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ABSTRACT: The cerithiacean Obtortio cf. fulva produces three distinct types of spermatozoa: (1) 
paraspermatozoa, (2) euspermatozoa and (3) eusperm-like spermatozoa. Like most mesogastropods, 
euspermatozoa of Obtortio are composed of a conical acrosome, short posteriorly invaginated 
nucleus, elongate midpiece and glycogen piece, and short terminal region. The midpiece, however, 
is distinctly cerithiacean in structure and is composed of four non-helical midpiece elements. 
Eusperm-like spermatozoa closely resemble euspermatozoa, but have a very short nucleus only one 
half to one third the length of the euspermatozoon nucleus. Paraspermatozoa of this species are 
composed of (1) "head" (mosaic sheath of dense blocks enveloping multiple axonemes which attach 
anteriorly to a long apical structure), (2) "midpiece" (multiple axonemes interspersed with elongate 
mitochondria), and (3) multiple tail tuft (axonemes each ensheathed by glycogen granules). The 
possible role of eusperm-like spermatozoa is briefly discussed together with the taxonomic implica- 
tions of the structure of the three sperm types. 

INTRODUCTION 

Previous l ight  and e lec t ron-microscopic  studies have  shown that two " types"  of 
sperm are produced  in the gonads  of many  meso- and neogast ropods  - these commonly  

be ing  referred to as "a typica l  spermatozoa"  and " typical  spermatozoa".  Hea ly  

& Jamieson  (1981) brief ly r ev i ewed  te rminology and proposed "paraspermatozoa"  and 

"euspermatozoa"  to replace  the mis lead ing  terms "atypical  spermatozoa"  and "typical  

spermatozoa"  whils t  re ta in ing the term "paraspermat ic  cel l"  of Melone  et al. (1980) to 
refer col lect ively  to both paraspermatozoa  and the euspe rm-bear ing  "nurse  cel ls" of 

Littorina (see Buckland-Nicks  & China, 1977). Occas ional ly  another  type of spermato- 

zoon occurs (referred to as "o l igopyrene  spermatozoa"  by Kohnert  [1980] and as "micro- 

typical  spermatozoa"  by Nishiwaki  & Tochimoto [1969]) - this type closely resembl ing  
euspermatozoa  but  possessing a s ignif icant ly shorter nucleus.  In the absence  of informa- 

tion concern ing  the function of these spermatozoa,  it is proposed  to refer to them as 
eusperm- l ike  spermatozoa.  The present  study descr ibes  the ultrastructure of parasper-  

matozoa,  euspermatozoa  and eusperm- l ike  sperematozoa  in the sperm duct and gona-  

dial  t issues of Obtortio el. fulva and is the first report  of all three  sperm " types"  in any 

cer i th iacean snail. 
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MATERIALS AND METHODS 

Live, mature O b t o r t i o  cf. [ u l v a  (Watson) were sieved at low tide from mud- sand  at 
Lota (Moreton Bay, South Queensland) .  After removal of the-shells, the anterior  half of 
sperm-conta in ing  indiv iduals  (that is, sperm duct and  gonadia l  tissues) were immedi-  
ately fixe d for 2 h in cold, phosphate-buffered (0.1 M) 2.5 % glu tara ldehyde (crystalline 
sucrose added to give fixative in  2.5 % sucrose solution). Subsequen t ly  the tissue pieces 
were (1) washed in phosphate  buffer (sucrose added), (2) post-fixed in  a 1% phosphate-  
buffered osmium tetroxide solution (sucrose added) for 80 m, (3) aga in  r insed in  buffer, 
(4) dehydrated us ing a graded series of ethanols and (5) infi l trated and  e m b e d d e d  in 
Spurr 's medium.  All stages up to and  inc lud ing  70 % ethanol  were ma in t a ined  at 0-4 °C 
and  thereafter at room temperature.  Ultrathin sections were cut us ing  an LKB IV 
Ultrotome, collected on uncoa ted  200 mesh copper grids and  s ta ined with uranyl  acetate 
and  lead citrate. Grids were examined  with a Siemens Elmsikop I t ransmiss ion electron 

Voucher specimens  are be ing  deposited in  the Aust ra l ian  Museum microscope. 
(Sydney). 

RESULTS 

E u s p e r m a t o z o a  a n d  e u s p e r m - l i k e  s p e r m a t o z o a  

A c r o s o m  e 

The acrosomal cone of the euspermatozoon is 0.75 ~m in  length,  deeply  invag ina ted  
and  rests on a thin basal  plate capping the nuclear  apex (Figs 1, 6, 26b; see also Figs 7, 8). 
The axial rod lies wi th in  the cone invag ina t ion  and  is composed of an  e lect ron-dense  
cyl inder  (sometimes fil led with a granular  material). 

In longi tudina l  section, the acrosomal cone of the eusperm-l ike  spermatozoon 
closely resembles that of the euspermatozoon but  is not iceably  less deeply  invag ina ted  
(Figs 2, 3, 9, 26d). In transverse sections through and  above the acrosomal cone 
invaginat ion,  it is difficult to determine whether  such sections are taken  through 
acrosomes of euspermatozoa or eusperm-l ike  spermatozoa (Figs 7, 8). 

Nucleus 

The nucleus of the euspermatozoon is approximately 3 ~m in length, invaginated 
posteriorly and oval in transverse section (Figs i, 5, 10, 11). Both anteriorly and 
posteriorly the nucleus tapers slightly. Only the 9+2 microtubular pattern could be 
detected within the nuclear invagination - this becoming obscured within the innermost 
portion of the invagination by the dense attachment matrix (Figs 5, I0, 11). 

In comparison to euspermatozoa, the nuclei of eusperm-like spermatozoa are very 
short (see Fig. 1, 26d). There appears to be some variation in the length of nuclei of 
eusperm-like spermatozoa (I-1.4 ~m in length) and consequently the relative depth of 
the posterior invagination (see Figs 2-4). The posterior invagination of Lhe nucleus 
contains the proximal portion of the axoneme and dense attachment material (Figs 12, 
13) as observed in euspermatozoa. 

Midpiece 

Midpieces of both euspermatozoa and eusperm-like spermatozoa are composed of 
four, equal-sized midpiece elements (each constructed of curved, parallel cristal plates), 
non-helically arranged around the axoneme (Fig. 14). In both euspermatozoa and eus- 
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p e r m - l i k e  s p e r m a t o z o a ,  f l a n g e  s t r u c t u r e s  fo rm t h e  in i t ia l  p o r t i o n  of t he  m i d p i e c e  e le -  

m e n t s  b u t  do  no t  e x h i b i t  any  cr is ta l  p l a t e  c o m p o n e n t .  T h e s e  f l a n g e s  are  m o r e  p r o m i n e n t  

in  e u s p e r m a t o z o a  (Figs 5, 26b) t h a n  in  e u s p e r m - l i k e  s p e r m a t o z o a  (Figs 2-4).  It does  no t  

a p p e a r  to b e  p o s s i b l e  to d i f f e r e n t i a t e  b e t w e e n  m i d p i e c e s  of e n s p e r m a t o z o a  a n d  eus -  

f.~!~,.....f 
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Figs 1-9. 1. Ac rosome and  nuc leus  of euspermatozoon.  Inset  - Acrosome and  nuc leus  of eusperm-  
like spermatozoon ( x 18700); 2-4. Acrosome, nucleus and proximal region of midpiece of eusperm- 
like spermatozoa showing variation in nuclear length (X 37300); 5. Base of euspermatozoon with 
attached axoneme. Note midpiece flange structures (X 37300); 6. Acrosome of euspermatozoon 
(x42700); 7-8. Transverse sections through anterior (7: × 53300) and posterior (8: x 66700) of 
acrosomes of either euspermatozoa or eusperm-like spermatozoa; 9. Acrosome and nucleus of 
eusperm-like spermatozoon ( x 37300). Abbreviations: a - acrosome, ac - acrosomal cone, ar - axial 

rod, bp - basal plate, f - midpiece flange structures, M - midpiece, n - nucleus 
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p e r m - l i k e  s p e r m a t o z o a  i n  t r a n s v e r s e  s e c t i o n s  (Fig. 14, 26e) b u t  f rom p h a s e - c o n t r a s t  l i g h t  

m i c r o s c o p y  t he  l e n g t h  of t h e  e u s p e r m - l i k e  s p e r m a t o z o o n  m i d p i e c e  is u s u a l l y  l o n g e r  

( 5 0 - 6 0  ~tm, Fig.  26c) t h a n  t h a t  of t h e  e u s p e r m a t o z o o n  ( 4 0 - 4 5  ~m, Fig.  26a).  

m, 

]Figs 10-18. 10-11. Transverse sections of euspermatozoa at anterior  (10) and posterior (11) levels of 
nuclear  invaginat ion ( x 40000); 12-13. Transverse sections of eusperm-]ike spermatozoa at anterior  
(12) and posteIior (13) levels of nuclear  invaginat ion  (X 40000); 14. Transverse section of midpieces  
of euspermatozoa or eusperm-]ike spermatozoa (x  27700), Inset - t ransverse sections of glycogen 
pieces of euspermatozoa or eusperm-l ike  spermatozoa (x  33300); 15. Junct ion of midpiece and 
glycogen piece of euspermatozoon or eusperm-l ike  spermatozoon ( × 40000)~ 16. Complete  head  of 
paraspermatozoon (×  6700)i 17. Apex of paraspermatozoon (x  27700), I n s e t -  t ransverse section of 
dense rods of axonemaI a t t achment  complexes ( × 24700); 18. Apex of paraspermatozoon showing at 
]east two at tached a×onemes (× 32000). Abbreviat ions:  as - apical  structure of paraspermatozoen,  
db - dense  blocks of mosaic sheath,  dr - dense  rods of axonemal a t t achment  complexes, d r s -  dense  

r ing structure, gp - glycogen piece, h - head  of paraspermatozoon, M - midpiece 
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Dense ring structure, glycogen piece 

From phase-con t ras t  l ight  microscopica l  studies,  both  euspe rma tozoa  and eusperm-  
l ike  spermatozoa  possess  a g lycogen  p i ece  p roceed ing  pos ter ior ly  from the midpiece .  In 
euspermatozoa ,  the  Iength  of the  g l y c o g e n  p iece  is app rox ima te ly  20 ~m whi le  in  
eu spe rm- l i ke  spermatozoa,  the  g l y c o g e n  p i ece  is s l ig th ly  longer  (24-30 ~m, Figs 26a, c). 
Occas iona l ly  much  longer  g lycogen  p ieces  were  obse rved  in euspe rm- l ike  spermatozoa  
(60 pm). Under  the  e lec t ron  microscope  it is imposs ib le  to di f ferent ia te  b e t w e e n  glyco- 
gen  p ieces  of euspe rma tozoa  and  euspe rm- l i ke  spermatozoa  - both  consis t ing of n ine  
long i tud ina l  tracts of g ranu les  assoc ia ted  with  the  n ine  axonemal  double t s  (Fig. 14, 
inset;  see  also Figs  18, 26g) Similar ly ,  the  dense  r ing structure obse rved  at the junct ion of 
m i d p i e c e  and  g lycogen  p i ece  (Fig. 15, 26f) is p r o b a b l y  found in both  euspe rmatozoa  and  
euspe rm- l ike  spermatozoa .  A tai l  r eg ion  forms the poster ior  reg ion  of both  eusper-  
matozoa  (10 ~m) and  euspe rm- l i ke  spe rmatozoa  (20-80 ~m). 

P a r a s p e r r n a t o z o a  

Each mature  Obtortio pa ra spe rma tozoon  is d iv is ib le  into "head" ,  "midp iece"  and  
"tai l  tuft" (Figs 16, 22, 26h, i). 

"'I-lead'" 

The "head"  consists of a va r i ab le  n u m b e r  of axonemes  (5-10, usua l ly  5), su r rounded  
by  a mosaic  shea th  of dense  blocks.  An  e longate ,  appa ren t ly  f lexible  structure forms the 
apex  of the  head .  Commonly  two or th ree  e lec t ron-dense  a t t achment  rods are obse rved  
f ixed to this ap ica l  structure,  anchor ing  thei r  respec t ive  axonemes  (Figs 17, 18, 26i, j). 
Transverse  and long i tud ina l  sect ions th rough  the anter ior  por t ion of the  h e a d  ~Figs 17, 
19, 26j, k) r evea l  that  the a t t achment  complexes  are s t ructura l ly  s i m i l a r  tO those 
demons t ra t ed  by  H e a l y  & Jamieson  (1981) for Pyrazus ebeninus, with  the  except ion  that  
in Obtortio the 9-F 2 mic ro tubu le  pa t t e rn  of each  axoneme  persis ts  into the base  of each 
a t t achment  rod. Transverse  sect ions th rough  the midd l e  and  lower  regions  of the  h e a d  
most commonly  show four or five axonemes  (Figs 20, 11) but  occas iona l ly  (Fig. 25) up to 
ten  axonemes  may  be  present .  

Midpiece, tail tuft 

The mul t ip le  axonemes  in the  most poster ior  reg ion  of the  h e a d  become  in te r spersed  
wi th  e longa te  mi tochondr ia ,  i nd ica t ing  that  (sometimes cons iderab le)  over lap  b e t w e e n  
" m i d p i e c e "  and  "head"  regions  does  occur (Figs 21-24, 261). The  mul t ip le  axonemes  
e m e r g e  from the m i d p i e c e  reg ion  as the  tai l  tuft (Pigs 22, 26i, m) - each axoneme  
e n s h e a t h e d  by  a (usually) s ingu la r  l aye r  of e lec t ron-dense  (p resumably  glycogen)  
granules .  Dense  r ing  structures are assoc ia ted  with  each  e m e r g e n t  tai l  and  are p robab ly  
homologous  to dense  r ing  structures of euspermafozoa  and  euspe rm- l i ke  spermatozoa  
(Fig. 26m). 

DISCUSSION 

P a r a s p e r m a t o z o a  

The structure of Obtortio paraspe r ina tozoa  shows features  obse rved  in ce r i th iacean  
pa r a spe rma tozoa  (Healy & Jamieson,  1981; Melone  et al., 1980; Yasuzumi  et al., 1962), 
v iv ipa r acean  pa rasper rna tozoa  (Anderson & Personne,  1970, 1976; Gall ,  1961; Hachi r i  & 
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H i g a s h i ,  1972, 1974; I s h i z a k i  & Kato,  1958; T a n a k a ,  1958~ Y a s u z u m i  & T a n a k a ,  1958; 

Y a s u z u m i  e t  aL, 1970), a n d  c y c l o p h o r a c e a n  p a r a s p e r m a t o z o a  ( S e l m i  & Gius t i ,  1980). 

M o s t  p o s s e s s  a m o s a i c  (head)  s h e a t h  of d e n s e  b l o c k s  (in p a r a s p e r m a t o z o a  of Viviparus 

• " 5  

Figs 19~...25. 19. Transverse section through anterior region of heads  of two paraspermatozoa 
(× 33300); 20. Transverse section through middle  region of paraspermatozoon head  (× 33300); 21. 
Transverse section of posterior region of paraspermatozoon head  showing infiltration of midpiece 
mitochondria  ( × 33300); 22. Longitudinal  section of posterior portion of head,  midpiece  and  tail tuft. 
Arrows indicat ing posit ion of dense  r ing structures (X 13700); 23. Head-midpiece  overlap zone 
(×  33300)~ 24. Transverse section of midpiece  (×  33300); 25. Transverse section of paraspermato-  
zoon head  showing ten axonemes  (x  21300). Abbreviat ions:  ax - axoneme,  db  - dense  blocks of 
mosaic sheath,  dr - dense  rod of axonemal  a t tachment  complexes, m - mitochondrion,  t - mult iple  

tails 
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Fig. 26. E u s p e r m a t o z o a ,  e u s p e r m - l i k e  s p e r m a t o z o a  a n d  p a r a s p e r m a t o z o a  of Obtortio cf. futva (semi-  
d i a g r a m m a t i c ) ,  a, b: E u s p e r m a t o z o a .  En t i re  e u s p e r m a t o z o o n  (a, x 1500), a c ro some ,  n u c l e u s  a n d  
p r o x i m a l  por t ion  of m i d p i e c e  (b, X 40000). c, d: E u s p e r m - l i k e  spe rma tozoa .  Ent i re  e u s p e r m - l i k e  
s p e r m a t o z o o n  (c, × 1500), a c rosome ,  n u c l e u s  a n d  p r o x i m a l  por t ion  of m i d p i e c e  (d, × 40000). e: 
T r a n s v e r s e  sec t ion  of m i d p i e c e  of e u s p e r m a t o z o o n / e u s p e r m - l i k e  s p e r m a t o z o o n  s i m u l t a n e o u s l y  
s h o w i n g  t h e  cr is tal  p l a t e  s t ruc tu re  of all  four  m i d p i e c e  e l e m e n t s  (×  50000). f: J u n c t i o n  of m i d p i e c e  
a n d  g l y c o g e n  p i e c e  of e u s p e r m a t o z o o n / e u s p e r m - l i k e  s p e r m a t o z o o n  (×  50000). g: T r a n s v e r s e  sec-  
t ion  of g l y c o g e n  p i e c e  s h o w i n g  n i n e  t racts  of g r a n u l e s  a s soc i a t ed  w i t h  a x o n e m a l  doub l e t s  
( x  50000). h - m :  P a r a s p e r m a t o z o a .  Ent i re  p a r a s p e r m a t o z o o n  (h, × 1500), l o n g i t u d i n a l  s ec t ion  of 
h e a d ,  m i d p i e c e  a n d  ta i l  tuft  (i, X 15000), ap i ca l  s t ruc tu re  w i th  a t t a c h e d  a x o n e m e s  (j, × 30000), 
t r a n s v e r s e  sec t ion  n e a r  a p e x  of m o s a i c  s h e a t h  of h e a d  (k, × 30000), t r a n s v e r s e  sec t ion  b a s e  of 
m o s a i c  s h e a t h  of h e a d  s h o w i n g  i n t r u s i o n  of m i t o c h o n d r i a  (1, × 30000), de ta i l  of m i d p i e c e  a n d  
p r o x i m a l  por t ion  of e m e r g e n t  ta i ls  (m, × 20000), a r rows  s h o w i n g  d e n s e  r ing  s t ructure .  A b b r e v i a -  
t ions:  a - a c rosome ,  ac  - a c r o s o m a l  cone,  ar  - ax ia l  rod, as  - ap i ca l  s t ruc tu re  (of p a r a s p e r m a t o z o o n ) ,  
a x  - a x o n e m e ,  b p  - b a s a l  p la te ,  dr  - d e n s e  rod  of a t t a c h m e n t  c o m p l e x  (of p a r a s p e r m a t o z o o n ) ,  f - 
f l a n g e  s t ruc tu re s  of m i d p i e c e ,  g p  - g l y c o g e n  p iece ,  m - mi tochondr i a ,  M - m i d p i e c e ,  n - n u c l e u s  
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malleatus, these  b locks  are  composed  of g lycopro te in  - Yasuzumi  et al., 1970) and  al l  
possess  mul t ip le  axonemes  which  form a tai l  tuft. A dis t inct  " m i d p i e c e "  has  also been  
obse rved  in pa r a spe rma tozoa  of Pyrazus ebeninus (Healy  & Jamieson ,  1981), o ther  
ce r i th iaceans  (Nishiwaki ,  1964; pe r sona l  observat ions)  and  m a y  be  p resen t  in  pa ra spe r -  
matozoa  of Turritella communis (see Melone  et  al., 1980). In p a r a s p e r m a t o z o a  of Pyrazus 
( H e a l y & J a m i e s o n ,  1981), Turritella (Melone et al., 1980) and  Melania libertina 
(Yasuzumi et al., 1962), nuc lea r  mate r ia l  is p resen t  in the  form of a h igh ly  condensed  
nuc lea r  core which  runs  a lmos t  the  full  l eng th  of the h e a d  r eg ion  and  is su r rounded  by  
the dense  b locks  of the  mosa ic  sheath.  In pa r a spe rma toz oa  of Cochtostoma montanum 
(Selmi & Giusti,  1980) the  nuc lea r  core is sur rounded  by  axonemes  and  sca t te red  dense  
blocks.  No nuc lear  core has b e e n  de tec ted  in Obtortio paraspe rma tozoa .  Whi le  the  
mul t ip le  axonemes  of Pyrazus and Turritella pa ra spe rma tozoa  a t tach to the  nuc lea r  core 
at  or nea r  the  base  of the  head ,  axonemes  of Obtortio p a r a s p e r m a t o z o a  pene t r a t e  d e e p  
into the  mosaic  shea th  and  a t tach  anter ior ly  to the  dense  e longa te  ap ica l  structure.  

The associa t ion of mul t ip le  axonemes  and  nuc lea r  core (or remnant )  in Pyrazus 
(Healy & Jamieson,  1981), Turritella (Melone et al., 1980), cer i th i ids  (Healy, in p r epa ra -  
tion), v iv ipar i ids  (Gall,  1961; Ishizaki  & Kato, 1958; Tanaka ,  1958; Yasuzumi  & Tanaka ,  
1958) and  the cyc lophoracean  Cochlostoma montanum (Selmi & Giusti ,  1980) sugges ts  
that  the  apica l  s t ructure of Obtortio pa ra spe rma tozoa  is a nuc lea r  r e mna n t  and  not  
therefore  comparab le  wi th  the  "ac rosome- l ike  s tructure" demons t r a t ed  by  Hea ly  & 
Jamieson  (1981) in p a r a s p e r m a t o z o a  of Pyrazus ebeninus. Similar ly ,  the  ap ica l  body  (to 
which  mul t ip le  axonemes  are  a t tached)  observed  in p a r a s p e r m a t o z o a  of Pusinus pul- 
chellus (and p r o b a b l y  Trunculariopsis trunculus) by  Melone  et  al. (1980) m a y  also 
r ep re sen t  nuc lea r  remnants .  The  poss ib l i ty  that  the  ap ica l  s t ructure of Obtortio pa raspe r -  
matozoa  is a dense  b lock  mod i f i ed  for axoneme  a t t achment  cannot,  as  yet, be  dismissed.  

As observed  in p a r a s p e r m a t o z o a  of v iv ipa raceans  (see Ander son  & Personne,  1970, 
1976; Hachi r i  & Higashi ,  1972, 1974; Ishizaki  & Kato, 1958) al l  ta i ls  of Obtortioparasper- 
matozoa  are  e n s h e a t h e d  by  e lec t ron-dense  (glycogen) g ranu le s  as d is t inct  from para -  
spe rmatozoa  of Pyrazus (Healy  & Jamieson ,  1981) in which  only  a s ing le  ta i l  of the  tai l  
tuft is en shea thed  by  granules .  

From an  inves t iga t ion  of ce r i th iacean  pa r a spe rma toz oa  (Healy,  in prepara t ion) ,  it 
appea r s  that  deep  pene t r a t i on  of the  mul t ip le  axonemes  into the  mosaic  shea th  is 
common in po tamid ids  and not  l imi ted  to pa r a spe rma tozoa  of Obtortio and  v iv ipara -  
ceans. 

E u s p e r m a t o z o a  

Al though  euspe rma tozoa  of Obtortio loosely  r e s e m b l e  those of some mesogas -  
tropods,  no tab ly  in the  shape  of the nucleus  and /o r  acrosome (see Bulnheim,  1962; 
Giusti ,  1969, 1971; Gius t i  & Mazzini ,  1973; Griffond, 1980; Kohnert ,  1980; Koike  & 
Nish iwaki ,  1980) the  s t ructure  of the  m i d p i e c e  c lear ly  ind ica tes  a c lose re la t ionsh ip  wi th  
other  cer i th iaceans ,  in par t icular ,  the  Po tamid idae  (Healy, 1982; Healy ,  in prepara t ion) .  
Al l  ce r i th iacean  euspe rma tozoa  that  have,  to date,  b e e n  e x a m i n e d  ul t ras t ructural ly ,  
possess  four midp iece  e l emen t s  a r r a n g e d  non-he l i ca l ly  a round  the axoneme  (Healy,  
1982; see  also Giusti ,  1971 [Cerithium] and  Melone  et  al., 1980 [Turritella]). M i d p i e c e  
e l emen t s  of these  cer i th iaceans ,  v iv ipa raceans  (Anderson,  1970; Ande r son  & Personne,  
1970, 1976; Gall,  1961; Griffond, 1980; Kaye, 1958; Tanaka ,  1958; Yasuzumi,  1962; 
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Yasuzumi  & Tanaka ,  1958) and  the cyc lophoracean  Cochlostoma (Selmi & Giusti ,  1980) 
are composed  of pa ra l l e l  cristal  p la tes  as dis t inct  from the structure of euspe rmatozoa  of 
o ther  mesogas t ropods  (Buckland-Nicks ,  1973; Bulnheim,  1962; Giusti ,  1969, 1971; Gius t i  
& Mazzini ,  1973; Kohnert ,  1980; Koike & Nish iwaki ,  1980) and  of neogas t ropods  (Walker  
& MacGregor ,  1968; West,  1978). Selmi  & Giust i  (1980) have  demons t ra t ed  the  p resence  
of "c rys ta l l ine  depos i t s"  b e t w e e n  cr is tae in Cochlostoma montanum. Such deposi ts  have  
not  b e e n  repor ted  in euspe rma tozoa  of any  v iv ipa racean  or ce r i th i acean  ( inc luding 
Obtortio). 

E u s p e r m - l i k e  s p e r m a t o z o a  

Both euspe rma tozoa  and  e u s p e r m - l i k e  spermatozoa  have  b e e n  demons t ra t ed  in 
ep i ton i ids  (these b e i n g  a t t ached  exc lus ive ly  to different  " types"  of pa r a spe rma tozoa  - 
N i sh iwak i  & Tochimoto,  1969), in Bithynia tentaculata (Ankel,  1924, 1933; Kohnert ,  
1980) and  in teres t ingly ,  in the ne r i t acean  Waldemaria japonica (Tochimoto, 1967). 
Euspe rm- l ike  spe rmatozoa  of epi toni ids ,  Bithynia, Waldemaria and  Obtortio all  have  
nuc le i  much shorter  than  their  (respective) euspermatozoa .  In Obtortio, the  midp iece  and  
g lycogen  p i ece  reg ions  are  longer  in  eu spe rm- l i ke  spermatozoa  than  in euspermatozoa ,  
whi l e  e u s p e r m - l i k e  spermatozoa  of epi toni ids ,  Bithynia and Waldemaria possess  mid-  
p i e c e s / g l y c o g e n  p ieces  shorter  t han  those  of euspe rma tozoa  (phasecontras t  l ight  micros-  
copic  observat ions) .  

N i sh iwak i  & Tochimoto  (1969) repor t  that  both  "macro-  and  micro- typ ica l  sper-  
matozoa"  (euspermatozoa  and e u s p e r m - l i k e  spermatozoa)  of ep i ton i ids  react  pos i t ive ly  
to F e u l g e n  ("head")  and  PAS ("tail '  ') tests  and  conc lude  (p. 43) that  "it  is difficult  to th ink  
that  micro- typ ica l  spermatozoa  have  no fer t i l iz ing capabi l i ty ,  be c a use  it seems h igh ly  
i m p r o b a b l e  that  non-funct ional  spe rmatozoa  are p r o d u c e d  more numerous ly  than  func- 
t ional  ones" .  The  results  p r e sen t ed  in this s tudy on Obtortio l end  suppor t  to this 
conclusion.  N i sh iwak i  & Tochimoto  (1969) also po in t  out that  s ince ep i ton i ids  are 
p ro tandr ic  gas t ropods ,  a s ex -de t e rmin ing  role for "micro- typ ica l  spermatozoa"  (eus- 
p e n n - l i k e  spermatozoa)  is not  poss ib le  (at least ,  p re sumab ly ,  wi th in  the  Epi toni idae) .  

Prom studies  of a la rge  number  of mesogas t ropods  ( including many  cer i thiaceans)  
the  p re sen t  author  has,  to date,  only  obse rved  euspe rm- l i ke  spermatozoa  in Obtortio cf. 
fulva and  must  therefore  conc lude  that  it  is most  u n l i k e l y  that  e u spe rm- l i ke  spermatozoa  
are  invo lved  wi th  sex-de te rmina t ion .  Euspermatozoa  of Obtortio are s t ructural ly  very  
s imi lar  to euspe rma tozoa  of other  cer i th iaceans  (Giusti,  1971; Healy ,  1982; Healy,  in 
prepara t ion)  whi l e  the  smal l  size of the  nuc leus  of euspe rm- l ike  spe rmatozoa  sugges ts  
that  less than  the hap lo id  number  of chromosomes  is p resen t  in these  sperm. Al though  
the role of pa r a spe rma tozoa  is p r e s u m a b l y  one of nut r i t ional  suppor t  of euspe rma tozoa  
(see H e a l y  & Jamieson ,  1981), the  funct ion of euspe rm- l ike  spermatozoa  cannot,  as yet, 
be  sat isfactor i ly  de te rmined .  

It is difficult  to sugges t  a p l aus ib l e  role (or roles) for eusper rn- l ike  spermatozoa,  but  
p r e suming  that  they  are funct ional  cells,  the fo l lowing roles are  poss ib le :  (1) fer t i l izat ion 
of eggs,  (2) pa r t henogene t i c  s t imula t ion  of egg  d e v e l o p m e n t  or (3) that  euspe rm- l ike  
spermatozoa  are  pa r a spe rma tozoa  and  provide  nutr ients  for euspe rma tozoa  before  or 
after en t ry  into the  reproduc t ive  tract  of the rec ip ien t  female.  The  p resence  of an  
acrosome and  mot i le  midp iece  and  g lycogen  p iece  in all  e u spe rm- l i ke  spermatozoa  
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sugges ts  that  pene t r a t ion  of eggs  (that is [1] and  [2]) is poss ib le ,  and,  a s suming  that  
eu spe rm- l i ke  spermatozoa  are capab le  of (1) or (2), they  m a y  be  i n t e n d e d  for long- te rm 
s torage  in the  rec ip ien t  snai l  (enhanc ing  the reproduc t ive  f lexibi l i ty  of the  species?).  An  
u l t ras t ruc tura l  examina t ion  of the  eggs  of Obtortio, Bithynia, epi ton i ids  and  Waldemaria 

m a y  prov ide  useful  informat ion concern ing  the true purpose  of e u s p e r m - l i k e  sper-  
matozoa.  

T a x o n o m i c  s i g n i f i c a n c e  of Obtor t i o  s p e r m a t o z o a  

The  genus  Obtortio Hedley ,  1899; has  b e e n  p l a c e d  into var ious  famil ies  inc lud ing  
Rissoidae (Laseron, 1950), F ine l l i dae  (Thiele, 1931), Cer i th i idae  (Ludbrook, 1941), Dias-  
t oma t idae  (Dias tomidae  - Ludbrook,  1957) and  p l a c e d  into a s epa ra t e  family  - Obtor-  
t ion idae  - by  I redale  & M c M i c h a e l  (1962). Accord ing  to Houbr i ck  ( 1981) the re la t ionship  
of Obtortio to other  ce r i th iaceans  is uncer ta in .  The p resen t  s tudy prov ides  very  useful  
informat ion concern ing  the taxonomic  posi t ion of Obtortio cf. fulva (Fig. 27) and  

Fig. 27. Shells of Obtortio cf. fulva (× 13) 

p r e s u m a b l y  other  spec ies  of Obtortio. (1) The structure of the  euspe rma tozoon  (and 
euspe rm- l i ke  spermatozoon)  m i d p i e c e  is as obse rved  in many  p o t a m i d i d  spec ies  (Healy, 
in prepara t ion)  - that  is, composed  of four equa l - s i zed  m i d p i e c e  e lements .  However ,  the 
acrosome differs in structure from these  potamidids .  (2) A l though  the  pa ra spe rma tozoon  
most c losely  r e sembles  those of m a n y  po t amid ids  (Healy, in prepara t ion)  the  structure of 
the pa ra spe rma tozoon  apex  is not s imi lar  to any s tud ied  cer i th iacean.  (3) In the  
Cer i th iacea ,  euspe rm- l ike  spermatozoa  have  only been  obse rved  in Obtortio (this study). 
These  s ignif icant  differences,  in par t i cu la r  the possess ion of eu spe rm- l i ke  spermatozoa,  
m a y  ind ica te  the  need  for a sepa ra te  fami ly  (Obtor t ionidae  of I reda le  & McMichae l ,  
1962) for these  minute  cer i th iaceans ,  but  this wil l  d e p e n d  on the resul ts  of further 
u l t ras t ructura l  s tudies  on other  spec ies  of Obtortio and (more genera l ly)  o ther  cer i th ia-  
ceans.  
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