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ABSTRACT. The spermiogenesis of Siphonari8 laciniosa (Gastropoda, PulmoData) 
was studied by electron microscopy . Some of the most drastic changes comprising 
the process of spermiogeDesis involve the nucleus which undergoes a series of 
changes affecting its shape , size, differentiation of various regions of its envelope , 
and progressive condensation of its chromatin. Active nucleo-cytoplasmic exchange 
seems to take place in the various phases of the process especially in its early stages. 
The various shapes acquired by the nucleus are described in detail , and are taken as 
salient points in the continuous process of spermiogenesis. These stages are: the 
"urn" stage; the "hammer head" stage; the "hazel-nut" stage; and the "spearhead" 
stage . Many of the morphological transformation exhibited by the nucleus , ~specia1ly 

those of the later phases of spermiogenesis are effected by microtubules. 

It is quite evident that the mollusca have achieved remarkable evolutionary success 
and managed to adapt to a wide spectrum of ecological niches_ In doing so they, 
(among other things) have undergone an enormous diversification in their 
reproductive processes in order to ensure species survival as well as dispersal. The 
extensive diversity in structure of molluscan spermatozoons is a reflection of the 
variation in the physiological demands imposed by widely different fertilization 
environments. These generalizations are more true for the gastropods than for the 
other classes of mollusca. 

The degree of difference in structural details of the gastropod spermatozoons 
at the species level, is such that it has been suggested as being significant for 
taxonomic classification. 
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The pulmonates have attracted more attention than other gastropod groups 
insofar as the detailed structure and histochemistry of the spermatozoon are 
concerned. Among the most important reports are those of F ranzen (1957, 1970); 
G rasse et a1. (1956); Rebhun (1957) ; Gaten by (1960); Barth and Oliveira (1964); 
T ahmisian (1964); Galangau and Tuzet (1966); Tuzet and Galangau (1967); 
Anderson and Personne (1967, 1969, 1970a,b&c, 1976); Anderson et al. (1968); 

akahashi et al. (1973); Thompson (1973) ' Takaichi and Dan (1977); Takaichi 
(1978) ; Terakado (1 981): Atkinson (1982) ; Azevedo and Corra l (1985) and H ealy 
(1 986). 

The present study is th first of a series that deals wi th the ult rastructural 
aspects of the process of spermiogenesis of Siphonaria Jaciniosa, a littoral 
pulmonate fro m the Aqaba G ulf. 

Materials and Methods 

Several specimens of the pulmonate gastropod Siphonaria Jaciniosa were 
collected monthly for a period of 12 months in the inte rtidal zone opposite to the 
Marine Science Station of the Gulf of Aqaba. The ovotestes were dissected out , cut 
in to small pieces and fixed in 2.5% glutaraldehyde buffe red with O. lM sodium 
cacodylate , at 4°C, for 2 hours_ Later , tissues were rinsed with the same buffer 
several times , and po tfixed with cacodylate-buffered 1% OS04 for 2 hours. After 
dehydration in a graded series of acetone, the tissues were infiltrated and 
embedded in Spurr's medium_ Ultra-thin sections (60 nm thick) were cut, collected 
on naked copper grids and stained with uranyl acetate and lead citrate. Sections 
were examined in a Zeiss EM lOB electron microscope at 60 KY. 

Observations 

I. The spermatid just prior to metamorphosis 

At this phase , the spermatids are spheroidal, ovoidal or polyhedral according 
to the degree of crowding. Both cytoplasm and nucleoplasm exhibit lesser electron 
density than in la ter phases of metamorphosis (Fig. 1). 

The nucleus is spheroidal, and has a fairly distinct nuclear envelope with a 
surrounding perinuclear space of largely uniform width. The chromatin is scattered 
all over the nuclear space with some local aggregations of no special pattern. Some 
of these aggregates lie against the inner nuclear membrane, enhancing the 
distinctness of the nuclear envelope. Many nuclear pore complexes are discernible. 
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The endoplasmic reticulum , which is mainly of the smooth type, is weakly 
represented and in the form of single or double cisternae of variable length . The 
Golgi apparatus is much less developed than in later stages and appears in the form 
of typical stacks of smooth-surfaced cisternae constituting almost circular dictyo­
somes. Judging by the paucity of dense vesicles at the extrem ities of the cisternae 
and the trans or maturing face , the organe lle is hardly active at this stage (Fig. 1) . 

There are moderate numbers of spheroidal or oval mitochondria scattered in 
the perinuclear cytoplasm . In structural detail they resemble the classical 
configuration . However , many of them show signs of the initial steps of 
transformation. The mitochondrial crests lose mu~h of their regul r relationship to 
the inner membrane, become swollen at their inner tips and exhi bit distinct inner 
space granules. The intermembrane space also develops local irregularities. 

The cytoplasm also contains multivesicular bodies, electron dense bodies of 
unknown nature and fate, besides some clear vacuoles . Clusters of ribosomes are 
encountered in different regions of the cytoplasm (Fig. 1) . 

II. Changes exhibited by the nucleus during spermiogenesis 

The changes undergone by the nucleus during spermiogenesis are so 
conspicuous that the different forms it assumes can be utilized as conventional 
markers for the various stages of the process as a whole. In the following 
description, the terms used for each stage are based on the profile of the nucleus in 
median, anteroposterior section. On this basis 4 distinct stages can be identified, 
namely: the urn stage; the hammer head stage; the hazel-nut stage and the 
spearhead stage (text Fig. 1) . 

The Urn Stage 

At this stage the nucleus acquires a subspheroidal shape as a result of a slight 
reduction of its antero-posterior axis . Furthermore, the nuclear envelope becomes 
differentiated into 4 distinct zones, namely: apical plate; subapical ring; equatorial 
zone and basal plate . 

a) The basal plate is the most conspicuous of all 4 zones and is formed by 
condensation of material both of cytoplasmic and nuclear origin directly onto the 
inner and outer membranes respectively. This results in a 5-layered structure 
including the perinuclear space which becomes narrow, strictly uniform and loses 
its electron lucidity (Figs. 3 & 4 and text Fig . II). The basal plate lacks nuclear 
pores and soon its central area becomes invaginated into the nucleus to form the 
implantation fossa (Fig . 7). The cytoplasm in the immediate vicinity of the basal 
plate is relatively rich in ER elements that seem to participate in the production of 
some of the plate'S components. 
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b) The apical plate caps the nucleus constituting the " lid" of the urn. It is 
thinner and less extensive than the basal plate but is built up of similar components . 

c) The subapical ring: at the periphery of the apical pla te , the perinuclear 
space becomes dilated into a ring constituting the shoulders of the nuclear frame or 
the "ears" of the urn in vertical section (Figs . 3 & 4 and text Fig . I) . In some 
sec tions the outer membrane of the subapical ring is folded and continuous with the 

Fig. I. Earl y spermatid, showing the undifferentiated nucleus and cy toplasmic o rga ne lle ;, multivesicu­
lar body (a rrow); intercell u lar bridge (aste ri sk) . 9,100 X. 

Fig. 2. Spermatid at s ta rt of metamorphosis, with the perinuclear space swo llen at several points (a rrow 
heads). 7 ,1;00 X . 

Fig. 3. Urn stage spermatid showing nucle us in media n vertical plane; apical a nd basa l plates ; subapical 
ring and perinuclear space in eq uato ri a l zone (arrow head) . 18.400 X . 

Fig. 4 . Urn stage spermatid in oblique sec tion pass ing th roug h basal plate and subapica l ring on o ne 
side o nl y; interce llula r bridge (aste risk). 15.000 X . 
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adjacent ER elements (Fig. 3). The contents of the subapical ring are largely of an 
electron lucent nature. Occasionally, however, it may include some flocculent 
material. In a few cases, the dilation of the perinuclear space was evident at several 
points around the nuclear circumference (Fig . 2) . 

d) The equatorial zone of the nuclear envelope constitutes a broad belt 
between the lower edge of the subapical ring and the upper rim of the basal plate . 
It shows little differentiation and has a perinuclear space with the normal limited 
variability in width. Furthermore, there is a higher degree of peripheral chromatin 
condensation associated with the inner membrane of the envelope in this zone 
especially between the nuclear pore complexes, which are now exclusive to the 
equatorial belt (Fig. 3-7). 

The variety of configurations exhibited at this stage results from the variation 
in planes of sectioning as explained by text Fig. I. 

Chromatin is slightly more condensed in this stage than it is in the earlier 
spermatid. The chromatin becomes crowded peripherally just beneath the nuclear 
envelope where it constitutes a layer thicker in the equatorial zone than in any of 
the three other zones. The region of the nucleoplasm underlying the apical plate is 
much poorer in chromatin and thus more electron lucent than elsewhere in the 
nucleus. 

The Hammer Head Stage 

Further reduction of the antero-posterior axis confers upon the nucleus a 
distinctly discoidal shape. The apical plate constitutes the upper surface of the 
nuclear disc, with the acrosome pedestal in its center, while the basal plate 
constitutes the lower surface of the disc, with the deeper implantation fossa in its 
center (Figs. 9 & 10). The equatorial zone of the urn stage is now restricted to the 
peripheral ring of the nuclear disc, and it still exhibits a few nuclear pores and a 
distinct somewhat irregular perinuclear space. The upper and lower rims of the 
peripheral ring are angular, and the upper rim is occasionally turned inwards (Figs. 
9 & 10). 

As the axoneme extends backwards from the centriolar complex in the 
implantation fossa , vertical sections present hammer head and handle configura­
tions (Fig. 10); hence the designation . 

The apical plate is now thicker , but still fuzzier than the basal plate, and there 
are signs of higher protein synthesis activity in its proximity as evidenced by the 
presence of ER elements nearby. Such activity seems to have ceased near the basal 
plate (Figs. 9 & 10). 
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(i) 	 (ii ) (iii ) (iv) 

Text Fig. I. D iagrammatic represe ntation of the fo ur distict morphological stages in nuclea r 
t ra nsformation utilized here as ma rke rs of S. Laciniosa spe rmiogenesis. 

(i) Urn stage; (ii) ham mer head stage; (iii ) hazel-nut stage ; ( iv) spearhead stage . 

A 	 B 

d 

Text Fig. n. 	Semidiagrammat ic representat ion of the urn stage nucleus and the va rious configurations it 
may show according to plane of section (a- a = A ; b- b = B ; c-c = C ; d- d = D). 

Chromatin condensation is more advanced . It is evidently a polarized process, 
starting at the basal plate and proceeding towards the apical one . Thus , beaded 
chromatin filaments arise in association with the basal plate , extend through the 
middle and upper zones of the d iscoidal nucleus , but, in many instances stop short 
of the apical p late. At the inner corners of the upper and lower edges of the nuclear 
disc , orne o f the chromatin filamen ts extend obliquely from the basa l plate to the 
equatorial zone (Fig . 11) . 

The Hazel-Nut Stage 

At this stage the nucleus is in the form of a short cone , with the maximum 
diameter about lhe level of the tip of the implantation fossa . 11 presenls a haz I-nut 



191 Studies o n the Spermiogenesis o f Siphonarja .. 

Figs. 5-7. 	Parts of urn stage spermatids showing nuclei sectioned in different directions ( refer to text 
figure II for interpretation). Arrow heads point to numerous nuclear pore complexes in the 
equatorial zone. Fig. 5, 12,300 X; Fig. 6, 11 ,400 X; Fig . 7, 19,100 X. 

Figs. 8-11. 	 Parts of hammer head stage spermatids, showing some nuclear pore complexes (arrow 
heads) at the circumference of the discoida l nucleus . Fig . 8, 12,800 X;, Fig. 9,9,800 X; Fig. 
10, 14,500 X; Fig. 11, 20,100 X . 

form in median longitudinal section. Thus , during this and the followi ng stages, the 
anteroposterior axis of the nucleus undergoes p rogressiv lengthening, reversing its 
trend in the previous stages. 

The nuclear envelope complex is trucker and denser now and its region 
involved in the implantation fossa is more d istinct than elsewhere over the nuclear 
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periphery . There are only a few interruptions in this solid-looking covering 
confined to the region roughly corresponding to the previous equatorial zone (Figs. 
12-14) , where chromatin-poor electron lucent nuclear areas seem to communicate 
with the surrounding cytoplasm. 

The beaded chromatin fibers are thicker and are closely packed into groups 
with narrow spaces intervening more or less logitudinally. These are occasionally 
wider and may harbour sparse granules. The groups of chromatin fibers are aligned 
mainly in a direction extending from the basal plate upward towards the nuclear 
coat at the sides and apex of the nucleus, and are more crowded and denser at the 
former than at the latter regions . 

The acrosome is quite conspicuous at the tip of the nuclear cone, resting on the 
acrosome pedestal (Figs. 12 & 13). The plasma membrane of the spermatid is 
either seen approaching the acrosome from above or is already in contact with it 
(Figs . 13 & 14). In intimate relation with the plasma membrane and closely parallel 
to it over most of its surface, is the Sertoli cell plasma membrane. At slightly later 
phases , desmosomes can be seen holding the two plasma membranes together 
(Figs. 15 & 16). 

The centriole complex has, by this stage, acquired an elaborate organization, 
and presents various configurations depending on the plane of sectioning . 

The main bulk of spermatid cytoplasm is now being sloughed and is 
accumulating at more posterior levels of the already long axoneme . However, a 
small amount of clear cytoplasm still surrounds the nucleus; it contains a few 
mitochondria, some vacuoles and very few membranous elements. Numerous 
microtubules are present in close proximity to the nuclear surface, and must 
obviously play a role in shaping the nucleus at this and later stages. 

The Spearhead Stage 

The nucleus acquires this form by further elongation of its antero-posterior 
axis and reduction of its maximal diameter. Concomitantly, the chromatin 
undergoes further condensation and the cell membrane becomes draped over most 
of the nucleus, with hardly any intervening cytoplasm. The main agents in this 
phase of nuclear morphology change are the microtubules clearly evident 
encircling the nucleus in both longitudinal and cross sections (Figs. 19-25) . 

The chromatin is now in the form of lamellae that extend mainly in a radial 
direction and become progressively more crowded, greatly reducing any interven­
ting electron lucent spaces. Some of the lamellae are straight while others follow 
wavy courses. Groups of such lamellae may together constitute "whirl-pool" 
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Figs. 12-14. 	Spermatids in the hazel·nut stage with nuclei cut in median longitudinal plane. Fig. 12, 

19,200 X; Fig . 13, 17,600 X ; Fig. 14, 16,800 X. 


Figs. 15 & 16. 	Parts of early spearhead spermatids, showing nuclei in L.S.; acrosomes ; Sertoli cell 
plasma membrane (arrow heads), spermatid plasma membrane (arrows), centriole, (1) 
& coarse granules , (2) . Fig. 15, 15 ,800 X; Fig. 16, 15,600 X. 

Figs. 17 & 18. Parts of spearhead spermatids showing phases in chromatin condensation. Fig. 17, 

21,400 X ; Fig . 18 , 41,800 X . 


Figs. 19 & 20. T .S. of posterior regions of spearhead spermatids showing phases in chromatin 

condensation; parts of centriolar complex (1); microtubules (arrow heads) and peristing 

nucleocytoplasmic points of communications. Fig. 19 , 44 ,600 X; Fig. 20, 25, 500 X. 
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patterns , with some of them running parallel to the nuclear circumference (Fig. 
19) . Eventually the chromatin of the spearhead nucleus appears highly and 
homogeneously electron dense (Figs. 21-25). 

Furthermore , the nucleus undergoes spiral tWisting under the influence of 
microtubules that appear in close association with the nuclear surface. This 
spiralization extends to the tip of the nucleus and is evidenced by several helical 
keels or ridges. The spiral arrangement of microtubules produces those keels as 
well as larger superimposed humps on the nuclear surface (Fig . 21). 

Discussion 

The present investigation on Siphonaria /aciniosa reveals that the sperm of this 
Aqaba Gulf pulmonate snail conforms to the ultrastructural organization charac­
teristic of the "modified" sperm type established by earlier workers (Franzen 1955; 
Thompson 1973; Anderson & Personne 1976) . The sperm of this snail possesses all 
the basic features associated with euthyneuran spermatozoa, namely: acrosome 
composed of an apical vesicle and acrosomal pedestal; helically shaped nucleus and 
middle piece ; complex mitochondrial derivative with at least one enclosed glycogen 
helix and axoneme associated with nine coarse fibers showing periodic banding 
proximally. 

Apart from such general features , the sperm of S. /aciniosa bears close 
resemblance in one aspect or another to those of other pulmonates whether 
basommatophoran , like Siphonaria a/gesirae (Azevedo & Corral, 1985) and Physa 
acuta (Terakado, 1981) or stylommatophoran like Onchidium dame/Iii (Healy, 
1986). 

The nuclear changes during spermiogenesis are quite drastic . Apart from the 
considerable reduction in size, the changes involve : (a) morphological transforma­
tions; (b) differential regional specializations of the nuclear envelope , and (c) 
chromatin condensation. 

The first indications of establishment of nuclear polarity is the appearance of 
the apical and basal plates through the addition of electron dense material to the 
nuclear envelope on the anterior and posterior faces of the nucleus ; thus is laid 
down the anteroposterior axis of the nucleus and the direction of arrangement of 
chromatin. The center of the apical plate will be the seat of the acrosomal pedestal , 
while the central part of the basal plate becomes invaginated forming the 
bell-shaped and relatively shallow implantation fossa that accomodates the 
centriole and its associated structures . 
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Fig. 21. 	Shows anterior and posterio r keels (arrow heads) indicating nuclear spiralization; associated 
microtubules (arrows) ; spermatid plasma membrane (1) ; Sertoli cell plasma membrane (2) . 
17,300 X. 

Fig. 22. Slightly oblique section showing microtubuJes (arrow heads) cut in longitudinal, oblique or 
transverse sections; centriolar complex ; associated coarse gTanules . 29,500 X . 

Figs. 23-25. Slightly oblique (23) & median L.S. (24 & 25) spearhead stage spermatids showing 
microtubles mostly in L.S. (arrow heads) and acrosome pedestals . Fig. 23, 39,200 X ; Fig. 
24, 19,800 X; Fig. 25 , 27,500 X . 
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Basal and apical plates were reported in gastropods first by Rebhun (1957) and 
later by Terakado (1976 & 1981), and Takaichi (1978). They have been reported 
also in spermatids of other invertebrates (Potswald 1967; Reger 1969) as well as 
some vertebrates (Stanley, 1971). 

The swelling of the perinuclear space along a circular band lying just below the 
rim of the apical plate constitutes the subapical ring which contains mostly clear 
fluid that, in all probability, seeps from the nucleoplasm. This fluid may eventually 
make its way to the intracisternal spaces of the ER, which still shows discrete 
connections with the nuclear envelope in this area. 

In the urn stage, the only area of the nuclear envelope that retains nuclear 
pores is the equatorial zone. Presumably, through these pores more nuclear fluid 
passes to the surrounding cytoplasm, thus contributing to the progressive 
condensation of the nucleoplasm. Such nucleocytoplasmic communication seems 
to last well into the later phases of spermiogenesis albeit at much more limited 
levels. 

The critical phases of chromatin condensation start subsequent to the 
establishment of the apical and basal plates. Groups of beaded chromatin fibers 
become attached first to the basal plate and later, at their other ends, to the apical 
plate extending between the two plates. The forces directly influencing the nuclear 
change from the spheroidal to the discoidal forms (urn to hammer head stages) are 
by no means clear. As far as could be discerned no microtubules are associated 
with the nucleo-cytoplasmic interface at this stage. We suggest that the attachment 
of chromatin fiber bundles to both basal and apical plates and their possible 
subsequent shortening would bring the two plates closer to each other and thus 
help press the nucleus into the discoidal form. This would be greatly assisted by the 
concomitant maximum loss of fluid from nucleus to cytoplasm through the 
subapical ring and the nuclear pores of the equatorial zone. 

The later phases of nuclear condensation are clearly under the influence of 
microtubules which make their appearance in close association with the nuclear 
surface in the hazel-nut and spearhead stages. The microtubules are also influential 
in the spiralization of both nucleus and middle piece. This spiralization is evident 
near the posterior end of the nucleus where it produces about four keels, and 
extends to a point close to the tip of the sperm where four more keels are evident. 

Thus spermiogenesis in Siphonaria laciniosa bears resemblance to that of 
several other pulmonates, and it can conveniently be staged by clear-cut 
morphological markers presented mainly by certain nuclear peculiarities .. 
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Abbreviations Used in the Figures 

A 
ACV 
AP 
AX 
BP 
C 
cch 
CG 
D 
EZ 
GB 
IF 
M 
MB 
MD 
MT 
N 
PS 
sar 
SC 
SER 

acrosome 
acrosome vesicle 
apical plate 
axoneme 
basal plate 
centriole 
condensed chromatin 
coarse granules 
desmosome 
equatorial zone 
Golgi body 
implantation fossa 
mitochondria 
multivesicular body 
mitochondrial derivative 
microtubules 
nucleus 
perinuclear space 
subapical ring 
Sertoli cell 
smooth endoplasmic reticulum 
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