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ABSTRACT: Stage 1 of spermatogenesis in the protandrous polychaete Platynereis massih'ensis is 
represented by clusters of about 60 spermatogonia which appear in the coelomic cavity. There are no 
testes in P. massfliensis. The origin of the spermatogonial clusters is not known. Subchisters of 
approximately 20 primary spermatocytes each represent stage 2. The appearance of synaptonemal 
figures in the spermatocyte nuclei marks the beginning of stage 3. Cells tend to lose their tight 
packing during stage 3 but interdigitate with cellular processes. Then very small subchisters of 4 to 8 
sperrnatocytes appear. Meiosis is completed during stage 4, giving rise to secondary spermatocytes 
and then to spermatid tetrads. Spermatogonia and primary spermatocytes are interconnected by 
structurally speciahzed fusomes while secondary spermatocytes and spermatids, which are also in 
cytoplasmic continuity, show rather simple cell bridges. Synthesis of acrosomal material starts 
during stage 2. During spermiogenesis the proacrosomal vesicles of Golgi origin travel from the 
posterior part of the cell to its anterior part to form the acrosome proper. Acrosome formation, nuclear 
condensation, shaping of the long and slender sperm nucleus, and development of the sperm tail are 
the main events during spermiogenesis. Sperm morphology is briefly discussed with respect to its 
phylogenetic bearings. 

INTRODUCTION 

Production and release of just one batch of gametes  per lifetime is a characteristic 

feature of many  nere id  polychaetes.  This mode of reproduction is called monotely,  and it 

is often accompanied  by an epitokous metamorphosis  leading to the formation of a so- 

cal led heteronereis.  PIatynereis dumerilh" shows this mode of reproduction. Interestingly 
enough,  the sibling species Platynereis massih'ensis is a protandrous hermaphrodi te  

which  does not undergo  heteronere id  modifications {Hauenschild, 1951). In such a case it 

is beyond  any doubt  that the strikingly different reproduct ive modes  are of no phy logene-  
tic significance. Consequently,  the same should be true for differences observed  in 

spermatogenesis  and sperm morphology.  At present,  there  is very little information 

available on spermatogenesis  in P. dumerilii and P. massiliensis (see Schiedges,  1981; 

Hofmann  et al., 1986; Pfannenstiel  et al., 1987). The  present  paper  describes the stages of 

spermatogenes is  and sperm morphology in P. massiliensis at the EM level. 
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MATERIAL AND METHODS 

A n i m a l s  

Our  labora tory  culture of Platynereis massiliensis Moquin -Tandon  1869 originates  
from adul t  spec imens  and eggs  and  embryos  which  were  col lected b e t w e e n  1982 and  
1985 in the vicini ty of Banyuls-sur -mer  (France). Culture requ i rements  a re  essen t ia l ly  the  
same as out l ined by  Hauensch i ld  (i970) for Platynereis dumerflii (20 ~ • 1~ LD 16:8). 

Brooding tubes  were  opened  under  a d issect ing microscope a n d  the direct ly 
deve lop ing  young  worms were  t ransferred to Boveri dishes with 150 ml sea -wa te r .  The 
med ium (artificial and  na tura l  sea -wate r  1:1) was  c ha nge d  2-3  t imes a w e e k  for the next  
2-3 months.  Dur ing that  t ime, the worms were  fed spinach and Tet raMenf i ,  a commer-  
cially avai lable  fish food. With  approx imate ly  10 se t igerous  segments  (= ss), groups  of ca. 
120 spec imens  were  t ransferred to httle aquar ia  (20 x 20 x 6 cm) with 500 ml  sea-water .  
These  mass cultures were  fed spinach only. Spec imens  of the des i red  d e v e l o p m e n t a l  
s tages  were  t aken  from these  aquar ia  and  p r e p a r e d  for EM studies.  

E l e c t r o n  m i c r o s c o p y  

Spec imens  were  anaes the t i zed  in 6 % MgC12 in dist i l led wate r  and  f ixed  in 2.5 % 
g tu ta ra ldehyde  in phospha te  buffer (pH 7.4, 1050 mOsm) for 1 h at  room tempera ture .  
After  r insing in the  same  buffer, spec imens  were  posffixed in 2 % OsO4 in phospha te  
buffer (pH 7.4, 1050 mOsm) for 1 h at  room t empera ture .  After  dehyd ra t i on  th rough  a 
g raded  e thanol  series (70% ethanol  sa tu ra ted  with uranyl  acetate),  spec imens  were  
passed  th rough  propylene  oxide and e m b e d d e d  in Araldite .  Thin sect ions  (silver-grey) 
were  cut on a Reichert  Ultracut  with a glass knife, s ta ined with l ead  citrate, a n d  examined  
with a Zeiss EM 9-s2 or a Zeiss EM 10 c. 

RESULTS 

S p e r m a t o g e n e s i s  

The s tages  of spermatogenes i s  are compi led  in Table  1. Spe rma togon ia l  clusters 
(stage 1) a p p e a r  freely f loating in the coelomic fluid of app rox ima te ly  40 day-o ld  
spec imens  with  10-20 ss. Testes  are not  present ,  and  the origin of these  c lus ters  is not  
known. The spermatogonia  of a cluster are  in te rconnec ted  by  cytoplasmic  br idges .  S tage  
1 clusters subdiv ide  into smal ler  units of approx imate ly  20 cells which  a p p a r e n t l y  no 
longer  divide mitotically. These  s tage 2 subclus ters  r epresen t  p r imary  spe rmatocy tes  
(Fig. 1). Pr imary spermatocytes  are also in cytoplasmic  continui ty (Figs 2, 3). Usually, 
Golgi  s tacks  are  found close to fusomes dur ing  s t age  2. The  vesicles of t he se  s tacks  are  
proacrosomal  vesicles which contr ibute  to acrosome formation (Figs 2, 4, 6). Centr ioles  
are also loca ted  in the  immedia t e  vicinity of cell  b r idges  (Figs 4, 6). E lec t ron-dense  
granules  and  condensa t ions  ad jacen t  to b r idge  m e m b r a n e s  (Figs 2, 3) are  character is t ic  
features  of fusomes. The a p p e a r a n c e  of synap tonema l  complexes  (Figs 5, 7) marks  the 
beg inn ing  of meiosis.  At the same time, the  contact  b e t w e e n  s tage  3 cells loosens  but  the 
clusters are not  yet  dispersed.  At  that  stage,  cells t end  to in terdig i ta te  wi th  p s e u d o p o d i a l  
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Table 1. Stages of spermatogenesis in Platynereis massiliensis 
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Stage Characteristics 

Clusters of more than 60 spermatogonia in cytoplasmic continuity enveloped by 
sheath cells~ no subclusters visible; 

Clusters of primary sperrnatocytes (approx. 20 cells each) detach from stage 1 
clusters; Golgi complexes start to form proacrosomal vesicles; 

Subclusters of 4 to 8 primary sperrnatocytes detach from stage 2 clusters and 
enter meiosis; haploid secondary spermatocytes appear; 

secondary spermatocytes complete meiosis; sperrnatid tetrads appear; 

spermatids undergo spermiogenesis; commonly spermatid tetrads detach from 
stage 2 clusters prior to sperrniogenesis; tetrad flagellae start to beat inside 
coelomic cavity; 

Fig. 1. Electron micrograph (EM) of a stage 2 cluster of primary spermatocytes. Note cell bridges 
(arrowheads) and eleocytes (arrows) in close contact with spermatocyte cluster 

Fig. 2. EM of cell bridge between primary spermatocytes. Note presence of electron-dense granules 
(arrowheads) which characterize this type of fusome. Arrow - proacrosomal vesicle; double arrow- 

head - zonula adhaerens 
Fig, 3. EM of cell bridge between primary spermatocytes with plane of section perpendicular to that 

shown in Fig. 2. Note electron-dense material adjacent to bridge membrane (arrowheads) 

processes (Fig. 5). Later on, small subclusters of 4 to 8 cells are formed (Fig. 5). During 

stage 4, meiosis is completed in the cells of the small clusters and each spermatocyte  

successively gives rise to two secondary spermatocytes (Fig. 8) and then to a spermat id  
tetrad (Pig. 9). 
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S p e r m i o g e n e s i s  

$permat ids  are also in te rconnec ted  by  cytoplasmic  b r idges  (Fig. 9). However ,  this 
type  of br idge  shows cons iderab le  differences from the fusomes of ear l ier  s tages.  The  cell 
m e m b r a n e  in the te t rad br idges  show ne i ther  accumula t ions  of e lec t ron~dense  mater ia l  
nor the  characteris t ic  e lec t ron-dense  granules  as obse rved  in fusomes.  Spe rma t id  te t rads  
are not  in cytoplasmic continuity with each  other, because  the  fusomes b e t w e e n  sper-  
matogonia  and spermatocytes  b r e a k  down at the end  of s tage  4. Te t rads  ~loat f ree ly  in the 
coelomic fluid. The four ceils of a te t rad de tach  short ly before  spe rmiogenes i s  is com- 
p le ted  (stage 5). One of the first s igns of spermiogenes i s  is the  a p p e a r a n c e  of f locculent  
m a t e r i a l  within the  spermat id  nucle i  (Fig. 9). This ma te r i a l  is thought  to r ep resen t  
chromatin in a certain state of condensat ion.  Then  f lagel lae  emerge ,  and  po la r i ty  is thus 
developed.  The emerg ing  f lagel lae  mark  the prospec t ive  pos ter ior  poles  of the  sperms 
~Fig. 10). The distal  centriole is or ien ted  pe rpend icu la r  to the  cell surface w h e r e a s  the 
proximal  centriole is typical ly or ien ted  with its long axis pe rpend i cu l a r  to the  distal  
centriole and para l le l  to the long axis of the nucleus  (Fig. 11). The spermat ids  of the te t rad  
now e longa te  para l le l  to each other  with the cell b r idges  r ema in ing  intact  (Fig. 12). The 
proacrosomal  vesicles migra te  to the anter ior  ends  of the  sperrnat ids  and  fuse to form the 
acrosomes proper.  Immedia t e ly  benea th  the acrosome a subacrosomal  p la te  is formed, 
and  the axial rod starts to pene t r a t e  the e longa ted  nucleus  (Fig. 13). At that  t ime the 
spermat ids  have e longa ted  considerably,  and  the process  of nuc lea r  condensa t ion  con- 
t inues (Fig~ 12). The tetrads are still in cytoplasmic  continuity.  The  cell b r i dge s  are 
s i tuated relat ively close to the poster ior  poles  of the  spermat ids .  In some instances ,  the 
f lagel lae  of the spermat ids  have  been  found to bea t  while  still in the coelomic  fluid. 
Final ly the spermat ids  de tach  from each other, and  nuc lear  condensa t ion  p roceeds  (Figs 
14, 15). The condensa t ion  of nuc lear  mater ia l  is charac te r ized  by  the t empora ry  appea r -  
ance of globular,  e lec t ron-dense  nodu le s  (Fig. 14). The  n u m b e r  of these  nodules  seems  to 
increase,  which results  in a dense r  pack ing  of these  gr 'anules (Fig. 15). 

S p e r m  m o r p h o l o g y  

The head  of a mature  spermatozoon  is approx imate ly  10 ~m in length  and  1.5 ~m in 
d iameter  {Figs 16, 17a, b, c). The  volume of the nucleus  is approx imate ly  4 ~tm ~. The  bell-  

Fig. 4. Golgi stacks (G) and centrioles (arrow} are regularly found close to cell bridges (arrowheads) 
in spermatocytes 

Fig. 5. EM of stage 2 cluster at transition to stage 3. Clusters tend to divide into smaller subclusters 
which are temporarily held together by pseudopodia-like processes (arrowhead). Synaptonemal 

figures (arrows) indicate the beginning of meiosis 
Fig. 6, EM of Golgi stacks (G) and centrioles (arrows) in the immediate vicinity of cell bridges 

between primary spermatocytes 
Fig. 7. EM of stage 3 primary spermatocytes. Asterisks mark relatively large intercellular clefts. Note 

the presence of synaptonemal figures (arrows) 
Fig, 8. EM of first meiotic division in late stage 3 cells. Asterisks - chromosomes; arrowheads - 

spindle microtubules 
Fig, 9, EM of spermatid tetrads (stage 4). Arrowheads indicate cell bridges that are different from cell 
bridges in primary spermatocytes. Mitochondria (asterisks) surround nuclei in which chromatin 

condensation has just started with the formation of electron-dense nodules (arrow) 
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shaped acrosome takes about 20 % of the head length. It encloses a subacrosomal space. 
A subacrosomal plate separates the acrosome from the nucleus  (Figs 16, 17a). The 
subacrosomal plate is penetrated by the axial rod which extends from the subacrosomal 
space into the nucleus  (Figs 14, 16, 17b, c). There are no structural contacts be tween  the 
rod and  either the acrosome or the nucleus.  The rod ends within the posteriorly closed 
nucleus  and  does not contact the basal  body at the posterior end  of the nucleus.  The 
nucleus  proper is long and slender, and  the chromatin appears  to be much  more 
homogeneous  than in the spermatid nucleus.  The posterior end  of the nuc leus  tapers 
somewhat.  Long mitochondria surround the tapered part  of the nucleus  and  the basal 
body of the tail thus forming an inconspicuous middle  piece (Figs 15, 17a). As judged 
from their size and  number ,  sperm mitochondria possibly have b e e n  formed by fusion of 
normal  sized mitochondria during spermiogenesis.  However,  actual  fusion of mitochon- 
dria has not b e e n  observed. Nine arms of the basal  body connect  the flagellum to the 
middle piece. It is thought that the paddle-wheel  hke structure of the basal  body (Figs 
17d, e) acts as an anchor for the flagellum. The microtubule doublets of the basal  body 
directly extend into the flagellar axoneme. The proximal flagellar membrane  forms two 
lateral folds {Fig. 17a, f} which may be interpreted as structures that enhance  the thrust of 
the flagellum. The more distal parts of the flagellum do not display any membrane  
protrusions (Fig. 17a, g). The microtubule doublets of the basal  body as well as those of 
the axoneme of the flagellum are arranged in the typical 9 + 2 pat tern (Fig. 17d-g). 

DISCUSSION 

Spermatogenesis  in Platynereis massiliensis does not differ dramatically from its 
sibling Platynereis dumerilii (Schiedges, 1981; Hofmann  et al., 1986; Pfannenst iel  et al., 
1987). The processes of spermiogenesis are essentially the same in these two sibling 
species and in other nereid species (for review see Sawada, 1984). In P. massiliensis 
spermiogenesis leads to a long and slender sperm head whereas  P. dumerilii sperm show 
a spherical nucleus. Thus sperm morphology is strikingly different in the two species, 
al though it has been  brought  about by very similar cellular events. 

The so-called primitive type of sperm with a more or less spherical head is thought  to 
be typical of aquatic invertebrates with external  fertilization. Obviously, sperm morphol- 
ogy reflects the respective mode of sperm transfer, since in  a n u m b e r  of species with 

Fig. 10. EM of posterior part of spermatid with emerging flagellum. The microtubules of the distal 
centriole (C) continue as axoneme microtubules (arrow} into the flagellum. N - nucleus 

Fig. 11. EM of posterior end of spermatid. Centriole (C) forms the basal body of the flagellum close to 
the nucleus (N}. Note that the centrioles are still perpendicular to each other 

Fig. 12. EM of elongating spermatid tetrad. Nuclear condensation is in progress. Axial rods {arrows} 
form inside the nuclei. Spermatids are still in cytoplasmic continuity (arrowhead} 

Fig. 13. EM of anterior end of spermatid. Axial rod (arrows} appears to be in close contact with a 
subacrosomal plate (arrowhead}. Proacrosomal vesicles give rise to the acrosome (A} 

Fig. 14. EM of anterior end of early spermatozoon. Axial rod penetrates the subacrosomal plate. 
Loosely packed electron-dense nodules represent an intermediate stage of nuclear condensation 

Fig. 15. EM of posterior part of almost mature spermatozoon. Mitochondria surround the posterior 
region of nucleus; centrioles have formed the basal body of the flagellum. Electron-dense chromatin 

particles are densely packed 
Fig. 16. EM of mature spermatozoon. Note tightly packed chromatin 
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Fig. 17. Aspects  of mature  spermatozoon,  a - schemat ic  representa t ion  of spe rmatozoon ;  b - EM of 
acrosome in cross-section; note axial rod (arrow); c - EM of nucleus  in cross section; note axial rod 
(arrow) and  densely packed  chromatin;  d - EM of basal  body in shghtly ob l ique  section; e - 
schematic  representa t ion  of basal  body; n ine  bars  sur round  9 + 2 structure forming a padd le -whee l  
structure; f - EM of proximal  flagellum in cross-section; note lateral folds of f lagenar  m e m b r a n e ;  g - 

EM of distal f lagellum in cross section; note the absence  of lateral folds  
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aberrant  types of sperm transfer, sperm morphology is also altered. This can be  true even 

for species within the same genus (Franz~n, 1956, 1977; Sawada,  1984; Westheide,  1984). 

As has been  pointed out in a preliminary study, sperm morphology in P. d u m e r i f i i  is of the 

primit ive type whereas  P. rnassih 'ensis  sperm are of an aberrant  type (Pfannenstiel  et  al., 

1987). Accordingly,  P. dumer i l i i  releases its gametes  freely into the sea-water ,  whi le  P. 

mass ih ' ens i s  pairs perform a pseudocopulat ion within a brooding tube. However ,  the fact 

that  sperm morphology is of adapt ive significance does not tell us anything about  the 

actual requi rements  during sperm transfer and fertilization to which sperm morphology is 

adapted.  In the dorvilleid O p h r y o t r o c h a ,  for example,  the motile apparatus of sperm is 

almost completely  reduced  to a so-called flageUar equiva len t  (Troyer & Schwager ,  1979; 

Pfannenst iel  & Grfinig, 1989). But despite the fact that in both P. m a s s i l l e n s i s  and 

O p h r y o t r o c h a  sperm transfer is accomplished during pseudocopulat ion,  sperm morphol-  

ogy is not at all the same. The differences in sperm morphology be tw een  the siblings P. 

m a s s i l i e n s i s  and P. dumer i l i i  are striking. They mainly concern the sperm head.  In P. 

m a s s i l i e n s i s  the sperm head is long and cylindrical as has been  documented  in the 

present  study while the sperm head in P. durneri l i i  is spherical  and much shorter. The 
volumes  of the nuclei  in both P. mass ih ' ens i s  (4 p.m 3) and P. dumer i f i i  (6 ~m 3) appear  to 

range  in the same order of magnitude.  At present,  we  cannot offer any ev idence  as to the 

nature  of the select ive pressure that has brought  about different sperm in these nereid 

sibling species. 
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