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Summary. Following observation of conical groups of stiff, bu t  motile cilia on the tentacles 
of the branchial  crown of SabeUa pavonina, these were examined with the electron microscope. 
The bundles consist of about  40 unenclosed " s t a n d a r d "  cilia supported by one or two primary 
sense cells with centrally directed axons of 0.1-0.2 ~ diameter. Axons in the distal portions of 
the  branchial crown occur in small bundles surrounded by a basement  membrane.  More 
centrally, glial elements appear and the nerves are surrounded by a collagenous sheath. The 
branchial  nerve t runk  shows similarities in organisation to other previously investigated 
annelid central nervous tissue in t ha t  the whole nerve is surrounded by a fibrous sheath central 
to which there is a layer of glial cells with processes penetrat ing a central neuropile. The 
0.1~).2 tz axons commonly occur in glial-enveloped groups of < 40 whilst other axons of larger 
and mixed diameter  are found together. 

Each tentacle has two branchial nerves on the oral side, and each nerve gives rise to two 
small 75-axon branches running to each pinnule. The branchial nerves fuse to form the bran- 
chial nerve t runk running to the supra-oesophageal ganglia. 

Sections of the branchial nerves of the branchial crown at progressively more central 
levels show tha t  the branchial nerve t runk contains enough axons of 0.1 0.2 ~ diameter  to 
account for all the sensory cells on the tentacles. This is taken as evidence for the sensory cells 
having axons terminat ing within the central nervous system and t ha t  there is no peripheral 
confluence or fusion of these afferent axons. 

Key-Words: Tentacles - -  Polychaetes - -  Sensory cells - -  Sensory innervation - -  Cilia - -  
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Introduction 

T h e  c r o w n  of t e n t a c l e s  of Sabella pavonina is wel l  k n o w n  b e c a u s e  of t h e  p a r t  

i t  p l a y s  in  r e s p i r a t i o n  (Fox ,  1938) a n d  f e e d i n g  (Nicol ,  1930). T h e  gross  m o r p h o l o g y  

a n d  s o m e  a s p e c t s  of h i s t o l o g y  were  o u t l i n e d  b y  Nico l  in  1930 a n d  t h i s  p a p e r  is 

t h e  m a i n  s o u r c e  of i n f o r m a t i o n  a b o u t  t h e  s y s t e m .  I t  is a m a t t e r  of c o m m o n  o b s e r v a -  

t i o n  t h a t  w i t h d r a w a l  of t h e  c r o w n  o c c u r s  w h e n  a n  a p p r o p r i a t e  s t i m u l u s  is app l i ed .  

T h i s  m a y  b e  r a p i d  or,  i n  s o m e  cases,  r a t h e r  s lower  ( K r a s n e ,  1965). A l t h o u g h  t h e  

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

o n  a n u m b e r  of occas ions ,  l i t t l e  or  n o t h i n g  is k n o w n  of t h e  p a t h w a y s  b y  w h i c h  t h i s  

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

p l ay .  I n  s o m e  cases  t h e  a p p r o p r i a t e  i n p u t  m a y  be  f r o m  p r o p r i o c e p t o r s  l o c a t e d  a t  

t h e  b a s e  of  t h e  t e n t a c l e s ,  b u t  i t  s eems  e q u a l l y  poss ib le  t h a t  m e c h a n o r e c e p t o r s  

l o c a t e d  o n  t h e  t e n t a c l e s  t h e m s e l v e s  m a y  be  ac t i ve .  E q u a l l y  poss ib l e  is t h e  l i k e l i h o o d  

t h a t  c h e m o r e c e p t o r s ,  i n v o l v e d  i n  f e e d i n g  r e sponses ,  a re  p r e s e n t  o n  t h e  t e n t a c l e s .  

N o n e  h a v e  so f a r  b e e n  d e s c r i b e d ,  in  t u b i c o l o u s  p o l y c h a e t e s ,  a l t h o u g h  t h e r e  is s o m e  

i n f o r m a t i o n  for  e r r a n t  w o r m s  (e.g. D o r s c t t  a n d  H y d e ,  1969). 
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Material  and Methods 

Specimens of Sabella pavonina were obtained from the Scottish Marine Biological Associa- 
tion Laboratory at Millport, Isle of Cumbrae. They were maintained within the laboratory 
aquarium in constantly circulating aerated sea water and were not fed. The animals mMn- 
tained themselves in good condition feeding upon the content of the circulating sea water. 
The smaller specimens supplied were those used for histological purposes. 

Four methods of fixation were utilised in an attempt to obtain satisfactory fixation. The 
required pieces of the branchial crown were removed from the live animals and immediately 
placed in the fixative. The alternatives were as follows: 

1. 1% osmium tetroxide in filtered sea water for 1 hour at 4 ~ C. 
2. 1% OsO 4 in veronM acetate buffer at pH 7.3 (Palade, 1952) for 1 hour at 4 ~ C. 
3. Prefixation in phosphate buffered 6 % glutaraldehyde for 3 hours followed by fixation 

in 1% OsO 4 in phosphate buffer for 1 hour at 4 ~ C. 
4. Triple fixatives (Imaizumi and Hama, 1969) 1% OsO 4 in phosphate buffer for 1 hour at 

4 ~ C. 6% glutaraldehyde in aqua dist. for 1 hour. 1% OsO 4 in aqua dist. for 30 mins. 2% uranyl 
acetate in aqua dist. for 30 rain. 

All material was dehydrated in a graded ~cetone series. The material was then embedded 
in Epon using a vacuum embedding technique. Thin sections were cut on an LKB ultra- 
microtome, mounted on unfilmed copper grids and examined on an AEI EM6B electron 
microscope at 60 kV. 

Material fixed by the first three methods was stained with 2 % uranyl acetate followed 
by lead citrate (Reynolds, 1963) whilst triple fixed material was block stained prior to dehydrat- 
ing (Imaizumi and Hama, 1969). 

Observations 

The Branchial Crown 

Each  half  of the  crown consists of about  20 branchial  f i laments  which arise 
f rom a common base but  soon separate  th roughou t  their  length.  Each  f i lament  is 

app rox ima te ly  500 microns in wid th  and carries about  400 pinnules. These 

pinnules are a r ranged a l te rna te ly  along e i ther  side of the  oral surface of the  
f i lament  and are about  1.5 m m  in length.  They  are found along the whole length  of 

the f i lament  except  a t  the t ip,  where they  are shorter.  The anter ior  1 m m  of the  

f i lament  has no projections.  
At  the  t ip  of each f i lament  and on each pinnule  there  are cells bear ing stiff 

cilia in cone-shaped bundles. Direc t  observat ion  using Nomarsk i  interference 

optics showed t h e m  to be quite  dis t inct  f rom the cilia whose beat  provides the  
feeding currents.  Whi ls t  the feeding cilia on the  f i laments  and pinnules beat  

cont inuously  the stiff cilia remain  immobi le  for long periods. They  were, however ,  
occasionally observed to flick, all the  cilia of a bundle  moving  in unison. Careful 
observat ion showed there  to be two such bundles of stiff cilia at  the t ip  of each 

pinnule  and about  20 on the t ip  of each f i lament .  Of these 20 about  10 are clustered 

around the actual  t ip  whilst  the  other  10 bundles are s i tua ted  s l ight ly fur ther  back 
f rom the tip, more often on the oral surface. Stiff cilia were not  seen on any  other  

par ts  of the  branchial  crown. 
Elec t ron  microscopical  examina t ion  of sections t aken  through the  f i lament  

and pinnule  t ips showed tha t  the  cells bearing the  stiff cilia were dis t inct  f rom the  

other  cells in the  same tissue and appeared  to be p r im a ry  sensory cells. These cells 
are about  1.5-3 microns in d iamete r  at  the  distal  end and taper  into an axon-l ike 
process wi th  an average d iameter  of 0.1-0.2 microns at  the proximal  end (Fig. 1). 
I n  some cases a bundle of stiff cilia arose f rom two ad jacent  cells bu t  all cells, 

11 Z. Zellforsch., Bd. 122 
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Fig. 1. A longitudinal section through a pair of sensory cells at the filament tip. A single 
bundle of cilia (c) arises from the two cells (sc) distally whilst, proximally, an axon process (a) 
of 0.2 ~ diameter runs towards a collection of similar nerve fibres (n). It is in this region that 

synapses were occasionally observed. Triple fixation. • 10000 

whether support ing cilia or not, have desmosomal regions at  the distal surface. 
In terposed support ing cells are unspeeiMised. 

The cytoplasm of the sensory cells is more electron dense than  tha t  of surround- 
ing epithelial cells. These cells also possess more intraeellular  organelles. Many 
hollow vesicles 1000 A in diameter,  small round  mitoehondria  and small granules 
occur in the sensory cells, bu t  epithelial cells conta in  more vesicles. Multivesicular 
bodies about  0.3 microns in diameter  and  containing m a n y  loosely packed pale 
cored vesicles are found in the sensory cells (Fig. 2). The cuticle covering the sen- 
sory cells does no t  differ in  thickness from tha t  overlying the rest of the epithelium 
bu t  fewer mierovilli  penet ra te  to the exterior. 

Each sensory cell carries about, 40 cilia interspersed among the mierovilli of 
the distal surface. At the level of the cuticle the cilia are normal  to the cell surface 
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Fig. 2. Oblique section through two adjacent sensory cells. Their cytoplasm is darker than 
the surrounding epithelial cells and is filled with multivesiculate bodies (rob), small round 
mitochondria (m) and small granules (g). Cilia (c), basal bodies (bb), and basal feet Ib/) are also 

evident. Triple fixation, x 15000 

bu t  t hey  t end  to become more  closely apposed  d i s ta l ly  to  form the  charac te r i s t ic  
cone-shaped bundle .  A t  no po in t  is the  c i l iary  bundle  su r rounded  b y  a l imi t ing  
membrane .  Each  ci l ium is abou t  0.2 microns  in d i ame te r  and  a p p r o x i m a t e l y  
30 microns  in length.  The a r r angemen t  of c i l iary  fibrils is t yp i ca l l y  9 - ~ 2  and  
wi th in  a bundle  all  the  cent ra l  pai rs  of fibrils are  o r i en ta t ed  in the  Same plane.  This  
might  be expec ted  f rom a cons idera t ion  t h a t  all cilia wi th in  a bundle  bea t  in  unison 
in the  same direct ion.  The  basal  bodies  are s imple and  have  a wedge-shaped  end. 
F r o m  each basa l  b o d y  arises a c i l ia ry  roo t  t h a t  is a t  an  angle  to  the  ci l ium itself  
and  also a smal l  basa l  foot.  The roo t  shows a s t r ipe r epea t  of 500 A s imilar  to  
those  descr ibed  in o ther  c i l ia ry  systems.  

11" 
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Fig. 3. Section through a branchial nerve (bn) which is separated by a basement membrane (b) 
from the single layer of muscle cells (m) which lines the coelomic space (cs). Triple fixation. 

x 30000 

The proximal  end of the sensory cells tapers into a th in  axon-like process which 
runs  towards a bundle  of nerve fibres with which it  becomes associated bu t  does 
not  form any  synapt ic  contact.  

The quest ion of synapt ic  contact  is impor t an t  in this respect, since vesicles 
occur wi thin  the processes of sensory cells though they are never numerous.  There 
are no other physical features of synapt ic  contact  such as membrane  specialisations 
or presynapt ic  bars to be found. Structures in terpreted as synapses have, however, 
been seen amongst  the nerves of the f i lament  and  also at  the f i lament  tips. I n  
these cases groups of vesicles of 440 ~ diameter  are closely packed together and  
the membrane  with which they arre associated is usual ly  straight and shows slight 
thickening.  The synaptic  cleft between adjacent  uni ts  is a constant  75 A in 
width as opposed to the more variable width of other in teraxonal  spaces. Occa- 
sional large hollow vesicles may  occur in the postsynapt ic  axon but  these are few in 
number .  All t en ta t ive ly  identified synapses tha t  have been observed were 
axo-axonic. No synapses were seen in the pinnules  or at the junct ion  of the pinnule  
axons with the branchial  nerves. 

The Nervous Anatomy o/the Branchial Crown 

The branchial  nerve t r unk  gives off two branches (branchial nerves) to each 
f i lament  along which they run  on the oral side (Nicol, 1930; Thomas, 1940). Earlier 
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Fig. 4. Transverse section through a branchial nerve mid-way down the filament. A collagenous 
sheath (s) surrounds the nerve, which at this level contains about 850 axons. Glial nuclei (n) 
and glial processes (p) are present, delimiting the axons (a) into bundles. Veronal buffered 

OsO 4. • 10000 

authors  note the presence of a single layer of muscle cells in both  p innule  and  fila- 
men t  (Fig. 3) bu t  describe no innerva t ion .  

At  the t ip  of each branchial  f i lament  the axons of the 20 sensory cells converge 
into 4 or 5 bundles  each conta in ing 12 to 14 axons. At a level jus t  proximal  to 
the end of the p innule  region each branchial  nerve is composed of about  150 axons. 
Midway along the branchial  nerve there are approximate ly  850 axons (Fig. 4). 
At  the base of the f i lament  where there are still two dis t inct  branchial  nerves 
each branchial  nerve contains about  1000 axons. The branchial  nerve t r u n k  
itself contains  40000 axons and  there are no branches occurring before the nerve 
enters the supraoesophageal ganglia. 

Two nerves r un  the length of each pinnule ,  on the oral side. At  the base each 
p innule  nerve contains  about  75 axons. The axons of the two p innule  sensory cells 
r un  in to  small  15 axon bundles  at  the tip, which are joined by  two other bundles  
to form the p innule  nerves (see Fig. 5). 

At two sites in  the branchial  crown, namely  at  the f i lament  and  p innule  tips, 
there are s t ructures  formed by  coalescence of small nerves into the larger branchia l  
and  p innnle  nerve which resemble pr imit ive  neuropiles. At these points  section 
reveals axons cut in t ransverse  section and  others in  oblique and  longi tudina l  
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Fig. 5. Diagram of the branchial nervous system of Sabetla showing the innervation of one 
filament in detail. Sensory cells (sc) exist peripherally and their axons form the pinnule nerve 
(pn). The branchial nerve (bn) and branchial nerve trunk (but) are collections of pinnule nerves 

together with a number of motor axons. Supra-oesophageal ganglion (s-og) 

section. These la t ter  e lements  presumably  originate  at the per iphery and the site 

represents  one of two places where synapt ic  s tructures may  be discovered. No 
neuron cell bodies are evident  in these areas nor  is there  any trace of glia which is 

present  in other  par ts  of the branchial  nervous system. 

Distribution o[ A xon Diameters 

Sections of the  branchial  nerve  were taken  a t  three levels to de termine  the 
number  and dis t r ibut ion of axon diameters  (Fig. 6). Of the axons of the branchial  
nerve  at  the f i lament  t ip  85% are between 0.1 and 0.2 microns in d iameter  and 
15% between 0.3 and 0.8 microns in diameter .  Midway down the f i lament  71% 
of the  axons were between 0.1 and 0.2 ~z, 29% between 0.3 and 0.8 ~. At  the base 

of the f i lament  74% are of 0.1 to  0.2 ~z and 26% between 0.3 and 0.7 ~z. The propor- 
t ion of 0.1 to 0.2 ~z d iameter  axons remains  a lmost  constant  th roughout  the  length 
of the branchial  nerve  whilst  the absolute number  increases progressively along 
the nerve. 
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Fig. 6A-C. Histogram to show the distribution of axon diameters at three different levels in 
the branchial nerve. The proportion of 0.1=0.2 ~ diameter axons remains constant at all 
levels but the actual numbers increase progressively at more central regions. A) distal end, 

B) mid-way down filament, C) base of filament 

Fine Structure o/Peripheral Nerves 

The smal l  bundles  of axons  a t  the  d i s ta l  end  of the  b ranch ia l  nerves  are  bounde d  
no t  b y  a shea th  bu t  b y  a l imi t ing  un i t  m e m b r a n e  closely apposed  to  the  m e m b r a n e s  
of the  unshea thed  axons  and  conta ins  mi tochondr i a  and  hollow vesicles. The axo-  
p lasm is granular ,  due poss ib ly  to  deformed nerve f i laments  and  neuro tubu les  
300-1000 • d iamete r .  This a r r angemen t  is ident ica l  to the  d i s t a l  ends of the  
p innule  nerves.  A t  th is  level ne i ther  shows a n y  glial  elements.  A t  the  p innule  base  
there  are  a few glial  e lements  wi th in  the  nerve bundle  bu t  otherwise there  is no 
difference a p a r t  f rom the  number  of axons  f rom the  d is ta l  end. 

Midway  down the  f i l ament  the  b ranch ia l  nerves  show considerable  advances  
in complex i ty  (see Fig.  4). The  nerve  is bounded  b y  a collagenous shea th  500 
t h i c k b u t  mos t  not iceable  is the  appea rance  of glia. Glial  nuclei  a re  c o m m o n  and  
pro jec t ions  of glial  cells demarca t e  the  nerve into  bundles  of axons  each bundle  
consis t ing of a p p r o x i m a t e l y  100 axons  of va ry ing  d iameter .  The axons  wi th in  t he  
bundle  are  no t  ind iv idua l ly  shea thed  and  lie in close a p p r o x i m a t i o n  to  one another .  
At  the  base of the  f i l ament  the  collagen shea th  increases in th ickness  b u t  the  only  
o ther  obvious changes are  in the  increase in axon  number .  

Fine Structure o/the Branchial Nerve Trunk 

The b ranch ia l  nerve t r u n k  is a b o u t  0.2 m m  in d i ame te r  and  is fo rmed  as a 
resul t  of the  coalescence of the  b ranch ia l  nerve and  runs  f rom t h a t  po in t  to  t he  
base  to  the  dorsa l  l a te ra l  aspec t  of the  supraoesophageal  ganglia .  
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Fig. 7. Peripheral region of the branchial nerve trunk showing a large glial soma (g). Note 
bundles of small axons (a) of 0.1-0.2 ~ diameter and intracellular fibrillar material (/). Veronal 

buffered OsO 4. X 20000 

The nerve t r u n k  is sur rounded  by  a collagenous sheath  of var iable  th ickness  
and  smooth  pa ramyos in - l ike  muscle is a t t a c h e d  a t  cer tain poin ts  on the  sheath.  
Glial  e lements  are numerous  with  cell bodies s i tua ted  a t  the  circumference of the  
nerve  bu t  no t  a t  all  in the  centre.  Wi th in  the  branchia l  nerve t r u n k  a p p r o x i m a t e l y  
60% of the  axons  have  a d i ame te r  between 0.1 and 0.2 ~z. They  are grouped in 
aggrega t ions  of 1 0 4 0  and  occasional ly toge ther  wi th  axons of o ther  d iamete rs  
(Fig. 7). The large axons  between 0.3 and  0.8 ~z d iamete r  conta in  hollow or pale 
cored vesicles of va ry ing  d iameters  and  also neurof ibr i l lar  mater ia l .  Yet  o ther  
large axons  are somewhat  i r regular  in profile outl ines and  conta in  700 • vesicles 
and  dense cored vesicles between 600 and 800 Jk in d iameter .  Such dense cored 
vesicles were occasional ly  seen in small  axons  bu t  most  often in the  larger  ones. 

The per iphera l ly  s i tua ted  glial  cell bodies are somewhat  i r regular  in outl ine 
and  in t e rna l ly  the  cy top lasm is da rk  in electron micrographs  due to the  presence 
of m a n y  fine granules  and  hollow vesicles (see Fig. 7). They  do not  appear  to 
conta in  extensive endoplasmic  re t icu lum and golgi complexes.  Mi tochondr ia  were 
no t  ev iden t  in glial  cell bodies bu t  were numerous  in glial processes (Fig. 8). 

Throughou t  the  branchia l  nerve t runk  bu t  mos t ly  a t  the  circumference there  
are  m a n y  elect ron-dense e longated  s t ruc tures  s i tua ted  within cellular elements.  The  
dense na tu re  of these  is s imi lar  to  t h a t  descr ibed in the  vent ra l  nerve cord of the  
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Fig. 8. Central region of the branchial nerve trunk showing large glial processes (g) surrounding 
bundles of 0.1-0.2 ~ diameter axons (a). Veronal buffered OsO 4. • 40000 

leech (Gray  a n d  Guil lery,  1963). They  are  bel ieved to be the  processes of the  f ibrous  
neu r i l emma found  l imi t ing  the  b ranch ia l  nerve t runk .  This  t y p e  of o rgan isa t ion  is 
essent ia l ly  the  same as t h a t  descr ibed in the  e a r t h w o r m  ven t ra l  cord (Coggeshall,  
1965) a l though some fea tures  of t h a t  sys tem seem to be absent .  

Discussion 

The cilia of the  sense cells on the  b ranch ia l  crown are stiff bu t  no t  immot i l e  ; 
t h e y  can be seen to flick, all  the  cilia of a bundle  moving in unison. I t  is in te res t ing  
to  note  t h a t  t h e y  of ten fl ick spon taneous ly  as well as a resul t  of being s t ruck  b y  
wa te r -borne  par t ic les .  P r e l im ina ry  physiologica l  inves t iga t ions  suggest  t h a t  these 
sense cells are  mechanorecep t ive ,  mon i to r ing  s t imul i  of a v ib ra t iona l  and  t ac t i l e  
na ture .  This  is the  case in stiff cilia found  in o ther  i nve r t eb ra t e s  such as Chaetog- 
na ths  (Horridge,  1966), Ctenophores  (Horridge,  1966) and  Ech inoderms  (Cobb, 
1968). There  is no re l iable  in fo rmat ion  ava i lab le  regard ing  a chemorecep t ive  role 
for these  i n v e r t e b r a t e  stiff cilia. 

One of the  ma jo r  p roblems  t h a t  has  faced physiologis ts  working  on inver te-  
b ra t e s  wi th in  the  las t  few years  has  been the  quest ion of resolving the  n u m b e r  of 
axons  invo lved  in a n y  pa r t i cu l a r  sys tem.  Nowhere  has  th is  been more  ev iden t  
t h a n  in the  annel ids  where  there  has  been some d i sagreement  and  reassessment  
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regard ing  the  t o t a l  number  of fibres conta ined  wi thin  any  pal~icular  nerve. 
Ear l ie r  workers  who rel ied upon  classical his tological  methods,  such as Small-  
wood (1926) and  Smi th  (1957), were misled in t h a t  such methods  d id  not  enable  
the  resolu t ion  of the  f inest  axons.  The use of the  electron microscope by  such 
au thors  as Hor r idge  (1963), Mill and  K n a p p  (1970), Lawry  (1967), indicates  t h a t  
the  to ta l  number  of f ibres is much grea ter  t h a n  was previous ly  suspected.  Hor r idge  
bel ieved t h a t  in Harmotho~ the  number  of axons  conta ined  wi thin  the  segmenta l  
nerve a p p r o x i m a t e d  qui te  closely to  the  number  of per iphera l  sensory cells. He  
therefore  concluded t h a t  these p r i m a r y  sense cells have thei r  t e rmina t ions  wi thin  
the  centra l  nervous  system.  However  L a w r y  (1967) found evidence to suggest  a 
cer ta in  degree of per iphera l  confluence of sensory axons  in the  vent ra l  pa rapod ia l  
cirrus of Harmothog. He suggests  t h a t  some fibres of less t han  1 bt in the  centre of 
the  neurona l  core of the  cirrus might  well be cont inuous  with the  fibres grea ter  
t han  1 bt a t  the  base of the  cirrus and  t h a t  these fibres might  well have afferent  
endings upon  them.  L a w r y  also found synapses  a t  the  per iphery .  Pa rapod ia l  
gangl ia  (e.g. in Aphrodite) suggest  per iphera l  in tegra t ion  in some polychaetes .  

I n  the  branchia l  crown of Sabella there  are  enough sensory axons  of 0.1-0.2 bt 
d i ame te r  to  account  for the  e s t ima ted  to ta l  number  of per iphera l  sense cells. The 
cons tancy  of p ropor t ion  of axons  of t h a t  d i ame te r  t h roughou t  the  length  of the  
b ranch ia l  nerve is i n t e rp re t ed  as evidence t h a t  the  per iphera l  sensory cells have  
axons  t h a t  t e r m i n a t e  wi th in  the  centra l  nervous  system.  As expected,  the  ac tua l  
numbers  of 0.1-0.2 bt axons  increase due to  r ec ru i tmen t  towards  the  base of the  
f i l ament  where i t  reaches i ts  m a x i m u m  for the  branchia l  nerve. The length  (over 
2 cm) over  which some of these axons  have to  run  and  thei r  ve ry  small  d iamete rs  
makes  t h e m  impossible  to  t race  indiv idual ly .  

The exis tence of per iphera l  synapses  in the  branchia l  crown of Sabella would 
suggest  a cer ta in  degree of per iphera l  in te rac t ion  of axons bu t  since i t  is not  
possible  to  iden t i fy  the  origins of the  pre- and  pos t - synap t i c  elements,  no defini te  
conclusions can be d rawn  as to  the  significance of these synapses.  The synapses  
could correspond to the  axons of b ipolar  sensory cells ve ry  occasional ly seen in 
Harmotho~" to run  toge the r  as if in d i rec t  anas tomosis  and  described as a "rare 
a n o m a l y "  b y  Hor r idge  (1963). Few records of synap t i c  s t ruc tures  have been ob- 
t a ined  in Sabella. Per iphera l  synapses  imp ly  per iphera l  in tegra t ion  to a cer ta in  
degree and  i t  is possible t h a t  if these synapses  are of the  "en p a s s a n t "  axo-axona l  
t y p e  be tween afferent  sensory axons,  exc i ta t ion  of one sensory cell could be mani-  
fes ted  in two or more (depending on the number  of synapses) axons a t  a more 
centra l  level. Hence  there  could t ake  place a mul t ip l ica t ion  of the  i npu t  to  the  
CNS. However  i t  is by  no means  cer ta in  t h a t  the  observed synapses  are between 
sensory axons.  The o ther  axons  wi th in  the  branchia l  nerves are p robab ly  mo to r  to 
the  muscle cells of the  pinnule  and  f i laments  or could poss ibly  be from free nerve 
endings in epidermis .  Nei ther  these nor neuromuscu la r  junct ions  were observed.  
Func t iona l ly ,  however,  the  small  size of these axons  m a y  be a quest ion of massed 
synchronous  firing of whole populat ions .  

The fine s t ruc tu ra l  o rganisa t ion  of the  branchia l  nervous sys tem shows simi- 
lar i t ies  wi th  other  annel id  nervous  sys tems t h a t  have  been inves t iga ted  with  the  
e lect ron microscope.  The organisa t ion  of the  branchia l  nerve t runk  follows the  
same p a t t e r n  as the  ven t ra l  cords of the  ea r thworm (Coggeshall, 1965) and  the  
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leech  ( G r a y  a n d  Gui l l e ry ,  1963) in  t h a t  t h e  who le  n e r v e  is s u r r o u n d e d  b y  a f ib rous  

s h e a t h  u n d e r n e a t h  wh ich  t he r e  is a l aye r  of g l ia l  cells w i t h  processes  p e n e t r a t i n g  a 
cen t r a l  neurop i le .  
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