
HELGOLANDER MEERESUNTERSUCHUNGEN 
Helgol~nder  Meeresunters .  35,479-488 (1982) 

Ultrastructure of the genital  organs in interstitial 
polychaetes .  III. Penes and ejaculatory ducts in 

H e s i o n i d e s  a r e n a r i a  (Hesionidae)  

W. W e s t h e i d e  

II. Zoologisches Institut der Universit~t G~ttingen; Berliner Str. 28, 
D-3400 G~ttingen, Federal Republic  of  Germany 

ABSTRACT: The ejaculatory ducts of the two paired copulatory organs in the interstit ial  polychaete  
Hesionides arenaria are cil iated tubes, which  open into simple, partly groove-like, non-st iffened 
penis  papil lae.  The larger  part  of the ducts wi th in  the dorsal body wall  is surrounded by circular 
muscle ceils. Voluminous gland cell bodies  lie be tween  the pharynx-gut  system and  the body wall  
in the anterior  part  of the body; they extend anteriorly l ike long, th in  necks, of which several  are 
always uni ted  in prominent  strands. Their  distal ends are expanded  and penet ra te  the ducts. Six 
different types of glands can be  d is t inguished according to the ultrastructure of thei r  secretory 
granules.  They produce the sheath  of the double  spermatophore or probably  contain lytic enzymes 
that  provide for the penet ra t ion  of sperm into the body of the female. Differences in  ultrastructure of 
the male  organs in the interstit ial  genera  Hesionides and A'Iicrophthalmus do not support  the recent  
erect ion of the subfamily "Microphtha lminae" .  

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

I n t e r s t i t i a l  P o l y c h a e t a  p o s s e s s  s p e c i f i c  c o p u l a t o r y  o r g a n s  f a c i l i t a t i n g  t h e  d i r e c t  

t r a n s f e r  of s p e r m  o n  or i n to  t h e  f e m a l e  p a r t n e r .  T h i s  m e t h o d  of r e p r o d u c t i o n  e n s u r e s  t h e  

f e r t i l i z a t i o n  of m a n y  or a l l  t h e  o o c y t e s  a n d  r e d u c e s  t h e  p r o b l e m  r e l a t e d  to t h e  s m a l l  

n u m b e r  of f e m a l e  g a m e t e s  p r o d u c e d  ( W e s t h e i d e ,  1983). M a l e s  of t h e  b i o t o p e - t y p i c a l  

g e n u s  I-Iesionides h a v e  a p a i r e d  s y s t e m  of e j a c u l a t o r y  o r g a n s  for  t h e  f o r m a t i o n  a n d  

t r a n s f e r  of s p e r m a t o p h o r e s  or  n a k e d  s p e r m  b u n d l e s  ( W e s t h e i d e ,  1967, 1970). T h e  

u l t r a s t r u c t u r a l  a n a l y s i s  of t h e s e  o r g a n s  is p a r t  of a s e r i e s  of s t u d i e s  o n  g e n i t a l  o r g a n s  of 

i n t e r s t i t i a l  p o l y c h a e t e s  ( W e s t h e i d e ,  1978,  1979a,  1979b,  1983), w h i c h  a b o v e  a l l  w i l l  h e l p  

to e l u c i d a t e  t h e i r  f u n c t i o n a l  m o r p h o l o g y .  

M A T E R I A L  A N D  M E T H O D S  

T h r e e  m a t u r e  m a l e  Hesionides arenaria F r i e d r i c h  ( H e s i o n i d a e ) ,  w h i c h  w e r e  co l lec t -  

e d  in  t h e  i n t e r t i d a l  a r e a  of a s a n d y  b e a c h  o n  t h e  N o r t h  S e a  I s l a n d  of Sylt,  w e r e  f i x e d  in  a 

m i x t u r e  of p i c r i c  a c i d  - p a r a f o r m a l d e h y d e  - g l u t a r a l d e h y d e  (see  W e s t h e i d e  & Rieger ,  

1978). T h e y  w e r e  e m b e d d e d  i n  a n  A r a l d i t e - E p o n  r e s in ,  cu t  u s i n g  d i a m o n d  k n i v e s  o n  a 

R e i c h e r t  U l t r a c u t ,  a n d  s t a i n e d  w i t h  u r a n y l a c e t a t e  a n d  l e a d  c i t ra te .  P h o t o g r a p h s  w e r e  

t a k e n  w i t h  a Ze i s s  E M  10. 
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RESULTS 

The  pai red  e jacula tory  ducts beg in  at the seminal  ves ic les  in the fourth set igerous 

s egmen t  ex tend ing  vent ra l ly  and then  bend ing  in the fifth se t igerous  s egmen t  towards 

the dorsal side of the an imal  (Fig, 1), There  the ducts run para l le l  to each  other  in the 

opposite direct ion unt i l  they reach the prostomium. Here  each  enters a penis  papi l la  
ei ther  to the right or to the left of the unpai red  m e d i a n  tentacle  on the prostomium. 

Further  l ight  microscopic detai ls  g iven  in Westhe ide  (1967). 

Fig. 1. Scheme of the male copulatory organs in Hesionides  arenaria, deg - glandular part of the 
ejaculatory duct; den - non-glandular part of the ejaculatory duct; eg - expanded ends of the gland 
cell projections inside the duct; gb - gland cell body; pp - penis papilla~ sgp - strand of gland cell 

projections; vs - seminal vesicle 

The  tube- l ike  ducts coming  from the vesicles  {diameter ca 2 ~tm} usual ly  show in 
cross-sections one very  fiat cell  that  surrounds the lumen  and whose  ends  are deep ly  

interdigi tated.  Microvi l l i  and  cil ia {up to 30 on a cross-section) project  into the  lumen.  

The part  of the duct which  turns towards the dorsal side of the animal ,  l ies b e t w e e n  the 
ep ide rmis  and lhe  circular musc le  layer  of the body wall.  The fol lowing g landula r  part  

{ductus glandularis}, l ead ing  to the front and in cross-sections more or less oval, 
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Fig. 2. Cross  sec t ions  of t he  g l a n d u l a r  par t  of the  e j acu l a to ry  duct .  (A) R e g i o n  direct ly  b e h i n d  the  
p e n i s  pap i l l a  w i th  sec re to ry  g r a n u l e s  of T y p e  1 a n d  T y p e  2. No  c i rcular  m u s c l e s  s u r r o u n d  the  duc t  
dorsa l ly  in  th is  r eg ion .  Scale:  4 ~m. (B) M i d d l e  r eg i on  of t he  g l a n d u l a r  par t  of t he  e j acu la to ry  duc t  
w i th  T y p e  3 sec re to ry  g r anu l e s .  Scale:  5 ~m. cm - c i rcular  musc l e ;  cu  - cut ic le ;  co - cel l  l i n ing  the  
coe lom;  dc - d u c t u s  cel l  proper ;  lm - l o n g i t u d i n a l  musc le ;  lu - l u m e n  of t he  duc t  w i th  cilia; p h  - 

p h a r y n x ;  v - e p i d e r m a l  v a c u o l e  (chordoid e p i d e r m a l  t i ssue)  
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Fig. 3. Pa rasag i t t a l  a n d  sag i t t a l  sec t ions  of the  g l a n d u l a r  par t  of t he  e j a cu l a to ry  duct .  Ser ies  of 
pho tos  f rom the  an te r ior  r e g i o n  b e h i n d  t he  p e n i s  pap i l l a  (A) to the  pos te r io r  r e g i o n  in t he  4 th  
s e t i ge rous  s e g m e n t  (D), S a m e  sca le  for A - C :  5 ~m; D: 4 ~m. 1-6:  c l u b - s h a p e d  e n d s  of the  g l a n d  
p ro jec t ions  i n s ide  the  duc t  wi th  d i f ferent  t ypes  of secre tory  g r a n u l e s  (see text); cm  - c i rcular  
m u s c l e s  of the  b o d y  wal l ;  cu  - cut ic le  of the  dorsal  b o d y  sur face ;  ep  - e p i d e r m i s  cell; lm  - 
l o n g i t u d i n a l  musc le s ;  lu  - l u m e n  of the  duc t  wi th  cil ia (ci) a n d  microvi l l i  (mi); p h -  p h a r y n x ;  p g -  

p ro jec t ions  of t he  g l a n d  cel ls  ou t s i de  a n d  i n s i de  the  duct ;  v - e p i d e r m a l  v a c u o l e  
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penet ra tes  this circular muscle  layer. This happens  through the par t i t ioning of the fibril 

bundles  of the ind iv idua l  circular muscle  cells (Figs 2 B, 4). One part of this muscle  layer  

is located under  the duct and the other  reaches  dorsally, Several  sections of the duct are 

not comple te ly  surrounded by these  muscles,  e.g. the dorsomedian  part (Figs 2 B, 4). 
Further, the distal parts of these muscles  do not form a closed sheath  dorsally a long the 
ent ire  l engh t  (Fig. 2 D). Thus the g landula r  duct is more or less l ike  a tube- formed 

basket ,  made  out of circular muscles  and often open  at the top. Be tween  the muscle  cells 
and the epidermis ,  and also b e t w e e n  the muscle  cells and the duct cells  proper  there  is a 

very thin basal  l amina  (Fig. 4). From the fourth set igerous s egmen t  to the penis  papi l lae ,  

the necks  of g land  cells pene t ra te  la tera l ly  or dorsolateral ly into the ducts. First they 
course a long  the two lateral  sides of the ducts, then  their  ends expand  l ike clubs b e n d i n g  

towards the duct l umen  (Fig. 1). As a result  the duct cells  p roper  are pressed toge ther  and 

are r ecogn ized  only as a thin layer  on the duct  wai ls  and around the  lumen  (Figs 2, 4). 

The  l umen  itself is squashed  to form a slit; it contains few (4-10) cilia. Light microscopic 
squash prepara t ions  show the ducts to have  a f i sh-bone- l ike  pat tern  due  to the g landular  

protrusions. 

The  rounded  cell  bodies  (diameter  ca 15-20 ~tm) be long ing  to the g lands  are closely 
packed  a long both sides of the gut, up to the ninth set igerous segment .  Their  large 

nuclei ,  usual ly  posi t ioned centrally,  are sur rounded by w e l l - d e v e l o p e d  and often dis- 

t ended  cis ternae of rough endoplasmic  ret iculum, numerous  spher ical  golgi  complexes  

(diameter  ca 1.7 btm) and by the secretory granules  that the latter have  produced  (Fig. 5). 
The transport of the granules  into the ejaculatory ducts takes p lace  in the "axon- l ike"  

necks men t ioned  above (Figs 5 B-D). These  g land  cell  project ions have a d iameter  of 

0.2-0.4 btm and are s ignif icant ly la rger  only where  t ransported secretory granules  (Figs 5 
C, D) are present.  Severa l  of these project ions always run parallel ,  uni ted  l ike strands in 

a nerve-cord.  
The fine structure shows at least  six d is t inguishable  types of m e m b r a n e - b o u n d  

granules,  which  form an equal  n u m b e r  of distinct regions wi th in  the g landular  parts of 

the ejaculatory ducts: the anterior  section (directly beh ind  the penis  papi l lae)  contains 

Fig. 4. Cross section of the dorsat body wall in the region of the glandular part of the two ejaculatory 
ducts. Slightly schematic. Black: lumen of the ejaculatory ducts, with cross sections of cilia, bl - 
basal lamina; ci - bundle of cilia on the dorsal surface; co - cell lining the coelom; crn - circular 
muscle cell; cu - cuticle; dc - ductus cell proper; dg - distal end of cell projection coming from a 
genital gland cell, with specific secretory granules; ec - epidermis cell; gp - ceil projections of 
genital gland cells within the duct; Im - longitudinal muscle cell; ne - nucleus of epidermis cell; 

nd - nucleus of ductus cell proper; v - vacuole in epidermis cell (chordoid epidermal tissue) 
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o v o i d  g r a n u l e s  ( d i a m e t e r  ca  1 ~m) a b o v e  t h e  l u m e n ,  w i t h  f l a k y  l i g h t  a n d  g r e y  c o n t e n t s ;  

t h e  g r e y  p a r t  h a s  c h a r a c t e r i s t i c  b o w l - s h a p e d  s t r u c t u r e s  (Type  1) (Figs 3 A, B, 6 C). In  t h e  

s a m e  sec t ion ,  o n  t h e  v e n t r a l  s i de  of t h e  duct ,  p r o j e c t i o n s  of o t h e r  g l a n d s  end ,  t h e  

g r a n u l a r  c o n t e n t s  of w h i c h  a re  i n c o m p l e t e l y  p r e s e r v e d ,  p r o b a b l y  b e c a u s e  of t h e  spec i f i c  

f i x a t i o n  u s e d  (Type  2). W i t h i n  t h e  g r a n u l a r  m e m b r a n e  o n l y  v e r y  s m a l l  e l e c t r o n - d e n s e  

g r a i n s  c a n  b e  s e e n  (Fig. 3 A). In t h e  f o l l o w i n g  sec t ion ,  T y p e  3 g r a n u l e s  ( d i a m e t e r  ca  

, d ~  ~, ~~ .z..~-. . .... ~ - - ,~ ~. ~ . . . .  ~ 

Fig. 5. (A) Gland cell producing Type 4 granules.  Scale: 2 ~in. (B) Golgi complex of a g land cell with 
a granule  be ing  formed in the centre. Right side: section of a g land  cell projection (pg) with two 
migra t ing granules. Scale: 1 ~tm. (C) Below left: cross section of a strand of g land cell projections, 
one with a migrat ing Type 5 granule.  Above right: part of g land cell body with Golgi complexes, 
granule  in formation (arrow) and  near ly  completed granules of Type 4. Scale: 1 ~m. (D) Cross 
sections of numerous projections of g land cells uni ted into a prominent  strand; two projections with 

migra t ing granules  of Type 4 and 5. Scale: 2 ~m 
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0.5 ~m) occur ,  a t  f i rs t  o n l y  v e n t r a l l y  f rom t h e  l u m e n ,  b e l o w  t h e  T y p e  1 cells ,  a n d  t h e n  a l so  

dorsa l ly .  T h e y  c o n t a i n  v e r y  f ine  t h r e a d - l i k e  s t r u c t u r e s  w h i c h  fo rm b u n d l e s  (Figs 2 B, 3 B, 

C). F o l l o w i n g  th is ,  t h e r e  a r e  two  m o r e  t y p e s  of s e c r e t o r y  s t r u c t u r e s  l y i n g  o p p o s i t e  e a c h  

o the r .  T y p e  4 g r a n u l e s  a r e  s p i n d l e - s h a p e d  (ca 2 ~tm long ,  ca  1.5 ~ m  wide ) ,  a n d  h a v e  a 

/ ,  

Fig. 6. Penis papilla. (A, B) Cross sections of the distal  part  wi th  open ventral  side. Lumen with a few 
microvilli  and  numerous  cilia. Scale: 2 ~m. (C) Sagittai  section of a penis  papi l la  and  beg inn ing  of 
the  g landular  part  of the duct, Papilla is slightly bent  and therefore has  not been  cut a tong its total 
length.  Scale: 5 ~m. ep - epidermal  layer of the papilla;  il - duct cells with  many-Iayered 
projections forming the inner  layer of the papilla; n - nucleus of duct cell; v -.. epidermal  vacuoles; 

1 -- granules  of Type 1 g land cells 
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homogenous  e lec t ron-dense  content  wi th  a nar row s l ight ly  l igh te r  bo rde r  r eg ion  (Figs 
3 C, 5). Type  5 g ranu les  are  also s p i n d l e s h a p e d  (ca 1.5 ~tm long, ca 0.8 ~tm wide) ,  but  
conta in  t en  to twenty  rods  b o u n d  in pa ra l l e l  bundles .  The  rods have  a g rey  a p p e a r a n c e  
and  each  contains  a da rk  e l ec t ron -dense  a rea  (Figs 3 C, 5 C, D). Final ly ,  Type  6 g ranu les  
are pos i t ioned  on both s ides  of the duct  lumen.  With  thei r  h o m o g e n e o u s  g rey  content  
they  s t rongly  r e semble  Type  4, but  are  rounded  and i r regu la r  in size (ca 0.3 ~tm) (Fig. 
3 D). The granu la r  compar tmen t s  of the  la t ter  cell  pro jec t ions  are  less  ex tens ive  wi th in  
the  ducts,  a l lowing  more  space  for the  duct  cel ls  p rope r  and  do not  necessa r i ly  bo rde r  on 
each  other. Here  the  duct  l u m e n  is stil l  very  wide  (ca 1.8 ~tm) and  dense ly  p a c k e d  wi th  
cilia. 

Under  the l ight  microscope,  the  penes  look l ike  conical  pap i l l ae ;  they  have  a l eng th  
of 20-30 ~tm; thei r  base  has  a wid th  of 6-8  ~tm, b e c o m i n g  na r rower  at  the  tip. Thei r  cross 
sec t ional  profi le  is app rox ima te ly  t r i angu la r  wi th  an  open  vent ra l  s ide  in the  d is ta l  half  
ly ing  on ihe  p ros tomium (Figs 6 A, B). The  edges  of this  ven t ra l  s ide  are  ro l led  up  in  the  
lumen.  The  la t ter  (ca 3 ~m wide)  is f i l led  by  a bund le  of c i l ia  (ca 45), b e l o n g i n g  to the  
duct  cel ls  at the  bases  of the  penes  (Fig. 6 C). Thus these  copula tory  organs  r e semble  
u p s i d e - d o w n  c i l ia ted  spouts. The  outs ide  cover ing consists of a r e l a t ive ly  th in  e p i d e r m a l  
l ayer  wi th  smal l  in t race l lu la r  vacuoles  ("chordoid  t issue",  see  Ax, 1966; Wes the ide ,  
1967), microvi l l i  and  a cut ic le  which  is s t ructural ly  i nd i s t i ngu i sha b l e  from the  ne igh-  
bour ing  e p i d e r m a l  r eg ion  on the dorsa l  s ide (see Wes the ide  & Rieger,  1978}. The inner  
l ayer  of the  pen is  wal l  is formed by  the duct  cells  that  in t e rd ig i t a t e  wi th  very  flat  {some 
th inner  than  40 nm), m a n y - l a y e r e d  project ions,  meshed  also wi th  the  e p i d e r m a l  cel ls  
(Fig. 6). The  nucle i  of the  ep ide rmis  cel ls  and  the duct  cel ls  l ie  at  the  base  or even  further  
away,  because  there  is not  space  enough  wi th in  the  penis .  

DISCUSSION 

The process  of a t t ach ing  the doub le  spe rmatophores  onto the sk in  of the  sexua l  
pa r tne r  can take  p l ace  wi th in  seconds  and  lasts  at most  a few minu tes  (Westhe ide  & Ax, 
1965; Westhe ide ,  1967). The format ion  of the  i r r egu l a r l y - shaped  and  very  s imple  shea ths  
of the  spermatophores  obvious ly  takes  p lace  i m m e d i a t e l y  before  transfer.  Spermatozoa  
were  obse rved  only se ldom in the  ducts, and  fully d e v e l o p e d  spe rma topbore s  could  
never  be  found in squash  p repara t ions  or h is to logical  sections.  The  two spe rm bund le s  in 
a doub le  spe rma tophore  are  p r o b a b l y  r ap id ly  p u s h e d  th rough  the e j acu la to ry  duct  a n d  at  
the same  t ime are  su r rounded  by  a shea th  whi le  pass ing  the  g l andu la r  project ions.  

From these  u l t ras t ruc tura l  inves t igat ions ,  it is a p p a r e n t  that  the  c i l ia  are  the  impor-  
tant  structures for spe rm t ranspor t  from the seminal  ves ic les  to the  non -g l a ndu l a r  par t  of 
the duct; contract ions of the  who le  body,  obse rved  in males  dur ing  transfer,  p r o b a b l y  a id  
this process.  Contrac t ions  of the  c i rcular  muscles  su r round ing  the  duct  ven t ra l ly  and  
dorso la te ra l ly  a re  then  r e spons ib le  for the  t ranspor t  wi th in  the  g l andu la r  par t  of the  duct  
and  also for the e jec t ion  of the  spe rmatophore  itself. The  ci l ia  in  this area,  fewer  in 
number  and anter ior ly  di rected,  p robab ly  serve as va lves  p r even t ing  the  spe rm from 
s l ipp ing  backwards .  The  vo luminous  bund le  of the c i l ia  in the  pen i a l  o rgan  m a y  be  
r e spons ib le  for the  f inal  r e l ease  of the  spe rmatophore  from the  duct,  or the  cilia,  in  
conjunc t ion  with  the g rooved  part,  may  f inal ly  form and  smooth the  spe rma tophore  
surface. 
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The ultrastructural  analysis shows that  the g landular  compar tments  wi th in  the duct 

are not comple te  specific cells, but  only the distal ends of very long cell  projections.  

Their  cor responding  cell  bodies  serv ing  in the product ion of the secretory products, are 

the "accessory sex g lands"  from ear l ier  l ight  microscopic studies (Westheide, 1967). 

Because of their  large volumes,  these cell  bodies  do not have  sufficient space in the 

direct sur rounding of the ducts and are therefore pos i t ioned in a considerable  number  of 
segments  b e t w e e n  pharynx-gut  and body wall. From the a r rangement  of the distal parts 
of the g land  cells, one can conclude  in which  order the sperm pass ing  through the duct 

comes in contact with the different secretions. Similar  to spermatophore  product ion of 

the leech  Glossiphonia complanata (Damas, 1966, 1968a, b), the granules  in the distal 
duct sections may  provide lyric enzymes  and the spermatophore  sheath; the granules  
lying further back  may  contain act ive metabol i tes  and enzymes  and ming le  with the 
sperm wi th in  the spermatophore.  

The male  copulatory system of Hesionides arenaria can be d iv ided  into different 
funct ional  areas: the seminal  ves ic le  for col lect ion and storage of sperm; the modera te ly  

c i l ia ted non-g landu la r  duct section; the sl ightly ci l ia ted g landular  duct section that is 

control led by circular muscles;  the g land  cell  bodies  external ly  posi t ioned;  the penia l  

organs. These  structures are ordered  in the same sequence  as in the copulatory organs of 
many  other  intersti t ial  po lychae tes  - a similari ty that is possibly due to the convergent ly  

evo lved  transformation out of segmenta l  organs. This is also true for the male  organs of 

the hes ionid  genus  Microphthalmus. Course and locat ion of the ducts, however ,  are 
different from the Hesionides species  (Westheide,  1967), and also the fine structure, 

despi te  a large  number  of close similarit ies,  shows characterist ic and fundamenta l  

differences:  e.g. in M. cf. listensis, the  largest  port ion of the duct system, inc luding  the 
vesicle,  is surrounded by longi tudina l  muscle  cells not be long ing  to the body wal l  

muscles  (Westheide, 1983). But at the t ime of sexual  maturity, this muscula ture  is formed 
of cells from the pa remchyme- l ike  area  b e t w e e n  the gut  and the body wall. 

Thus the ultrastructural  analysis of the male  geni ta l  organs does not favour a sister 

group rela t ionship of Hesionides and Microphthalmus, impl ied  by the erect ion of the 
subfamily Microphtha lminae  by Har tmann-  S chr6der (1971). A more  final clarif ication of 

the systematic  posi t ion of the two genera  may be brought  about  by an ultrastructure 

analysis of the characteris t ic  anal  lobes. This organ appears  to be their  only synapomor-  
phic feature. Similar  adhes ive  organs, however ,  are also observed  in other intersti t ial  

po lychae te  taxa not closely re la ted  to each  other. They may  therefore also be conver-  

gent ly  evo lved  in Hesionides and Microphthalmus. 
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