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ABSTRACT: The details of spermatogenesis and spermiogenesis are described for Ophryotrocha 
puerilis. The ultrastructure of mature sperm is shown for O. puerifis, O. hartmanni, O. gracifis, O. 
diadema, O. labronica, and O. notoglandulata. Clusters of sixteen cells each are proliferated by two 
stem cells in each setigerous segment of O. puerifis representing the very early stages of both 
oogenesis and spermatogenesis. In each spermatocyte-I cluster, the cells are interconnected by 
cytoplasmic bridges. Early clusters are enveloped by peritoneal sheath cells. These transient gonad 
walls break down prior to meiosis. The meiotic processes may start in the clusters, with the cells still 
interconnected, or during breakdown of the original cluster, giving rise to smaller subclusters of both 
spermatocytes I and spermatocytes II with various numbers of cells. Finally, spermatid tetrads are 
present. As spermiogenesis progresses, the tetrads disintegrate. Golgi vesicles in both spermatocy- 
tes and spermatids contain electron-dense material, presumably preacrosomal. The acrosome is 
formed by such vesicles. In the six species studied here, the acrosomes appear to be of a similar 
overall structure but are of different shape. Centrioles are usually located beneath the acrosome. The 
distal centriole forms the basal body of a flagellum-hke cytoplasmic process. The microtubules of 
these flagellar equivalents do not show a normal ciliar arrangement. The flagellar equivalent 
appears to be non-motile. In O. hartmanni and in O. notoglandulata, a flagellar equivalent is 
missing. Microtubules originating from the proximal end of the distal centriole stretch to the nuclear 
envelope. This feature appears to be especially conspicuous in O. puerifis and in O. labronica. In O. 
labronica and in O. notoglandulata, bundles of microtubules parallehng the cell perimeter appear to 
stabihse the sperm. Various numbers of mitochondria are either randomly distributed around the 
nucleus or accumulate on one side, often directly under the acrosome. 

I N T R O D U C T I O N  

In p o l y c h a e t e s ,  as in  o the r  m a r i n e  i n v e r t e b r a t e s ,  s p e r m  m o r p h o l o g y  is t h o u g h t  to be  

of a d a p t i v e  s ign i f i cance .  Usually,  ex t e rna l  fer t i l i sa t ion  is a c c o m p l i s h e d  by  so -ca l l ed  

* Parts of the present  paper were presented at the 2 nd International Polychaete Conference, 
Copenhagen 1986 and at the 3 rd International Polychaete Conference, Long Beach, Ca. 1989. 
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pr imit ive sperm. These  types  of spe rm consist of a more  or less spher ica l  nucleus,  a 
re la t ively short  midd le  piece,  and  a long tail. Aber ran t  sperm (Franz~n, 1956, 1977) are  
thought  to be accompan ied  by  modi f ied  ferti l isation (for review see Sawada ,  1984). In 
Ophryotrocha, male  and female gametes  are  shed dur ing pseudocopula t ion .  Males  and  
females  appea r  to coopera te  in bu i ld ing  mucous  tubes inside which  the y o u n g  develop.  
Al though the eggs  are  external ly fertilised, sperm in this genus  show a h igh ly  de r ived  
morphology  (Berruti et al., 1978; Troyer  & Schwager ,  1979). At  present ,  ht t le  is known  
about  cellular  processes  and the ul t ras t ructure  of spermatogenes is .  Also, noth ing  is 
known about  species-specif ic  differences in the process  of ferti l isation and  about  poss ibly  
cor responding  sperm morphology.  

In Ophryotrocha, chromosomal  events  dur ing spermatogenes i s  have  b e e n  s tudied  at  
the l ight  microscope level  by  Gr~goire  & Deton (1906). These  authors,  however ,  do not  
repor t  on cel lular  events  or on the local izat ion of spermatocytes  or spe rmat ids  within the 
worms. One of the in teres t ing features  of gametogenes i s  in the pro tandr ic  he rma phrod i t e  
O. puerilis is that  both  oogonia  and  spermatogonia  are prol i fera ted b y  the  same s tem 
cells. The prohfera t ion of the s tem cells and  the ear ly s tages  of oogenes i s  have  b e e n  
descr ibed  earl ier  (Pfannenstiel  & Grfinig, 1982). The p resen t  p a p e r  dea l s  wi th  cel lular  
events  of spermatogenes is ,  the different s tages  of spermiogenesis ,  and  the morpho logy  of 
sperm in six Ophryotrocha species.  

MATERIAL AND METHODS 

A n i m a l s  

Specimens  of Ophryotrocha puerilis, O. hartmanni, O. diadema, O. labronica, and O. 
notoglandulata used  in this s tudy have  been  bred  in our laboratory.  Cul ture  methods  
have  been  pub l i shed  in a previous p a p e r  (Pfannenstiel,  1973b). Spec imens  of O. gracilis 
were  col lected at He lgo land  in the summer  of 1988. 

Young worms with 6-9 set igerous segments  were  col lected from m a s s  cultures and  
examined  with Nomarsky  optics. Only those without  freely floating spe rm w e r e  t aken  for 
the EM study of spermiogenes is  (0. puerilis). Adults  with r ipe sperm w e r e  t a k e n  for the  
documenta t ion  of sperm morphology.  

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

For electron microscopy, specimens  were  fixed for 1 h in an ice-cold  1 : 1 mixture  (pH 
7.4, 1000-1100 mosmol) of (i) 2.5 % g lu ta ra ldehyde  in 0.1 mo ld  phospha t e  buffer and  (ii) 
4 % osmium tetroxide. They were  r insed in phospha te  buffer (pH 7.4) and  d e h y d r a t e d  in 
ethanol.  During dehydrat ion,  spec imens  were  s ta ined for 10-15 min in  a sa tu ra ted  
u rany lace ta te  solution in 70 % ethanol .  Specimens  were  then  t rans fe r red  to p ropy l ene  
oxide and  e m b e d d e d  in Araldite.  Sect ions cut on a Reichert  OmU 3 w e r e  s t a ined  with  
l ead  citrate and  examined  with a Zeiss 9-S 2 or a Zeiss 10 C t ransmiss ion  e lec t ron 
microscope.  
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RESULTS 

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

Two pr imordia l  germ cells are found in each  set igerous segment .  They are  loca ted  in 
the coelomic l ining of the ventral  gut  wal l  (Pfannenstiel  & Grfinig, 1982) (Fig. 1A). At  the 
beg inn ing  of spermatogenes i s  the pr imordia l  germ cells unde rgo  rap id  mitot ic  prohfera-  
tion p roduc ing  clusters of 16 cells each (Figs 1B, 2). The cells of the 16-cell clusters are 
in te rconnec ted  by  cytoplasmic bridges.  They  represent  the gametocytes  I (Figs 2, 3). The 
gametocy te  clusters are covered by  per i tonea l  sheath cells which  form a t rans ient  gonad  
wall  (Fig. 3). It appea r s  that  up to this s tage the fate of these  cells is not fixed. In young  
spec imens  they will undergo  meiosis and  differentiate into sperm (Figs 1 C, 2) w he re a s  in 
older  worms half of the cells will become oocytes I and  half will  become  nurse  cells. 
Spermatocytes  I do not differ marked ly  in size from the stem cells as they  a p p e a r  to grow 
rapid ly  dur ing the series of mitotic divisions by  which they are  produced .  Profiles of the 
ra ther  b ig  nuclei  of spermatocytes  I (Fig. 3) are  not round but  form lobes  and  prot rus ions .  
Golgi  s tacks are found synthesiz ing preacrosomal  vesicles. The more or less spher ica l  
mi tochondr ia  are numerous.  Only few cristae are presen t  in each  mitochondrion.  
Mitochondr ia  of this type are found throughout  spermatogenes i s  (Fig. 12). Later  on, the 
spermatocyte  I clusters d is in tegrate  and at about  the same t ime the meiot ic  divisions 
begin.  Meiosis  and  the b r e a k d o w n  of spermatocyte  I clusters do not occur  in a strict 
tempora l  order. The first meiotic division m a y  occur with cells of the ear ly cluster  still in 
cytoplasmic  continuity or after de tachment  of groups or single spermatocytes  I from the 
original  cluster. Thus, clusters with cell  numbers  varying within a b road  r a n g e  are 
obse rved  in males  e n g a g e d  in the processes  of spermatogenes i s  (Fig. 2). These  clusters 
accordingly  contain both spermatecytes  I and  spermatocyr II. Usually, these  clusters 
still adhere  to the per i tonea l  hning of the gut  a l though the gonad  wall  itself has  b roken  
down. As the two meiotic divisions follow each  other immedia te ly ,  spe rmatocy tes  II 
(Fig. 4) are rarely seen. The nuclei  of spermatocytes  II tend  to round up (Fig. 4). Finally, 
the spermatocytes  comple te ly  de tach  from each other and  after the second  meiotic 
division spermat id  te trads (Figs 2, 5) are found adher ing  to the coelomic ep i thehum of the 
gut. 

S p e r m i o g e n e s i s  a n d  s p e r m  m o r p h o l o g y  in  Ophryotrocha puefilis 

Spermiogenes is  t akes  p lace  in spermat id  te t rads  still a t t ached  to the coelomic hning. 
Mature  sperm are found floating freely in the  coelomic cavity. The four spermat ids  of a 
te t rad  are in cytoplasmic continuity. A pecuha r  type 'of cell b r idge  (Fig. 7) in terconnects  
the 4 cells in the middle  of a tetrad.  Preacrosomal  mater ia l  of Golgi  origin which  can be 
found accumula t ing  at the anter ior  pole of spermatocytes  II (Fig. 5) forms the acrosome in 
spermat ids  (Fig. 6). In spermatids ,  Golgi  s tacks are still p roduc ing  vesicles  which  are 
thought  to contr ibute to acrosome formation. Normally,  the acrosome forms as a cap at 
one cell pole. 
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S p e r m a t i d  nuc le i  a re  easi ly r e c o g n i z e d  by  the i r  h o m o g e n e o u s  c h r o m a t i n  (Fig. 6). 

N u c l e a r  condensa t i on  does  not  l e a d  to v e r y  d e n s e  ch romat in  as is n o r m a l  for o the r  sperm.  

T h e  h o m o g e n e o u s l y  l ook ing  fine g r a n u l a r  nuc l ea r  ma te r i a l  is found  in s p e r m a t o c y t e s  II 

(Fig. 5), and  in bo th  ear ly  a n d  la te  spe rma t ids  (Fig. 6). In a lmos t  m a t u r e  s p e r m  (Figs 8, 10), 

the  f ine g ranu la r  n u c l e a r  ma te r i a l  forms s l ight ly l a r g e r  a g g r e g a t e s  g i v i n g  a f loccu len t  

impress ion .  At  that  s tage,  cent r io les  are  usua l ly  found  just  b e n e a t h  the  a c r o s o m e  w h e r e  

t h e y  are  also found  in ma tu re  sperm.  T h e  two cent r io les  are  i n t e r c o n n e c t e d  by  micro-  

t u b u l e  b u n d l e s  (Fig. 9). Bund les  of mic ro tubu le s  also s t re tch f rom the  dis tal  a n d  f rom the  

p rox ima l  cent r io le  to the  nuc l ea r  e n v e l o p e  (Figs 8, 9). T h e s e  m i c r o t u b u l e  b u n d l e s  

s o m e t i m e s  r e s e m b l e  root le t  s t ruc tures  (O. notoglandulata, Fig. 15; O. labronica, Fig. 20). 
S o m e  var ia t ion  appea r s  to exist  as to the  r e l a t ive  pos i t ion  of the  two  centr io les .  In s o m e  

cases  they  are  pos i t i oned  at f igh t  a n g l e s  to e a c h  o ther  wh i l e  in o the r  s p e r m  t h e y  a p p e a r  to 

form a t a n d e m  (O. puerifis, Fig. 9; O. diadema, Fig. 23). In O. notoglandulata in one  

e x c e p t i o n a l  case  two  cent r io les  h a v e  b e e n  found  at oppos i te  cel l  po les  (Fig. 16). T h e  dis ta l  

cen t r io le  forms a basa l  body  g iv ing  rise to 10-15 mic ro tubu ie s  w h i c h  form a so -ca l l ed  

f l age l la r  e q u i v a l e n t  (Troyer  & S c h w a g e r ,  1979). T h e  mic ro tubu le s  of t h i s  n o n - m o t i l e  
f l age l la r  e q u i v a l e n t  do not  show the  9 + 2  a r r a n g e m e n t  w h i c h  is n o r m a l  for mot i l e  cilia. 

Normal ly ,  the  f lage l la r  e q u i v a l e n t  e v a g i n a t e s  f rom the  l ower  r im of the  ac rosome.  T h e  

n u m b e r  and  loca t ion  of spe rma t id  and  s p e r m  mi tochond r i a  o b v i o u s l y  is no t  f ixed.  
Some t imes ,  m i tochond r i a  are  s i tua ted  b e t w e e n  nuc l eus  and  a c r o s o m e  (O. hartmanni, 
Fig. 12). Consequen t ly ,  a midd le  p i e c e  of the  s p e r m a t o z o o n  is miss ing  in the  p r e s e n t  case.  

S p e r m  mi tochond r i a  s o m e t i m e s  a p p e a r  ob long  ra the r  t han  sphe r i ca l  ( O .  labronica, 
Fig. 21). It is not  k n o w n  w h e t h e r  t he se  mi tochond r i a  a re  f o r m e d  by  fus ion  of sma l l e r  
spher ica l  spe rma t id  mi tochondr i a  (Fig. 4). T h e  m o r p h o l o g y  of a r ipe  s p e r m a t o z o o n  of O. 

puerflis is s chemat i ca l ly  d e p i c t e d  in F igu re  24. 

Figs 1-6. Ophryotrocha puerilis 
Fig. I. Schematic presentation of gonad development. A: ventral sector of sexually immature 

segment. IL - lumen of intestine, IW - intestine wall, PE - peritoneum, CC - coelomic cavity, 
GC - gonocytes, asterisk - genital blood vessel, BW - body wall, VN - ventral nerve cord; B: 
cluster of 16 gametocytes I proliferated by gonocytes within outpocketing of peritoneum; C: 
gonad disintegrates, subclusters of spermatocytes attached to peritoneum, ripe sperm freely 

floating in coelomic cavity, gonocytes start new proliferation cycle 
Fig. 2. Schematic presentation of spermatocyte I cluster and of subdusters produced during break- 

down of gonad. SPI - spermatocytes I, SPII - spermatocytes II, SP - spermatids 
Fig. 3. Gametocytes I located in coelomic cavity between intestine and body wall (BW). 

Scale bar - 10 [~m 
Fig. 4. Spermatocytes II. Note spherical mitochondria and large nuclei (iN). Scale bar - 5 ~m 
Fig. 5. Young spermatids attached to basal lamina (arrowhead) of genital blood vessel. Note 

spherical nuclei (N). Arrows - accumulating preacrosomal material, Ac - acrosome of almost 
mature sperm. Note condensed nuclear material in sperm nucleus (N). Scale bar - 5 ~m 

Fig. 6. Advanced spermatid. Ac - forming acrosome, arrowheads - vesicles of Golgi origin contribute 
to acrosome formation, Ce - centriole, N - nucleus with advanced condensation. Scale bar - 

1 ~m 
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Figs 7-10. Ophryotrocha puedlis 
Fig. 7. Cross sections of cytoplasmic bridge of spermatid tetrad, Note lumina (asterisks) of bridge. 

Scale bar - 1 ~m 
Fig. 8. ALmost mature sperm. Note conical acrosome (Ac). Basal body (arrowhead) gives rise to 

microtubules (arrows) stretching parallel to nuclear envelope: Scale bar - I ~m 
Fig. 9. Almost mature sperm. Ac - acrosome, arrowheads - tandem centrioles connected by 

microtubules (arrows), N - nucleus. Scale bar - 1 ~m 
Fig. 10. Nearly mature sperm in coelomic cavity. N - nuclei, BW - body wall. Note elongate tip of 

acrosome. Scale bar - 5 ~m 

C o m p a r a t i v e  s p e r m  m o r p h o l o g y  

T h e  m o s t  s t r ik ing  s t ruc tura l  d i f f e r e n c e s  in  s p e r m  of t h e  six s p e c i e s  s t u d i e d  h e r e  

c o n c e r n  t h e  a c r o s o m e s  a n d  the  f l age l l a r  e q u i v a l e n t s .  In O. hartmanni a n d  in  O. notoglan- 
dulata, f lageUar  e q u i v a l e n t s  are  c o m p l e t e l y  miss ing ,  a l t h o u g h  cen t r io l e s  a re  p r e s e n t  at  
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the locat ion where  they  are  usual ly found, i.e. b e ne a th  the acrosome (O. hartmanni, Figs 
11, 12, 24; O. notoglandulata, Figs 13, 15, 16, 24). Whereas  acrosomes in O. puenlis {Figs 
10, 24), O. gracflis (Figs 17, 24), and  O. hartmanni (Figs 11, 24) are  conical  or c a p - s h a p e d  
with e longa ted  t ape r ing  tips, acrosomes in O. diadema {Figs 22-24), O. labronica {Figs 
18-20, 24), and  O. notoglandulata (Figs 13, 15, 16, 24) are ra ther  flat with only shghtly 
pro t ruding  tips (0. labronica, O. notoglandulata). The space of the  O. hartmanni acro- 
some tip is fi l led with flocculent mater ia l  (Fig. 11}. In O. hartmanni and  in O. gracflis, 
vesicles with e lec t ron-dense  contents are usual ly  found be ne a th  the acrosomes (Figs 11, 
lY, 24) the  origin of which is unknown.  In O. diadema, the acrosome shows a concave 
surface which  is covered by  numerous  indentat ions.  In O. gracilis and in O. hamnanni, 
mitochondr ia  are usual ly  found accumulat ing  be ne a th  the acrosomes {Figs 11, 17), whi le  
in the  other  species  mitochondria  are scat tered a round  the nuclei.  

In O. labronica (Figs 18, 19, 24) and  in O. notoglandulata (Figs 13-15, 24), bund les  of 
microtobules  pa ra l l ehng  the cell per imeter  form a r ing just b e n e a t h  the cell m e m b r a n e  
which  appea r s  to stabil ise the discoidal  shape  of the  cells. Cytoplasmic  m e m b r a n e s  (Figs 
13, 18, 19) a p p e a r  to sub tend  or encircle the nucle i  in O. labronica and  in O. notoglan- 
dulata. These  m e m b r a n e s  sometimes look l ike der ivat ives  of the  nuclear  enve lope  
(Fig. 19). In F igure  18, the per iphera l  bundle  of microtubules  appea r s  to be  enci rc led  by  
such a membrane .  

DISCUSSION 

The ear ly s tages  of gametogenes i s  up to oocytes I or spermatocytes  I a p p e a r  to be  
ident ica l  in male-  or female-phase  individuals  of the protandr ic  Ophryotrocha puerilis. 
These  ear ly s tages  are  represen ted  by clusters of 16 cells, each  prohfera ted  by  a single 
s tem cell. Oocytes  I and  spermatocytes  I cannot  be  told apar t  before  oocytes and nurse 
cells start  to differentiate.  Oocytes enter  v i te l logenesis  and  nurse  cells become po lyp lo id  
The first visible s ign of spermatocyte  differentiat ion is the a p p e a r a n c e  of p reacrosomal  
vesicles.  Male - female  differentiation is control led by  an ootropic hormone  in the pre- 
sence of which gametocytes  differentiate into oocytes and nurse  cells (Pfannenstiel,  
1973a; for review see Pfannenstiel ,  1984). The fact that  ear ly s tages  of gametogenes i s  are 
very  similar if not ident ical  in both males  and females  of O. puerilis suggests  that  the 
ootropic hormone t r iggers  a switch from male  to female  differentiat ion at the  level  of 
gametocytes  (Franke & Pfannenstiel,  1984). A genera l  b i sexua l  potency appea r s  to be  
inheren t  in a var ie ty  of organisms where  it is expressed  by the deve lopmen t  of male  and 
female  sex characters  from ident ical  an lagen  in both  sexes. In O. puerflis, even the early 
s tages  of gametogenes i s  in both males  and females  are  the same  and  may  be  r e g a r d e d  as 
an express ion of that  genera l  b isexual  potency.  

The  structure of mature  sperm in the genus  Ophryotrocha devia tes  from wha t  is 
thought  to be  normal  in two different ways:  (i) the  genera l  organisa t ion  of sperm shows 
adapta t ions  to an almost  complete  loss of motil i ty and  (ii) the locahsat ion and  ultrastruc- 
ture of cell organel les  display a cons iderable  degree  of both  inter-  and  intraspecif ic  
variation.  The adapta t ions  concerning the loss of motil i ty a p p e a r  to reflect the mode  of 
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Table 1. Comparison of sperm morphology, reproductive characters, and chromosome numbers  in 
six Ophryotrocha species 

Sperm morphology Reproductive characters Chromo- 

Shape of Flagellar Acrosome Shape of Mucus some 
sperm equivalent eggmass covering number  

eggmass (2n =) 

Protandric hermaphrodite 

O. puefilis spherical present conical irregular soft 8 

Contemporary hermaphrodites 

O. hartmanni spherical absent conical cylindric soft 10 
(9. gracilis spherical present conical fusiform hard 10 
O. diadema flat present flat fusiform hard 8 

Gonochorers 

O. labronica flat present flat tube hard 6 
O. notoglandulata flat absent flat tube hard 6 

s p e r m  t r ans f e r  w h i c h  is a c c o m p l i s h e d  d u r i n g  p s e u d o c o p u l a t i o n  (]~kesson, 1973). T h e  

m o s t  s t r ik ing  in te r spec i f i c  var ia t ions  c o n c e r n  the  s h a p e  of t he  a c r o s o m e  a n d  the  p r e s e n c e  

or a b s e n c e  of a f lage l la r  equ iva l en t .  A m i d d l e  p i e c e  is c o m p l e t e l y  l a ck i n g  in all s p e r m  

s t u d i e d  he re .  Tab le  1 s u m m a r i z e s  s o m e  f e a t u r e s  of s exua l  d i f fe ren t ia t ion ,  s p e r m  ul t ra-  

s t ruc ture ,  r e p r o d u c t i v e  cha rac te r s ,  a n d  c h r o m o s o m e  n u m b e r s  in  t he  s ix Ophryotrocha- 
s p e c i e s  s tud ied .  In the  s c h e m a t i c  r e p r e s e n t a t i o n  of s p e r m  u l t r a s t ruc tu re  (Fig. 24), s p e c i e s  

are  r a n k e d  a c c o r d i n g  to Tab le  1. Up to now,  t h e r e  is no  c lue  to the  ac tua l  a d a p t a t i o n  of 

s p e r m  to s o m e  k n o w n  r e p r o d u c t i v e  f ea tu re  in  t he  s p ec i e s  i n v e s t i g a t e d  he re .  N e i t h e r  the  

s h a p e  no r  t he  c o n s i s t e n c y  of t he  ma te r i a l  c o v e r i n g  e g g m a s s e s  a l lows  a n y  co r re l a t ions  to 

F~gs 11, 12. Ophryotrocha hartmanni 
Fig. 11. Mature sperm. Ac - acrosome. Note flocculent material in acrosome tip (arrow). Ce - 

centriole in cross section, N - nucleus in final stage of condensation, ? - vesicle with electron- 
dense material of unknown origin. Scale bar - 1 vm 

Fig. 12. Detail of acrosome (Ac) with the two centrioles (Ce) and a mitochondrion (Mi) with few 
eristae and electron-lucent matrix. Scale bar - 1 vm 

Figs 13-16, Ophryotrocha notoglandulata 
Fig. 13. Mature sperm. Ce - centriole beneath acrosome, N ' -  nucleus, microtubule bundIes in cross 

section (arrowheads) encircled by cytoplasmic membranes (arrows). Scale bar - 1 ~m 
Fig. 14. Microtubule bundles (arrows) in tangentially sectioned mature sperm. Note cytoplasmic 

membranes forming chains of vesicles (arrowhead). Scale bar - I ~m 
Fig. 15. Distal centriole of mature sperm (Ce) connected to nuclear envelope by rootlet-hke structure 

(arrows). Scale bar - 1 ~tm 
Fig. 16. Centrioles (arrowheads) located at opposite ends of acrosome in mature sperm. 

Scale bar - 1 ~tm 
Fig. 17. Ophryotrocha gracilis. Mature sperm, Acrosome (Ac) with prominent tip. Note indented 

basal rim of acrosome (arrowheads). N - nucleus, ? - vesicle with electron-dense contents of 
unknown origin. Scale bar - 2 ~m 
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a c r o s o m e  s h a p e  or to p r e s e n c e  or a b s e n c e  of a f lage l la r  equ iva len t .  It s h o u l d  b e  n o t e d  

tha t  s p e r m  of O. hartmanni a n d  O. gracilis s h o w  a lot of s t r ik ing  s imilar i t ies  in  t h e  overa l l  

s h a p e  of t h e  s p e r m  a n d  of t he  ac rosome .  H o w e v e r ,  e v e n  s p e r m  of t h e s e  two  s p e c i e s  a re  

eas i ly  d i s t i ngu i shed .  The  l o w e r  r im of t he  a c r o s o m e  is i n d e n t e d  in O. gracilis s p e r m ,  a n d  a 

f l age l la r  e q u i v a l e n t  is m i s s ing  in O. hartinanni spe rm.  

Wi th in  the  g e n u s  Ophryotrocha, s p e r m  of all spec i e s  s t u d i e d  are  of t he  a b e r r a n t  type .  

We  t h e r e f o r e  h a v e  to t ake  into a c c o u n t  t ha t  t he  in te r spec i f i c  mod i f i ca t ions  f o u n d  m a y  as 

we l l  r e f e c t  t he  p h y l o g e n e t i c  re la t ions  of s p e c i e s  w i th in  t he  g e n u s  (see also W e s t h e i d e ,  

1984). H o w e v e r ,  w h e n  b o t h  a b e r r a n t  a n d  p r imi t ive  s p e r m  are  f o u n d  in  c lose ly  r e l a t e d  

spec i e s  (for e x a m p l e :  Platynereis dumerilii - pr imi t ive  spe rm;  H a n s k e ,  1989; Platynereis 
massiliensis - a b e r r a n t  spe rm;  Lficht  & Pfannens t i e l ,  1989) t h e s e  d i f f e r e n c e s  m u s t  b e  of 

a d a p t i v e  s igni f icance .  It r e m a i n s  to d e m o n s t r a t e  to w h a t  f e a t u r e s  of r e p r o d u c t i o n  or 

fer t i l i sa t ion s p e r m  are a d a p t e d  in t he  r e s p e c t i v e  cases .  

Acknowledgements. This work was supported by the Deutsche Forschungsgemeinschaft (Pf 116/4- 
4, Pf 116/5-1). 

Figs 18-21. Ophryotrocha labronica 
Fig. 18. Almost mature sperm. Ac - acrosome, I'q - nucleus. Note cross sections of microtubule 

bundles (arrowheads). Note also cytoplasmic membranes (arrows) subtending nucleus and 
encirchng microtubule bundles. Scale bar - 2 ~m 

Pig. 19. Mature sperm. Ac - acrosome0 Ce - centriole, 1,4"- nucleus, arrowheads - microtubule 
bundles. Note that cytoplasmic membrane (arrows) subtending nucleus (N) resembles 

nuclear envelope. Scale bar - 2 I*m 
Pig. 20. Microtubules (arrows) stretching from centriole (Ce) to nuclear envelope. Ac - acrosome. 

Scale bar - 2 ~m 
Fig. 21. Elongate mitochondrion (arrow) in almost mature sperm. 1,4 - nucleus. Scale bar - 1 Bm 

Figs 22, 23. Ophryotrocha diadema 
Pig. 22. Mature sperm in coelomic cavity. 1,4 - nucleus, asterisk - subacrosomal space filled with 

flocculent material. Scale bar - 3 ~m 
Pig. 23. Tandem centrioles (arrowheads) in deep indentation of nucleus (N). HE - flagellar equiva- 

lent, Ac - acrosome, asterisk - subacrosomal space. Scale bar - 1 ~m 
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Fig. 24. Schematic reconstruction of sperm ultrastructure in six species of Ophryotrocha. 
Scale bar - 2 ~tm 
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