
HELGOLANDER MEERESUNTERSUCHUNGEN 
Helgol~inder Meeresunters .  36, 231-241 (1983) 

Morpho logy  and fine structure of two marine tubificids 
(Oligochaeta),  c lose ly  related to the gutless 

Phal lodr i lus  spp. 

O. G i e r e  

Zoologisches Institut und Zoologisches Museum, Universit8t Hamburg; 
Martin-Luther-King-Platz 3, D-2000 Hamburg 13, Federal Republic of Germany 

ABSTRACT: The morphology and  ultrastructure of the  two intersti t ial  mar ine  tubificids Phallo- 
drilus prostatus and Aktedrilus monospermathecus (Oligochaeta), closely related to the gutless 
PhaHodrilus spp., is described. Since per t inent  histological  descriptions of ' regular '  mar ine  
tubificids were found to be  non-existent ,  this study provides a structural basis  al lowing comparisons 
both  wi th  l imnetic  species and  the  recent ly  descr ibed mar ine  anenter ic  forms. Compared  to the  few 
freshwater  tubificids invest igated histologically, major  differences are the subst i tut ion of the dorsal 
blood vessel  by  a large sinus, the close contact be t w een  nephr id ia l  t issue and  the  subintest inal  
vessel, a characterist ic 'wavy' a r rangement  of cuticular collagen fibres, and  the formation of 
b ranched  epicut icular  projections. The structural d ivergences  from the  gutless relatives refer 
mainly  to the body wall, the vascular  system and  its endothel ia l  structure. The various peculiari t ies 
out l ined here  indicate  that  general izat ions  of the si tuation as found in the  few histological studies 
a r e  as yet problematical .  

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

In  a s p e c i a l  r e s e a r c h  p r o j e c t ,  t h e  g u t l e s s  o l i g o c h a e t e  Phallodrilus leukodermatus 
f r o m  B e r m u d a  is  t h e  s u b j e c t  of t h o r o u g h  e x a m i n a t i o n  (Gie re ,  1979,  1981; G i e r e  e t  al., 

1982, 1983). T h i s  s p e c i e s  has ,  i n  c o n t r a s t  to  t h e  a n e n t e r i c  P o g o n o p h o r a ,  c lo se  r e l a t i v e s  

w h i c h  p o s s e s s  a r e g u l a r  d i g e s t i v e  a n d  e x c r e t o r y  s y s t e m .  H o w e v e r ,  d i r e c t  c o m p a r i s o n s  

h a v e  b e e n  i m p o s s i b l e  so fa r  d u e  to t h e  l a c k  of i n f o r m a t i o n  o n  t h e  s t r u c t u r e  of t h e s e  

' n o r m a l '  forms.  B o t h  i n  c l a s s i c a l  m o n o g r a p h s  o n  o l i g o c h a e t e  m o r p h o l o g y  ( S t e p h e n s o n ,  

1930) a n d  r e c e n t  c o m p i l a t i o n s  of t h e i r  u l t r a s t r u c t u r e  ( J a m i e s o n ,  1981), m a r i n e  t u b i f i c i d s  

h a v e  b e e n  d i s r e g a r d e d .  H e n c e ,  t h e  f i rs t  a i m  of t h i s  s t u d y  w a s  to e s t a b l i s h  a b a s i s  for  

c o m p a r i s o n  b e t w e e n  ' r e g u l a r '  a n d  e x t r e m e l y  m o d i f i e d  f o r m s  b y  e x a m i n i n g  t w o  c o m m o n  

s p e c i e s ,  t a x o n o m i c a l l y  a n d  e c o l o g i c a l l y  c lose  to t h e  g u t l e s s  w o r m s ,  t h e  i n t e r s t i t i a l  

c o n g e n e r  Phallodrilus prostatus a n d  a r e p r e s e n t a t i v e  f r o m  a r e l a t e d  g e n u s ,  Aktedrilus 
monosperma£hecus. 

However, since morphological and histological knowledge was found to be based, 

also in freshwater tubificids, on only very few species (mainly Tubifex tubifex and 

l_Jmnodrilus spp., see 'Discussion'), it was felt that this work should not restrict itself to 

selected ultrastructural details, but should cover the gross-morphological organization 
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by use of light- and  low power-electron microscope, and  scrutinize some more re levant  
organs (vascular system, nerve  cord, epidermis/cut ic le  complex) at the subcel lu lar  level. 

MATERIAL AND METHODS 

Phallodrilusprostatus (Kn611ner, 1935) was collected in  October 1982 at the beach  in  
Strande (Kiel-Fjord, Baltic Sea; sal ini ty  ca 15 %o). The worms were decanted  from 
m e d i u m  to coarse sand  slightly above the water  l ine  in  ca 20 cm depth just  above 
groundwater  level. Aktedrilus monospermathecus (KnSllner, 1935) was collected in  
October 1982 from the sandy  upper  shore at Kei tum (Isle of Sylt, North Sea) 2 m from 
highwater  l ine  at a dep th  of ca 30-40 cm (interstitial sal ini ty  22 %0, m e d i u m  sand). 

One  day after sampling,  adul t  worms without  developed geni ta l  organs were fixed 
and  prepared  for microscopy: fixation for 2 h in  5 % glu tara ldehyde  buffered in  0.1 m 
Na-Cacodylate  with 7 % sucrose, CaC12 and MgC12 added  (according to Pearse, 1972); 
2 % OsO a for 1 h, acetone, Spurr 's resin (all procedures at 4 °C). Ultrathin sections 
(Reichert OM U2) were s ta ined  with uranylaceta te  (5 rain) and  leadcitrate (1 min) for 
electron microscopy (Zeiss EM 9S-2); 1 ~m-sections were s ta ined  with to lu id ine-b lue /  
pyron ine  for l ight  microscopy (Zeiss-Axiomat). This s tudy is conf ined to cross sections 
through the postclitellar, central  parts of the worm's  body. It omits complicat ing struc- 
tures such as setae with their  special  muscula~. re  and  the geni ta l  organs. 

RESULTS 

Phallodrilus prostatus 

Light-microscopic survey 

The domina t ing  structure is the vo luminous  in tes t ine  with a wel l  developed l u m e n  
with long cilia ex tend ing  into it from the inner  surface of the wal l  cells (Fig. la).  The 
enteric wal l  is sur rounded by  a large sinus complex of i r regular  width. Even the large 
'dorsal blood vessel '  lacks an endothel ia l  l in ing,  i.e. it has to be  regarded as a wide  s inus 
(Figs la ,  ld). The ventra l  b lood vessel  is relat ively small  and, if not filled with blood, 
sometimes hardly d iscernib le  unde r  the l ight  microscope. Through peristalt ic move- 
ments  of the body it is often found dislocated from its m e d i a n  subin tes t ina l  locat ion 
above the ventral  nerve  cord into a posi t ion lateral  to the neura l  tissue. A subneura l  
long i tud ina l  vessel  is absent .  A paired a r rangement  of nerve  t runks in  the ventra l  cord 
could not be  detected histologically. 

The chloragogenic tissue forms a thick layer on the dorsal and  latero-dorsal  parts of 
the gut  enclosing the large blood plexus, whi le  it covers the gut in  a th in  layer a long the 
lateral  and  ventral  parts of the intes t inal  tube. The coelomic cavity is wide  in  the dorso- 
lateral  parts of the body; it narrows latero-ventral ly  where  its l u m e n  is fi l led wi th  large 
nephridia ,  the nerve cord and  often the obl ique  setal musculature .  The considerable  size 
of each excretory organ is ind ica ted  by  the fact that nephr id ia l  tissue, mostly d iv ided  in 
several  lobed portions is to be  encoun te red  in  almost every section (Fig. lb).  The outer 
mesodermal  wall  of the coelome, a thin, bu t  clearly discernible  per i toneal  l in ing,  
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be longs  func t iona l ly  to the  r e l a t ive ly  tenuous  pa r i e t a l  wall .  Here,  we l l  d e v e l o p e d  
long i tud ina l  musc les  a re  enc losed  b y  a frail  r ing  of c i rcular  muscula ture .  The  ep ide rmis  
wi th  consp icuous  nuc le i  secre tes  a c lea r ly  v i s ib le  cut icle .  

Transmission-electron-microscopic observations 

The act ive  metabo l i c  funct ion of the  in tes t ina l  cel ls  becomes  ev iden t  in the  l ight  of 
the i r  vas t  o rgane l l e  content  (Pig. lc) :  the  compac t  cytoplasm, h igh ly  en r i ched  wi th  
g lycogen  rosettes,  is c r a m m e d  wi th  mi tochondr ia  of ra ther  i r r egu la r  cr is tae  structure.  
The  dense  endop la smaf i c  r e t i cu lum is l ined  wi th  r ibosomes.  Golg i  bod ies  and  la rge  
nuc le i  a re  r egu la r ly  v i s ib le  wh i l e  the re  a re  only  few ves icu la r  inclusions.  The  cel ls  
ex t end  into the  inner  in tes t ina l  l u m e n  th rough  a dense  layer  of c i l i a  (9 + 2 pattern);  the  
outer  cel l  surface is in d o s e  contact  w i th  the  c i rcumin tes t ina l  b lood  plexus .  The  
inconsp icuous  in tes t ina l  muscu la tu re  consists  of smal l  por t ions  of l ong i tud ina l  f ibres and  
a na r row inner  r ing  of c i rcular  fibres,  and  separa tes  the  in tes t ina l  cel ls  and  b lood  s inus 
from the  m e s o d e r m a l  chloragocytes .  

Wi thout  go ing  into the  de ta i l s  of d e v e l o p m e n t  and  nomenc la tu re  of ch lo ragogen ic  
t issue (see Jamieson ,  1981), desc r ip t ion  wil l  be  conf ined  here  to one cel l  category,  the  
l a rge  a n d  i r r egu la r ly  s h a p e d  chloragocytes ,  cent res  of o l igochae te  me tabo l i sm (Pig. ld) .  
They  car ry  r ich amounts  of g l y c o g e n  roset tes .  The i r  cy top lasm a ppe a r s  f l imsy due  to the  
m a n y  m e m b r a n e - b o u n d  l i p id  (?) d rop le t s  of va ry ing  e lec t ron  dens i ty  f i l led  wi th  an  
amorphous  mass.  Fur ther  charac te r i s t ic  o rgane l l e s  are  the  numerous  e lec t ron  dense  
' ch loragosomes '  and,  e spec ia l ly  in  e rgas top lasmat ic  s tages  (Jamieson,  1981), the  s t acked  
sys tem of p l a sma t i c  re t icu la  p a c k e d  wi th  r ibosomes,  the  huge  nucleus  and  the common 
mi tochondr ia  wi th  the i r  dense  mat r ix  and  small ,  i r r egu la r  cristae.  Also the  th in  
pe r i tonea l  cel ls  at  the  outer  e d g e  of the  coelomic  cavi ty  conta in  numerous  mi tochondr ia .  

Whi l e  a dorsa l  contract i le  b lood  vesse l  is subs t i tu ted  b y  a mere  b lood  s inus (Pigs l a ,  
d), the  wa l l  of the  sub in tes t ina l  vesse l  is s u p p h e d  wi th  muscu la tu re  cons is t ing  of abou t  
six b u n d l e s  of inne r  l ong i t ud ina l  myof ibr i l s  and  ve ry  fine outer  c i rcular  s t rands  (Pig. 2a). 
In the  f ine -g ranu la r  b lood  p l a s m a  no  hemocytes  or b lood  e leocytes  (Jamieson,  1981) 
have  b e e n  encounte red .  

The  vent ra l  b lood  vesse l  is a lways  c losely  assoc ia ted  wi th  the  ne ph r id i a l  t issue of 
the  vascu la r  wal l s  (Pig. 2b). In this  distal ,  ven t ro - la le ra l  por t ion of the  nephr id ium,  the  
t issue is cha rac te r i zed  by  ex tens ive  fo ld ing  of ce l lu la r  l a m e l l a e  (Pig. 2b). Cross sect ions 
th rough  these  s l im folds r evea l  c i rcular  to oval  structures.  Since  only  smal l  par t s  of the  
much  twis t ed  n e p h r i d i a l ' c a n a l  have  b e e n  cut, i t  a ppe a r s  s l i t l ike  or tube l ike .  Espec ia l ly  
in the  p rox ima l  por t ion  of the  nephr id ium,  the  dense  p l a s m a  shows mi tochondr ia ,  m a n y  
minu te  tubu la r  structures,  an  endop l a sma t i c  r e t i cu lum wi th  r ibosomes  and  some elon-  
ga te  nuclei .  

The  pe r i neu ra l  shea th  a round  the  vent ra l  nerve  cord (Pig. 2c) is only  dorsa l ly  wel l  
deve loped .  It consists ma in ly  of l ong i tud ina l  muscula ture ,  but  l acks  b lood  vessels .  The  
tubu les  t r avers ing  the  musc le  f ibres a re  d i rec ted  at  r ight  ang les  towards  the  nerve  cord. 
Neurog t i a l  ce l ls  wi th  the i r  consp icuous  nuc le i  can  b e  encoun te red  at  the  vent ra l  edge  of 
the  ne rve  cord, bu t  never  form a m a r k e d  g l i a l  ' l ayer ' .  The  neu rop i l e  wi th  i ts character is -  
t ic m e s h - l i k e  t i ssue  of neu rona l  p rocesses  contains  only few mi tochondr ia  a n d  is of a 
very  uniform structure th rough  the  absence  of g ian t  fibres.  In the  pa r i e t a l  muscu la tu re  
(Pig. 2d), the  p r e d o m i n a n t  l ayer  is the  inner  ' r ibbon '  of l ong i tud ina l  myof ibres  (one fibre 
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d e e p )  h a n g i n g  o n  a t h i n  b a s e m e n t  m e m b r a n e  a n d  e n c l o s e d  i n  a f i n e  s a r c o l e m m a .  T h e  

p e r i p h e r a l  s a r c o p l a s m a ,  s h o w i n g  m a n y  g l y c o g e n  r o s e t t e s ,  c o n t a i n s  t h e  n u c l e u s  a n d  i s  

d e n s e l y  p a c k e d  w i t h  m i t o c h o n d r i a .  S m a l l  t r i a n g u l a r  f i b r e s  a r e  i r r e g u l a r l y  s p a c e d  

F igs  1-2:  Phatlodrilus prostatus. Fig.  l a :  L igh t  mic roscop ic  foto; F igs  l b - 2 f :  T E M  fotos; ( la)  Dorso  
- l a te ra l  ha l f - sec t ion .  ( lb)  Sec t ion  t h r o u g h  la te ra l  pa r t s  of body .  (lc) In t e s t ina l  cell .  ( ld)  C h l o r a g o -  
cy tes  a n d  dorsa l  b lood  s inus .  (2a) Ven t r a l  b l ood  vesse l .  (2b) F o l d e d  l a m e l l a e  i n  d i s ta l  n e p h r i d i a l  
t i s sue .  (2c) Ven t r a l  n e r v e  cord  w i t h  cover  of m u s c u l a t u r e .  (2d) B o d y  wal l .  (2e) E p i d e r m i s  cell .  (2f) 
Cu t i c l e  t r a v e r s e d  b y  microvi l lL A b b r e v i a t i o n s :  b s  = b lood  s inus ,  by--- -blood ves se l ,  b w  = b o d y  
wal l ,  ci = ci l ia  of gut ,  ch  = ch lo ragocy te s ,  c m u  ---- c i rcu la r  p a r i e t a l  m u s c l e s ,  coe  = c o e l o m i c  cavi ty,  
col  = c o l l a g e n  f ibres,  cs = c h l o r a g o s o m e s ,  cu  = cut ic le ,  dr  ---- d rop le t s ,  ep  = e p i d e r m i s ,  e p i d e r m a l  
cell,  ep r  = ep icu t i cu la r  p ro jec t ions ,  er  = e n d o p l a s m a f i c  r e t i c u l u m ,  go  ---- Go lg i  ves ic les ,  il = in tes t i -  
n a l  l u m e n ,  iw  = i n t e s t i n a l  wal t ,  t m u  = l o n g i t u d i n a l  p a r i e t a l  m u s c l e s ,  m i  = m i t o c h o n d r i u m ,  
m s  = m y o s a r c  w i th  m i t o c h o n d r i a ,  m n =  m u s c u l a t u r e ,  m y  = microvi l l i ,  n e  = n e r v e  cord,  n e g -  
= n e u r o g l i a  (nucleus) ,  n e p  = neu rop f l e ,  n m u  = m u s c u l a t u r e  a r o u n d  n e r v e  cord,  n p  = n e p h r i d i u m ,  

n e p h r i d i a l  t i s sue ,  n u  = n u c l e u s ,  vs  = ves ic l e  
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Figs 3a-f: Aktedrilus monosperma~ecus. TEM fotos, for abbrevia t ions  see legends  to Figs 1-2. (3a) 
Body wall. (3b) Mucous (?) droplets in  epidermal  cell. (3c) Intest inal  cell wi th  dense  endoplasmat ic  
reticulum. (3d) Nephr id ia l  wall  folded in  blood vessel lumen. (3e) Chloragocyte.  (3f) Excretion (?) of 

m em br ane - bound  'bubble '  
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be tween  the larger  normal  long i tud ina l  myofibres. Both types are traversed by sarco- 
plasmatic  re t icu lum tubules  ex tend ing  from the per iphera l  p l a sma lemma at obl ique to 
right angles  and  subd iv id ing  the thick myofi laments  in  regular  compartments  of three to 
four para l le l  f i lamenta l  rows. Thin  f i laments  sur rounding  the thick ones (Jamieson, 
1981) could not  be  observed. In the outer s ingle  b a n d  of circular muscle  fibres, separated 
from the long i tud ina l  ones by  the ba semen t  membrane ,  sarcotubules are absent.  Here, 
the sarcoplasma with its mi tochondr ia  extends external ly  towards the epidermis,  from 
which it is set off only by  a th in  membrane .  

The typical  epidermis  cell ("support ing cell", Jamieson,  1981) is more or less 
cuboidal,  h igher  than  wide  (Fig. 2d), with a large nuc leus  and  cytoplasma rich in 
g lycogen rosettes. There  is a dense  endoplasmat ic  re t iculum and  numerous  Golgi (Fig. 
2e). Mitochondr ia  are frequent,  whi le  excretory activity, j udg ing  from the occurrence of 
droplets and  mucus  ceils, seems moderate  in  this species (see below). 

The external  surface of the ep idermal  cells is h ighly  digi tated forming i r regular  
co lumnar  supports which  b ranch  or s imply taper  into long microvilli .  The cuticle, 
traversed by  these microvilli ,  consists of a thick matrix (550 nm) with an i r regular  pat tern  
of th in  col lagen fibres (Fig. 2f) and  an  epicuticle (140 nm) with a somewhat  condensed  
fibrillar structure, not  set off sharply from the basal  layer. Very numerous  epicut icular  
projections (175 n m  long, 36 n m  wide,  65-70 n m  centre-to-centre distance) extend from 
the surface. They  s tand on fine pedestals  and  carry at their tips long, brush- l ike  
branches.  Some sections depicted mucus  floccules coming off the tips of the epicut icular  
projections. 

A k t e d r i l u s  m o n o s p e r m a t h e c u s  

Light-microscopic survey 

Ecologically similar  to P. prostatus, this species also inhabi ts  the interst i t ial  region of 
the h igh-water  zone of sandy beaches.  The worm is taxonomical ly  very closely re la ted to 
the other species s tudied here and  for a t ime it was inc luded  in  the genus  Phallodrilus 
(Brinkhurst & Jamieson,  1971). 

Sections through A. monospermathecus show a parietal  muscula ture  with somewhat  
thicker long i tud ina l  fibres. Substant ia l  differences at the l ight-microscopic level  could 

not be  detected. 
Transmission-electron-microscopic observations 

Here, the p rominen t  long i tud ina l  muscle  fibres in  relat ion to the worm's diameter  
are conspicuously depicted {Pig. 3a), but  in  structural details they do not seem to differ 
from P. prostatus. However, the i n t e g u m e n t  is d is t inguished  by an  augmen ted  excretory 
activity: vesicles occur regularly;  m e m b r a n e - b o u n d  spheres arise from the epicut icular  
projections (Pig. 3f) and  cells fi l led with droplets are mixed with the support ing 
epidermal  cells (Fig. 3b). These exhibi t  at their surface m a n y  digitiform branches  which 
merge  into long microvilli .  The epicut icular  projections are of the same shape and  size as 
in  Po prostatus. The fibre system in  the cuticular  matrix is also similarly wavy and  
irregular. 

Other organs, with ident ica l  or sl ightly d iverg ing  structure: 
- In the cells of the in tes t inal  wall,  the endoplasmat ic  re t iculum l ined  with ribosomes 

(Fig. 3c) is the domina t ing  organel le  bes ide  the large nucleus;  bu t  this extreme 
deve lopment  may be due to l imi ted  activity phases  only. 
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- The ventral  nerve  cord seems less clearly covered by discont inuous long i tud ina l  
muscles  on the dorsal side. Ventrally, a massive layer  of gl ia  cells with marked  nucle i  
under l ies  the central  neuropi le  which, again,  lacks giant  fibres. 

- The ventra l  b lood vessel, always in  close contact with the adjacent  nephr id ia l  tissue, 
is often found lateral ly dislocated. A corresponding dorsal vessel  does not  exist. As in  
P. prostatus it is subst i tu ted by a large sinus which merges  into the in tes t inal  plexus. 

- Location and  structure of chloragogenic  cells is s imilar  to P. prostatus: especial ly  
a round  the dorsal sinus, they form an i r regular  layer  of large, fluffy cells, vary ing  in  
shape, with large nucleus ,  m a n y  organelles,  g lycogen rosettes and  droplets, ind ica t ing  
their  active metabol i sm (Fig. 3e). 

DISCUSSION 

In the first part, the body structure of Phallodrilus prostatus a nd  Aktedr i lus  mono-  
spermathecus, as ev ident  from cross sections, wil l  be  compared w i t h  that  of other 
oligochaetes, in  part icular  tubificids; the second part  wil l  discuss the results i n  re la t ion 
to the gutless Phallodrilus spp. 

In v iew of the scarce and  scattered specific anatomical-his tological  l i terature on 
tubificids, the genera l  reviews of S tephenson (1930), Brinkhurst  & Jamieson  (1971), and  
Jamieson  (1981} in  addi t ion  to some original  papers were used  here as a source of 
information. However,  on scrut in iz ing l i terature for details  of the different organ syst- 
ems, the meager  extent  of informat ion on tubificids becomes  apparent ,  par t icular ly with 
reference to ul trastructure as summar ized  by Jamieson  (1981). Here, the a l imentary  
canal  and  the excretory system of Tubif ic idae are only vague ly  ment ioned,  the descrip- 
t ion of nerve cord, muscula ture  and  in t egumen t  is mostly restricted to Tubifex  tubi fex 
and, to some extent, to Limnodrilus spp. Hence,  so far, m a n y  l i terature 'results '  on 
Tubif icidae are, in  fact, extrapolat ions from facts obta ined  from other oligochaete 
groups. The ultrastructure of the increas ing  n u m b e r  of species in  the mar ine  subfamily  
Phal lodri l inae is completely  u n k n o w n  except for that of two gutless forms. 

While  the chloragocytes and  muscula ture  of the two ' regular '  mar ine  tubificids 
s tudied here do not apparen t ly  differ much in  ultrastructure from some other tubificids 
with gut  or even  from other families (chloragocytes of T. tubifex: Lindner,  1965; Fischer 
& Horvgth, 1978, 1979; other families: Jamieson,  1981; muscula ture  of T. tubifex and  
Limnodrilus udekemianus: Lanzavecchia,  1971), major  organ systems are d ivergent  in  
the two examined  species compared  with l i terature reports. 

S t r u c t u r e  of t h e  n e r v e  cord  

While  for T. tubi fex {Dixon, 1915), L. hoffmeisteri  (Satija & Garg, 1976) and, finally, 
for microdriles as a whole  (Cook, i n  Brinkhurst  & Jamieson,  1971) giant  dorsal  fibres 
were  described and  the double  structure of the d e a r l y  enshea thed  nerve  t runks  reported 
to be  of genera l  occurrence, there is no s ign of these structures in  the worms s tudied 
here. A "fibrous capsule" cover ing the nerve  cord is missing.  

D o r s a l  b l o o d  v e s s e l  

This vessel, des igned  by  Dixon (1915) with an  own  vascular  wal l  for T. tubi fex  and  
later repeatedly  s tudied in Tubif ic idae  (see l i terature in  Brinkhurst  & Jamieson,  1971), is 
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l a ck ing  in  the  two pha l l od r i l i ne  m a r i n e  spec ies  in  quest ion.  Here,  the  co r respond ing  
s t ructure  c l ea r ly  has  open  connec t ions  to the  in tes t ina l  s inus -complex  and,  in  contras t  to 
the  ven t ra l  vessel ,  l acks  e n d o t h e l i a l  l in ing  (Fig l a ,  ld) .  Since  Dixon (1915) does  not  
d i f ferent ia te  b e t w e e n  'vesse l '  a n d  's inus ' ,  the  " supra - in te s t ina l  vesse l" ,  de sc r ibed  b y  her  
as  g iv ing  r ise  to the  " in tes t ina l  vesse l s "  m a y  in fact r ep re sen t  a l a rge  dorsa l  b lood  sinus. 

The  in t ima te  connec t ion  b e t w e e n  the  vent ra l  b lood  vesse l  a n d  the  excre tory  sys tem 
in P. prostatus and A. monospermathecus  is d o c u m e n t e d  b y  folds in  the  vascu la r  wal l ,  
wi th  n e p h r i d i a l  t i ssue  p ro j ec t ing  into the  vesse l  l u m e n  or even  b y  "branches '  p ro tubera t -  
ing  into it (Fig. lf). A s imi la r ly  c lose  a l l i ance  wi th  the  b ranches  was  desc r ibed  b y  Nasse  
(1882, in  Dixon, 1915) for Tubi f ic idae ,  bu t  la te r  r e j ec t ed  by  Ve jdovsky  (1884) and  Dixon 
(1915). However ,  c lose phys io log ica l  connect ion  b e t w e e n  b lood  and  n e p h r i d i a  is stres-  
sed  even  in recen t  cont r ibut ions  (see Jamieson ,  1981). 

Graszynsk i  (1963) found in Lumbricus  terrestris a p l a sma t i c  structure in the  nephr i -  
d ia l  wa l l  showing  character is t ic  l a m e l l a e  and  c i rcular  sect ions wi th  mi tochondr ia .  His 
f igures r e s e m b l e  very  c losely  the  mic rographs  g iven  in  this s tudy (Fig. 2b), so that  they, 
wi th  some probabi l i ty ,  r ep re sen t  sect ions  th rough  the  p l a sma t i c  wal l  of the  d is ta l  
neph r id i a l  cana l  ( " S t h b c h e n k a n a r '  in  Graszynsk i ,  1963; pe rha ps  "porci6n C" in Pefia, 
1978). 

C u t i c l e  

The  conspicuous  pa t t e rn  of r egu la r ly  cross ing co l l agen  fibres, typ ica l  for some 
lumbr ic ids  a n d  enchy t rae ids  (Richards, 1977), is not  p resen t  in  the  mar ine  tubif ic ids  
i n spec t ed  here.  Thei r  i r r egu la r  w a v y  fibres,  r unn ing  ma in ly  in a c i rcular  direct ion,  b e a r  
more  r e s e m b l a n c e  wi th  the  cut ic le  in  the  na id id  Dero obtusata (Krall, 1968). In this 
pa t t e rn  they  contras t  to the  gut less  Phallodrilus spec ies  (Giere,  1981; Richards,  F l e ming  
& Jamieson ,  1982) wh ich  show an  or thogonal  co l l agen  grid.  This d i f ference  wi th in  
fami l ies  a n d  even  wi th in  one  g e n u s  of in ters t i t ia l ly  l iv ing  worms renders  gene ra l i za t i on  
or r e l a t ion  of these  cut icu lar  s t ructures  to life hab i t s  p rob l ema t i ca l  (Richards, 1977; 
W e s t h e i d e  & Rieger ,  1978). 

The  shape  a n d  size, too, of the  ep icu t i cu la r  pro jec t ions  s e e m  to vary  cons ide rab ly  
(Jamieson,  1981). Both Tubi fex  tubi fex  (Fischer  & Horv~th, 1977) and  the  gut less  
re la t ives  have  shor ter  and  s imple  ep icu t i cu la r  pro jec t ions  wh ich  l ack  any  b rush - l ike  t ips  
(Giere,  1981; Richards  et  al., 1982). This  l eaves  room for s p e ~ a t i o n  on the  funct ion of 
these  structures,  w h e t h e r  as  m e a n s  for the  t r a n s e p i d e r m a l  u p t a k e  of nut r ien ts  or, as  
s u g g e s t e d  b y  Richards  et  al., (1982), for mere  protect ion.  

This  l e a d s  to a fur ther  compar i son  wi th  the  ana tomy  of the  two gut less  Phatlodrilus 
species ,  wi th  the  res t r ic t ion tha t  in  P. albidus (Richards et  a l . ,  1982), only  the  d is ta l  
ep ide rmis  and  cut ic le  have  b e e n  descr ibed .  In P. Ieukodermatus (Giere,  1981), the  most  
s t r ik ing  difference,  the  comple t e  ab sence  of gut  and  nephr id ia ,  has  a ppa re n t l y  m a r k e d  
consequences  for the  s t ruchlre  of the  vascu la r  sys tem and  chloragocytes :  whi l e  in  the  
'normal '  worms the vesse l s  a re  v ia  the  ch lo ragogen ic  t issue in  loose  connec t ion  wi th  the  
in tes t ine  and  nerve  cord, in the  anen te r i c  form the  two la rge  long i tud ina l  vessels ,  
connec ted  b y  a muscu la r  strand, t raverse  more or less f reely the  ' empty '  coe lomic  cavity.  
Hence ,  any  homology  for a ven t ra l  or dorsa l  vesse l  is he re  p rob lemat ica l .  The  endothe-  
l ia l  ceils,  too, have  a t t a ined  a different  a p p e a r a n c e  in the  gut less  coelome:  they  s eem 
'b lown  up '  and,  in some sections,  fill  the  whole  cavi ty  a lmost  r e s e m b l i n g  a fluffy 
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m e s e n c h y m a  (Fig. 1 in  Giere ,  1981). Thei r  r ich content  of endop la sma t i c  re t iculum,  l ined  
by  r ibosomes,  mi tochondr ia ,  e l ec t ron-dense  grana,  however ,  func t iona l ly  r e semble s  
normal  chloragocytes  (see above).  Transformat ion of the  i n t e gume n t  th rough  the incor-  
pora t ion  of bac te r i a  (Giere  e t  al., 1983) has  mod i f i ed  the  ep ide rmis / cu t i c l e  complex  in  
both  gut less  spec ies  c o m p a r e d  to the  r egu la r  ep ide rmis  as  d e s c r i b e d  above.  Lack ing  
'cavi t ies '  at  the  ep ide rmis  - cut icle  in terface  for s torage  of bac te r i a  and  mul t i -ves icu la r  
bodies ,  the  de rmal  layer ,  here ,  is less  th ick  than  the co r respond ing  'mant le '  of P. 
leukodermatus  which  a t ta ins  a lmost  half  the  d i a m e t e r  of the  cross sec t ion  (Fig. 1 in  
Giere ,  1981). However ,  excre t ion  of m e m b r a n e - b o u n d  'bubb les ' ,  a p p a r e n t l y  m e d i a t e d  
by  the  ep icu t icu la r  p ro jec t ions  (Fig, 6 in Gie re  et al., 1983), occurs bo th  in  P. leukoder- 
matus  and  the spec ies  desc r ibed  he re  (Fig. 3f). 

M u s c u l a t u r e  

The  long i tud ina l  musc le  f ibres of both  gut less  spec ies  differ in  the  e n l a r g e m e n t  of 
the  sarcoplasmat ic ,  noncont rac t i l e  por t ion  of the cel l  wh ich  'hangs '  into the  coelomic  
cavity,  and  which  in  some sect ions  (see Fig. 1 in  Giere ,  1981) is as  l a rge  as  or l a rge r  than  
the  f ibrous par t  (see also Jamieson ,  1981). Smal l  t r i angu la r  musc le  cel ls  a re  e m b e d d e d  in 
the  normal  l ong i tud ina l  muscula ture .  They  are  a ppa re n t l y  a common fea ture  in 
tubif ic ids  as shown for Tubifex  tubifex, P. prostatus and  A. monospermathecus,  but  occur 
in P. leukodermatus  in  i nc reased  n u m b e r  and  in pa r t i cu la r ly  r egu la r  a r r angement .  In 
this  spec ies  the  u l t ras t ruc ture  of the  long i tud ina l  musc les  differs from that  of the  spec ies  
e x a m i n e d  above,  each  (thick) myof ibr i l  b e i n g  enc i rc led  b y  thin  fibrils.  

N e r v e  c o r d  

In contrast  to the  two 'normal" pha l lod r i l i ne  worms i n spec t ed  in  this  s tudy,  the  nerve  
cord of P. leukodermatus  harbours  two or three  la rger  dorsa l  fibres.  However ,  s ince  thei r  
d i ame te r  is much  less  dis t inct  than  that  of the  p rominen t  'g ian t  f ibres '  in Lumbricus 
terrestris (Jamieson,  1981) or Tubifex  tubi fex (Dixon, 1915), it  cannot  be  s ta ted  at  this 
s tage  tha t  they  rea l ly  a re  the i r  equiva len t .  Only  in some sect ions  t h rough  P. leukoder-  
matus  is a s l ight  b ipa r t i t ion  in  two neu ra l  t runks  vis ible .  

CONCLUSIONS 

The  mar ine  Pha l lodr i l inae ,  s t ud i ed  he re  for the  first t ime,  exh ib i t  major  morpho log i -  
cal and  his to logica l  d i f ferences  from the k n o w n  l imnic  Tubi t ic inae .  This  refers ma in ly  to 
the  h is to logy  of the nerve  cord, a r r a n g e m e n t  of the  vascu la r  sys tem and  u l t ras t ruc ture  of 
the  cuticle.  C o m p a r e d  to the  ' regular '  Phal lodr i l inae ,  d e g e n e r a t i o n  of the  gu t  and  
neph r id i a  in  the  r ecen t ly  d i scovered  anen te r i c  re la t ives  has  d e e p l y  c h a n g e d  the  body  
organiza t ion:  not  only  has  the  de rma l  wa l l  spec ia l i zed  b y  the  u p t a k e  of symbio t ic  
bacter ia ,  but  also the  s tructure of the  long i tud ina l  muscu la tu re  and  the endo the l i a l  t issue 
which  accompan ies  the  la rge  b lood  vesse ls  in  the ' empty '  coe lomic  cavi ty  have  under -  
gone  modif icat ions.  

Fur ther  s t ructural  inves t iga t ions  on other  gut less  o l igochae te  spec ies  (Giere,  in 
prepara t ion)  wil l  ascer ta in  w h e t h e r  these  'der ivat ions '  are  of a more  ge ne ra l  na ture  or 
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d i f fer  in  e a c h  a n e n t e r i c  s p e c i e s .  H o w e v e r ,  it  h a s  a l r e a d y  b e c o m e  d e a r  t h a t  a r e l i a b l e  

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

in  t h e  l i g h t  of t h e  ' n o r m a l '  o r g a n i z a t i o n  as  s h o w n  in  r e l a t e d  w o r m s  f r o m  the  m a r i n e  b io ta .  

T h e r e f o r e ,  g e n e r a l i z a t i o n s  f rom t h e  f e w  s c a t t e r e d  s t u d i e s  on  f r e s h w a t e r  t ub i f i c id s  or 

e v e n  o t h e r  f a m i l i e s  a re  m i s l e a d i n g  a n d  l ess  t h a n  he lp fu l .  
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