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ABSTRACT: The ultrastructure of the mature spermatozoa of four polychaetes is described: Hrdafia 
sp. (Phyllodocidae), Lepidonotus sp. (Polynoidae), Lumbrineris sp. (Lumbrineridae) and Owenia 
[usiformis (Oweniidae). All the sperm show features typical of externally fertilizing sperm in having 
a rounded nucleus, a short unmodified midpieee, and a simple flagellum with a 9+2 axoneme. 
Owenia [usiformis and Lepidonotus sp. have a nuclear cone extending into the subaerosomal space 
that may act to present the inner acrosomal membrane to the egg during fertilization. The acrosome 
of Lumbrineris sp. is flattened and crenulated. The sperm of Eulah'a sp. is unusual in having the four 
mitoehondria of the midpiece ensheathed by a membrane. Comparisons are made with other 
polychaete sperm, and the use of sperm ultrastrncture as a taxonomic tool within the Polychaeta is 
discussed. 

INTRODUCTION 

External fertilization is common amongst  members  of the Polychaeta. To date, the 
pubhshed  ultrastructural studies of the sperm of polychaetes utilizing external  fertiliza- 
tion include those on the chaetopterid Chaetopterus pergamentaceus (Anderson & 
Eckberg, 1983), the cirratuhd Cirriformia tentaculata (Sawada, 1984), the amphinomid  
Eurythoe complanata (Rouse & Jamieson, 1987), the nereids Nereis japonica (Takashima 
& Takashima,  1963), Nereis limbata (Fallon & Austin, 1967), Nereis virens (Bass & 
Brafield, 1972), Nereis irrorata (Defretin & Wissocq, 1974), Nereis ch'versicolor (Bertout, 
1976), Perinereis brevicirrus {Kubo & Sawada, 1977) and  Tylorrynchus heterochaetus 
(Sato & Osanai, 1983), the opheliid Travisia japonica (Ochi et al., 1977), the sabellariids 
Phragmatopoma lapidosa (Eckelbarger, 1984) and  Phragmatopoma californica (Kopp, 
1985), the pectinari id Cistenides okudai (Sawada, 1984), the sabelhds Sabella penicfllum 
(Graebner  & Kryvi, 1973a, b; Kryvi & Graebner,  1975) Perta'nsiana rubra and  Pseudopota- 
milla reniformis (Chughtal, 1986), the serpulids Hydroides hexagonus (Colwin & Colwin, 
1961) and  Pomatoleios krausfi (Sawada, 1984) and  the polygordiid Polygordius lacteus 
(Franz4n, 1977). 

These studies have demonstrated the variation in morphology of polychaete ect- 
aquasperm (see Rouse & Jamieson, 1987). This study represents  the first ultrastructural  
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descriptions of sperm from the families Phyllodocidae (Bulalia sp.), Polynoidae 
(Lepidonotus sp.), Lumbriner idae (Lumbrineris sp.) and Oweniidae Owenia  fusiformis. 
With further studies gamete  morphology may prove useful as a t axonomic  tool within 
famihes of polychaetes. 

MATERIALS AND METHODS 

Specimens of Eulah'a sp., Lepidonotus sp., Lumbrineris sp, and  Owenia fusiformis 
were placed in fixative for 15 min  and  then cut into pieces for further processing.  In all 
cases initial fixation was achieved with 3 % glutaraldehyde,  in 0.2 M sod ium cacodylate 
buffer (pH 7.4) with 0.3 M sucrose added, at 4 ~ C. Samples were post-fixed for 80 min  in 
1% osmium tetroxide in 0.2 M sodium cacodylate buffer with 0.3 M sucrose;  washed  in 
buffer; dehydrated through an ethanol  series; and  infiltrated and e m b e d d e d  in  Spurr 's 
epoxy resin. All sections were cut, mainly  with d iamond knives, on an LKB 2128 UM IV 
microtome. Thin sections, 500-800 A thick, were collected on carbon s tabi l ized colloidin- 
coated 200 mesh copper grids. Sections were s tained in either of two methods :  (1) 40 min  
in a 10 % super-saturated solution of aqueous  uranyl  acetete, r insed in dist i l led water  
followed by 20 min in Reynold's lead citrate and  rinsed again before v iewing;  (2) a 
modification of the Daddow (1983) technique;  30 sec in Reynold's lead citrate, 1 min in 
6 % aqueous  uranyl  acetate (after r insing in distilled water) and a further 30 sec in lead 
citrate before final rinsing. All electron micrographs were taken on a Hi tachi  300 electron 
microscope at 75 kV. Lepidonotus sp. was found under  reef flat rubble  at Heron  Island, 
Great Barrier Reef. Eulalia sp. and  Lumbrineris sp. were collected from inter t idal  algal 
turf at Hast ing Point, New South Wales. These three species are undescr ibed .  Owenia 
fusiformis was collected from intert idal  sea grass beds at Cleveland, Queens l and .  Speci- 
mens  of all species are lodged in the Austral ian MuSeum, Sydney with the following 
catalogue numbers ;  Eulalia sp. (AM.W 200615); Lepidonotus sp. (AM.W 200618); Lum- 
brineris sp. (AM.W 200617) and  Owenia fusfformis (AM.W. 200620). 

RESULTS 

Bulafia sp. (Phy l lodoc idae )  

The spermatozoon is 40 ~m long, the head be ing  3.6 ~m long (Fig. 1). The  acrosome 
consists of a single vesicle with contents  of uniform electron density. The  shape of the 
acrosome is that of an inverted dish, f lat tened anteriorly (Fig. 1). In t ransverse  section the 
acrosome appears  as a circular ring (Fig. 2). Little sub-acrosomal material  is evident.  

The nucleus  is elhpsoidal in longi tudinal  section with indentat ions  posteriorly where  
it meets the mitochondria (Figs 1, 4, 5). In transverse section the nucleus  is circular (Fig. 

Abbreviations used in Figures 
a acrosome m mitochondrion 
ap anchoring plate N nucleus 
ax axoneme n nuclear membrane 
dc distal centriole pc proximal centriole 
dr dense ring r anchoring ray 
f centriolar fosse sr satellite ray 
1 centriolar link 
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Figures 1-7. Eulalia sp. (PhyUodocidae spermatozoon. Fig. 1. Longitudinal section through mature 
spermatozoon, x 26 000. Fig. 2. Transverse section through an acrosome and tails of adjacent 
spermatozoa. Note 9 + 2 organization of axoneme, x 28 000. Fig, 3, Transverse section through 
nucleus of mature spermatozoon, x 28 000. Fig. 4. Longitudinal section through midpiece. Note 
centriolar link. x 39 000, Fig. 5. Longitudinal section through midpiece, x 39 000, Fig. 6. Transverse 
section through midpiece. Note extramitochondrial membrane and satellite rays from distal cen- 

triole, x 28 000. Fig. 7. Branching satellite rays from the distal centriole, x 39 000 
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3). The nuclear  chromatin shows uniform condensat ion with a coarse g ranu la r  appear-  
ance. Posteriorly, four large spherical mitochondria abut  and  inden t  the nucleus.  The 
mitochondria show m a n y  prominent  cristae .and extend laterally b e y o n d  the nucleus  
(Figs 1, 4, 5). An  extra membrane ,  possibly, a nuclear  membrane ,  enshea ths  the 
mitochondria (Figs 1, 6). 

There are two centrioles, posterior to the nucleus,  sur rounded by the rnitochondria. 
They are a r ranged  with the proximal centriole lying centrally across the vertical  axis of 
the spermatozoon and  the dis ta l  centriole tilted at approximately 30 ~ to the vertical axis 
(Figs 1, 4, 5). There is a prominent  electron dense bridge connec t ing  the two centrioles. 
The br idge connects  the base of the distal centriole to one side of the proximal  centriole 
(Figs 4, 5). A satellite complex originates from the distal centriole and  l inks  it to the 
plasma m e m b r a n e  (Figs 1, 4, 5, 6, 7). The satellite complex is composed of b r a nc h i ng  rays 
extending from each triplet of the centriole to the plasma m e m b r a n e  (Figs 4, 5, 6, 7). The 
axoneme, arising from the distal centriole, has a 9+2 a r rangement  of microtubules  (Fig. 
2). 

Lepidonotus sp. (Po lyno idae) .  

The spermatozoon has a head length of 3.6 ~m (Fig. 8): The acrosome, semi- 
spherical, is deeply invag ina ted  with a thickened posterior rim (Figs 8, 10). The contents 
of the acrosome vesicle are of uniform electron density and  in t ransverse  section the 
acrosome is a circular shape  (Figs 9, 10). No organized sub-acrosomal mater ia l  is evident;  
however, some flocculent material  hes be tween  the inner  acrosomal and  nuc lea r  mem- 
branes  (Fig. 8). 

The nucleus  is ellipsoidal in longi tudinal  section, narrowing anteriorly, and  circular 
in transverse section. There  is also a prominent  conichl projection occupying  the space 
created by the acrosome invaginat ion  (Figs 8, 10, 11). The nucleus  is uniformly dense 
though some in t ra-nuclear  vesicles of low electron density are apparent .  The nuclear  
membrane  is loosely apphed  to the nucleus  (Fig. 8). Five spherical mi tochondria  lie at the 
base of the nuc leus  (Figs 8, 13). They have prominent  cristae and  are closely appl ied to 
the nucleus  (Figs 11, I2, 13). The centriolar complex is enclosed by the mitochondria.  

Two centrioles are present,  the distal of which hes on the central  vert ical  axis of the 
spermatozoon. The proximal centriole hes on the central axis at approximately  30 ~ to the 
distal centriole (Fig, 12). A satelhte complex is present  with the rays b r a n c h i n g  before 
fusing with the plasma membrane .  Each ray sends a branch  that jo ins  the plasma 
membrane  at a 45 ~ angle  (Fig. 12). The rays also bifircate and  fan out a n d  form a dense 
ring (Figs 11 inset, 14). A hnk  is also visible from the proximal centriole to a fossa in the 

Figures 8-15. Lepidonotus sp. (Polynoidae) spermatozoon. Pig. 8. Longitudinal section through 
mature spermatozoon. Note loosely applied nuclear membrane. • 24 500. Fig. 9. Transverse section 
through an acrosome and the tip of the nuclear cone. • 24 500. Pig. 10. Transverse section through 
base of acrosome and the nuclear cone. x 24 500. Fig. 11. Transverse section through the base of the 
nucleus. Note fossa for centriolar ray. x 24 500. Inset. Detail of one satellite ray showing striated 
bifircations fusing to dense ring. x 57 000. Fig. 12. Longitudinal section through midpiece. Note 
satellite rays and the connections to the plasma membrane (arrows, double arrows indicate dense 
ring}, x 24 500. Fig. 13. Transverse section through midpiece. Note distal centriole, x 24 500. Fig. 
14. Branching satellite rays from the distal centriole, fusing to form the dense ring. • 37 000. Fig. 15. 

Transverse sections of sperm tails, x 37 000 
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middle  of the base  of the nucleus  (Fig. 8}. The  axoneme arising from the distal  centr iole  is 
of a 9+2  a r r angemen t  of microtubules  (Fig. 15}. The microtubuies  Shown a b r e a k d o w n  of 
organizat ion at the  poster ior  end  of the tail (Fig..15). 
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Figures 16-22. Lumbrineris sp. (Lumbrineridae) spermatozoon. Fig. 16. Transverse section through 
acrosomal region. Note crenulated shape of the acrosome vesicle, x 23 400. Fig. 17. Transverse 
section through the nucleus, x 11 700. Fig. 18. Longitudinal section through midpiece.  Note proxi- 
mal centriole in nuclear fossa and the 9 + 2 organization of microtubules in adjacent  sperm taft. 
x 23 400. Fig. 19. Transverse section through base of acrosome and top of the nucleus,  x 23 400. Fig, 
20. Longitudinal section through mature spermatozoon, x 23 400. Fig. 21. Transverse section 
through midpiece. Note the centriolar link on one side of the distal centriole, x 23 400, Fig, 22. 
Longitudinal section through midpiece, Note satellite rays and the connections to the plasma 

membrane (arrows}. x 35 000 
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Lumbrineris  sp.  ( L u m b r i n e r i d a e )  

The sperm head  is 3 ~m long. A single acrosome vesicle caps the anter ior  end  of the 
nucleus.  The acrosome has  the shape  of a c renula ted  dish to which the p l a sma  m e m b r a n e  
is closely a p p h e d  (Fig. 20). The acrosome contents are different iated into an outer  
e lectron t ransparen t  layer  and  an inner  electron dense  layer  (Fig. 16): Sub-acrosomal  
mater ia l  is p resen t  as a flocculent mater ia l  d i spersed  be tween  the nucleus  and  the 
acrosome (Figs 16, 19). The nucleus is spher ical  and f la t tened in the anter ior /poster ior  
p lane  and  shows m a r k e d  electron densi ty  with a g ranular  a ppe a ra nc e  (Figs 17, 20). In 
t ransverse  section the nucleus is circular (Fig. 17). Posteriorly, four large mitochondria ,  
with prominent  crlstae, abut  and  indent  the nucleus  (Figs 18, 20, 21). Two centrioles are 
p resen t  in the mature  spermatozoon of Lumbrineris sp. They are or ien ted  at  90 ~ to each  
other, with the distal  centriole lying a long the central  vert ical  axis of the spermatozoon,  
and  h n k e d  by  an amorphous  centriolar  b r idge  of modera te  electron densi ty  (Figs 18, 20, 
22). This ex tends  from one side of the proximal  centriole down the length  of the distal  
centriole. The proximal  centriole lies in a semi-cyhndr ica l  fossa at the centre  of the base  
of the nucleus  and shows some connect ion to the th ickened  nuclear  m e m b r a n e  in this 
reg ion  (Figs 18, 20). The distal  centriole forms the anchor  for the axoneme  and distinct 
satel l i te  fibrils branch and extend la tera l ly  from this centriole, fusing with the  p l a sma  
m e m b r a n e  (Figs 21, 22). The axoneme is of a 9+2  a r r angemen t  of micro tubules  with the 
central  s inglets  aris ing distal  the centr iolar  appara tus  (Fig. 18). 

Owenia  fusi formis ( O w e n i i d a e )  

The spermatozoon head  is 2.7 ~m long. The acrosom~ lies at the anter ior  end  of the 
nucleus.  The single vesicle has the shape  of an inver ted  bowl with a th ickened  rim (Figs 
23, 27). The acrosome contents  show two distinct regions of e lectron density.  A layer  of 
modera t e  electron densi ty  hnes both the  inner  and outer  acrosomal  membranes .  The 
th ickened  rim of the acrosome vesicle is occupied  by a region of m a r k e d  electron densi ty  
(Figs 23, 24, 25, 27). The boundary  b e t w e e n  the two regions shows distinct undulat ions  
which in favourable  sections show a distinct  hel ical  a r r angemen t  (Figs 24, 25). Some 
sca t te red  mater ia l  occupies  the sub-acrosomal  space.  This mater ia l  also appea r s  to 
ex tend  down the side of the nucleus to the midp iece  (Figs 23, 26, 27). The nuc l e us  is 
e l l ipsoid with a shght  invaginat ion  posteriorly,  occupied  by  part  of the anchor ing  
appara tus .  Anteriorly,  there  is a r idge upon  which  the acrosome vesicle rests (Figs 23, 27). 
The nucleus  shows uniform chromatin condensat ion  with nuclear  vacuoles  occasional ly  
visible (Figs 26, 27). There  is a single asymmetr ic  mitochondrion in the midpiece.  It is 
circular in t ransverse  section, shows prominen t  cristae and  forms a r ing around the 
centr iotar  appara tus  (Figs 23, 26, 27, 28), The mitochondrion is asymmetr ic  in that  it 
ex tends  anteriorly on only one side of the nucleus.  In favourable  sections the mitochond-  
r ion can be  seen  to wrap  around up to half of the nucleus  (Figs 23, 27). There  appea r s  to 
be  no consistent  or ientat ion of this extension in relat ion to the posit ion of the centrioles. 
The proximal  centriole lies at 90 ~ to the  ver t ical  axis of the spermatozoon and slightly to 
one side of the distal  centriole (Fig. 23). Next  to the proximal  centr iole and  above  the 
distal  centriole is a dense  plate.  The dense  plate  appears  to hnk the two centnoles  and 
occupies  the shght  fossa at the poster ior  end  of the  nucleus  (Figs 23, 27). The distal  
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cent r io le ,  ly ing  a long  the  cen t ra l  ve r t i ca l  axis of t he  spe rma tozoon ,  has  sa te l l i t e  fibrils that  

b r a n c h  a n d  l ink  to the  p l a s m a  m e m b r a n e  f o r m i n g  a c i rcular  r ing (Fig. 28). T h e  a x o n e m e  

ar i s ing  f rom t h e  dis ta l  cent r io le  is of a 9 + 2  o rgan iza t i on  of mic ro tubu les .  

Figures 23-28. Owenia fusiforrnis. (Oweniidae) spermatozoon. Fig. 23. Longitudinal section through 
mature spermatozoon; x 35 000. Fig, 24, Transverse section through the acrosome. Fig, 25. Trans- 
verse section through base of acrosome. • 46 800. Fig. 26. Transverse section through midpiece. 
Note the single mitochondrion and the centriolar rays branching (arrows). • 17 500. Fig, 27. 
Longitudinal sect/on through mature spermatozoon, x 17 500. Fig, 28. Transverse section through 
midpiece. Note the centriolar rays fusing with the plasma membrane (arrows) and the 9 + 2 

organization of microtubules in adjacent sperm tail. x 23 400 
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DISCUSSION 

The four sperm descr ibed  here  exhibit  a common structural  pa t te rn  in hav ing  a cap-  
l ike acrosome, a sub-spher ica l  nucleus,  a small  number  of cristate mi tochondr ia  and  two 
centrioles,  the distal  (posterior) of which  forms the basa l  body of the  axoneme  which  has  a 
9+2  a r r angemen t  of microtubules.  This morpho logy  is genera l ly  seen  in animals  whe re  
the  game tes  are  re leased  into the  sur rounding wate r  for ferti l ization to t ake  p lace  
(Franz~n, 1982). Rouse & Jamieson  (1987) n a m e d  the sperm of external ly  fert i l izing 
animals  ec t -aquasperm,  removing  the phylogene t ic  implicat ions of the  te rm 'pr imit ive 
sperm'  (Retzius, 1904; Franz~n, 1956). The var iabi l i ty  of ec t -aquasperm,  wi th in  the 
structural  pa rame te r s  out l ined above  is exempl i f ied  in the sperm descr ibed  here.  

The f la t tened crenula te  shape  of the acrosome of Lumbrineris sp. is a modif icat ion 
not  seen in other  ec t -aquasperm,  where  the t endency  is for the  formation of a subac-  
rosomal  space.  It is distinctly different from those sperm descr ibed  in the closely re la ted  
family Onuph idae  e.g. Hyalinoecia tubicola (Cotelli & Lora Lamia Donin, 1975). The 
ferti l ization reac t ion  involved in present ing  such a large  area  of acrosome to the egg  is 
wor thy  of study. The functional  significance of the  crenula ted  shape  of the acrosome is 
poss ibly  similar to that  p roposed  for the m~[ny invaginat ions  of the inner  acrosomal  
m e m b r a n e  of Sabella penicillum sperm (Kryvi & Graebner ,  1975). These  authors  sugges t  
this al lows a be t t e r  distr ibution of lyric enzymes.  The complex  subs t ruc tur ing  of the 
acrosome vesicle  of Owenia fusiformis shows similari t ies to the  ec t - aquaspe rm acrosome 
of Crania anomala, a b rach iopod  (Afzelius & Ferraguti ,  1978). The  functional  s ignif icance 
of this s tructuring has  yet  to be elucidated.  The acrosomes of the sperm of Eulah'a sp. and  
Lepidonotus sp. are  simple and  show no substructuring.  The ferti l ization react ions  of 
these  species  m a y  be  less complex  than those with more' complex  sperm and  p robab ly  
re la tes  to the vi tel l ine layers  of their  respect ive  eggs.  

The structure of the acrosome of ec t - aquaspe rm is widely  var iable  b e t w e e n  families 
of polychaetes .  Within famihes where  more than  one species  has  been  s tud ied  some 
consistency m a y  b e  found. Nere ids  show m a r k e d  similarit ies of acrosome structure 
(Takashima & Takashima,  1963; Fal lon & Austin,  1967; Defret in & Wissocq,  I974; 
Bertout, 1976; K u b o &  Sawada,  1977) with the  except ion of Tylorrynchus heterochaetus 
(Sato & Osanai ,  1983), a brackish  w a t e r s p e c i e s .  Sabel lar i ids  s tudied  to da te  (Eckel- 
barger ,  1984; Kopp, 1985) share  a unique  acrosomal  structure.  However  there  are 
except ions e.g. the ec t - aquaspe rm of the serpul id  Hydroides hexagonus (Colwin & 
Colwin, 1961) is very different  from those of o ther  serpul ids  e.g, Pomatoleios krausii 
(Sawada,  1984) and  resembles  that  of the sabel l ids  Sabella penicillum (Graebner  & Kryvi, 
1973a, b) and  Psuedopotamilla reniformis (Chughtai ,  1986). This does not indica te  that  
Hydroides, Sabella and Psuedopotamilla are closely related.  It suggests  they  have  a 
similar reproduct ive  method,  p robab ly  in the w a y  their  gametes  fuse. 

The spermatozoa  of Lepidonotus sp. and  Owenia [usi[ormis have  a nuc lear  cone, a 
feature  also seen  in the sperm of Tylorrynchus heterochaetus (Sato & Osanai ,  1983) and  
Hydroides hexagonus (Colwin & Colwin, 1961). It may  act in p lace  of the subacrosomal  
space in suppor t ing  and presen t ing  a par t icular  a rea  of the inner  acrosomal  m e m b r a n e  to 
the oolemma on fertilization. 

The spermatozoon of Lumbrineris sp. is li t t le different from the pr imit ive state 
(Afzelius, 1979) of two centrioles,  lying a long the central  axis of the  spermatozoon,  



76 G . W .  Rouse 

pe rpend icu la r  to each  other. Owenia fusiformis has the  proximal  centr iole p e r p e n d i c u l a r  
to the distal  centr iole but  ly ing  to one side of it. This is also a fea ture  of the  sperm of 
Phragmatopoma lapidosa (Eckelbarger ,  1984) and  Hyah'noecia tubicola (Cotelh  & Lora 
Lamia Donin, 1975). Howeve r  the  p resence  of an anchor ing  pla te  is un ique  to O. 
fusiformis. The sperm of the  po lynoid  Lepidonotus sp. has  both centr io les  on the same  
central  axis. However ,  ra ther  than  be ing  perpendicu lar ,  the  proximal  cent r io le  l ies at 30 ~ 
to the distal  centriole. Hydroides hexagonus (Colwin & Colwin, 1961), a n d  Chitinopoma 
semfla (Franz~n, 1982) have  the same morpho logy  in this regard .  This m a y  b e  a charac te r  
for their  respect ive  families, i n d e p e n d e n t l y  evolved.  Links b e t w e e n  the p rox ima l  cen-  
triole and  the central  fossa at the  base  of the  nucleus  were  shown for Lepidonotus sp. and  
Eurythoe complanata (Rouse & Jamieson,  1987), amply  demons t ra t ing  the  ancho r ing  role 
of the centr ioles for the  f lagellum. Eulalia sp. and  Owenia fusiformis h a d  a d i sp laced  
anchor ing  appara tus .  A similar offset na ture  is visible in the spe rma tozoon  of Phrag- 
matopoma lapidosa (Eckelbarger ,  1984). The la t ter  author  mainta ins  that  this  is to offset 
the  effect of long curved acrosome. The  effect on motili ty of this t i l ted tail  complex  would  
be  m a r k e d  and  comparisons  of Eulalia sp. and  Owenia fusiformis spe rma tozoa  with those 
of other  po lychae tes  would  be  interest ing.  

The exis tence  of b r a n c h e d  satelhte  rays in the anchor ing  appa ra tus  of po lychae te  
sperm has  been  shown for the first t ime in this study. This is easi ly d e m o n s t r a t e d  in 
Eulalia sp., Owenia fusiformis, Lumbrineris sp. and  is exempl i f ied  in Lepidonotus sp. In 
the sperm of Lepidonotus sp. the rays are  clearly striated. It is appa ren t  t ha t  this satel l i te  
structure very  rare ly  p rese rves  well  for ul t ras t ructural  examinat ion.  

The spermatozoon  of Owenia fusiformis had  the unusua l  feature,  sha red ,  in the  
Polychaeta,  with Chaetopterus pergamentaceus (Anderson & Eckberg,  1983) and  Nereis 
virens (Bass & Brafield, 1972) of a s ingle mitochondrior{ a round  the ancho r ing  appara tus .  
This also occurs in the ec t - aquaspe rm of spec ies  in severa l  other  i nve r t eb ra t e  phyla  e.g. 
the an thozoan  Metridium sp. (Afzelius, 1979), the echiur id  Ikedosoma gogoshimense 
(Sawada et  al., 1975), the  ar t iculate  b rach iopod  Terebratulina caput-serpen tis (Afzelius & 
Eerraguti ,  1978) and is a feature  of ech inoderm sperm (see Jamieson,  1985 for review).  
Little phy logene t ic  s ignif icance can be  a t t ached  to this feature  as it has  ev iden t l y  evolved  
severa l  t imes. Within the Polychaeta  this also seems to be  the case. The f amihes  where  a 
single mi tochondr ion forms the midp iece  (Chaetopter idae ,  Ne re idae  and  Oweni idae )  a re  
dis tant ly related.  Also the  sperm of Chaetopterus variopedatus C h a e t o p t e r i d a e  (Harley & 
Jamieson,  in prepara t ion)  and  severa l  ne re id  species  e.g, Perinereis brevicirrus (Kubo & 
Sawada,  1977) have  severa l  mi tochondr ia  in the midpiece.  Gard iner  (1978) r epor ted  (but 
did  not show micrographs)  that  the  sperm of O. fusiformis had  "a few mi tochondr i a  in a 
very short  midpiece" ,  ra ther  than  the single mi tochondr ion repor ted  he re .  This m a y  
represen t  intra-specif ic  var ia t ion or a l ternat ively  the t axonomy of O. fusiformis, a "cos- 
mopol i tan"  species,  m a y  n e e d  revising. 

Eulalia sp. possesses  a h ighly  unusua l  feature in having  its mi tochondr ia  e n s h e a t h e d  
by  an ext ra-mi tochondr ia l  membrane .  It is known that  dur ing spe rmiogenes i s  numerous  
smaller  mi tochondr ia  fuse to form the final number  (usually four) in the  m a t u r e  spe rm 
(Baccetti & Afzelius, 1976). An ul t ras t ructural  s tudy of spermiogenes i s  in  Eulalia sp. 
would  be  of va lue  to de te rmine  the origin of the ext ra-mi tochondr ia l  m e m b r a n e .  
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C O N C L U S I O N S  

T h e  e s t a b h s h m e n t  of r e l a t i o n s h i p s  b e t w e e n  p o l y c h a e t e  fami l ies  or o r d e r s  w i t h  t he  

u se  of s p e r m  u l t r a s t ruc tu re  is u n h k e l y ;  h o w e v e r ,  s o m e  po t en t i a l  exis ts  for its u s e  w i t h i n  

famil ies .  It a p p e a r s  t ha t  c o n s i d e r a b l e  va r i a t i on  in r e p r o d u c t i v e  m e t h o d  c a n  ex i s t  u n d e r  

t he  t e r m  " e x t e r n a l  fer t i l iza t ion"  a n d  th is  is r e f l e c t e d  in the  var ia t ion  of e c t - a q u a s p e r m  

s t ruc ture .  F u r t h e r  s tudy  is n e e d e d  to d e t e r m i n e  the  e x t e n t  of this  var ia t ion ,  a n d  h e n c e  its 

va lue  t axonomica l ly ,  at  t he  in t r a fami ly  level .  
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