycum of the females. That the females with open thelycum (Lithopenaeus) and
females with closed thelycum (Penaeus setiferus, P. astacus, etc.) generally receive a
spermatophore with complicated or reduced accessory structure was described as early
as 1909 by Caiman, who considered this a characteristic feature of these shrimp.
*Fax: 091-44-235 2870.
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In contrast, different shrimp species belonging to the family Sicyonidae do not
produce spermatophores typical of penaeid shrimp (Burkenroad 1954). Here, the
seminal plasm is transferred by means of a semiclosed petasma to the female and
stored in a pair of bag-like seminal receptacles, concealed under the thelycum
(Clark et al 1986). In the present study, an ultrastructural analysis has been made
to elucidate the secretory role of the vas deferens epithelium in producing seminal.
plasm. The changes that occur in the seminal plasm as well as sperm morphology
during the course of sperm passage through the vas deferens are also reported,
with special reference to fluid absorption from the lumen of the vas deferens.

2.

Materials and methods

Male Sicyonia ingentis collected from the coastal waters of southern California
near Santa Barbara were maintained in the Bodega Marine Laboratory, Bodega
Bay, in flow through seawater systems at 15°C. For transmission electron microscopy,
different regions of vas deferens were minced into 2 ×2 mm pieces and fixed for
30 min in 3% glutaraldehyde, buffered with 0·2 Μ sodium cacodylate containing
6% glucose and 2% tannic acid (pH 7·3). The tissues were washed in cacodylate
buffer (3×) and postfixed in cacodylate buffer containing 1% osmium tetroxide
and 6%. glucose. Following a buffer rinse (2×) the samples were dehydrated in
an acetone series and then embedded in a low viscosity epoxy resin (Spurr 1969).
Thick plastic sections (0·5 μm) cut with glass knives were stained with 1% toluidine
blue buffered with 1% sodium borate. Thin sections were stained with saturated
aqueous uranyl acetate and lead citrate (Reynold 1965) and examined on a Hitachi
HU 11 Ε electron microscope. Tissues prepared for scanning electron microscopy
were processed in a Samdri PVT critical point dryer (Tousimis), coated with gold
and examined with a Hitachi S-570 scanning electron microscope.

3 . Results
3.1

External morphology of the male reproductive system

The male reproductive system consists of paired, closely approximated testes and
a pair of vasa defferentia, the latter opening separately at the base of the coxae
of the 5th walking leg. The testes are lobated and fused medially with each other.
Each vas deferens is comprised of 5 morphologically distinguishable regions:
proximal, middle and distal. The proximal vas deferens (PVD), originating from
the posterior region of the testes is a coiled narrow tubular mass, which is ensheathed
in a membranous connective tissue. The PVD is continued as an enlarged ductal
region, the mid vas deferens (MVD). The MVD is rather loosely coiled and shows
differences in thickness, the first part being more slender than the second. The
MVD extends as a straight tube latero-ventrally to enter into the musculatures of
the coxa of the fifth walking leg, as the distal vas deferens (DVD). Within the
coxal muscles, the vas deferens is slightly enlarged to give rise to a bulbous
structure called terminal ampulla.
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3.1a PVD: The epithelial cells lining the circular lumen are columnar and highly
secretory. At least two types of cells could be distinguished: (i) columnar cells,
long and slender taking intense stain with toluidine blue, and (ii) wide cells showing
a weak staining reaction with toluidine blue. Both cell types have lobated nuclei
with intensely staining nucleoli (figures 1 and 2). The cytoplasm contains vacuoles
which are more numerous at the lumen end. The apical region of the cells reveals
many tiny vacuolated structures which merge with frothy luminal secretory materials.
The basal lamina on which the columnar cells rest is very thin and appears to be
formed of two membranes. Interestingly, numerous haemocytes including
prohaemocytes, plasmatocytes, cystocytes, granular haemocytes and adipohaemocytes,
occur in the space between the PVD coils. Some of these haemocytes infiltrate
through the basal lamina and get lodged in the space between adjoining columnar
cells. Blood sinuses are also seen in the space between the vas deferens coiling
(figure 3).
3.1b MVD: In contrast to the PVD, the epithelial cells of MVD are short and
flattened and the nuclei are small and rounded. There is no release of secretory
material into the lumen. Distinct differences are also observed in the luminal
content. By the time they reach the MVD, the sperm cells are fully formed, with
a well developed spike and are cemented together in a homogeneous secretion to
form the sperm cord. Interspersed between the sperm are discrete granules which
take intense stain with toluidine blue (figures 4 and 5). The homogeneous secretion
seems to condense on the periphery in the form of a membranous layer.
3.1c DVD: The inner epithelium is again conspicuous and highly vacuolated. The
nuclei are lobate and hyperactive. The lumen contains certain membranous secretions.
The epithelium is bounded externally by several superimposed connective tissue
membranes (figure 6).
3.2 Ultrastructural observations on the vas deferens epithelium
In the PVD region, the epithelial layer lining the lumen is comprised of closely
packed columnar cells. Ultrastructural organization of the epithelial cells varies in
different regions indicating the existence of more than one cell type. The most
abundant cell type shows all characteristic features of secretory activity (figures 7
and 8). The nucleus is centrally located and is highly lobated, filling much of the
cell. The large lobes also contain the nucleolus in an eccentric position with the
other lobes containing portions of it. The outer membrane of the nucleus blebs off
in some regions to give rise to discrete vesicles. The basal half of most cells
contain many large vacuoles with meagre cytoplasm in between. The vacuoles are
intimately opposed to the basal lamina on which the cells rest. Some of the larger
vacuoles contain electron-lucent materials; whereas, others seem to be empty. The
perinuclear region is densely packed with smooth endoplasmic reticulum (SER) in
both cisternal and vesiculate form. Golgi complexes with small secretory vesicles
in the transcisternal side are also present. Microtubules are numerous in this region.
Occasionally, they form a bundle. The basal region of some cells is thrown into
canaliculi with the vesicles containing electron-lucent material interspersed between
them. The luminal end of different cells present ultrastructural variations. The
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Figures 1-6. (1) Light micrograph showing portions of the proximal vas deferens of S.
ingentis. Note two distinct types of epithelial cells (E1 = darkly staining and E2 = lightly
staining); lumen (L) containing dispersed sperm cells (S) and the haemocytes in the space
between the PVD coils. (2) Enlarged light micrograph showing the darkly stained (E1)
and lightly stained (E2) cells in S. ingentis. Note the lobated nuclei (L). (3) Enlarged light
micrograph showing the interspace between the PVD coils in S. ingentis. Note the distinct
blood sinus (B) and the infiltrated haemocytes (unlabelled arrow) into the basal lamina of
vas. deferens. (4) Light micrograph showing the cross sectional view of the mid vas deferens
showing the agglutination of the darkely stained sperm cells in S. ingentis. (5) Enlarged light
micrograph of S. ingentis showing a portion of mid vas deferens with the sperm cells and
the sperm bearing materials. (6) Low power light micrograph of S. ingentis showing cross
sectional view of the distal vas deferens. Note the thick outer muscular layers (M) and the
inner epithelial cells (IE). Note the prominent nucleus (N). (Scale bar = 5·0μm).
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Figure 7. Electron micrograph of a portion of secretory epithelial cells of the proximal
vas deferens to show the membrane specializations (G. Golgi complex; ES. origin of the
electron dense granules). (Seale bar = 2·0 µm).

cytoplasm beneath the plasma membrane in the luminal side contains numerous
rough endoplasmic reticulum (RER) and (Golgi elements with small secretory
materials of high electron density originating from the distended ends of the (Golgi
bodies. Parallel arrays of numerous microtubules are formed in the peripheral region
with a few of them protruding into the lumen (figure 8). In other regions, the
cytoplasm contains Golgi complexes consisting of elongated smooth-surfaced lamellae
arranged in stacked, parallel arrays. Their dilated ends contain small amounts of
moderately electron-dense material. Vesicles pinched off from the Golgi lamellae
as well as many electron-dense granules are present in the Golgi region (figure 7).
Mitochondria are rare in any part of the cell.
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Figure 8. Electron micrograph of the secretory epithehal cells of the proximal vas deferens
showing the presence of microtubules (M) in the cytoplasm (N. Lobulated nucleus; c.
chromann. EL. electron-lucent vesicles). (Scale bar=2·0 µm).

The second type is composed of small goblet shaped cells, sandwiched between
the cytoplasmic projections of the secretory cells. These goblet cells are characterized
by long microvilli projecting into the lumen (figure 9), similar to those found in
the intestinal epithelial cells with absorptive function (Hatae et al 1986). The villi
arc swollen with electron-dense material. At the basal region of the microvilli, the
cytoplasm contains many mitochondria. There are several junctional complexes
including zonula occludens between adjoining cell membranes (figure 9). The
intercellular spaces in several regions are dilated. Between the villi, some of the
cytoplasmic vacuoles can be seen in the process of exocytosis. The sperm cells
found in this region are immature and lack spike (figures 10 and 11).
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Figure 9. Electron micrograph of the absorbtive cells in the proximal vas deferens to
show the microvilli (Μ). Note the junctional complexes between the adjoining cell membranes
(unlabelled arrows). Also note the electron-dense granules in the lumen. (Scale bar = 1·0µm).

In contrast to the PVD epithelium, the MVD epithelium consists of short flattened
cells enclosing an enlarged spherical lumen. The luminal surface of the MVD
epithelium is smooth, but many short microvilli project from it. The cytoplasm of
the cells does not show any ultrastructural organelle such as RER and Golgi bodies.
The nucleus is smooth-surfaced and not lobated. The basal lamina is very thick
and enveloped by a thick muscular layer with longitudinal and circular muscle
bundles. At the basal region, long cytoplasmic tubules are placed in transverse
position (figures 12 and 13).
The epithelium lining the DVD is very thick. The apex of the epithelium is
thrown into several folds, giving a serrated appearance to the lumen. The nucleus
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Figures 10-11. Electron micrograph of the free early stage spermatids of S. ingentis in
the lumen of the proximal vas deferens. Note the absence of spike or spike primordia in
the spermatid. (11 ) Higher magnification of 10 . (Scale bar = 1·0 µm).
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is oval shaped and found in the apical half of the cell. The chromatin is condensed
into small patches which adhere to the inner side of the nuclear membrane. Nuclear
pores are common and the chromatin patches are discontinuous in this region, but
small granular materials appear to escape through the pores. The cytoplasm contains
numerous vesiculate type RER and Golgi complexes. The cisternae on the cis side
of the Golgi apparatus are dilated whereas those on the trans side contain an
electron-dense material. Small secretion vesicles are present in the convex region
of the Golgi bodies. Aggregates of similar secretion vesicles with electron-dense
materials are also found in the vicinity of the Golgi apparatus. Lamellate SER is
not encountered in the cytoplasm, but microtubules are seen in between the SER.
The apex of the epithelial cells contain numerous vesicles with moderately
electron-dense materials. In several regions, the vesicles seem to adhere to the
plasma membrane and release their contents. In addition, the lumen near the
epithelium also contains such vesicles with the same electron-dense material. They
are distinct from the secretory granules found in the lumen. The materials found
in these vesicles are denser than those found in the lumen of the proximal vas
deferens. The numerous microvilli which project from the surface of the epithelial
cells are short and slender compared to those in the PVD region. Furthermore,
these microvilli contain bundles of microfilaments in the core. At the basal region
of the cells, highly branched anastomosing cytoplasmic tubules are present. They
seem to be connected to the space below the basal lamella which is thick and
externally enveloped by muscular and connective tissue layers.
3.3

Changes in the luminal contents of the vas deferens

The lumen of the vas deferens in the proximal region is narrow but enlarged in the
MVD region, again to be diminished in the DVD region. In the PVD. The
luminal content includes numerous vesicles of varying sizes, pinched off from the
plasma membrane of the inner epithelial cells. The vesicular components released
into the periphery of the lumen give a frothy appearance to the PVD lumen at
the light microscopical level. In addition the membrane bound electron-dense
secretory granules are also seen in the lumen. The sperm cells, as released from
the testis, are in the progression of spermiogenesis. Furthermore, neither the spike
nor the spike primordia has been differentiated in the spermatozoa found in the
PVD lumen (figures 10 and 11). The spermatozoa do not fill the lumen completely,
but are found as patches of small aggregates. The sperm bearing matrix material
is also rather sparse. Most of the sperm are found in the center of the lumen
indicating a continuous secretion of materials by the epithelium as the sperm move
downwards.
The lumen in the MVD region is rather cylindrical and enlarged as a result of
its emaciated epithelium. A section passing through this region reveals the
concentration of spermatozoa by condensation of the sperm bearing matrix material
into a sperm cord. All the spermatozoa found in this region are in an advanced
spermiogenic stage with many of them having a fully formed spike (figures 14
and 15). The spermatozoa are interspersed by electron-dense, membrane-bound
granules of varying sizes. Vacuoles seen in the PVD lumen are absent in this
region. On the other hand, many microtubules criss-cross the space between the
sperm cells. The matrix also seems to be denser than in the preceding region. The
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Figures 12–15. (12) Electron micrograph to show the basal infoldings of basal plasma
membrane (BM) present in the basal region of the epithelial cells lining the mid vas
deferens. Both circular (CM) and longitudinal muscles (LM) ensheath the basal lamina
(BL). Note the mitochondria (MH) between the basal foldings (N, Nucleus). (Scale
bar= 5·0 µm). (13) Higher magnification of 12 to show the lobulated nuclei (N). Note the
presence of the short microvilli (SM; unlabelled arrow) at the luminal end of the epithelium
and the presence of the luminal content of the electron-dense granules (EG). (Scale
bar = 5·0 µm). (14) Electron micrograph showing the luminal contents of the mid vas
deferens. Note the presence of the spermatids in the various stages of differentiation
including the mature sperm. Also note the interspersed electron-dense granules. (Scale
bar = 50·0 µm). (15) Electron micrograph to show the mature spermatozoa and the
electron-dense granules present in the lumen of the mid vas deferens. (Ν, Nucleus, AG,
acrosome granules; S, spike; EG electron-dense granules, (Scale bar = 10·0 µm)
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sperm cells do not show any definite orientation within the matrix. The sperm cord
appears to have a wrinkled envelope, as revealed by the scanning electron microscope
(figures 16 and 17).

Figures 16 and 17. Scanning electron micrograph of the sperm cord (low and high
magnification) removed form the distal vas deferens of S. ingentis to show the external
membranes of the sperm cord (16: Scale bar=10·0 µm; 17 Scale bar=5·0 µm).
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In the DVD region, the lumen is narrowed considerably by the increase in
thickness of the νas deferens epithelium and encircling musculature. The columnar
epithelial cells project into the lumen giving it a canaliculated appearance. The
cell apex bears numerous linger-like villi and vesicles of varying sizes, carrying a
moderately electron-dense flocculent material. In between the finger-like villi, these
vesicles exocytose their contents into the lumen (figure 18). Golgi bodies, processing
these vesicles, are also evident in the cytoplasm. At the basal region, cytoplasmic
tubules are seem to open into the basal lamina, which is externally enveloped by
strong muscle fibres.

Figure 18. Electron micrograph showing the epithelial cells lining the distal vas deferens
of S. ingentis. Note the presence of microvilli (MV) and a number of secretory vesicles
in the cytoplasm (N. Nucleus) (Scale bar = 0·25 µm).
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4. Discussion
In the majority of decapod crustaceans, the spermatozoa, upon leaving the testis
are encased within a spermatophore secreted by the epithelial cells lining the vas
deferens (Subramoniam 1993). A great deal of information, especially from light
microscopic studies, exists on the origin of spermatophoric components in a number
of decapod species (Mathews 1951, 1953, 1954; Berry and Heydorn 1970;
Subramoniam 1984). Histochemical characterization of spermatophore layers and
the mode of hardening is also available for a few species (Malek and Bawab 1974;
Uma and Subramoniam 1979; Subramoniam 1984; Radha and Subramoniam 1985;
Dougherty et al 1986). Electron microscopic studies on the above aspects include
the structural analysis of the spermatophores (Kooda-Cisco and Talbot 1982;
Dougherty el al 1986) as well as the origin of precursor substances for the
fabrication of spermatophores from the epithelial cells (Hinsch and Walker 1974;
Dudenhausen and Talbot 1983; Kooda-Cisco and Talbot 1982). The results reported
in the present paper indicate yet another functional role of the vas deferens
epithelium, the production of sperm-bearing seminal plasm in a free spawning
marine shrimp, S. ingentis which does not produce a spermatophore typical of other
decapod crustaceans.
The most prominent cell type present in the PVD possesses all ultrastructural
characteristics of a secretory cell. The nucleus is large and lobate, and the perinuclear
cytoplasm is fully packed with RER of stacked cisternae. Golgi bodies along with
small vesicles of moderate electron density as well as membrane-bound, electron-dense
granules are also numerous. Presumably, the smaller vesicles by fusion may contribute
to the high density secretory granules that are vectorially transported to the lumen.
This is indicated by the concentration of these granules in the cell apex and the
lumen periphery. It is not clear whether the large populations of microtubules
present in the perinuclear and apical cytoplasm aid in the movement of these
secretory granules towards the lumen. Nevertheless, the micrographs show the
release of the microtubules into the lumen where they constitute a regular feature
especially in the MVD region. In addition to the granular secretion, the apex of
the epithelial cells bleb off numerous vesicles into the lumen. Although the chemical
nature of the secretion products in the vas deferens of S. ingentis is not investigated
in the present study, earlier studies on other decapods such as lobsters, crabs and
freshwater shrimp have indicated the mucopolysaccharide nature of the seminal
secretion (see Dougherty el al 1986; Subramoniam 1991, for reference).
The second type of cell has a microvillus brush border at its apical surface.
These microvilli however lack the filaments described for the absorptive intestinal
villi (Palay and Karlin 1959; Dobbins 1969). However, in a crustacean larval
midgut, the absorptive cells have been shown to lack the filaments (Talbot et al
1972). In S. ingentis, the long microvilli, contain electron-lucent materials. At the
base of the villi, numerous mitochondria are present suggesting the possibility of
an active absorption. However, the mechanism of absorption especially in the
absence of filaments or tubules in the microvillus core of these cells is not clear,
although the much elongated swollen microvilli might increase the surface area for
fluid absorption. Their cell boundaries are clear and there are dilatations found in
the intercellular spaces in-between the junctional complexes. These cells do not
attach directly to the basal lamina, but adhere to a supporting cell which contains
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numerous cytoplasmic tubules and vacuoles. The intercellular spaces in these cells
are also wide. All this may suggest that these cells are involved in the fluid
absorption from the lumen of the PVD, probably to concentrate the seminal
substances before it passes on to the MVD lumen for storage. Biochemical evidences
for such a transformation of the seminal plasm from a watery salt solution to
organic material rich viscous fluid have been reported in the vas deferens of the
giant octopus. Octopus dofeleini martini (Mann et al 1984).
Contrary to the highly secretory nature of the PVD epithelium, the MVD epithelial
cells are cuboidal and do not contain secretory organelles such as RER and Golgi
complex. These cells contain, at their basal region, many cytoplasmic vacuoles
which have connection to the basal lamina. They also have small villi at the cell
apex. Perhaps, these cells may have little absorptive function. The MVD epithelium
has, however, strong muscular envelopes for efficient storage and expulsion of the
viscous sperm mass.
A feature of interest is the final maturation of sperm in the vas deferens. The
sperm released into the PVD do not possess a spike or spike primordium; as they
pass into the MVD most of the sperm have either spike primordia or a fully
formed spike suggesting the completion of sperm maturation inside the MVD lumen.
The vas deferens of S. ingentis is analogous to the mammalian epididymis in as much as
it serves the function of final maturation and storage of spermatozoa
(Brooks 1979). More significantly, the sperm of Sicyonia acquire a kind of
capacitation only alter their transfer to the female seminal receptacles (Clark el al
1986). Only the "female sperm" is capable of undergoing acrosomal reaction
spontaneously in response to treatment with egg water (Griffin el al 1987). This
may also be true for other penaeid species storing the sperm in a seminal receptacle
(e.g.. P. aztecus). Interestingly, sperm removed from the spermatophores of P.
setiferus undergo an acrosomal reaction in the presence of egg water (Griffin et
al 1987). Evidently, the seminal plasm as well as spermathecal secretions have a
role in sperm maturation and capacitation in shrimp. Unfortunately, comparative
data on the role of vas deferens secretions on the sperm maturation is lacking for
other decapod crustaceans.
The sperm matrix also contains electron-dense granules of varying sizes. Such
granular secretions have been reported to be involved in the formation of
spermatophores in decapods such as lobsters (Kooda-Cisco and Talbot 1982).
Interestingly, these granules often coalesce to form a twisted cord which resembles
the spermatophore layer. Furthermore, the scanning electron micrographs reveal the
presence of a layer over the seminal plasm giving a wrinkled appearance. Possibly,
coalescence and condensation of these granular materials may result in the formation
of a bounding layer.
The electron micrographs of DVD epithelium suggests a high secretory activity
leading to the release of a moderately electron-dense material into the lumen. The
concentrated sperm mass substances, as found in the MVD region are no longer
seen in this region; instead, the sperm cells are dispersed probably due to a dilution
effect of the fluid secreted by the DVD epithelium. Dilution of seminal plasm has
also been recorded in the distal part of the epididymis of mammals as brought
about by male accessory glands (Brooks 1979). It may be surmised that the three
regions of the vas deferens in S. ingentis are structurally and functionally distinct.
Whereas the PVD epithelial cells are both secretory and absorptive, the MVD cells
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are absorptive and DVD cells secrete diluents for easy transfer of seminal plasm
into the bag-like seminal receptacles of the females. Interestingly, different species
of Sicyonidae possess the petasma which contains two spout-like tips, through
which the seminal plasm is injected into the seminal receptacle of the females
during mating (Bauer 1986).
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