S.Afr.J.Zool. 1987, 22(4)

297

The functional anatomy of the male reproductive system in Penaeus indicus
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A histological reconstruction of the main anatomical features of the male reproductive system in Penaeus
indicus is presented. The passage of spermatozoa and associated secretions from the testis 1o the terminal
ampoule is described, as is the formation of the spermatophoric mass. The origins and possible functions of
elements making up the spermatophaoric mass are discussed with reference to their destination in the

inseminated thelycum,

'n Histologiese rekonstruksie van die belangrikste anatomiese eienskappe van die manlike voorplantingstelsel
van Penaeus indicus word beskryf. Die pad van die spermatozoa en verwante sekresies vanaf die testis tot by
die terminale ampul, asook die vorming van die spermatofoormassa, word beskryf. Die oorsprong en
moontlike funksies van elemente wat verantwoordelik is vir die vorming van die spermatofoormassa, word
bespreek met verwysing na hul bestermming in die bevrugte thelycum.

Introduction

Penacus indfcus is the most important commercial near-
shore prawn species on the South African coast
(Champion 1970; de Freitas 1980). As such it has been
the subject of local biological, as well as culture, studies
{Champion 1985). An aspect of this research which has
received emphasis, is the reproductive biology (Joubert
& Davies 1966; Champion 1970; de Freitas 1980;
Emmerson 1980). Whereas the reproductive develop-
ment of the female is reasonably well understood,
determinations of maturity in male penaeids in general,
are problematic (Cummings 1961; Hall 1962; Cheung
1963).

One of the criteria which has been used to determine
male maturity i1s the anatomy of the reproductive organs
(King 1948; Shaikhmahmud & ‘Tembe 1958;
Subrahmanyam 1965; Tuma 1967). In this regard,
Subrahmanyam (1965} provides the only relevant study
on P. indicus but his account was found to warrant
clarification. Apart from questions of interpretation,
Subrahmanyam (1965) does not refer to important
features which are an integral part of the male
reproductive system. Similarly, studies on other species
such as Penacus setiferus (King 1948), Parapenaeopsis
styfifera (Shaikmahmud & Tembe 1958) and Penacus
merguiensis (Tuma 1967), while providing a sound
background to the investigation, do not describe
elements which are apparent in P. indicus.

The purpose of this submission is to contribute to a
better understanding of the internal structure of the male
reproductive system in P. indicus and to suggest the
functions of the more obvious reproductive products.
The cytology of the different tissues and glands was not
investigated.

Methods

Material selected for histological study was dissected
from live specimens and preserved in Bouin’s solution.
Serial transverse sections 5 - 8 pm thick were stained
with either Heidenhain’s iron-haematoxylin or Erlich’s
haematoxylin and eosin. They were then inspected by

light microscopy. The testis, vas deferens, terminal
ampoule and extruded spermatophoric mass were
investigated in four males ranging in size from 28,5 mm
to 39,6 mm carapace length (CL), or 146 mm to 179 mm
total length (TL). The inseminated thelycum of a 40 mm
CL (178 mm TL) female was also studied.

Difficulty was experienced in obtaining sections free
of distortion, as was found by King (1948) and
Shaikhmahmud & Tembe (1958). Photographs of these
sections are therefore interpreted with the aid of scale
diagrams.

Gross anatomy of the internal sex organs

A schematic diagram of the male reproductive system is
shown in Figure 1, together with the approximate
positions of nine successive transverse sections used to
illustrate the internal organization.

The paired testes lie dorsolaterally in the thoracic
cavity, one on each side of the cardiac region. The testes
are subdivided into a number of lobes. Each testis gives
rise to a vas deferens, the distal portion of which
penetrates the lateral cephalothoracic musculature and
terminates ventrally in a bulbous terminal ampoule. The
terminal ampoules are situated medially in the coxae of
the fifth pair of pereiopods. They are ventrally enclosed
by a fine, transparent membrane through which they are
apparent as white spherical bodies, once developed.
When mating takes place, the contents of the terminal
ampoules are simultaneously extruded and deposited as
a combined spermatophoric mass in the thelycum of the
female.

King (1948) characterizes the vas deferens in P.
setiferus as having four parts: a proximal region
connected to the testis, followed by a dilated medial
section which is recurved and leads to a narrow, tubular,
distal section which terminates in an expanded spherical
ampoule. The same arrangement is evident in P. indicus
(Figure 1). However, Subrahmanyam (1965) in his study
of P. indicus, differentiates the proximal and recurved
medial portions from the rest, referring to them as the
tubular portion. He thus limits the vas deferens to the
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mean diameter of the head from 107 measurements was
2,8 wm (standard error 0,7 pm; range 2,0 — 4,0 pm) and
the length of the tail from 43 measurements was 2,3 pm
(standard error 0,9 pm; range 1,1 — 4,0 pm). These
measurements are subject to the limitations imposed by
light microscopy and the tails in particular, posed
problems, since the entire length was not always in the
measuring plane. The wvalues are nevertheless
considerably lower than Subrahmanyam’s (1965) mean
figure of 9,6 pm. The measurements given for P
Japonicus are head and tail, 5,0 - 53 pm each
(Hudinaga 1942), P. merguiensis, head 3,1 um, tail 5,0
wm (Tuma 1967), while King (1948) depicts a total
length of 3,1 wm for P. setiferus.

Functional anatomy

Having illustrated the basic organization of the internal
reproductive organs and identified their more obvious
products, it is possible to speculate briefly on functions.

Spermatocytogenesis takes place in the testis. The
subsequent process of spermiogenesis may take place in
the early part of the vas efferens, though the section
examined {Figure 2.1) showed what appeared to be fully
developed spermatozoa. Be that as it may, a flow of
spermatozoa into the proximal vas deferens, regulated
largely by mating activity, is postulated. The
spermatozoa are densely packed in seminal fluid
secreted in the wvasa efferentia and project into the
proximal vas deferens in a compact column. On entry,
the integrity of the column is maintained by a liberal
secretion from the epithelial lining which surrounds it.
The column becomes convoluted in this spermatophoric
matrix, which not only supports its form, but is also
believed to supply nutrients to the spermatozoa.

At the same time, secretory tissue of the proximal vas
deferens gives rise to the formation of a second, closely
allied channel in which a further secretion, the wing
matrix is invested. The channel is fully formed by the
stage that the proximal vas deferens meets the expanded
medial vas deferens (Figures 2.2, 2.3).

Secretion of both the spermatophoric and wing
matrices continues in the expanded medial vas deferens,
but ceases where the diameter diminishes prior to its first
180" flexure (Figure 2.4). Thus it is concluded that the
primary function of the proximal and expanded medial
vas deferens (Figure 1) is the formation of the
spermatophoric and wing matrices. They are believed to
depart this region complete, other than for possible
incidental supplementation of the wing matrix n
subsequent sections. Burkenroad (1934) states that the
gelatinous part of the spermatophore in P. setiferus is
secreted in the middle portion of the vas deferens where
it enfolds a column of spermatozoa. His subsequent
statement, however, that the ‘terminal ampoule adds a
further sperm-free gelatinous substance, whereupon the
spermatophore is complete’, is only in agreement with
the current findings if he is referring to the globular-and
not the wing matrix.

As the diameter of the expanded medial vas deferens
diminishes prior to first flexure, the epithelial hinings

305

become much thinner indicating their reduced secretory
role. At this point, what appears to be a differentially
stained layer round the spermatophoric matrix becomes
apparent. It is tentatively termed the peripheral
substance (Figure 2.4, PS). If the peripheral substance is
an artifact, reference to it implies the periphery of the
spermatophoric matrix. The peripheral substance later
gels into the hyaline barrier which forms in the terminal
ampoule (Figures 2.7 - 2.9).

After flexure, contact between the contents of the two
halves of the vas deferens becomes possible owing to a
break developing near one end of the sub-dividing
septum (Figure 2.5). Mixing is, however, limited to the
peripheral substance and the wing matrix. No obvious
differentiation is evident between them, suggesting that
they may comprise the same substance. (If the
peripheral substance is an artifact, the intrusion of wing
matrix to form a film round the spermatophoric matrix
appears to take place.) As has already been indicated,
the parting of the dividing septum is believed to occur
simultaneously down the succeeding length of the vas
deferens at some time during the approach to maturity.
Arising from this, a question which immediately poses
itself is why such a development should take place? The
need to tie the wing to the spermatophore only arises
much lower down in the terminal ampoule. The answer
may be that contact between the two halves all the way
up to the first flexure in the medial vas deferens,
facilitates the synchronous movement of products down
the channels. Once the wing and spermatophoric
matrices have been produced in the expanded medial vas
deferens, the epithelial linings lose their primary
sccretory  function, become much thinner and
approximate more the role of linings to two conduits.
The break in the dividing wall at this point enables the
contents of the two channels to move to the terminal
ampoule together in a common lumen, their separate
identities, however, being preserved by the invaginated
tongue of tissue which remains after the break. The
latter half of the medial and the distal vas deferens thus
appears to serve primarily as a conduit but also as a store
of mature gonadal products.

Discontinuity of the sperm column in the narrow neck
connecting the distal vas deferens with the terminal
ampoule (Figure 2.6), may serve the purpose of ensuring
that the column is not breached when extrusion takes
place. The intermediate core of matrix separating the
spermatozoa in the terminal ampoule from those in the
distal vas deferens, is located in the most likely position
for a break to occur when muscular contraction causes
extrusion of the spermatophore (Figure 1 position 6).

In the terminal ampoule a new secretion, the globular
matrix, appears. On contact with this matrix, the film
surrounding the spermatophore becomes transformed
into a dense, hyaline barrier. It would appear that a
biochemical reaction takes place which extends into the
passage giving access to the wing matrix, resulting in the
complex series of hyaline folds and strand-like intrusions
effectively tying the wing to the spermatophore (Figures
2.7 t0 2.9). It is surmised that the reaction itself seals off
the passage to the wing matrix, preventing excessive
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This size range unfortunately excludes immature males

lacking spermatozoa in their terminal ampoules.
Anatomical changes reflecting progress towards
maturity could therclore not be obscrved.

In a comparable study of Indian material,

Subrahmanyam (1965) observed free spermatozoa in the
vasa deferentia for the first time at 120 mm TL, the local
size equivalent of which is 22,8 mm CL. He found that
the spermatophore became well developed at 130 mm
TL (24,9 mm CL) and concluded that the fully mature
condition was reached at 140 mm TL (27 mm CL).

The results of this investigation thus support
Subrahmanyam’s contention to the extent that males of
28,5 mm CL and larger, all possessed fully developed
spermatozoa in their vasa deferentia and terminal
ampoules; anatomically, they appeared to be scxually
mature.
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