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Fig. 23. Acrosome of late S. benedicti spermatid enclosed with in a cytoplasmic dro plet and sur 
ro unded by tub ular vesicles (n. (A B) acrosoma l base ; (N) nucleus. Scale : 0.5 J.Im

Fig. 24. Impl antati on fossa in sperma tid nucl eus o f S. benedict ! show ing proximal (P) and distal
(D ) centrio les. Sca le : I J.Im

Fig. 25. Impl antati on fossa and middlepiece of S. benedicti spermatozoon showi ng flagellar axo neme
(FA) and basal body (BB). (N) nucleus. Sca le : 0.2 J.I m

Fig. 26. Cross-sectio n th rough spermatid impla ntat ion fossa in S. benedict! sho wing mitochond ria
(M) and man chette (arrow) . Sca le : 0.5 J.I m

Fig. 27. Part of S. benedict i sperma tid showing nucleus (N) . plat elets ( PL). and tubular vesicles
(n. Scale : 0.5 J.Im

Fig. 28. Cross-section th rou gh lat e spermatid of S. benedicti in the middl e region of the nucleus
(N) . (PL) platelets ; (n tu bular vesicles. Sca le : 0.5 J.Im

Fig. 29. Cross -section thro ugh spermatozoon of S. benedict! in dista l regio n of nucleus (N) . (PL )
plat elets ; (n tubular vesicles. Scale : 0.25 J.I m

0.6 11m (Fig. 25), whereas the acrosome is about 7 11m in length. Mitochondria
and other inclusions are distributed along the nuclear region of the sperm.
The implantation fossa penetrates about 1.2 11m into the base of the nucleus.
The nucleus is uniformly electron-de nse and tap ers gradually from a diameter
of 0.5 11m near the implantation fossa to 0.1 11m just before the acros ome.
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The mitochondria are situated between the plasma membrane and the nucleus
in the basal third of the nuclear region. They are elongated presumably owing
to space limitations but show no other modifications.

The platelets are distributed throughout the length of the nucleus beneath
the plasma membrane. In certain areas of the nucleus, a layer of tubular vesicles,
O. I urn in diameter, is present in the space between the platelets and the nucleus
(Fig. 29).

In the most mature stages, the acrosome is covered only by the plasma
membrane. The spiral nature and electron-lucent center of the acrosome are
identical to earlier stages, but the cytoplasmic droplet and the spiral of tubular
vesicles are absent.

D. Discussion

The origin of gametes as well as the position and structure of gonads has
not been studied adequately in the Polychaeta (see Schroeder and Hermans
1975 for review). In the family Spionidae, most species studied have paired,
ventrally situated gonads in each gametogenic segment. The gonads are closely
associated with the nephridial epithelium in Polydora ligni (see Mortensen 1945),
P. websteri and P. socialis (present study) and Pygospio elegans (see Simon
1967). In Streblospio benedicti, the gonads are associated with the epithelium
of the genital blood vessel (Eckelbarger 1980). The ultrastructure of the Polydora
gonad and the absence of dividing cells observed in fixed gonads would suggest
that spermatogonial proliferation is cyclic as is common in other polychaetes
(Olive and Clark 1978).

In most polychaetes, spermatogenesis occurs freely in the coelom (Olive
and Clark 1978). This makes identification of certain stages difficult as in the
cases of Polydora spp. and S. benedicti where spermatogonia and spermatocytes
are similar in size and appearance. Favorable sections through the common
cytoplasmic bridge (cytophore) and the presence of synaptonemal complexes
indicating first meiotic prophase are the main features used to identify early
spermatogenic stages.

Nuage material has been observed more frequently in female than in male
gametes (Eddy 1975). The term "chromatoid body" has been used in both
light and electron microscope studies to describe the fibrillar or granular material
observed near the nucleus in male gametes. In studies where the origin or
composition of this material is known (Reger et ai. 1977), the term" chromatoid
body" is often used. Eddy (1975) favors the term" nuage ", which is less specific.
In a mysid and a cumacean studied by Reger et ai. (1977), the chromatoid
body originates in or near the nucleus and eventually is incorporated into
a subacrosomal rod in the mature sperm. In certain mammalian sperm, the
chromatoid body is incorporated into an electron-dense ring adjacent to the
annulus (Beams and Kessel 1974). In the present study, nuage is present in
spermatogonia of Polydora spp. and spermatocytes of Polydora spp. and Streb
lospio benedicti. The origin of this material and its ultimate fate are not known.

The formation of the axoneme from the distal centriole in spermatids of
Polydora spp. and Streblospio benedicti and the fusion of distal and proximal
centrioles to form a flagellar basal body are essentially similar to that described
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by Buckland-Nicks and Chia (1976) for a gastropod. The ring centriole or
annulus described in P. ligni, P. websteri and P. socialis is not present in S.
benedicti but has been observed in P. ciliata by Franzen (1974).

A short implantation fossa is characteristic of the species studied except
for P. ligni. The development of an extended fossa has been reported in two
gastropods (Buckland-Nicks and Chia 1976; West 1978) but its functional signifi
cance remains unclear. Polydora ciliata has a short implantation fossa similar
to that of P. websteri and P. socialis (see Franzen 1974). This difference between
P. ligni and P. ciliata sperm may be significant in differentiating between these
species in areas where they co-occur. Rasmussen (1973) synonymized P. ligni
and P. ciliata on morphological grounds. In light of the considerable intraspecific
variation in P. ligni (Rice and Simon 1980) and the difference in sperm ultrastruc
ture between P. ligni and P. ciliata, this synonymy may not be justified.

The cytoplasmic inclusions or platelets present in Polydora spp. and S.
benedicti spermatids and sperm were first described by Franzen (1974) in P.
ciliata and referred to as "sausage-shaped bodies. " Their true shape, as revealed
in favorable sections, is that of a disc or platelet often being slightly convex
toward the center. These structures are produced presumably for energy storage
and have been reported to decrease in number during sperm storage in female
P. ligni and S. benedicti (see Rice 1979). Energy storage in the form of glycogen
particles has been demonstrated conclusively in molluscan sperm by Anderson
and Personne (1976). Similar histochemical studies are needed to determine
the origin and composition of the platelets observed in Polydora spp. and S.
benedicti.

The morphology and dimensions of gametes vary (Blake 1969) between
species of Polydora. Rice and Simon (1980) demonstrated that variation in
egg size and genetic complement may occur between local as well as distant
populations of P. ligni. Studies of sperm ultrastructure could provide important
information for the identification and analysis of sibling species complexes in
cases such as P. ligni, Capitella capitata (Fabricius, 1780) (see Grassle and
Grassle 1978) and Ophryotrocha labronica LaGreca and Bacci, 1962 (Akesson
1978). Sperm morphology was found to differ between species of the Platynereis
dumerilii (Audouin and Milne-Edwards, 1833) complex (Clark 1977) and may
have been responsible for lack of cross-fertilization. Guerin (1975) found consid
erable differences, at the light microscope level, between sperm from Atlantic
and Mediterranean populations of Scolelepis fuliginosa (Claparede, 1870). In
Polydora, the length of the nucleus and implantation fossa were most variable
and might be good characteristics for interpopulational comparisons. Examina
tion of sperm ultrastructure in populations of P. ligni from California could
prove helpful in explaining the reproductive isolation between Florida and Cali
fornia populations suggested by Rice and Simon (1980).

All species of Polydora studied so far have elongated nuclei and middlepieces
(Franzen 1956; Blake 1969). This particular sperm structure is thought to be
associated with sperm transfer via spermatophores as demonstrated for P. ligni
and P. websteri by Rice (1980). The method of sperm transfer is unknown in
S. benedicti but the presence of a few large seminal receptacles on the ventral
body surface in females (Collier and Jones 1967) and the extremely elongated



Spermatogenesis in Polydora and Streblospio benedict! 15

sperm head suggest copulation. The size and shape of S. benedicti sperm,
especially the long spiral acrosome, is reminiscent of sperm in the Hirudinea
where direct copulation and seminal receptacles are common (Lasserre 1975;
Jamieson and Daddow 1979).

Franzen's (1956) hypothesis that sperm structure is related to the method
of sperm transfer or biology of fertilization is supported by the present study.
In addition to the elongated nature of the sperm head in Polydora spp. and
S. benedicti, the presence of cytoplasmic platelets may carry considerable implica
tions involving the biology of reproduction. If these platelets are indeed energy
storage organelles (as hypothesized), then the biology of propagation of these
species could include prolonged storage of sperm without loss of viability, multi
ple egg layings following a single sperm transfer, establishment of new popula
tions by a single inseminated female and the elimination of need for simultaneous
spawning of males and females. These reproductive adaptations could be quite
advantageous to opportunistic species such as P. ligni and S. benedicti that
have rapid reproduction and tend to colonize ephemeral habitats (Grassle and
Grassle 1974).
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