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j ec t ions  appea red  fused. Associa ted  w i t h  t he  dense  projec-  
t ions  were e lec t ron-dense  s t r a n d s  ly ing deeper  in  t he  pres-  
y n a p t i c  t e r m i n a l  t h a t  some t imes  appea red  to  fo rm d i rec t  
con t ac t s  w i t h  t he  p l a s m a  m e m b r a n e .  This  s t r u c t u r a l  aggre-  
gat ion,  wh ich  re sembled  t h e  f inger- l ike processes  obse rved  
in synapses  of Dugesia dorotocephalaS, ~ is s imi la r  to  t he  
p r e s y n a p t i c  n e t w o r k  of v e r t e b r a t e  synapses  t~ In  obl ique  
sect ions  t h r o u g h  t he  synapses  of H. microstoma, t h e  dense  
pro jec t ions  a p p e a r e d  few in n u m b e r ,  a n d  did  no t  show a 
regu la r  a r r a n g e m e n t .  This  is in c o n t r a s t  to  t he  s i t ua t i on  
obse rved  in v e r t e b r a t e  synapses  4, ~0, ~ 

The  p r e s y n a p t i c  t e r m i n a l s  were filled w i t h  n u m e r o u s  
s y n a p t i c  vesicles (200-450 ~_ diam.) ,  i n t e r spe r sed  w i t h  
t he  occas ional  smal l  dense-cored  vesicles (450-750 ~_ 
diam.).  Complex  vesicles, f rom wh ich  dense  p ro jec t ions  
are bel ieved to be  der ived  12, were  obse rved  in t h e  pre-  
synap t i c  t e r m i n a l  (Figure 3). 

P o s t - s y n a p t i c  densit ies,  e m a n a t i n g  f rom t he  inne r  
t h i c k e n e d  leaf let  of t h e  p o s t s y n a p t i c  m e m b r a n e s  (Figure 
1), were a c o n s t a n t  f ea tu re  of t h e  synapses .  These  s t ruc-  
tures ,  wh ich  were up  to  300 A wide, usua l ly  e x t e n d e d  t he  
l e n g t h  of t h e  synap t i c  cleft. W h i s p y  p ro jec t ions  were 
observed ,  e x t e n d i n g  f rom t he  p o s t s y n a p t i c  dens i t y  in to  
t he  p o s t s y n a p t i c  space. T h u s  t h e  p o s t s y n a p t i c  dens i t ies  
are s imi la r  to  those  obse rved  in v e r t e b r a t e  synapses .  
Whi l e  t he  v a r i a t i o n  in w i d t h  of t he  p o s t s y n a p t i c  dens i ty  of 
v e r t e b r a t e s  is usua l ly  assoc ia ted  w i t h  e x c i t a t o r y  or 
i n h i b i t o r y  synapses  ~, such  cor re la t ion  was  no t  possible  in  
t h e  p r e sen t  s t u d y  where  f l a t t e n e d  s y n a p t i e  vesicles h a v e  
n o t  been  observed .  

The  p r e sen t  resu l t s  the re fo re  show t h a t  t he  synapses  
of H. microstoma possess a l m o s t  all those  fea tu res  found  

in m a n y  h ighe r  i n v e r t e b r a t e  and  v e r t e b r a t e  synapses ,  
a n d  a t t e s t  to  an  ear ly  phy logene t i c  or igin of th i s  t y p e  of 
synapse .  Severa l  of these  features ,  however ,  h a v e  n o t  
been  obse rved  in o t h e r  p l a t y h e l m i n t h s  or in  coelentera tes .  
Fo r  example ,  whi le  smal l  p r e s y n a p t i c  dense  p ro jec t ions  
a n d  p o s t s y n a p t i c  t h i eken ings  h a v e  been  obse rved  in 
severa l  coe len te ra tes  la, ~*, ne i t he r  complex  vesicles n o r  
p r e s y n a p t i c  ne tworks  h a v e  been  descr ibed.  M a n y  of 
these  fea tures  observed,  however ,  m a y  app ly  on ly  to  
ce r t a in  types  of synapses  where  m e c h a n i c a l  s t r e n g t h  is 
of i m p o r t a n c e ~ .  Such  m a y  be  t he  case w i t h  t he  p r e s e n t  
mate r ia l ,  where  ,under  di f fer ing e x p e r i m e n t a l  condi t ions ,  
t he  ex t race l lu la r  space be tween  neur i t e s  m a y  be  var iab le ,  
t he  synap t i c  cleft  is of c o n s t a n t  d imens ions  ~6. F u r t h e r  
research  is r equ i red  to  al low d i f f e ren t i a t ion  be tween  
those  s t r u c t u r e s  assoc ia ted  w i t h  synap t i c  m e m b r a n e  
adhes ion ,  and  those  s t r u c t u r e s  associa ted  w i t h  chemica l  
t r an smi s s ion  a t  synapses .  
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Summary. Scann ing-  a n d  t r a n s m i s s i o n  e lec t ron  mic roscopy  show t h a t  t h e  spe rm h e a d  of Antedon bi/ida is conical  and  
t h u s  d i f fe ren t  f rom th e  spher ica l  s p e r m  h e a d  t h a t  is typ ica l  of cr inoids.  The  h e a d  consis ts  of t he  ac rosome a n d  t he  
nucleus.  The  pos te r io r  f i b rog ranu l a r  c o m p o n e n t  of t h e  ac rosome is housed  in a t ubu l a r ,  ax ia l  i n v a g i n a t i o n  r u n n i n g  
f rom the  an t e r i o r  pole a l m o s t  to  t he  pos te r io r  pole of t he  nucleus.  The  midd le  piece inc ludes  a m i t o c h o n d r i o n  a n d  a 
pa i r  of centr ioles.  One of t he  cent r io les  is a basa l  body,  wh ich  gives rise to  t he  ta i l  f lagel lum. 

I n  t he  e c h i n o d e r m  class Crinoidea,  t he  spe rm is d ivis ible  
in to  a head ,  a midd le  piece a n d  a tai l .  The  s p e r m  head  is 
a p p r o x i m a t e l y  spher ica l  in m a n y  species of s t a lked  and  
u n s t a l k e d  cr inoids  1 5. B y  con t ras t ,  a conical  spe rm head  
was r epo r t ed  for t he  c r i n o i d / i  ntedon bi/ida b y  CHADWICK s 
in 1907. I once  suspec ted  s t h a t  CHADWICK h a d  m i s t a k e n  
a spher ica l  h e a d  for a conical  head .  However ,  m y  r e c e n t  
e lec t ron  mic roscopy  h a s  shown  t h a t  CHADWICK w a s  
correc t  a n d  t h a t  I h a v e  been  t h e  m i s t a k e n  one, since t he  
spe rm h e a d  of Antedon bi[ida is indeed  conical .  The  
p r e s e n t  r e p o r t  descr ibes  t h e  f ine s t r u c t u r e  of spe rm f rom 
r ipe  male  spec imens  of Antedon bi/ida col lected a t  P ly-  
m o u t h ,  E n g l a n d  ~. The  m e t h o d s  for  t h e  scann ing-  a n d  
t r a n s m i s s i o n  e lec t ron  mic roscopy  h a v e  a l r eady  been  
p u b l i s h e d  e lsewhere  s. 

The  s c a n n i n g  e lec t ron  m i c r o g r a p h  (Figure 1) shows t he  
s p e r m  head ,  t he  midd le  piece a n d  t he  p r o x i m a l  p a r t  of 
t he  tail .  The  conical  spe rm h e a d  is 2 [zm in l e n g t h  b y  
1.1 ~m in m a x i m u m  wid th .  The  midd le  piece is 0.7 Fm 
long b y  1.3 ~m wide.  T he  tail ,  as measu red  f rom whole  
m o u n t s  of f resh ly  ki l led sperm,  is r o u g h l y  50 tzm long. 

T ransmi s s ion  e lec t ron  mic rog raphs  (Figure 2, a a n d  b) 
show t h a t  t he  spe rm h e a d  is m a d e  up  of an  acrosome a n d  
a nucleus.  The  ac rosome cons is t s  of a spher ica l  ac rosomal  
g ranu le  a n d  t h e  s u r r o u n d i n g  f i b r o g r a n u l a r  ma te r i a l .  T h e  
ac rosomal  g ranu le  is a b o u t  0.5 ~m in d iamete r ,  a n d  t h e  
pos te r io r  pole of t he  g ranu le  ha s  a smal l  c o n c a v i t y  0.05 ~m 
deep (Figure 2b).  The  granu le  is filled w i t h  a m o r p h o u s  
c o n t e n t s  of m o d e r a t e  e lec t ron  dens i ty .  The  f i b ro -g ranu l a r  
ac rosomal  m a t e r i a l  ou ts ide  of t h e  g ranu le  is d iv ided  in to  
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2 por t ions .  The  f i rs t  po r t i on  (Figure  2b, single arrow) 
encircles t he  m e r i d i a n  of t he  g ranu le ;  the  second po r t i o n  
(Figure 2b,  t w i n  arrows) is loca ted  j u s t  pos te r io r  to  t h e  
granule  in  a deep, t u b u l a r  i n v a g i n a t i o n  of t he  nucleus.  
This  i n v a g i n a t i o n  runs  ax ia l ly  f rom the  an t e r i o r  pole of 
t he  nuc leus  and  ends  b l i nd ly  j u s t  sho r t  of t he  pos te r io r  
pole of t he  nuc leus  (Figure 2 a). The  nuc lea r  c h r o m a t i n  is 
eve rywhere  condensed  a n d  appea r s  as c o m p a c t e d  gran-  
ules, each  a b o u t  300 ~_ in d iamete r .  

T h e  midd le  piece of t h e  spe rm con t a in s  a crescent-  
shaped  or a n n u l a r  m i t o c h o n d r i o n  (Figure 2, c and  d). 
Also p r e sen t  in  t he  midd le  piece are a dense  b o d y  an d  a 
pa i r  of centrioles.  The  dense  body,  wh ich  is n o t  v is ib le  
in  t he  figures,  m a y  poss ib ly  be  a lysosome. One of t h e  
two centr io les  gives rise t o  t he  ta i l  f lagel lum and  t h u s  is 
t h e  basa l  b o d y  (Figure  2 a). T h e  basa l  b o d y  a n d  t h e  o t h e r  
cent r io le  are usua l ly  o r i en ted  para l le l  to  each  o t h e r  

(Figure 2c). The  wal l  of t h e  basa l  b o d y  con t a in s  9 t y p i ca l  
t r i p l e t  f ibr i ls ;  b y  con t ras t ,  t h e  wal l  of t h e  o the r  cen t r io le  
(Figure 2c, arrow) con ta ins  9 t w i n  fibrils.  T h e  basa l  body ,  
b u t  n o t  t h e  o t h e r  centr iole ,  is associa ted  w i t h  a cen t r io la r  
sa te l l i te  complex  (Figure 2d) r e sembl ing  t h a t  seen in 
spe rm of o t h e r  ech inode rms  9. 

T h e  spe rm tai l ,  for m o s t  of i t s  l ength ,  is a t yp i ca l  
f lagel lum, wh ich  consis ts  of an  axia l  f i l amen t  complex  of 
2 c en t r a l  f ibri ls  a n d  9 s u r r o u n d i n g  doub le  f ibri ls  (Figure  
2 e). Scann ing  e lec t ron  mic roscopy  shows t h a t  t h e  pos te r io r  
2 or 3 ~zm of t h e  ta i l  is a t e r m i n a l  piece w i t h  a d i a m e t e r  
r o u g h l y  ha l f  t h a t  of t h e  unmodi f i ed  f lagellum. W i t h i n  
the  t e r m i n a l  piece, t h e  f ibri ls  of t h e  axia l  f i l amen t  complex  
become  d isorganized  a n d  reduced  in n u m b e r  (Figure 2e, 
lower r ight ) .  

I t  is r easonab le  to  a s sume  t h a t  Antedon bi]ida w i t h  i ts  
conical  s p e r m  heads  e v o l v e d  f rom cr inoid  ances to r s  w i t h  
spher ica l  spe rm heads.  However ,  t h e  a d a p t i v e  s ignif icance 
of th i s  change  f rom spher ica l  to  conical  is n o t  clear.  
FRAZ]~N 10 has  a rgued  t h a t  t h e  e v o l u t i o n a r y  change  f rom 
spher ica l  to  e longa ted  spe rm h e a d s  is co r re l a t ed  w i t h  a 
change  f rom ex t e rna l  to  i n t e r n a l  fer t i l iza t ion.  Y e t  th i s  
e x p l a n a t i o n  can  n o t  ho ld  for Antedon bi/ida, a species 
w i t h  ex t e rna l  fer t i l iza t ion.  A l t e rna t ive ly ,  t h e  egg in- 
v e s t m e n t s  of Antedon bi/ida m i g h t  differ  f rom those  of 
o the r  cr inoids  an d  t h u s  requi re  a special ized spe rm for 
p e n e t r a t i o n .  Th i s  poss ib i l i ty  should  be  t e s t ed  b y  a com- 
p a r a t i v e  s t u d y  of egg i n v es t men t s ,  ae rosome reac t ions  
and  o the r  sperm-egg in t e r ac t i ons  in  Antedon hi[ida a n d  in 
cr inoids  w i t h  typical ,  spher ica l  spe rm heads .  

For  t h e  sake  of comple teness ,  i t  shou ld  be  a d d e d  t h a t  
FIELD 11 m i s t a k e n l y  r epo r t ed  t h a t  Antedon mediterranea 
has  a conical  spe rm head .  My own o b s e rv a t i o n s  h~ve  
shown  t h a t  th i s  species h a s  a spher ica l  spe rm h e a d  ~. 
Final ly ,  a r ecen t  compi l a t i on  of spe rm shapes  in echino-  
de rms  5 gives me  credi t  for c la iming  t h a t  t h e  spe rm head  of 
Antedon adriatica is shper icaL I n  t r u t h ,  I h a v e  n e v e r  seen 
t h e  spe rm of t h i s  species, a n d  I h a v e  neve r  c o m m u n i c a t e d  
a n y  such  i n f o r m a t i o n  to anyone .  

Fig. 1. A scanning electron micrograph of the head, middle piece and 
part of the tail of a sperm of Antedon biJida. The anterior end of the 
head is pointing toward the left. • 15,500. 

Fig. 2. Transmission electron micrographs of sperm of Antedon 
biJida, x 19,000. a) Transverse section of the head, middle piece and 
part of the tail oriented as in Figure 1. Conspicuous features from left 
to right are the following: acrosomal granule; nucleus with tabular 
invagination; middle piece with mitochondrion and basal body; 
and flagellar tail. b) Transverse section of antertior third of the sperm 
head showing the following acrosomal components: granule with 
small posterior concavity; meridional fibrogranular component (single 
arrow); and posterior, axial fibrogranular component (twin arrows). 
e) Cross section of the middle piece showing the annular mitochon- 
drion and the pair of centrioles. The centriole which is not the basal 
body is indicated by the arrow, d) Cross section of the middle piece 
slightly posterior to Figure 2c. The centriolar satellite complex 
radiates from the basal body. e) Cross sections of several sperm tails. 
A cross section of a terminal piece is at the lower right. 
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