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ABSTRACT- Morphology, structure, and function of the reproductive system of the shrimp Aristeus
antennatus (Risso, 1816) were investigated using light microscopy and scanning electron microscopy.
Monthly samples were taken by trawling on the continental slope {400 to 800 m) of the northwestern
Mediterranean during 1984, 1985, 1986 and 1989. Sexual characteristics, thelycum, petasma, genital
apertures, appendix masculina, and rostrum were considered and possible functions in reproductive
behaviour are suggested. The roles of testis, proximal and medial vas deferens regions, and terminal
ampulla in hemispermatophore formation were assessed. During mating hemispermatophores join and
form a compound spermatophore. The sperm mass in the compound spermatophore was surrounded
by 5 layers secreted along the vas deferens duct. Open-type thelycum species with external mating and
fertilization such as A. antennatus need to develop a complex spermatophore to protect the sperm
mass. The structure of sperm was examined for the first time in A. antennatus. The peculiar morpho-
logical features of this immobile sperm differ considerably from sperm cells of other decapod groups. It
is suggested that this spermatophore formation and sperm structure have taxonomic and phylogenetic
value. Spermatogenesis and spermatophore formation divided male gonad development and function-
ality into 3 stages. Oogenesis can be divided into 6 stages taking into consideration cytological changes
in the oocytes. A key to macroscopically identify sexual stages of gonad development which can be
used externally on fresh or live specimens is proposed based on the study of gametogenesis and gonad
and sexual characteristic development and function.

INTRODUCTION

There is a great deal of experimental scientific liter-
ature on commercial coastal species of the suborder
Dendrobranchiata due to its importance in aqua-
culture. Many studies have been made on aspects of
artificial feeding, force-feeding and on induction of
spawning (Dall et al. 1990) but little is known of
the reproductive biology of these shrimps in the field
environment, and even less when dealing with deep-
water species, with Mediterranean species being the
least known of all {Dall 1991). The 'gamba shrimp’
Aristeus antennatus (Risso, 1816) is an exploited
species which plays an important role in the overall
biomas of the muddy bottoms of the slope (400 to
2000 m) in the Northwestern Mediterranean (Cartes
& Sarda 1989, Demestre 1990).

An 1nitial general description of the secondary
sexual characteristics and development of genitalia in
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both sexes of Aristeus antennatus was given by Heldt
(1938). Subsequent studies have increased knowledge
on reproduction of this species {Relini Orsi & Relini
1979, Arrobas & Ribeiro Cascalho 1987, Orsi Relini &
Tunesi 1987, Sarda & Demestre 1987, Demestre 1990).
However, many aspects of its reproductive biology are
still largely unknown, as is the case with many other
exploited species, in spite of this being indispensable
information for subsequent assessment and manage-
ment studies of its fishery.

The main objective of this study was thus to achieve
a thorough understanding of the biology and dynamics
of reproduction in this species. Different processes
related to changes in the structure, morphology and
functionality of the reproductive system, in both fe-
males and males, of Aristeus antennatus were studied
throughout the maturation process. For the first time, a
scanning electron microscopy image of its sperm is
presented. Detailed study of ovary development and
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formation of the spermatophore enabled the drawing
up of an external identification key to the different
stages of gonad development, supported by histo-
logical evidence. Study of the different layers forming
the spermatophore revealed differences in spermato-
phore formation and structure between Dendro-
branchiata and Pleocyemata decapods. These data
shed new light on the phylogeny of both decapods in
general and Dendrobranchiata species in particular.

MATERIALS AND METHODS

Field sampling. A total of 7627 females and 2821
males of Aristeus antennatus were collected by com-
mercial bottom-trawl gear off the Catalan coast (north-
western Mediterranean) (Fig. 1), from samplings
carried out in 1984, 1985, 1986 and 1989 at fortnightly
or monthly intervals. In each sample, some 150 indi-
viduals of both sexes were collected at random from
landings from muddy bottoms of submarine canyons
on the slope, at between 400 and 800 m depth. These
were kept fresh and transported to the laboratory,
where biological analysis was performed. Sex, carapace
length, presence or absence of the spermatophore in
the thelycum of females, wet body weight and wet
gonad weight were recorded. Spermatophores from
the thelycum of females and hemispermatophores
from the terminal ampulla of the vas deferens of males
were removed and examined for gross appearance,
and histological preparations and squash mounts made
to determine the presence of spermatozoa and to study
secretion of the different layers making up the sper-
matophore. Gonad development was determined from
gross observations and validated by histology, using
both light and scanning electron microscopy. External
sexual characteristics, first pleopods, thelycum, appen-
dix masculina and genital apertures were examined in
both juvenile and adult specimens.

Light microscopy (LM). Fresh material for exami-
nation under LM was fixed with Bouin's solution, dehy-
drated in an ascending isopropilic series, embedded in
paraffin (melting point = 56 °C) and serially sectioned at
4 to 8 um. Hematoxylin-eosin (Hansen's hematoxylin and
Heidenhein's hematoxylin} and Mallory were used
as topological stains. Hematoxylin-picrofuchsin (Van
Gieson's trichrome, Groat's hematoxylin) and Alcian
Blue-Pas were the specific stains used.

Squash preparations. Fresh material for examina-
tion under light microscopy was rubbed over a slide
previously cleaned in alcohol and stained by the ‘Diff-
quick’ method (Durfort 1978, Gosalbez et al. 1979).
For observation with scanning electron microscope,
the process was the same as outlined above {Felgen-
hauer 1987).
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Fig. 1 The Catalan coast in the northwestern Mediterranean.
Arrows indicate the submarine canyons

Scanning electron microscopy (SEM). Material for
examination under SEM was dissected from fresh
specimens and methods described by Felgenhauer
{1987) were employed: fixed using 3 % glutaraldehyade
buffered in filtered sea-water (12 h) and post-fixed in
2 % osmium tetroxide (1 h), dehydrated in an ascend-
ing ethanol series to amyl acetate, critical point dried
using CO,, sputter-coated with gold-palladium. The
material was then viewed with a Hitachi S-570 scan-
ning electron microscope operated at 15 kV.

RESULTS
Sexuality and morphology

Sex determination of Aristeus antennatus was exter-
nally possible from secondary sexual characteristics
and the different location and morphology of gonads
in the sexes, even in juvenile specimens.

Females have an open thelycum lacking seminal
receptacles. It is a small cavity whose morphology is
adapted to attachment of the spermatophore. It is broad,
fairly shallow, somewhat quadrangular in shape, and
bound by a triangular protuberance of sternite XIIT and
by 2 small lateral protuberances and a posterior one of
sternite XIV. It displays a large number of spines and
setae which contribute to firm attachment of the sper-
matophore. SEM enabled a comparison of the thelycum
of juvenile and adult females. In both, the basic con-
figuration is the same, although in adults the spines
and setae obscure the functional shape and dimensions
(Fig. 2).

The petasma in males is a laminar modification of the
endopod of the first pleopods, each one representing a
hemipetasma. SEM studies revealed that the 2 hemi-
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Figs. 2 to 6. Aristeus antennatus. SEM views of secondary sexual characteristics. Fig. 2. Ventral view of the thelycum of a juve-

nile female showing the triangular protuberance (t) and the 2 small lateral protuberances (1). Note the scarcity of spines and setae

(arrow). Scale bar = 1.20 mm. Fig. 3. Petasma of adult male. {(a) View of the 2 joined endopods (r, right; 1, left) of the first

pleopods that form the petasma. Note the meshed 'cincinnuli’ (arrow). Scale bar = 0.81 mm. (b) Detail of the anchor shape of the

‘cincinnuli’ Scale bar = 30 um. Fig. 4. Appendix masculina (arrow) of adult male. Scale bar = 0.75 mm. Fig. 5. Female genital

aperture (arrow) located on the coxae of the third pereiopod. Scale bar = 0.43 mm. Fig. 6. Male genital aperture (arrow) located
on the coxae of the fifth pereiopod. Scale bar = 1.50 mm

petasmas join at internal lobe level, by means of a char-
acteristic structure (‘cincinnuli’) composed of anchori-
form parts interlinking in several strings (Fig. 3a, b).
SEM observations showed the same basic structure of
the petasma for both juvenile and adult males, although
the 2 hemipetasmas were separated in the juveniles.
The appendix masculina of males and genital aper-
tures and rostrum of both sexes are other external
structures related to the sex. The appendix masculina
is a modification of the base of the flagellum of the
endopod of the second pleopod which forms a small,
flat triangular lobe (Fig. 4). It is only developed in adult
males. The gonopore in females is found on the coxae
of the third pereiopods (Fig. 5), while in males it opens
on the fifth pereiopods (Fig. 6). In juveniles of both
sexes, the genital apertures were found to be already

formed. The rostrum differentiates between males and
females once sexual maturity has been reached. In
males it undergoes spectacular reduction, while in
females it is always long and stiletto-like (Sarda &
Demestre 1989).

Functional structure oi the reproductive system
Males

To achieve an understanding of male reproductive
system it is necessary to investigate spermatogenesis
and spermatophore formation. The male reproductive
tract which is located solely in the thoracic region,
consists of paired testes and vasa deferentia. Each vas
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deferens extends from the testis towards the gonopore.
It comprises 3 morphologically distinct regions: the
proximal portion, narrow and between 4 and 6 mm in
length; the medial portion, thickened and between 9
and 12 mm in length; and the terminal ampulla, a pear-
shaped dilation of 2 to 4 mm long, located on the coxae
of the fifth pereiopods, where the gonopore is found.

In mature adults, the testicular lobes, composed of
connective tissue, have all the germinative cells at the
same stage of development (Fig. 7a). Mature speci-
mens occur all year round, with an increase between
April and September (Demestre 1990). In juveniles, on
the other hand, the testis is not yet structured in lobes
and the germinal cells found within the testes are at
various stages of maturation. The spermatogonia are
located peripherally on the testes, usually near the
seminiferous duct, while the strongly acidophilic
spermatids are nearer the centre.

Envelopment of the sperm mass by different layers
of noncellular materials is initiated in the proximal and
medial portion of the vas deferens, and continues until
complete formation of the hemispermatophore, which
is found on the terminal ampulla.

Spermatophore formation. A serial transverse sec-
tion through the entire length of the vas deferens
revealed that on its outer part there is always a thin
layer of connective tissue which surrounds a colum-
nar epithelium secretor of prismatic cells. Transverse
sections of the first part of the proximal portion of
the vas deferens, where there was great secretory
activity, confirmed the presence of sperm mass. On
this level it is possible to observe the typhlosolic in-
vagination, a highly active secretory structure. This
typhlosole divides the lumen of the vas deferens into
2 independent, unequal sections. In that of smaller
diameter, the epithelial typhlosole cells secrete a

Fig. 7. Aristeus antennatus. Adult male reproductive system. (a) Histological paraffin section through testes which contain
numerous spermatids (sp). LM; Groat hematoxylin stain; X270. (b} to (g) Medial vas deferens (SEM). (b) Low magnification image
of primary layer (I}, sperm mass (sm) and third layer (IIl]. Scale bar = 88 um. (c) Detail of sperm mass illustrating the sperm (s) and
the fibrous sperm matrix {m). Scale bar = 15 pm. (d) Detail of secondary layer (II) with fibrous and collapsable structure. Scale
bar = 15 um. (e) Transverse section of medial portion of vas deferens. This portion consists of the distal end of the detached
typhlosolic invagination (ty) and fourth layer (IV) penetrating between the 2 sections of the vas deferens. Sperm mass (sm) is sur-
rounded by primary layer (l). Third layer (Ill) is deposited around primary (I) and secondary (I} layers. Fourth (IV) and fifth (V)
layers are located in distal region of vas deferens, protecting the sperm mass. Scale bar = 0.43 mm. (f) Detail of fourth layer (IV)
revealing its ‘corky’ appearance. Scale bar = 15 um. (g) Detail of the homogeneous and uniform aspect of the fifth layer (V).
Scale bar = 15 um
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strongly basophilic noncellular substance, the primary
layer (I) (Fig. 7b), which is deposited around the
sperm mass (Fig. 7b, c). In the other, larger section of
the vas deferens, another noncellular substance, the
secondary layer (II), was secreted simultaneously.
This layer, less basophilic, comprises the wing portion,
or protective element of the future compound sper-
matophore. Under SEM this layer appeared fibrous
and collapsable (Fig. 7d). Another noncellular sub-
stance, the third layer (IlII), was secreted from the
innermost side of the typhlosole. Under LM, this layer
appeared glassy and greenish-yellow when stained
with hematoxilin-eosin. Under SEM it was laminate
(Fig. 7b). This layer III is always thin and surrounds
the other layers like a 'border’. In this section of the
vas deferens it only begins to surround layer II on its
outermost part, and layer I slightly on both sides.
Serial transverse sections at about 3500 pm, of
this portion showed layer I already completely sur-
rounded by layer IIlI, and layer II only surrounded
on its external side.

At the start of the medial portion of the vas deferens,
at about 700 um, a new noncellular basophilic sub-
stance, the fourth layer (IV), is secreted adjacent to
layer II, or else flows into the 2 sections of the vas
deferens due to the typhlosole detachment (Fig. 7e).
Under SEM this layer IV showed a 'corky’ and retic-
ulate appearance (Fig 7f). Under LM it took on a
brownish-yellow tone with van Gieson hematoxylin-
picrofuchsin. In this portion of the medial vas deferens,
at some 6300 um from the previous zone, the last non-
cellular substance, the fifth layer (V), was secreted by
the columnar epithelium secretor. It is a basophilic
layer of uniform and homogenous aspect under both
LM and SEM (Fig. 7g).

Fig. 8. Aristeus antennatus. SEMs of the aflagellate spermatozoa showing the cap (c),
an electro-dense substance, and the nucleus (n), a flocculent substance. (a) From
hemispermatophore. Scale bar = 5 pm. (b) From spermatophore. Scale bar = 10 um

On the terminal ampulla, the layers attain their
maximum dimension until a hemispermatophore forms
on each one. The compound spermatophore is formed
during mating when each of the paired terminal
ampullae expel their hemispermatophores and the two
unite and form the spermatophores which is deposited
on the open-type thelycum of the female.

Sperm morphology. SEM studies of the hemi-
spermatophore revealed the sperm mass, from which it
was possible to obtain images of individual spermato-
zoa. Such images show a clearly aflagellate structure
composed of 2 well-differentiated bodies, one main
body spherical, consisting of an electro-dense sub-
stance, the cap, and the other a flocculent substance,
the nucleus. No appendages or radiating spikes are
present. The sperm are non-motile. Dimensions varied
from 2 to 3 um (Fig. 8a).

Squash preparations of fragments and sections of the
spermatophores {taken from the thelycum}, treated for
SEM observation, revealed the spermatozoon, covered
by the fibrous sperm mass, with the same basic
aflagellate structure, without spikes and composed of
2 bodies, one electro-dense and the other flocculent.
Dimensions varied from 3 to 4 um (Fig. 8b). Squash
preparations of the spermatophores for LM also
showed the same aflagellate images, appearing in the
form of 2 spherical shapes without spikes. Stained with
'Diff-Quick’, one, the cap, was deeply blue-violet and
the other, the nucleus, refringent-whitish.

Females

The reproductive tract of females comprises a sym-
metrical 2-lobed ovary along the longitudinal axis of
the shrimp. There are 3 distinct
sections: cephalic, thoracic and
abdominal. The ovary varies in
size and colour throughout one
complete cycle of oocyte matura-
tion. The functional activity of the
ovary is evident from May to
September, with a maximum in
June, July and August. In early
May the previtellogenesis phase
begins. The exogenous vitello-
genesis phase occurs until the
end of September. The results
obtained throughout the 4 years
studied were consistent, regard-
less of location.

The parenchyma ovary Iis
shaped into lobes divided by
septa, within which the oocytes
are arranged mosaic-like. The
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Fig. 9. Aristeus antennatus. Oogenesis. (a) Proliferative phase. Histological paraffin section showing primordial gonias (g) and
oogonial cells (00) grouped in the germinative zone (gz), and early primary oocytes (oc) radiating out from germinal zone. Hema-
toxylin (H) & eosin (E) stain; X 63. (b) Detail of the oogonia cells (00) and early primary oocytes (oc). Groat's H; X 190. (c) Meiosis
phase. Enlarged detail of chromatin nucleolus stages oocytes (on) exhibiting dense bodies (db). Note the follicle cells {fc}. H& E
stain; x400. (d} Previtellogenesis phase. Qocytes with peripheral nucleoli (nu) and follicle cells (fc) surrounding oocytes.
Hansen's H & E stain; x190. (e) Early secondary vitellogenesis phase. Oocytes with accumulated yolk globules (y) in the
ooplasma and still prominent nucleus (n) with several peripheric nucleoli (nu). They acquire a polyedral shape. Hansen's H & E
stain; % 270. (f) Late secondary vitellogenesis phase. Follicle cells have disappeared. Oocytes showing shrunken and migrated
nucleus (n) and peripheric cortical granules (cg). Groat's H; x270. (g) Oosorption phase. Ovary section showing a irregular shape
with wide Jobes and resorbing oocytes (r). Groat's H stain; X 190
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cytological changes presented by oocytes in one com-
plete cycle of ovarian maturation enabled the separation
of oogenesis into 5 phases: proliferative phase, meiosis
phase, previtellogenesis phase, vitellogenesis phase
{endogenous and exogenous), and oosorption phase.

Proliferative phase. During proliferation in the ovary
a large number of the primordial gonia and oogonial
cells start dividing. They are found grouped in the
germinal zone (Fig 9a), and can be observed at all
stages of maturation of the ovary, located in more or
less peripheral zones, above all in juvenile females.
The germinal cells are strongly basophilic. The oogo-
nial cells (6 to 16 um in diameter) have a large nucleus
and a small amount of ooplasm. [n the nucleus, patches
of clumped peripheral chromatin can be seen (Fig. 9b).

Meiosis phase. In the meiosis phase, the primary
oocytes (16 to 24 um in diameter) continue forming
groups of various cells and remain very close to the
germinative zone. They are referred to as oocytes with
visible chromosome and can be seen completely im-
mersed in the follicle. The nucleus of these oocytes con-
tinues to be very large, taking up almost all the cellular
volume, with uniformly distributed chromatin. Different
meiotic stages are observed inside the nucleus (Fig. 9c¢).
The cytoplasm is weakly basophilic.

Previtellogenesis phase. The oocytes enter a rapid
growth stage. Their dimensions at the start of this
phase vary between 32 and 53 um, and they have a
totally irregular shape, almost always acquiring an
external amoeboid form. They subsequently increase
In size, to between 63 and 95 um, and their shape
becomes more regular. Nucleoli in varying numbers
begin to be differentiated, and undergo migration as
previtellogenesis progresses, positioning themselves
on the peripheral area of the nucleus (Fig. 9d). Both
ooplasm and nucleoli were strongly basophilic. As
this phase progresses, the previtellogenetic oocytes
migrate towards more peripheral areas of the ovary. By
the end of this phase, the basophilic follicular cells
(5 um in diameter) are already clearly visible around
the oocytes. It is these that form the ovarian follicle.

Endogenous vitellogenesis phase (primary vitello-
genesis). The oval oocytes (84 to 126 um in diameter)
are already clearly located in the periphery of the
ovary. The nucleus continues to be central, reaching its
maximum volume, with a diameter of about 40 um, and
a much more compact shape. Inside it, 4 to 6 spherical
nucleol appear, located near the nuclear membrane.
For the first time, vitellin platelets are observed in the
ooplasm which cause it to lose compactness. They are
endogenous in origin (autosynthesis). In this phase, the
oocytes (90 to 100 pum in diameter) appear more
individualised, acquire a polyhedral shape and seem
superimposed on each other. The follicular cells
measure between 7 and 9 um in diameter.

Exogenous vitellogenesis phase (secondary vitello-
genesis). Divided into early and late vitellogenesis, this
occurs when new vesicles from the micropinocytosis
process appear They are acidophilic vesicles and stain
positively with Sudan Black B, confirming that they
are lipoproteic structures. Oocytes at the beginning of
this phase are rectangular in form, with maximum
diameters of 116 to 210 um and minima of 75 to 95 um
(Fig. 9e). Once vitellogenesis is over they reach maxi-
mum diameters of 168 to 336 um and minima of 81 to
113 um. They appear completely stuck to one another,
forming a mosaic pattern. The nucleus loses its spher-
ical aspect, decreasing in size and with an irregular
profile, and slowly begins to migrate to more periph-
eral zones of the oocyte, as a result of the fusion of
small vitelline platelets. It finally positions itself in
areas near the cellular cover, being barely visible. In
successive stages of this phase, the follicular cells
decrease in size and the follicle becomes completely
carpeted by vitellogenetic ococytes, although at inter-
vals some previtellogenetic oocytes and small germi-
native zones appear. On the periphery of the oocyte,
cortical granules appear, which have not previously
been described for Aristeus antennatus. These cortical
granules tend to be acidophilic in nature. Their
dimensions are 15 to 17 pm long by 10 to 12 um
wide (Fig. 9f). Oocytes with these cortical structures
are those that can be considered ready for spawning.
Follicular cells are no longer found around these
oocytes.

Oosorption phase. In the follicle, it is not uncommon
to observe oocytes which, once vitellogenesis is over,
have not been expelled from it (Fig. 9g). These oocytes
are not functional. They have an irregular shape and
gradually decrease in size. Finally they undergo a
process of phagocytosis. These resorptive oocytes are
comparable to those normally found in the ovary of
mammals.

Macroscopic identification of reproductive
maturation stages

On the basis of the findings for oogenesis, a macro-
scopic scale of ovary maturation has been established,
relating morphology and external coloration of the
ovary to development and functionality of oocytes.
Thus 7 stages of ovary maturation have been charac-
terised (Table 1). For males, a macroscale of matura-
tion has also been established, comparing results of
spermatogenesis and formation and functionality of
the hemispermatophore with functional structure of
the sexual characteristics and gross anatomy of the
reproductive tract. Three stages of maturation have
been established (Table 1). However, some males,
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Table 1 Aristeus antennatus. Macroscale identification of the gonad maturation comparing gross anatomy, function and

gametogenesis

(a) Females

Oogenesis phases
Proliferation phase
(oocytes 6 to 16 pum)

Meiotic phase
{oocytes 16 to 24 umj

Previtellogenesis phase
(oocytes 32 to 95 um)

Primary vitellogenesis
{oocytes 90 to 100 um)

Early secondary vitellogenesis
(oocytes 116 to 210 um)

Late secondary vitellogenesis
(oocytes 168 to 330 um)

Qosorption

(b) Males

Spermatogenesis phases

Spermacytogenesis

Spermiogenesis

Stages of female reproductive cycle and ovary functional state

Stage I. Undeveloped (juvenile)
Ovary translucent, extremely thin

Stage II. Undeveloped (juvenile)
Resting (adult)
Ovary white-opaque, tubular appearance

Stage III. Developing (adult)
Ovary pink-orange, slightly thicker appearance than stage II

Stage IV. Maturation {adult)
Ovary light-lilac, turgid and swollen appearance

Stage V. Advanced maturation (adult)
Ovary lilac, very turgid, occupying large part of dorsal surface

Stage VI. Spawning (adult)
Ovary purple, very turged, occupying whole of dorsal surface

Stage VII. Post-spawning (adult)
Ovary ivory with lilac traces, rapid volume decrease, very flacid

Stages of male reproductive cyrle and testis functional state

Stage 1. Undeveloped (juvenile)
Testes translucent, extremely thin; translucent whitish vas deferens,
filiform appearance

Stage II. Undeveloped (juvenile)
White-opaque teste, ivory vas deferens, tubular appearance, without
hemispermatophore in terminal ampulla. Separated hemipetasmas

Stage III. Developed and mature (adult)
Same appearance than stage Il with terminal ampulla. Joined hemipetasmas

which had no hemispermatophores in the terminal
ampulla and were therefore immature according to the
established macroscale, displayed a joined petasma
(proof of having reached sexual maturity). Serial
microscopic observations of the vas deferens of these
males showed that the sperm mass and all layers
making up the hemispermatophore were already
present In the middle region of the vas deferens.
Structurally and morphologically, the testis is like that
of mature males. It seems, therefore, that all that such
males lack in order to achieve reproductive functional-
ity is the ability to pass the hemispermatophore to the
terminal ampulla.

DISCUSSION AND CONCLUSIONS

In Aristeus antennatus, petasma and thelycum should
act in synchrony during mating, transporting and
sustaining the spermatophore until fertilisation. The
morphology and functional structure of these 3 ele-
ments implies an intimate relationship in the repro-

ductive dynamics. This process appears generalised
in all Dendrobranchiata species which have an open
thelycum without seminal receptacles (Heldt 1938,
Palombi 1939, King 1948, Tuma 1967, Pérez Farfante
1969, 1975, 1988, Primavera 1979, De Freitas 1985,
Orsi Relini & Tunesi 1987). Some authors even report
having observed this process in different species: Para-
penaeus longirostris (Heldt 1932), Sergestes similis
(Genthe 1969) and Aristeus varidens (Burukovsky
1978). In decapod species in which females display
seminal receptacles, the function of the petasma is
clearly that of a copulatory organ (Heldt 1932, Tirmizi
1968, Hartnoll 1969, Diesel 1989).

At the moment of mating, both hemispermatophores
are expelled from the terminal ampulla by means of
muscular contraction, through the corresponding
gonopore. The shape of the 2 hemispermatophores is
identical, both of them having the sperm mass sur-
rounded by the various protective layers. Bearing in
mind that the coupling process takes place quickly
(Demestre unpubl.}, it may be inferred that definitive
fusion takes place in the thelycum of the female, at the
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same time as the different layers harden. Some authors
consider that hardening takes place on contact of the
noncellular substances with seawater (Heldt 1932,
Tuma 1967, Primavera 1979). However, in the histolog-
ical studies carried out here, the hemispermatophores
already was found to acquire some degree of hardness
along the vas deferens, in agreement with Malek &
Bawab (1974a).

Studies of spermatogenesis on a structural and ultra-
structural level carried out on crustacean species of
different taxonomic groups (King 1948, Genthe 1969,
Malek & Bawab 19744, b, Aiken & Waddy 1980, John-
son 1980, Durfort et al. 1985, Garcia Valero 1988), have
led to the finding that the process is basically similar in
all the species. However, formation of the spermato-
phore in decapods does not always follow the same
process, nor is the functional structure the same. In Arzs-
teus antennatus and other Dendrobranchiata (King
1948, Genthe 1969, Malek & Bawab 1974a, b, Chow et
al. 1991), the number of layers secreted during the for-
mation of the compound spermatophore is higher than
in other Pleocyemata decapods (Dougherty et al. 1986,
Beninger et al. 1988, Chow 1989, Diesel 1989). This
structural differentiation is of great taxonomic, phylo-
genetic and evolutionary interest. Open-type thelycum
Dendrobranchiata species, which present totally ex-
ternal mating and fertilization phenomena, develop
greater complexity in the formation of the spermato-
phore to protect the sperm mass as efficiently as pos-
sible. In the closed-type thelycum species (Penaeus
aztecus, P. duororum, P. monodon, P. merguiensis, P.
indicus) the fibrous layer serves to plug the slits of
the thelycum, and disappears shortly after mating
(Cummings 1961, Aquacop 1975, Emmerson 1980,
Chow et al. 1991). From the evolutionary viewpoint,
these differences are of great interest due to their
importance in preadaptive mechanisms for transition
from aquatic to terrestrial life: within the aquatic organ-
1isms which develop spermatophores to transfer the
sperm mass, the most highly evolved are those that
effect direct transfer to the female with mating and
fertilization through gonopods with improper copula-
tory organs (Schaller 1979). The most advanced case is
that of Brachyura, which transfer the sperm packet right
into the seminal receptacle, and display successful
terrestrial adaptation.

Spermatozoa of crustaceans are highly polymorphic.
In decapods they have lost the flagellum and, there-
fore, their motility. In Mystococarida, Cirripeda and
Branchiura, apart from copepods, flagellated forms do
exist (Adiyodi 1985, Jamieson 1991). Pochon-Masson
(1983) describes the spermatozoa of decapods as
generally spherical or cylindrical, non-mobile forms,
with a more or less pronounced extension. This author
states that the Natantia decapods have retained origi-

nal nail-shaped spermatozoa, in contrast to the stel-
lated shape, with radial arms, of the Reptantia.

Spermatozoa of Arsteus antennatus examined by
SEM in the present study did not show the charac-
teristic structure of the spiked sperm described in other
Dendrobanchiata and Natantia in general (indiscrimi-
nately referred to as shrimps or prawns) (Jamieson
1991), although the majority of them belong to the
group of species with closed-type thelycum (King
1948, Tuma 1967, Genthe 1969, Talbot & Summers
1978, Kleve et al. 1980, Pochon-Masson 1983, Clark
et al. 1984, Dougherty et al. 1986, Dougherty &
Dougherty 1989). The basic sperm structure of A.
antennatus resembles the general sperm structure of
spiny lobster (Panulirus spp.) (Talbot & Summers 1978)
but differs in the presence of the radial arms emanat-
ing from the nucleus. The spermatozoa of A. antenna-
tus seem to be intermediate between the Reptantia
and Natantia patterns.

In the majority of decapod species, it is thought that
spermatozoon formation takes place in the testes.
However, various stages of spermatozoon maturation
must be differentiated until they reach their maximum
functional capacity. In the present study, spermatozoa
found in the hemispermatophore (terminal ampulla),
display a different maturation stage to those found in
the spermatophore (thelycum). The functional of the
terminal ampulla is clearly connected to maturation of
spermatozoa (Chow et al. 1991). In other species, such
as Inachus falangium (Diesel 1989), it was found that
mature spermatozoa are formed in the medial portion
of the vas deferens.

Studies using transmission electron microscopy
(Demestre & Durfort unpubl.) will allow an under-
standing of the ultrastructure of Aristeus antennatus
spermatozoa, as well as determining the development
of their maturation stages and finally their capacity
to fertilise oocytes. The most important investigations
carried out on this last aspect relate to Sycionia
ingentis (Clark et al. 1984, Pillai & Clark 1987), in
which the in vitro spermatozoon reaction at the
moment of fertilization was studied. The morphology
and functional structure of A. antennatus sperm de-
scribed in this paper will also contribute data on the
evolutionary process of Dendrobranchiata, perhaps
one of the least-known decapod groups as a whole.
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