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1 .

INTRODUCTION

Most f a m i l i e s  o f  p o l y c h a s t e s  a r e  h o m ogen eou s , b u t  

t h e r e  i s  none more so  th a n  th e  N e p h t y id a e ,  The s m a l l e s t  

s p e c i e s  i s  o n ly  a fe w  m i l l i m e t r e s  l o n g ,  t h e  l a r g e s t  a f o o t  

l o n g ,  b u t  a p a r t  fro m  t h i s  s i z e  d i f f e r e n c e ,  one member o f  

t h e  f a m i l y  lo o k s  much l i k e  a n o t h e r .  Most s y s t e m a t i s t s  

( e . g .  M c In to sh , 1 9 0 8 ;  P a u v e l ,  1 9 2 3 )  h ave r e g a r d e d  t h e  f a m i l y  

a s  m o n o g e n e r ic ,  th o u g h  i n  t h e  m ost r e c e n t  m onograph (H a r t­

man, 1 9 5 0 ) ,  i t  h a s  b een  d i v i d e d  i n t o  t h r e e  g e n e r a ,  one o f  

them  c o m p r is in g  a s i n g l e  s p e c i e s .  W hether th e  f a m i l y  sh o u ld  

be r e g a r d e d  a s  m ono- o r  t r i g e n e r i c ,  th e  d i f f e r e n c e s  s e p a r a t ­

in g  g e n e r a  and s p e c i e s  a r e  t r i v i a l .  The o n ly  c h a r a c t e r s  

on w h ich  t a x o n o m is t s  can r e l y  a re  t h e  number and d i s p o s i t i o n  

o f  t h e  b r a n c h ia e ,  t h e  form  o f  t h e  p a r a p o d ia l  l o b e s  and  

c h a e t a e ,  and th e  number o f  p a p i l l a e  on t h e  p r o b o s c i s .  T h is  

u n i f o r m i t y  o f  e x t e r n a l  m orphology  i s  u n d o u b te d ly  a  r e f l e c t i o n  

o f  t h e  f a c t  t h a t  a l l  t h e  s p e c i e s  l i v e  i n  much th e  same h a b i t a t  

an d , from  w h a t l i t t l e  i s  known o f  th e m , have s i m i l a r  h a b i t s ,  

N ep h ty s  l i v e s  in  i n t e r t i d a l  o r  s u b l i t t o r a l  san d  o r  mud; i t  

d o es  n o t  o c c u r  among r o c k s  o r  d e b r i s .  I t  p r o b a b ly  d o e s  n o t  

form  a perm anent b u rro w , b u t  l i v e s  3n t h e  s u r f a c e  o f  th e  

su b s tr a tu m  w hich  i t  may l e a v e  f o r  spaw ning o r  o t h e r  e x ­

c u r s i o n s  s i n c e  i t  i s  an  a c t i v e  swimmer.
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The s t r u c t u r e  w h ich  a p r i o r i  one w ould  e x p e c t  t o  

v a r y  l e a s t  in  s u c h  a  f a m i l y  i s  t h e  n e r v o u s  s y s te m . N ot  

o n ly  i s  t h i s  r e g a r d e d  a s  a  c o m p a r a t iv e ly  c o n s e r v a t i v e  p a r t  

o f  t h e  a n im a l ,  so f a r  a s  e v o l u t i o n  i s  c o n c e r n e d ,  b u t ,  i f  t h e  

b e h a v io u r  i s  more o r  l e s s  th e  same from  one s p e c i e s  t o  

a n o t h e r ,  one w ould  e x p e c t  t h a t  ev e n  i n  d e t a i l e d  s t r u c t u r e  th e  

b r a i n s  o f  a l l  n e p h t y id s  w o u ld  be th e  sam e. T h is  i s  n o t  th e  

c a s e  h o w ev er . Even in  g r o s s  m orphology  th e  s u p r a - o e s o p h a g e a l  

g a n g l io n  and i t s  a s s o c i a t e d  s t r u c t u r e s  a r e  e x t r e m e ly  v a r i a b l e  

and t h e r e  a r e  s e v e r a l  o b v io u s  d i f f e r e n c e s  i n  t h e  m in u te  

s t r u c t u r e  o f  th e  g a n g l io n  in  d i f f e r e n t  s p e c i e s .  In  t h i s  

s tu d y  a t t e n t i o n  h a s  b een  d i r e c t e d  p r i m a r i l y  to w a r d s  a p a i r  

o f  p o s t e r i o r  l o b e s  o f  t h e  s u p r a - o e s o p h a g e a l  g a n g l io n  w h ich  

a r e  fo u n d  in  some s p e c i e s  b u t  n o t  i n  o t h e r s .

From t h e  b r i e f  c o n s i d e r a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  

g a n g l io n  w h ich  p r e c e d e s  t h e  a c c o u n t  o f  th e  p o s t e r i o r  l o b e s ,  

i t  a p p e a r s  t h a t ,  a p a r t  from  th e  l a t t e r ,  th e  p o s t e r i o r  h a l f  

o f  t h e  g a n g l io n  i s  r e l a t i v e l y  c o n s t a n t  th r o u g h o u t  t h e  f a m i l y  

and t h a t  i t  b e a r s  a s t r o n g  r e se m b la n c e  t o  t h e  p o s t e r i o r  p a r t  

o f  th e  ne re  i d  b r a i n .  The m ost im p o r ta n t  f e a t u r e s  o f  t h i s  

r e g io n  o f  t h e  b r a in  are t h e  e y e s  and groups o f  n e u r o s e c r e t o r y  

c e l l s .  M o r p h o lo g ic a l  and e x p e r im e n t a l  e v id e n c e  w i l l  be  

p r e s e n t e d  w h ich  s u g g e s t s  t h a t  t h e s e  s t r u c t u r e s  a r e  hom ologous  

in  th e  tw o f a m i l i e s .  In  p a r t i c u l a r ,  one grou p  o f  n e u r o ­

s e c r e t o r y  c e l l s  in  th e  b r a in  o f  N e r e i s  a p p e a r s  to  be
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hom ologous w i t h  t h e  p o s t e r i o r  l o b e s  o f  N e p h t y s , and t h i s  

f a c t  p r o v id e s  a b a s i s  f o r  a re  - e x a m in a t io n  o f  t h e  c u r r e n t  

c o n c e p t s  a b o u t  th e  fu n d a m e n ta l  n a t u r e  o f  n e u r o s e c r e t o r y  

c e l l s .



HISTORICAL.
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HISTORICAL

There have b een  some h a l f - d o z e n  a c c o u n t s  o f  t h e  

m orp hology  o f  th e  b r a in  o f  th e  N e p h t y id a e ,  a l l  b u t  one o f  

them n i n e t e e n t h  c e n t u r y  w o rk s . A lth o u g h  t h e y  d e a l  w i th  

o n ly  t h r e e  s p e c i e s ,  N ep h ty s  c a e c a  P a b r i c i u s ,  N . h om bergi  

Aud. & S d w .,  and N . c i r r o s a  E h l e r s ,  th e  a c c o u n t s  d i f f e r  i n  

a lm o s t  e v e r y  d e t a i l .  C e r t a i n l y  none o f  t h e  n i n e t e e n t h  

c e n t u r y  a u th o r s  a n t i c i p a t e d  g r e a t  i n t e r - s p e c i f i c  v a r i a t i o n ,  

and i n d e e d ,  m ost o f  th e  c o n t r o v e r s y  t h a t  was a r o u s e d  was 

b a s e d  e s s e n t i a l l y  on th e  s u p p o s i t i o n  t h a t  t h e  s u p r a - o e s o ­

p h a g e a l  g a n g l io n  w o u ld  be i d e n t i c a l  in  a l l  s p e c i e s  o f  

N e p h t y s . H owever, a l t h o u g h  i n t e r - s p e c i f i c  d i f f e r e n c e s  

a c c o u n t  f o r  some o f  th e  d i f f e r e n c e s  b e tw e e n  th e  d e s c r i p t i o n s  

o f  v a r i o u s  a u t h o r s ,  th e y  do n o t  a c c o u n t  f o r  them a l l ;  

s e v e r a l  o f  t h e  a c c o u n t s  a r e  c o n c e r n e d  w i t h  th e  same s p e c i e s  

and s t i l l  c o n f l i c t .

The f i r s t  a c c o u n t  o f  th e  b r a in  o f  N ep h ty s  was t h a t  

by D e l i a  C h ia je  (1 8 2 5 )  who d e s c r i b e d  and p u b l i s h e d  d ra w in g s  

o f  t h e  n e r v o u s  s y s te m  o f  N. hom b erg i (u n d e r  th e  name o f  

N e r e i s  s c o l o p e n d r o i d e s ) .  I t  i s  now o n ly  o f  h i s t o r i c a l  

i n t e r e s t ,  f o r  t h e  i l l u s t r a t i o n  ( f i g . l A )  shows an en orm ou s,  

h e a r t - s h a p e d  s u b - o e s o p h a g e a l  g a n g l i o n ,  a q u a d r i lo b e d  s u p r a -  

o e s o p h a g e a l  g a n g l i o n ,  and c ir c u m -o e s o p h a g e a l  c o n n e c t i v e s  

w it h  a p a ir  o f  g a n g l i a  on e a c h ,  su c h  a s  n e v e r  e x i s t e d  in  any



5 .

p o l y c h a e t e .  H ow ever, D e l l e  C h ia je  m ust be g iv e n  c r e d i t  

a s  one o f  t h e  f i r s t  i n v e r t e b r a t e  z o o l o g i s t s  t o  d e s c r i b e  

th e  s u p r a -  and s u b - o e s o p h a g e a l  g a n g l i a  i n  any a n n e l i d .

He f a i l e d  t o  n o t i c e  t h a t  th e  v e n t r a l  n e r v e  co rd  was a d ou b le  

s t r u c t u r e ,  b ut t h i s  i s  d i f f i c u l t  t o  o b s e r v e  in  N ep h ty s  w i t h ­

o u t  c u t t i n g  s e c t i o n s  o f  th e  a n im a l .

The e a r l i e s t  a c c o u n t  o f  any s i g n i f i c a n c e  was t h a t  by  

Q u a tr e fa g e s  ( 1 8 5 0 ) ,  who d e s c r ib e d  a rem ark ab le  b r a in  in  

N ep h ty s  b o n o n e n s is  (= N, c a e c a ) . H is  i l l u s t r a t i o n  i s  shown  

in  f i g , I B ,  In th e  p o s t e r i o r  p a r t  o f  th e  prostoraium , he  

fo u n d  an e l o n g a t e ,  o v a l  s t r u c t u r e ,  e v i d e n t l y  t h e  s u p r a - o e s o ­

p h a g e a l  g a n g l i o n ,  from  th e  a n t e r i o r  m a rg in s  o f  w h ic h  a r o s e  

th e  c ir c u m -o e s o p h a g e a l  c o n n e c t i v e s .  In  a d d i t i o n ,  he  

d e s c r ib e d  a f u r t h e r  n e r v o u s  m ass in  t h e  a n t e r i o r  p a r t  o f  th e  

prostoraium . T h is  c o n s i s t e d  o f  a  t r a n s v e r s e  c h a in  o f  s e v e n  

g a n g l i a ,  a group o f  t h r e e  on e i t h e r  s i d e  n e a r  th e  b a s e s  o f  

th e  a n t e r i o r  a n te n n a e ,  and a s e v e n t h ,  t r a n s v e r s e  g a n g l io n  

j o i n i n g  them . The o n ly  c o n n e c t io n  b e tw e en  t h e s e  a n t e r i o r  

g a n g l i a  and th e  s u p r a - o e s o p h a g e a l  g a n g l io n  was by way o f  

two s m a l l  n e r v e s  ru n n in g  from  t h e  m ost l a t e r a l  o f  th e  a n t e r i o r  

g a n g l i a  t o  t h e  c i r c u m -o e s o p h a g e a l  c o n n e c t i v e s  on e a c h  s i d e .

The a n te n n a r y  n e r v e s  w ere  d e s c r i b e d  a s  a r i s i n g  from  th e  

a n t e r i o r  c h a in  o f  g a n g l i a ,  Q u a tr e fa g e s  a l s o  d e s c r i b e d  a

p a i r  o f  e y e s  in  th e  p o s t e r i o r  p a r t  o f  t h e  s u p r a -o e s o p h a g e a l  

g a n g l i o n .  V /hile t h e r e  are  e y e s  in  a p p r o x im a te ly  t h e
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p o s i t i o n  he sh o w s, th e y  a r e  embedded w i t h i n  t h e  g a n g l io n  

and a r e  n o t  v i s i b l e  u n l e s s  t h e  g a n g l io n  i s  cu t  op en .  

Q u a tr e fa g e s  d id  n o t  s u g g e s t  t h i s  and he may w e l l  h a v e  c o n ­

f u s e d  t h e  n u c h a l  o rg a n s  w i t h  e y e s ,  a m is ta k e  made by  some 

l a t e r  a u th o r s  a l s o .

C lap ared e (1 8 6 8 )  r e -e x a m in e d  N . h o m b e r g i . He was 

u n a b le  t o  f i n d  any s t r u c t u r e s  r e s e m b lin g  th e  a n t e r i o r  c h a in  

o f  g a n g l i a  d e s c r ib e d  by Q u a tr e fa g e s  in  N . c a e c a . A lth o u g h  

he exam in ed  a d i f f e r e n t  s p e c i e s ,  he c o n c lu d e d  t h a t  Q u a tre­

f a g e s  h ad  been  m is ta k e n  and t h a t  t h e  a n t e r i o r  g a n g l i a  d id  

n o t  e x i s t  in  any N e p h t y s . He fo u n d  t h a t  th e  a n te n n a r y  

n e r v e s  a r i s e  from  th e  a n t e r i o r  m argin  o f  t h e  g a n g l io n  

(Q u a t r e fa g e s  had d e s c r i b e d  them a s  em erg in g  from  the a n t e r i o r  

g a n g l i o n i c  c h a in )  and a l s o  n o t i c e d  t h a t  t h e  p o s t e r i o r  

m argin  o f  t h e  g a n g l io n  was b i f u r c a t e  ( f i g . 1 C ).

E h le r s  ( 1 8 6 4 -8 )  d e s c r i b e d  t h e  b r a in  o f  N . c a e c a  and  

was t h e  f i r s t  t o  r e c o r d  t h e  two c y l i n d r i c a l  p r o c e s s e s  w h ich  

e x t e n d  c a u d a l  l y  from  th e  p o s t e r i o r  m argin  o f  th e  su p r a -  

o e s o p h a g e a l  g a n g l io n  t o  th e  f i f t h  segm ent ( f i g . I E ) ,  He 

a g r e e d  w i t h  C lap ared e  t h a t  th e  a n t e r i o r  g a n g l i a  d e s c r i b e d  

by Q u a tr e fa g e s  d i d  n o t  e x i s t ,  b u t  d i s a g r e e d  w i t h  him  on 

s e v e r a l  o t h e r  p o i n t s ,  C la p a red e  had d e s c r i b e d  t h e  b r a in  a s  

e l o n g a t e  an d  b i f u r c a t e d  p o s t e r i o r l y ;  E h le r s  o b s e r v e d  t h a t  

i t  was s h o r t ,  t r a p e z o i d a l  an d  h ad  two lo n g  p o s t e r i o r  p r o ­

c e s s e s .  The two a u th o r s  s t u d i e d  d i f f e r e n t  s p e c i e s  and
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c e r t a i n l y ,  th e  d i f f e r e n c e s  b e tw e e n  th e  two d e s c r i p t i o n s  o f  

th e  s u p r a - o e s o p h a g e a l  g a n g l i a  w ere t o o  g r e a t  t o  b e  a t t r i ­

b u te d  t o  f a u l t y  o b s e r v a t i o n ;  t h e y  c o u ld  o n ly  be due t o  

i n t e r - s p e c i f i c  d i f f e r e n c e s  in  t h e  m orp h o logy  o f  t h e  g a n g l i o n ,  

E h le r s  e v i d e n t l y  m is t o o k  th e  n u c h a l  o rg a n s  f o r  e y e s , f o r  he  

d e s c r i b e d  them a s  b e in g  l o c a t e d  a t  t h e  p o s t e r i o r  m a rg in s  

o f  th e  p rostom iu m , in  th e  p o s i t i o n  a c t u a l l y  o c c u p ie d  b y  th e  

n u c h a l  o r g a n s ,  and  a s  h a v in g  a l e n s ,  w h ich  th e y  l a c k .

E h le r s   ̂ o b s e r v a t io n s  w ere s u b s t a n t i a l l y  c o n f ir m e d  by  

Schack  (1 8 8 6 )  in  h i s  s t u d y  o f  th e  same s p e c i e s ,  S chack  

a l s o  d e s c r ib e d  b r i e f l y ,  and  i n c o r r e c t l y ,  th e  h i s t o l o g y  o f  

th e  p o s t e r i o r  l o b e s  o f  the  b r a in  and s t a t e d  t h a t  t h e y  were  

f i l l e d  w i t h  la r g e  c e l l s  w h ich  he su p p o se d  t o  be n e u r o n e s .

H is  e x a m in a t io n  was s u p e r f i c i a l ,  h o w e v e r ,  f o r  he f a i l e d  t o  

n o t i c e  t h e  e y e s  embedded in  t h e  g a n g l io n  and  r e p e a t e d  

E h l e r s ’ m is ta k e  o f  c o n f u s in g  th e  n u c h a l  o r g a n s  w i t h  them .

He a l s o  f a i l e d  to  n o t i c e  th e  v e r y  o b v io u s  t r a c t  o f  p r o c e s s e s  

ru n n in g  from  th e  c e l l s  in  th e  p o s t e r i o r  lo b e s  a lo n g  t h e  

s i d e s  o f  t h e  g a n g l io n  t o  t h e  l a t e r a l  w a l l s  o f  t h e  p rostom iu m .

A l l  th e  e a r l i e r  work was r e v ie w e d  b y  P ru v o t  (1 8 8 5 )  

who g a v e  a d e t a i l e d  a c c o u n t  o f  th e  c e n t r a l  n e r v o u s  s y s te m  

o f  N , h om b erg i ( f i g s , I D  and P) and a t te m p te d  t o  r e c o n c i l e  

th e  c o n f l i c t i n g  v ie w s  o f  t h e  p r e v i o u s  a u t h o r s .  He 

d e s c r i b e d  a f l a t t e n e d  m ass o f  c o n n e c t iv e  t i s s u e  w h ich  l a y  

b etw een  th e  c ir c u m -o e s o p h a g e a l  c o n n e c t i v e s  i n  th e  a n t e r i o r
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p a r t  o f  th e  p rostom ium , and from  w h ich  two f a i r l y  t h i c k  

b u n d le s  o f  c o n n e c t iv e  t i s s u e  ran i n t o  t h e  a n te n n a e .  There 

can be n o  doubt t h a t  P r u v o t  was r i g h t ,  up to  a p o i n t ,  in  

s u g g e s t i n g  t h a t  t h i s  m ass r e p r e s e n t e d  Q u a tr e fa g e s*  se v e n  

a n t e r i o r  ’ g a n g l i a * .  In  f a c t  the t i s s u e  i s  n o t  c o n n e c t i v e ,  

b u t  i s  com posed o f  e p id e r m a l  mucus c e l l s ,  b u t  o n ce  Q u a tr e ­

f a g e s  h ad  made th e  i n i t i a l  m is ta k e  o f  su p p o s in g  i t  t o  b e  

n e r v o u s  t i s s u e ,  th e  d i s c e r n i n g  o f  g a n g l i a  in  i t  f o l l o w e d  

a lm o s t  as a m a tte r  o f  c o u r s e . P ru v o t  a l s o  s u g g e s t e d  t h a t  

E h le r s  t o o  had m is ta k e n  t h i s  a n t e r i o r  m ass f o r  n e r v o u s  

t i s s u e .  He was u n a b le  t o  f i n d  th e  p o s t e r i o r  l o b e s  o f  t h e  

s u p r a - o e s o p h a g e a l  g a n g l io n  o f  N , h om bergi and su p p o sed  t h a t  

t h e r e  were n on e  i n  an y  s p e c i e s  o f  N e p h t y s . He p r o p o se d  

t h a t  w hat E h le r s  had c a l l e d  th e  s u p r a - o e s o p h a g e a l  g a n g l io n  

w as, in  f a c t , t h e  m ass o f  g la n d u l a r  t i s s u e  In th e  a n t e r i o r  

p a r t  o f  th e  prostom ium  and what h e  had  c a l l e d  th e  p o s t e r i o r  

l o b e s  was th e  r e a l  s u p r a - o e s o p h a g e a l  g a n g l i o n ,  w h ich  in  

N . h om b erg i h a s  a f a i r l y  w e l l -m a r k e d  g r o o v e  a lo n g  i t s  v e n t r a l  

s u r f a c e .  W hile P r u v o t  was c e r t a i n l y  r i g h t  in  h i s  c r i t i ­

c ism  o f  Q u a tr e f a g e s ,  th e  o b s e r v a t i o n s  o f  E h le r s  c o u ld  n o t  

b e  d i s m is s e d  so  l i g h t l y ,  th e  more so  a f t e r  Schack  had  

d e s c r i b e d  in  some d e t a i l  p r e c i s e l y  th e  same s t r u c t u r e s  t h a t  

E h le r s  had  s e e n ,

P ru v o t  had  exam in ed  th e  n e r v o u s  sy s tem  o f  N , hom bergi  

and E h le r s  and S ch ack  t h a t  o f  N, c a e c a ,  so  t h a t  th e  d i s -
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ore pan d e  8 may w e l l  h ave b e e n  due t o  s p e d f l c  d i f f e r e n c e s  

i n  b r a i n  s t r u c t u r e  i n  th e  two worms. T h is  p o s s i b i l i t y  

d o es  n o t  seem t o  h a v e  o c c u r r e d  to  P r u v o t .  H owever, in  

1894 Baron de S a in t - J o s e p h  p u b l i s h e d  d e s c r i p t i o n s  o f  t h e  

n e r v o u s  s y s te m s  o f  N. c a e c a , N . h om b ergi and N . c i r r o s a  

w h ich  s h o u l d  h ave  d e c id e d  t h e  c o n f l i c t  a s  he was th e  f i r s t  

p e r so n  t o  exam ine b o th  M. c a e c a  and N . h om b ergi ( f i g . l G ) .  

H ow ever, h e  f a i l e d  t o  f i n d  th e  p o s t e r i o r  l o b e s  i n  any  

s p e c i e s  and a g r e e d  in  th e  main w it h  P r u v o t . In  h i s  d e s ­

c r i p t i o n ,  he s a y s  t h a t  th e  g a n g l i o n  o f  II. cae ca e x t e n d s  t o  

t h e  b oun dary  b e tw e en  t h e  f i r s t  and  s e c o n d  se g m en ts  where  

i t  b i f u r c a t e s ,  i . e .  i t  i s  e s s e n t i a l l y  th e  same a s  t h e  su p r a -  

o e s o p h a g e a l  g a n g l io n  o f  N . h o m b e r g i .

Prom th e  work o f  th e  l a t t e r  h a l f  o f  th e  n i n e t e e n t h  

c e n tu r y  we are l e f t  w i t h  a s e r i e s  o f  c o n t r a d i c t o r y  s t a t e ­

m ents  a b o u t  t h e  s t r u c t u r e  o f  th e  b r a in  o f  N e p h t y s . Some, 

th o u g h  n o t  a l l ,  o f  th e  d i s c r e p a n c i e s  can b e  a t t r i b u t e d  t o  

th e  f a c t  t h a t  d i f f e r e n t  o b s e r v e r s  s t u d i e d  d i f f e r e n t  s p e c i e s .  

I t  i s  a  l i t t l e  s u r p r i s i n g  t o  f i n d  P r u v o t , who gave a de­

t a i l e d  an d  c a r e f u l  a c c o u n t  o f  th e  b r a in  o f  N-. h o m b e r g i . 

s u g g e s t i n g  t h a t  E h l e r s ,  who was u s u a l l y  a v e r y  e x a c t  o b s e r ­

v e r ,  m is t o o k  a m ass o f  c o n n e c t i v e  t i s s u e  f o r  th e  s u p r a -  

o e s o p h a g e a l  g a n g l i o n ,  q u i t e  o v e r lo o k in g  th e  f a c t  t h a t  E h le r s  

was w ork ing  w ith  N . c a e c a .  The f a c t  t h a t  some a u th o r s
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a ssu m ed , i n c o r r e c t l y ,  t h a t  t h e  n e r v o u s  s y s te m  was th e  same 

in  a l l  s p e c i e s  o f  N e p h t y s , d o e s  n o t  a c c o u n t  f o r  a l l  th e  

d i s c r e p a n c i e s  h o w e v e r .  The d e s c r i p t i o n s  o f  th e  n e r v o u s  

sy s te m  o f  N . h om b erg i g iv e n  b y  C la r p a r e d e ,  P ru v o t  and  

S a i n t - J o s e p h  a r e  a l l  more o r  l e s s  c o n g r u e n t  and are  e s s e n ­

t i a l l y  c o r r e c t .  But th e  d e s c r i p t i o n s  o f  N. c a e c a  by  

Q u a tr e f a g e s  and S a i n t - J o s e p h  d i f f e r  in  im p o r ta n t  r e s p e c t s  

from  t h o s e  g iv e n  by E h le r s  and S ch a ck . The F re n c h  a u th o r s  

d e s c r i b e  th e  s u p r a -o e s o p h a g e a l  g a n g l io n  as b e in g  e l o n g a t e ,  

e x t e n d in g  b a c k  t o  t h e  boundary  b e tw e e n  t h e  f i r s t  and  s e c o n d  

s e g m e n ts ,  and b e in g  b i f u r c a t e  p o s t e r i o r l y ,  w hereas E h le r s  

and Sch ack  a g re e  t h a t  i t  i s  r e l a t i v e l y  s h o r t ,  c o n f in e d  t o  

th e  p rostom iu m , and t h a t  th e r e  a re  t w o . l o n g ,  c y l i n d r i c a l  

p r o c e s s e s  e x t e n d in g  from  th e  p o s t e r i o r  m argin  o f  t h e  

g a n g l i o n ,

R u l l i e r  (1 9 4 7 )  r e -e x a m in e d  N . c a e c a  and N. h om b ergi  

and fo u n d  t h a t  th e r e  are  in d e e d  p o s t e r i o r  l o b e s  o f  th e  

s u p r a -o e s o p h a g e a l  g a n g l io n  o f  N. c a e c a  a n d  t h a t  th e  d e s c r i ­

p t i o n s  o f  th e  b r a i n  o f  t h a t  s p e c i e s  b y  Q u a tr e fa g e s  and  de 

S a i n t - J o s e p h  b e a r  a much g r e a t e r  r e se m b la n c e  to  t h e  b r a in  

o f  N . h o m b e r g i . R u l l i e r  a l s o  exam in ed  th e  b r a in s  o f  

N. c i r r o s a  and N , h y s t r i c i s  and fo u n d  t h a t  t h e y ,  t o o ,  were  

p r o v id e d  w i t h  p o s t e r i o r  l o b e s .  He c o n c lu d e d  t h e r e f o r e  t h a t  

p o s t e r i o r  lo b e s  w ere  a  norm al f e a t u r e  o f  th e  b r a in  o f  

N ep h ty s  and t h a t  th e  i n t e r - s p e c i f i c  v a r i a t i o n  r e s i d e d  s o l e l y
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in  t h e  d e g r e e  t o  w h ich  t h e  l o b e s  were d e v e lo p e d ;  i t  w i l l  

be r e c a l l e d  t h a t  th e  g a n g l io n  o f  N . h om b erg i i s  s l i g h t l y -  

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

l o b e s  s u c h  a s  a r e  fo u n d  in  N, c a e c a . T h is  a n a l y s i s  i s  

n o t  q u i t e  t r u e ,  a s  we s h a l l  show , f o r  th e  p o s t e r i o r  p a r t  

o f  t h e  b r a i n  o f  N. h om b erg i i s  com posed o f  n e u r o g l i a l  

f i b r e s ,  w h i l e  the p o s t e r i o r  l o b e s  o f  N, c a e c a  a r e  f i l l e d  

w it h  mucus c e l l s .

I t  a p p e a r s ,  a s  R u l l i e r  s u g g e s t e d ,  t h a t  b o th  Q u a tr e ­

f a g e s  an d  S a in t - J o s e p h  m i s - i d e n t i f i e d  th e  worms th e y  

s t u d i e d  and  d id  n o t  exam in e  N. c a e c a  a t  a l l .  The a l t e r ­

n a t i v e  e x p la n a t i o n  i s  t h a t  t h e r e  i s  c o n s i d e r a b l e  i n t r a ­

s p e c i f i c  v a r i a t i o n  in  t h i s  s p e c i e s  and t h a t  th e  N o r th  

German sp e c im e n s  h a v e  p o s t e r i o r  l o b e s  and th e  F ren ch  o n es  

h ave n o t .  S in c e  sp e c im e n s  o f  N . c a e c a  from  th e  e a s t  and  

w e s t  c o a s t s  o f  S c o t l a n d ,  th e  sou-th o f  E n g la n d  and n o r t h ­

e a s t  P a c i f i c  a l l  have p o s t e r i o r  l o b e s  w h ich  a r e  a s  E h le r s  

d e s c r i b e d  them , t h i s  seem s m o st  u n l i k e l y .
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F ig u r e  1 .  A. The a n t e r i o r  n e r v o u s  sy s te m  o f  N ep h ty s  

h om bergi a c c o r d in g  to  D e l l e  C h ia je  ( 1 8 2 5 ) .

B. The a n t e r i o r  n e r v o u s  s y s te m  o f  N ep h ty s  c a e c a  
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th e  s u p r a - o e s o p h a g e a l  g a n g l io n  by t r a n s p a r e n c y .  

C lap ared e  ( 1 8 8 6 ) .  b .  n u c h a l  o r g a n s ,  c .  e y e s .
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a c c o r d in g  t o  P ru v o t  ( 1 8 8 5 ) .
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c a e c a  a c c o r d in g  t o  E h le r s  ( 1 8 6 4 - 8 ) .
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c o n n e c t i v e s  a r i s e .  o .  e y e s .

G. The a n t e r i o r  en d  o f  N e p h ty s  c a e c a  a c c o r d in g  t o  
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lÆATERIALS AND Î^ETHODS

The h i s t o l o g i c a l  s tu d y  h as  b een  b a s e d  on an exam in a­

t i o n  o f  th e  s p e c i e s  o f  N e p h ty s  and Aglaophanrus l i s t e d  b e ­

lo w , The two g e n e r a  a re  r e g a r d e d  as s u b -g e n e r a  by some 

t a x o n o m i s t s .  I  h ave  h ad  n o  o p p o r t u n i t y  to  exam ine Mi c r o ­

n e  p h ty s  , th e  t h i r d  g en u s  in  th e  f a m i l y .  The s p e c i e s  

marked w i t h  an a s t e r i s k  have b een  ta k e n  from  museum c o l ­

l e c t i o n s  and a r e  t h e r e f o r e  i n a p p r o p r i a t e l y  f i x e d  f o r  c a r e ­

f u l  h i s t o l o g i c a l  w ork.

N
N
N
N

m
N
N

5Î-N
N
N
N

-M-N
N
N
N

î N
*N

c a e c a  ( P a b r i c i u s )
c a e c o id e s  Hartman
c a l i f o m i e n s i s  Hartman
c i r r o s a  E h le r s
c o m u t a  B e r k e le y  & B e r k e le y
c o m u t a  f r a n c i s cana C la rk  & J o n es  
f e r r u g i n e a  Sartman
g la b r a  Hartman
h om bergi Aud, Sc Edw.
i n c i s a  I/Ialmgren
l o n g o s e t o s a  O e r s te d  
mage1I a n i c a  Hartman
p a rv a  C lark  Sc J o n es
p i c t a  E h le r s
p u n c t a t a  Hartman
r i c k e t t s i  Hartman
squam osa Hartman

î Aglaophamus d i  c i r r i s  Hartman 
* A . e r e c t ans Hartman 

*A, v i r g i n i s  (K in b erg )

N, r i c k e t t s i  i s  synonymous w i t h  N , d i s c o r s  E h le r s  a c c o r d in g

to  P e t t i b o n e  ( 1 9 5 4 ) .

The g r o s s  m orp hology  o f  t h e  a n t e r i o r  n e r v o u s  s y s te m

w i t h  i t s  a s s o c i a t e d  s t r u c t u r e s  h as  b een  d e te r m in e d  by
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d i s s e c t i o n .  As t h e  e n t i r e  d o r s a l  p a r t  o f  the s u p r a - p e s o -  

p h a g e a l  g a n g l io n  i s  i n  c o n t a c t  w i t h  t h e  c u t i c l e  o f  th e  

p rostom iu m , i t  i s  m ost c o n v e n ie n t  t o  make l a t e r a l  i n ­

c i s i o n s  o f  th e  body w a l l  a s  f a r  fo rw a r d  as th e  f i r s t  s e g ­

m en t, t o  r e f l e c t  th e  d o r s a l  b o d y - w a l l  fo r w a r d s  and t o  

d i s s e c t  the  b r a in  from  i t s  v e n t r a l  s u r f a c e .

E x c e p t  f o r  th e  museum s p e c im e n s ,  worms h ave  b een  

f i x e d  i n  B o u in * s  f l u i d ,  made up i n  s e a - w a t e r ,  and  t r a n s ­

v e r s e  and f r o n t a l  s e r i a l  p a r a f f i n  s e c t i o n s  h a v e  b een  p r e ­

p a r e d  a t  7 o r  10 yi t h i c k n e s s .  They have been  s t a i n e d  as  

a m a t t e r  o f  r o u t i n e  w it h  p a r a ld e h y d e  f u c h s i n .  T h is  t e c h ­

n iq u e  h a s  been d e v e lo p e d  by  Gomori ( 1 9 5 0 ) ,  Halmi (1 9 5 2 )  

and Dawson ( 1 9 5 3 ) ,  f o r  th e  s tu d y  o f  n e u r o - se  e r e  t o r y  p r o d u c t s .  

I  h a v e  u s e d  G a b e 's  (1 9 5 3 b ) m ethod  o f  p r e p a r in g  th e  p a r ­

a ld e h y d e  f u c h s i n .  The f i n a l  m ethod i s  t h u s :

1 .  Remove p a r a f f i n  and h y d r a te  s e c t i o n s .
2 .  R e f i x  i n  Z e n k er -fo rm a ld eh y d e  ( H e l l y ) ,  1 - 2  h o u r s .
3 .  L u g o l ’ s s o l u t i o n ,  5 m in u t e s .
4 .  R in se  i n  w a t e r .
5 .  5 %  sodium  t h i o s u l p h a t e , 2 m in u t e s ,
6 .  R in se  in  w a t e r .
7 .  O x id is e  i n  a c i d  p erm a n g a n a te , 1 m inu te

P o ta s s iu m  perm anganate 3 gm.
Cone. S u lp h u r ic  a c i d  3 m l.
D i s t i l l e d  w a te r  1000  m l.

8 .  R in se  i n  w a t e r .
9 .  D e c o l o r i s e  in  2 .5 ^  sodium  b i s u l p h i t e .

1 0 .  Wash in  w a t e r .
1 1 .  S t a i n  i n  p a r a ld e h y d e  f u c h s i n ,  10 m in u t e s .

The p a r a ld e h y d e  f u c h s i n  i s  made a c c o r d in g  t o  th e  
d i r e c t i o n s  g i v e n  by  Gabe ( 1 9 5 3 b ) .  The s t o c k  
s o l u t i o n  c o n s i s t s  o f  a 0 .7 5 ^  s o l u t i o n  o f  
p a r a ld e h y d e  f u c h s i n  in  70/^ a l c o h o l .  The s t a i n ­
in g  s o l u t i o n  foun d  b e s t  f o r  p o ly c h a e t e  m a t e r i a l
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i s  :
S to c k  s o l u t i o n  15 m l.
70/b a l c o h o l  150 m l.
G l a c i a l  a c e t i c  a c i d  2 m l.

(F or v e r t e b r a t e  m a t e r i a l  th e  s t o c k  s o l u t i o n  
s h o u ld  be d i l u t e d  o n ly  3 o r  4 t im e s  w i t h  
70^ a l c o h o l . )

1 2 .  Wash i n  two ch a n g es  o f  95^ a l c o h o l .
1 3 .  R in se  i n  0 ,2 5 ^  h y d r o c h l o r i c  a c i d  in  a b s o l u t e  a l c o h o l ,

15 s e c o n d s .
1 4 .  R in se  In d i s t i l l e d  w a t e r .
1 5 .  Mordant in  p h o s p h o tu n g s t ic -p h o s p h o m o ly b d ic  a c i d ,

10 m in u te s .

1 6 .
1 7 .

P h o s p h o tu n g s t i c  a c i d 4 gm.
P h osph om olybd ic  a c i d 1 gm.
D i s t i l l e d  w a te r 100 m l.

R in se  i n  w a te r .
C o u n t e r s t a in ,  1 h o u r .

L ig h t  g r e e n  ( f a s t  g r e e n ) 0 . 4 gm.
Orange G 0 . 5 gm.
G l a c i a l  a c e t i c  a c i d 1 . 0 m l.
D i s t i l l e d  w a te r 100 m l.

1 8 .  R in se  in  2 %  a c e t i c  a c i d  in  95^ a l c o h o l ,
1 9 .  D eh yd rate  r a p i d l y ,  c l e a r  and  m ount.

B e s t  r e s u l t s  h a v e  b e e n  o b t a in e d  w i t h  m a t e r i a l  f i x e d  

in  B ou in *s  f l u i d ,  b u t  s u b l im a t e  f i x a t i v e s  are  a l s o  s u i t a b l e ,  

th o u g h  t h e y  u s u a l l y  r e q u ir e  a s t r o n g e r  s o l u t i o n  o f  p a r ­

a ld e h y d e  f u c h s i n  ( d i l u t e  th e  s t o c k  s o l u t i o n  o n ly  4 o r  5 

t im e s  w i t h  70/^ a l c o h o l  i n s t e a d  o f  10  t i m e s ) .  The t im e s  

s u g g e s t e d  a b o v e  a r e  f o r  B o u i n - f i x e d  m a t e r i a l .  S te p s  2 - 5  

may be o m i t t e d ,  b u t m o rd a n tin g  w i t h  Z e n k er -fo rm a ld eh y d e  

im proves  c o u n t e r s t a i n i n g .

More d e t a i l e d  h i s t o l o g i c a l  and  h i s t o c h e m i c a l  s t u d i e s  

have b een  made on N. c a l i f o m i e n s i s , N. c i r r o s a  and  

N . h o m b e r g i. Specim en s h a v e  been  f i x e d  i n  Z en k er , H e l l y ,  

Bou i n ,  H e id e n h a in ’ s ’S u s a * ,  fo rm a ld e h y d e  and  95^ a l c o h o l .
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A l l  b u t  t h e  l a s t  two f i x a t i v e s  were made up i n  s e a - w a t e r  

a s  a means o f  r e d u c in g  s h r in k a g e  and im p r o v in g  f i x a t i o n .

A g r e a t  v a r i e t y  o f  s t a i n i n g  t e c h n iq u e s  h a v e  b een  u s e d  o f  

w hich  t h e  f o l l o w i n g  h ave  b een  fo u n d  t h e  m o st  r e w a r d in g .

G e n e r a l m ethods f o r  th e  n e r v o u s  s y s t e m : A zan , H e id e n h a in ’ s

i r o n  T h a e m a t o x y l in .  H olm es’ s i l v e r  im p r e g n a t io n  t e c h n iq u e  

( N i c o l ,  1 9 4 8 a ) .

N e u r o s e c r e t o r y  p r o d u c t s ; by  f a r  th e  b e s t  r e s u l t s  h a v e  b een  

o b ta in e d  w i t h  p a r a ld e h y d e  f u c h s i n  f o l l o w i n g  B ouin  f i x a t i o n .  

Gabe’ s (1 9 5 3 b ) m ethod , u s i n g  p i c r o - in d ig o c a r m i n e  a s  a  

c o u n t e r s t a i n ,  i s  r a p id  and  s t a i n s  m ost n e u r o s e c r e t o r y  p r o ­

d u c ts  s h a r p ly  and  d i s t i n c t l y .  The m ethod d e s c r i b e d  in  

d e t a i l  above t a k e s  much l o n g e r ,  b u t  i t  h a s  t h e  a d v a n ta g e  

o f  d i f f e r e n t i a t i n g  t i s s u e s  in  th e  b r a in  so  t h a t  th e  same 

p r e p a r a t io n s  can be u s e d  f o r  m ic r o a n a to m ic a l  s t u d i e s  o f  t h e  

g a n g l i o n .  For an e x a m in a t io n  o f  th e  s e c r e t o r y  c y c l e s  o f  

th e  c e l l s  i t  h a s  b e e n  fo u n d  p r e f e r a b l e  t o  f i x  th e  m a t e r i a l  

i n  Zenker and s t a i n  by t h e  l o n g e r  t e c h n i q u e .  T h is  m ethod  

r e s u l t s  in  much l e s s  i n t e n s e  c o l o r a t i o n  o f  th e  n e u r o s e c r e t o r y  

p r o d u c ts  than  when th e  sp ec lin en s  h a v e  b een  f i x e d  i n  B o u in ’ s  

f l u i d ,  w hich  i s  so m e th in g  o f  an  a d v a n t a g e , f o r  i n  Bou i n -  

and H e l l y - f i x e d  m a t e r i a l  th e  s t a i n i n g  o f  t h e  s e c r e t i o n  i s  

o f t e n  so  i n t e n s e  a s  to  o b s c u r e  th e  c e l l  s t r u c t u r e .  N e i t h e r  

o f  the  o t h e r  two t e c h n iq u e s  commonly u s e d  in  th e  s tu d y  o f
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n e u r o s e c r e t i o n ,  a c id  chrome h a e m a to x y l in  and  p h lo x in  

(G om ori, 1 9 4 1 )  or  A ltm an n ’ s f u c h s i n  and m e th y l  g r e e n  

p i c r a t e  (Gabe, 1 9 4 7 ) ,  h a v e  b een  fo u n d  p a r t i c u l a r l y  u s e f u l  

w it h  t h i s  m a t e r i a l .

L i p id s  t m a t e r i a l  h a s  b een  f i x e d  in  fo r m a ld e h y d e ,  r e f i x e d  

in  2;;b o sm ic  a c id  s o l u t i o n  and c o u n t e r s t a i n e d  w i t h  n u c l e a r  

f a s t  r e d ,  o r  e l s e ,  f i x e d  i n  fo r m a ld e h y d e ,  p o s t -c h r o m e d  f o r  

24 h o u r s  a t  37°C in  s a t u r a t e d  p o ta s s iu m  d ich ro m a t e  s o l u t i o n  

and s t a i n e d  w it h  s u dan b l a c k  B. T h is  i s  e s s e n t i a l l y  

C i a c c i o ’ s m ethod a s  d e s c r i b e d  b y  P e a r se  ( 1 9 5 3 ) ,

G l u c i d s ,  e t c . : M a t e r ia l  f i x e d  i n  B ou in  and a l s o  in  H e id e n -

h a i n ’ s ’ S u s a ’ was s u b j e c t e d  t o  t h e  f o l l o w i n g  t e s t s :  

p e r i o d i c  a c i d  s c h i f f ,  w i t h  and w it h o u t  p r e v i o u s  d i g e s t i o n  

w it h  d i a s t a s e ,  and f o l l o w i n g  a c é t y l a t i o n ,  w i t h  and w ith o u t  

s a p o n i f i c a t i o n  w i t h  KOH (MacManus & Gason, 1 9 5 0 ) ,  M uci-  

carm ine ( S o u t h g a t e ,  1 9 2 7 ) ,  d i a l y s e d  ir o n  (H a le ,  1 9 4 6 ) ,  

a l c i a n  b lu e  8GS (S teed m an , 1 9 5 0 )  and t o l u i dene b lu e  h ave  

b een  u s e d  t o  d e m o n s tr a te  a c i d  m u c o p o ly s a c c h a r id e s .

E x p er im en ts  h ave  b een  p er fo rm ed  on N . c a e c a ,

H. c a l i f o m i e n s i s , K. c i r r o s a , N . c o m u t a  f r a n c  i s  cana and  

N, p u n c t a t a . D e t a i l s  o f  t h e  e x p e r im e n t a l  t e c h n iq u e s  can  

more s u i t a b l y  be d e s c r ib e d  i n  t h e  a p p r o p r ia t e  s e c t i o n s .



THE SIZE, FORM AND STRUCTURE OF THE SUPRA- 

OESOPHAGEAL GANGLION.
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THE SIZE, F O m A  AND STRJCTaRE OP THE SUPRA-OESOPHAGEAL GANGLION

F a c t o r s  I n f l u e n c in g  t h e  Form o f  th e  G a n g lio n

The s u p r a -o e s o p h a g e a l  g a n g l io n  o f  N ep h ty s  i s  e x t r a ­

o r d i n a r i l y  v a r i a b l e  in  b o th  i t s  g r o s s  m orp hology  and i t s  

f i n e  s t r u c t u r e .  By f a r  th e  m o st  c o n s p ic u o u s  o f  t h e  v a r i ­

a t i o n s  t h a t  a r e  e n c o u n te r e d  i s  th e  d ev e lo p m en t  o f  a p a i r  o f  

l o b e s  a t  t h e  p o s t e r i o r  m argin  o f  th e  g a n g l i o n ,  w h ich  in  

some s p e c i e s  a r e  many t im e s  l a r g e r  than  th e  g a n g l io n  i t s e l f ,  

b u t  i n  o t h e r s  may be m is s in g  a l t o g e t h e r .  As we s h a l l  show, 

t h e s e  lo b e s  a r e  u s u a l l y  f i l l e d  w i t h  m u cu s-ce 1 1 s ,  b u t  t h e r e  

a re  a l s o  im p o r ta n t  v a r i a t i o n s  i n  th e  n e r v o u s  p a r t  o f  th e  

g a n g l i o n .  These a r e  a t t r i b u t a b l e ,  i n  th e  m ain , to  two  

f a c t o r s :  th e  g r e a t  s i z e  range o f  members o f  th e  N e p h t y id a e ,

and th e  p r e s e n c e  o f  a l a r g e ,  e v e r s i b l e  p h aryn x .

The s m a l l e s t  s p e c i e s  o f  N ep h ty s  , N , c o m u t a . i s  5 mm 

l o n g ,  th e  l a r g e s t  s p e c i e s ,  N. c a l i f  o m  l e n s  i s , i s  2 5 0 -3 0 0  mm 

l o n g .  The s i z e  o f  th e  c e l l s  d o es  n o t  v a r y  t o  a n y th in g  

l i k e  th e  same e x t e n t ,  a n d , a s  a g e n e r a l  r u l e ,  s m a l l e r  

a n im a ls  a r e  com posed o f  f e w e r  c e l l s  th an  l a r g e  o n e s .

W hile  t h i s  i s  p o s s i b l e  in  m ost  t i s s u e s  o f  th e  body, i t  i s  

n o t  p o s s i b l e  i n  th e  b r a i n .  I t  i s  a x io m a t i c  t h a t  b r a i n s  

ca p a b le  o f  t h e  same f u n c t i o n s  m ust c o n t a in  a p p r o x im a te ly  

th e  same number o f  c e l l s .  As a r e s u l t  o f  t h i s ,  th e  su p r a -  

o e s o p h a g e a l  g a n g l i a  o f  s m a l l  s p e c i e s  a r e  r e l a t i v e l y  l a r g e r
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than  th o s e  o f  b i g  o n e s .  B eca u se  th e  e x t e r n a l  body p r o ­

p o r t io n s  a r e  r o u g h ly  c o n s t a n t  In members o f  t h i s  f a m i l y ,  

th e  r e l a t i v e l y  l a r g e r  b r a in  o f  th e  s m a l l  s p e c i e s  ca n n o t  

be accomm odated c o m p le t e ly  w i t h i n  th e  p rostom ium . In  

f a c t ,  th e  g a n g l i o n  c a n n o t  become v e r y  much w id e r  or t h i c k e r ,  

i t  can o n ly  become lo n g e r ,  an d  s o  i t  t e n d s  to  p r o j e c t  i n t o  

th e  a n t e r i o r  b ody  s e g m e n ts .  In  N . cornu t a  and N . p ar  v a , 

f o r  i n s t a n c e ,  i t  e x t e n d s  from  th e  f i r s t  t o  the t h i r d  body  

se g m e n ts .

The in f l u e n c e  o f  th e  p r o b o s c i s  i s  l e s s  o b v io u s .

The p harynx o f  N ep h ty s  i s  v e r y  l o n g  and v e r y  m u sc u la r  and  

i t  i s  commonly g r e a t e r  i n  d ia m e te r  th a n  th e  a n t e r i o r  s e g ­

m ents th r o u g h  w hich  i t  m ust p a s s  a s  th e  p r o b o s c i s  i s  e v e r t e d .  

The mouth i s  a c c o r d i n g l y  ijàodlfl e d .  E x t e r n a l l y  I t  i s  T- 

sh ap ed  and e x t e n d s  t o  th e  a n t e r i o r  m argin  o f  th e  f i f t h  s e g ­

m en t, I t  i s  b o r d e r e d  by  l a t e r a l  l i p s  w h ic h  are  c o n n e c te d  

v e n t r a l l y  b y  a f o l d e d ,  m u s c u la r ,  g u la r  membrane t h a t  i s  

tu c k e d  b etw een  the l a t e r a l  l i p s  when t h e  p r o b o s c i s  i s  i n ­

v e r t e d ,  As i t  i s  e v e r t e d ,  th e  l a t e r a l  l i p s  a r e  t h r u s t  

a s i d e  and th e  g u la r  membrane i s  s t r e t c h e d .  The su b -  

o e s o p h a g e a l  g a n g l io n  l i e s  a t  th e  p o s t e r i o r  end o f  th e  m outh ,  

in  t h e  f i f t h  s e g m e n t ,  and t h e  c i r c u m - o e s o p h a g e a l  c o n n e c t i v e s  

and th e  c i r c u m - o r a l  b lo o d  v e s s e l s  run in  th e  l a t e r a l  l i p s  

( s e e  A ppend ix  I I )  and so are d i s p l a c e d ,  b u t  n o t  s t r e t c h e d  

when th e  p r o b o s c i s  i s  e v e r t e d .  The r e s u l t  o f  t h i s
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s t r u c t u r a l  a d a p t a t io n  t o  th e  p r e s e n c e  o f  a l a r g e  p h aryn x  

i s  t h a t  th e  c i r  c u m -o e so p h a g e a l  c o n n e c t i v e s  a re  v e r y  l o n g ,  

and t h e r e  h as  been  a te n d e n c y  f o r  them to  be s h o r t e n e d  b y  

th e  movement backwards o f  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n .

The p o s t e r i o r  p a r t  o f  th e  p ro s  tomium i s  f u s e d  w i t h  

th e  f i r s t  s e g m e n t ,  b u t  i t s . h i n d e r  l i m i t  i s  i n d i c a t e d  by  

th e  n u c h a l  o rg a n s  ( R a c o v i t z a ,  1 8 9 6 ;  H olm gren, 1 9 1 6 ;

R u l l i e r ,  1 9 5 0 ) ,  That p a r t  o f  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n ,  

i f  a n y ,  w h ich  i s  in  th e  p rostom ium  i s  e p id e r m a l ,  i , e , i t  i s  

in  c o n t a c t  w i t h  the  p r o s t o m i a l  c u t i c l e .  Any p a r t  o f  th e  

g a n g l io n  w h ic h  e x t e n d s  i n t o  t h e  body se g m e n ts  i s  su sp e n d e d  

b e n e a th  th e  e p id e r m is  by e x t e n s i o n s  o f  th e  e p id e r m a l  b a s e ­

m ent membrane w h ich  bound th e  w hole  g a n g l i o n ,  i n c l u d i n g  

th e  p o s t e r i o r  l o b e s .  Only i n  N. i n c i s a  and N . p i c t a  i s  

th e  g a n g l io n  fou n d  in  i t s  p r i m i t i v e  p o s i t i o n  in  th e  

p r o s  tomium ( f i g s ,  2 & 3 ) ,  and even  in  t h e s e  s p e c i e s  th e  

p o s t e r i o r  t i p  o f  i t  e x t e n d s  i n t o  th e  f i r s t  s e g m e n t .  In  

a l l  Ihe  o t h e r  s p e c i e s ,  p a r t ,  o r  ev e n  th e  w hole o f  th e  b r a in  

l i e s  p o s t e r i o r  t o  th e  p r o s  tomium. Thus in  N . cae c a ,

N . c a l i f o r n l e n s i s  and N, c i r r o s a  ( f i g s ,  4 ,  19 & 2 7 )  o n ly  

h a l f  th e  g a n g l io n  i s  in  th e  p ro s  tomium; in  N . c a e c o i d e s ,

K, f e r r u g i n e s j N , h om b erg i eind N . p u n c t a t a  the  ex trem e  

a n t e r i o r  t i p  a lo n e  i s  in  th e  p r o s  tomium ( f i g s ,  5 ,  6 ,  7 ,  8 ) ,  

w h i le  i n  th e  two s m a l l  s p e c i e s  N , c o m u t a  and N , p a rv a  t h e  

e n t i r e  g a n g l i o n  l i e s  in  th e  s e g m e n ta l  p a r t  o f  th e  body  

( f i g s .  9 & 1 0 ) .
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The S i z e  o f  th e  G a n g lio n

The s u p r a - o e s o p h a g e a l  g a n g l io n  o f  a s m a l l  s p e c i e s  

o f  N ep h ty s  i s  n o t  a r e p l i c a  i n  m in ia tu r e  o f  t h a t  o f  a l a r g e  

s p e c i e s .  The g a n g l i o n  c e l l s  a r e  c e r t a i n l y  s m a l l e r ,  b u t  

t h o s e  i n  th e  s m a l l e s t  s p e c i e s  a r e  o n ly  o n e - t e n t h  t o  o n e -  

f o r t i e th  th e  volume o f  c o r r e s p o n d in g  c e l l s  i n  th e  l a r g e s t  

s p e c i e s ,  w h erea s  th e  g a n g l io n  i s  tw o -h u n d red  t im e s  s m a l l e r  

( f i g s , 1 1 ,  12 & 1 3 ) ,  And th e  s m a l l e r  th e  woim, th e  l a r g e r  

th e  f r a c t i o n  o f  th e  b r a in  o c c u p ie d  by th e  n e u r o p i l e  w h ich  

i s  com posed o f  th e  a x o n s  o f  t h e s e  c e l l s  ( f i g , 1 4 ) ,  S o ,  

n o t  o n l y  a r e  th e  g a n g l io n  c e l l s  r e l a t i v e l y  l a r g e r  i n  a  

s m a l l  worm, b u t  t h e r e  i s  l e s s  sp a c e  arou n d  th e  n e u r o p i l e  in  

w h ich  t o  accommodate them .

T h is  s i t u a t i o n  i s  m i t i g a t e d  to  some e x t e n t  b y  a r e ­

d u c t io n  i n  t h e  amount o f  n e u r o g l i a  and  a c l o s e r  p a c k in g  o f  

th e  n e r v e  c e l l  b o d i e s .  I t  i s  im p o s s ib le  t o  m easure th e  

volum e o c c u p ie d  by  g l i a  c e l l s ,  b u t  e v e n  on a s u p e r f i c i a l  

e x a m in a t io n  o f  a l a r g e  worm l i k e  N , c a l i f o r n l e n s i s  i t  i s  

o b v io u s  t h a t  a q u a r t e r  or  a t h i r d  o f  th e  b r a in  i s  o c c u p ie d  

by n e u r o g l i a .  In  N , p a r v a  and N . co r n u t a  t h e r e  i s  v i r t u a l l y  

n o n e .  The g a n g l io n  c e l l s  a r e  n o t  a r r a n g e d  i n  d i s c r e t e  

g r o u p s ,  or  n u c l e i ,  i n  an y  s p e c i e s ;  th e y  t e n d  r a t h e r ,  t o  be  

u n i f o r m ly  d i s t r i b u t e d  in  th e  g a n g l i o n .  B ut in  N , c a l i ­

f o r n l e n s i s  , and s e v e r a l  o t h e r  l a r g e  s p e c i e s ,  d i s c r e t e  

n u c l e i  can be  d i s c e r n e d ,  th o u g h  t h e y  are  n e v e r  a s
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d i s t i n c t i v e  a s  t h o s e  i n  th e  b r a in  o f  N e r e i s . f o r  ex a m p le .

In th e  s m a l l e s t  s p e c i e s  o f  N ep h ty s  ev en  t h i s  s l i g h t  

s t r u c t u r a l  o r g a n i s a t i o n  i n  t h e  b r a in  i s  l a c k i n g  and t h e  

c e l l s  a r e  p ack ed  u n i f o r m ly  and c l o s e l y  t o g e t h e r .  The l o s s  

o f  n e u r o g l i a  and o f  s t r u c t u r a l  o r g a n i s a t i o n  from  th e  b r a in  

o f  s m a l l  s p e c i e s  o f  N ep h ty s  a c h i e v e s  some economy o f  s p a c e  

and co m p e n sa te s  t o  some e x t e n t  f o r  th e  r e l a t i v e l y  l a r g e r  

n e r v e  c e l l s  t h a t  th e y  p o s s e s s .  In  s p i t e  o f  t h i s ,  s m a l l  

s p e c i e s  h ave a r e l a t i v e l y  l a r g e r  b r a in  th a n  b i g  s p e c i e s  

( f i g . 1 5 ) ,  and th e  b r a in  becom es e l o n g a t e d .

We have assum ed  s o  f a r ,  t h a t  th e  number o f  n e r v e  

c e l l s  in  th e  b r a in  i s  c o n s t a n t  w h a te v e r  th e  s i z e  o f  t h e  worm. 

So f a r  a s  th e  p o s t e r i o r  p a r t  o f  th e  g a n g l io n  i s  c o n c e r n e d ,  

t h i s  a p p e a r s  t o  be j u s t i f i e d .  A co u n t  o f  n e r v e  c e l l s  i n  

th e  g r o u p s  p o s t e r i o r  t o  t h e  e y e s  in  N . p i c t a  ( g a n g l io n  

0 ,0 1 6  c u ,  mm. in  v o lu m e) and  th e  c e l l s  in  t h e  same g ro u p s  

in  a b r a in  o f  N. c a l i f o r n l e n s i s  ( 0 .2 7 3  cu .  mm.) g a v e  t o t a l s  

w h ic h  a g r e e d  re m a r k a b ly . But in  th e  a n t e r i o r  p a r t  o f  th e  

b r a in  t h i s  i s  n o t  s o .  I n d e p e n d e n t ly  o f  any  e f f e c t  on th e  

b r a in  c a u se d  by d i f f e r e n c e s  i n  th e  s i z e  o f  v a r io u s  s p e c i e s ,  

co r p o r a  p e d u n c u la ta  h ave e v o l v e d  w i t h i n  th e  f a m i l y .  They  

a r e  com posed o f  a v e r y  l a r g e  number o f  e x t r e m e ly  s m a l l  

c e l l s  and, as i n  o t h e r  p o l y c h a e t e s , th e y  l i e  j u s t  ab ove  th e  

o r i g i n  o f  t h e  c i r c u m -o e s o p h a g e a l  c o n n e c t i v e s .  They a r e  

m is s in g  from  N , co rn u t a , N, i n c i s a , N . p a rv a  and N. p i c t a .
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b u t  t h e y  a r e  m o d e r a te ly  w e l l  d e v e lo p e d  In  N. c a e c a ,

M. c i r r o s a  and N . l o n g o s e t o s a . In  N . c a e c o l d e s .  N. c a l i ­

f o r n l e n s i s  , N. f e r r u g l n e a  and N. p u n c ta ta  th e r e  ap p ears , t o  

be an in t e r m e d ia t e  c o n d i t i o n  i n  th e  d ev e lo p m en t o f  t h s e  

s t r u c t u r e s ,  f o r  t h e r e  a r e  numerous g a n g l io n  c e l l s  i n  th e  

a p p r o p r ia t e  p a r t  o f  t h e  b r a i n ,  b u t  th e y  a r e  n o t  v e r y  

d i f f e r e n t  in  s i z e  from  o t h e r  s m a l l  n e r v e  c e l l s  i n  th e  

g a n g l io n  and  th e y  are  n o t  o r g a n i s e d  i n t o  mushroom b o d i e s .

The S t r u c t u r e  o f  th e  P o s t e r i o r  P a r t  o f  th e  G a n g lio n

The arran gem en t o f  grou p s o f  g a n g l io n  c e l l s  i n  th e  

p o s t e r i o r  p a r t  o f  th e  b r a i n ,  i . e .  p o s t e r i o r  t o  th e  p h o t o ­

r e c e p t o r s ,  can  b e s t  be u n d e r s to o d  i n  a  l a r g e  worm l i k e  

IT. c a l i f o r n l e n s i s . V /h ile  th e  n e r v e  c e l l - b o d i e s  do n o t  

form  d i s t i n c t  and s e p a r a t e  n u c l e i ,  th e  axons e n t e r  th e  

n e u r o p i l e  a t  c e r t a i n  l o c i ,  and by t r a c i n g  th e  a x o n s  b ack  t o  

th e  c e l l  b o d ie s  i t  i s  p o s s i b l e  t o  f i n d  t h e  a p p r o x im a te  

boundary  o f  e a c h  g r o u p . In s m a l l e r  s p e c i e s  t h i s  i s  much 

more d i f f i c u l t  b e c a u se  o f  th e  c l o s e  p a c k in g  o f  th e  c e l l s .  

H ow ever, o n c e  th e  s t r u c t u r e  o f  th e  b r a in  o f  a l a r g e  s p e c i e s  

h a s  b een  u n d e r s to o d ,  an y  s e r i o u s  d i s c r e p a n c i e s  i n  t h e  

a rra n g em en t o f  th e  c e l l s  can be d e t e c t e d  e v e n  i n  th e  s m a l l e s t  

worms. In  f a c t ,  th e  same f e a t u r e s  o c c u r  i n  a l l  th e  s p e c i e s  

I  h ave  ex a m in e d , and th e  s u p r a -o e s o p h a g e a l  g a n g l io n  

p o s t e r i o r  t o  t h e  e y e s  i s  i n v a r i a b l e  in  th e  e s s e n t i a l s  o f
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i t s  m in u te  s t r u c t u r e .

The f o l l o w i n g  n u c l e i  h a v e  b een  i d e n t i f i e d .  They a r e  

i l l u s t r a t e d  in  a s l i g h t l y  s i m p l i f i e d  fo rm  i n  f i g . 1 6 .

N u c le u s  1 5 .  The o p t i c  n u c l e u s .  T h is  grou p  o f  c e l l s  e x ­

t e n d s  a b o v e  and b e lo w  th e  g a n g l i o n i c  p h o t o r e c e p t o r s  and i s  

im m e d ia te ly  p o s t e r i o r  to  them . The d o r s a l  p a r t  o f  th e  

n u c le u s  i s  composed m a in ly  o f  s m a l l ,  p y r i fo r m  c e l l s ;  a t  

th e  l e v e l  o f  th e  e y e s ,  and v e n t r a l  t o  them , l a r g e ,  a lm o s t  

s p h e r i c a l  c e l l s  p r e d o m in a te .  The a x o n s  from  th e  p h o to ­

re  c e p t o r 8 and from  a l l  th e  c e l l s  i n  th e  o p t i c  n u c le u s  e n t e r  

th e  n e u r o p i l e  in  a s i n g l e  g rou p  and a r e  c o n n e c t e d  w i t h  th e  

n u c l e u s  o f  th e  o t h e r  s i d e  by th e  o p t i c  com m issure ru n n in g  

th r o u g h  th e  n e u r o p i l e .

N u c le u s  1 8 .  The n u c h a l  n u c le u s  i s  com posed o f  s m a l l ,  

p y r ifo r m  c e l l s  and l i e s  a t  t h e  l e v e l  o f ,  and  v e n t r a l  t o  th e  

e y e s .  Axons run in t o  t h e  n e u r o p i l e  in  a  com pact bunch  

w here th e y  f o m  th e  n u c h a l  c o m m issu r e s ,  th e  m ost p o s t e r i o r  

o f  th e  com m issu res in  th e  g a n g l i o n .  There i s  a c o n n e c t io n  

b e tw e e n  th e  o ÿ t i c  and n u c h a l  c o m m issu re s .  The n u c h a l  n e r v e  

ru n s  d ors  a l l y  from  th e  n u c h a l  n u c l e u s  to  th e  n u c h a l  o r g a n .  

S in c e  th e  l a t t e r  i s  a lw a y s  a t  t h e  p o s t e r i o r  m argin  o f  th e  

p r o 3 tomium w here t h e  g a n g l io n  i s  in  c o n t a c t  w i t h  t h e  c u t i c l e ,  

th e  n u c h a l  n e r v e  c o n s i s t s  o f  a  t r a c t  o f  a x o n s  r u n n in g  

th r o u g h  th e  n e u r o g l i a  f o r  m o st  o f  i t s  c o u r s e ,  an d  em erges  

from  th e  g a n g l io n  im m e d ia te ly  b e low  t h e  n u c h a l  organ
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( f i g . 1 7 ) .  The e l o n g a t i o n  o f  th e  b r a in  o f  s m a l l  worms and

th e  backw ard movement o f  i t  in  o t h e r s ,  h ave  th e  e f f e c t  o f  

i n c r e a s i n g  th e  d i s t a n c e  b e tw een  th e  n u c h a l  n u c le u s  and  

o r g a n ,  so  th e  n u c h a l  n e r v e  becom es v e r y  lo n g ;  b u t  even  s o ,  

i t  em erg es  from  th e  b r a in  o n ly  a t  th e  l e v e l  o f  t h e  n u c h a l  

organ i n  e v e r y  s p e c i e s .

N u c le u s  1 6 .  A s m a l l  group  o f  c e l l s  l i e  a b o v e  and b e tw e en  

th e  o p t i c  and n u c h a l  n u c l e i  and c l o s e  t o  th e  n e u r o p i l e .

N u c l e i  17 and 2 0 .  The p o s t e r o - l a t e r a l  an d  p o s t e r i o r  p a r t s  

o f  th e  g a n g l io n  c o n t a in  two im p o r ta n t  grou p s  o f  c e l l s  w h ich  

a r e  a l s o  n e u r o s e c r e t o r y  ( s e e  l a t e r  s e c t i o n ) .  N u c le u s  17  

i s  th e  more d o r s a l  b u t  b o th  a re  q u i t e  e x t e n s i v e  and  t h e i r  

c o n s t i t u e n t  c e l l - b o d i e s  a r e  fo u n d  in  b o th  d o r s a l  and v e n t r a l  

p a r t s  o f  th e  b r a i n .  I t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  b e ­

tween th e  n u c l e i  b e c a u s e  th e  c e l l s  o f  e a c h  h a v e  th e  same 

a p p ea ra n ce  and  a r e  c o n t ig u o u s ,  b u t  t h e r e  a r e  two l o c i  a t  

e a c h  s i d e  o f  th e  n e u r o p i l e  w here th e  axons e n t e r  i t .

N u c le u s  2 2 .  A fe w  c e l l s  in  th e  p o s t e r i o r  v e n t r a l  p a r t  o f  

th e  b r a in  ap p ea r  t o  s e n d  axon s i n t o  th e  n e u r o p i l e  s e p a r a t e l y  

from  t h o s e  o f  n u c le u s  2 0 ,  t h e i r  im m ed ia te  n e ig h b o u r .  They 

p erh ap s  c o n s t i t u t e  a s e p a r a t e  n u c l e u s .

There a r e  s e v e r a l  e x c e l l e n t  a c c o u n t s  o f  t h e  m in u te  

s t r u c t u r e  o f  th e  s u p r a - o e s o p h a g e a l  g a n g l io n  o f  n e r e i d s ,  

members o f  a f a m i l y  c l o s e l y  r e l a t e d  to  th e  N e p h ty id a e .
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From t h e  d e s c r i p t i o n s  o f  th e  b r a in  o f  N e r e i s  by Holmgren  

(1 9 1 6 )  and D e f r e t i n  ( 1 9 5 5 ) ,  i t  i s  a p p a r e n t  t h a t  so  f a r  a s  

the p o s t e r i o r  p a r t  o f  i t  i s  c o n c e r n e d ,  t h e r e  i s  a c o n s i d e r ­

a b le  c o r r e sp o n d e n c e  b etw een  i t  and th e  b r a in  o f  N ep h ty s  

( f i g s . 16 and 1 8 ) .  The o p t i c  n u c le u s  o f  N e r e i s  l i e s  im­

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

to  D e f r e t i n ,  i s  com posed m a in ly  o f  l a r g e ,  s p h e r i c a l  c e l l s ;  

t h i s  i s  t r u e  o f  t h e  v e n t r a l  p a r t  o f  t h e  n u c le u s  in  N e p h t y s . 

The n u c h a l  n u c le u s  o f  N e r e i s  i s  p o s t e r i o r  and somewhat 

v e n t r a l  to  th e  o p t i c  n u c l e u s ,  a s  in  N e p h t y s . The s m a l l  

n u c le u s  16 l i e s  d o r s a l  and i n t e r n a l  to  th e  o p t i c  n u c le u s  

in  N e r e i s , b u t  i n  N ep h ty s  i t  i s  a t  th e  same l e v e l  a s  th e  

e y e s  and i s  betvjeen  th e  o p t i c  and  n u c h a l  n u c l e i .  There  

a p p e a r s  t o  be a s l i g h t  d i f f e r e n c e  i n  th e  r e l a t i v e  p o s i t i o n s  

o f  th e  n u c l e i  1 5 ,  16 and 1 8 ,  b u t  t h e  a x o n s  e n t e r  t h e  n e u r o ­

p i l e  in  th e  same p o s i t i o n s  i n  th e  two worms. N u c l e i  17  

and 20  a r e  e x t e n s i v e  i n  N e r e i s  and t h e y  are  com posed o f  

n e u r o s e c r e t o r y  c e l l s  ( S c h a r r e r ,  1 9 3 6 ) ,  a s  th e y  a r e  in  

N e p h t y s . They o c c u r  in  th e  same r e l a t i v e  p o s i t i o n s  in  t h e  

two worms. D e f r e t i n  was u n a b le  t o  i d e n t i f y  H olm gren ' s 

n u c le u s  22 in  N e r e i s . I t  i s  im p o s s ib le  t o  be c e r t a i n  t h a t  

th e  c e l l s  l a b e l l e d  a s  t h i s  n u c le u s  i n  f i g .  16 s h o u ld  be  

s e p a r a t e d  from  n u c le u s  2 0 ,  b u t  th e y  o c c u r  in  th e  a p p r o p r ia t e  

p o s i t i o n  and t h e i r  axon s ru n  i n t o  th e  n e u r o p i l e  s l i g h t l y  

m e d ia l  t o  th o s e  from  n u c le u s  2 0 .  Holmgren a l s o  d e s c r ib e d
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a f u r t h e r  n u c le u s  (2 1 )  in  th e  d o r s a l  p a r t  o f  th e  g a n g l io n  

and D e f r e t i n  s u g g e s t s  t h a t  i t  i s  composed o f  n e u r o s e c r e t o r y  

c e l l s . There i s  n o  d i s c r e t e  g ro u p  o f  c e l l s  in  a c o r r e s p o n d ­

in g  p o s i t i o n  i n  th e  b r a in  o f  N e p h t y s , th o u g h  th e r e  a r e  

s e v e r a l  l a r g e  n e u r o s e c r e t o r y  c e l l s  i n  th e  d o r s a l  p a r t  o f  th e  

g a n g l io n  w hich  have n o t  s o  f a r  b een  a c c o u n te d  f o r .  I t  i s  

p o s s i b l e  t h a t  t h e y  r e p r e s e n t  a r a t h e r  d i f f u s e  2 1 s t  n u c l e u s .

A p a r t  from  a s l i g h t  u n c e r t a i n t y  a b o u t  th e  i d e n t i t y  

o f  n u c l e i  21  and 2 2 ,  and some s h i f t i n g  o f  th e  r e l a t i v e  p o s i ­

t i o n s  o f  o t h e r  n u c l e i ,  t h e r e  i s  an a lm o s t  e x a c t  c o r r e s p o n d ­

en c e  b e tw e en  th e  p o s t e r i o r  h a l v e s  o f  t h e  b r a in s  o f  N ep h ty s  

and N e r e i s . The m ost s t r i k i n g  d i f f e r e n c e  i s  the a b s e n c e

o f  an e p id e r m a l  n u c le u s  (1 9 )  from  th e  b r a in  o f  N e p h t y s , 

a l t h o u g h  i t  form s t h e  m ost e x t e n s i v e  s i n g l e  n u c le u s  in  th e  

n e r e i d  b r a i n .  The n e r v e  from  t h i s  n u c le u s  s u p p l i e s  th e  

l a t e r a l  and p o s t e r i o r  w a l l s  o f  th e  p r o s  tomium o f  N e r e i s , b u t  

in  N ep h ty s  th e  b r a in  i s  e p id e r m a l ,  so  i t  i s  n o t  s u r p r i s i n g  

t h a t  t h i s  n u c le u s  and i t s  n e r v e  s h o u l d  be m i s s i n g .  The 

o t h e r  o b v io u s  d i f f e r e n c e  i s  t h a t  t h e r e  a r e  p o s t e r i o r  l o b e s  

on t h e  b r a in  o f  some s p e c i e s  o f  N e p h t y s , b u t  none i n  N e r e i s . 

An e x a m in a t io n  o f  t h e s e  d i f f e r e n c e s  w i l l  fo im  t h e  main p a r t  

o f  t h i s  s t u d y  o f  th e  p o s t e r i o r  p a r t  o f  th e  b r a in  o f  n e p h t y id s
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T i m  POSTERIOR LOBES OF THE SUPRA-OESOPHAGEAL GAÎÎGLION

Anatomy and  h i s t o l o g y  o f  th e  p o s t e r i o r  l o b e s  

o f  N ep h ty s  c a l i f o r n l e n s i s

The s u p r a -o e s o p h a g e a l  g a n g l i o n  o f  N . c a l i f o m i e n s i s  

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

th e  p r o s  tomium and th e  a n t e r i o r  p a r t  o f  t h e  f i r s t  segm en t  

( f i g . 1 9 ) .  I t  i s  i n  c o n t a c t  w i t h  th e  p r o s t o m i a l  c u t i c l e  

and in  seg m e n t  I  i s  su sp en d e d  b e n e a th  th e  e p id e r m is .  I t  

i s  bounded  by a c o n n e c t iv e  t i s s u e  s h e a t h  w h ic h  i s  c o n t in u o u s  

w it h  t h e  b a sem en t  membrane o f  t h e  e p id e r m is  ( f i g . 2 0 ) ,

A t t a c h e d  t o  th e  p o s t e r i o r  m argin  o f  th e  g a n g l i o n ,  c o n t in u ­

ous w i t h  i t  and e n c l o s e d  w ith in  t h e  same membrane, t h e r e  

a r e  two t a p e r in g  c y l i n d r i c a l  p r o c e s s e s ,  t h e  p o s t e r i o r  

l o b e s .  They e x te n d  c a u d a l ly  a s  f a r  a s  seg m en t  V II  or  V I I I .  

O c c a s i o n a l l y  th e y  e x t e n d  o n ly  i n t o  seg m en t VI and so m etim es  

t h e y  r e a c h  segm en t IX . In l i v i n g  o r  f r e s h l y  k i l l e d  worms 

th e  p o s t e r i o r  l o b e s  a r e  t r a n s l u c e n t  and w h i t i s h ;  th e  s u p r a -  

o e s o p h a g e a l  g a n g l io n  i s  d a r k . In  p r e s e r v e d  m a t e r i a l  th e  

g a n g l io n  becom es op aq u e, d u l l  w h i t e .  In  a l l  e v e n t s ,  th e  

l o b e s  can be c l e a r l y  d i s t i n g u i s h e d  from  t h e  g a n g l io n  p r o p e r ,  

ev e n  in  a c u r s o r y  e x a m in a t io n .

The p o s t e r i o r  lo b e s  a re  f i l l e d  w i t h  l a r g e ,  i r r e g u l a r l y  

sh aped  and h i g h l y  v a c u o la t e d  c e l l s  ( f i g . 2 1 ) .  These c e l l s  

v a r y  in  s i z e ,  b u t  a r e  u s u a l l y  a b o u t  100 j i  lo n g  and 40  yi w id e .
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The v a c u o le s  may be s m a l l  and  n u m erou s , a s  in  f i g . 2 1 ,  o r  

th e y  may a p p a r e n t ly  c o a l e s c e  t o  form  one o r  two l a r g e  

v a c u o le s  v h ic h  o ccu p y  m ost o f  t h e  c e l l .  V/hen t h i s  i s  s o ,  

th e  n u c l e u s  i s  f r e q u e n t l y  t o  one s i d e  and t h i n  s t r a n d s  o f  

c y to p la s m  c r o s s  th e  c e l l  b e tw e en  t h e  v a c u o l e s .  A l t e r ­

n a t i v e l y ,  t h e r e  may be a s i n g l e  v a c u o l e ,  o p e n in g  i n t o  th e  

n e c k  o f  t h e  c e l l .  The v a c u o le  c o n t a i n s  g r a n u le s  and th e  

c e l l  t h e r e f o r e  h a s  th e  same a p p e a r a n c e  a s  t h e  p r o s t o m ia l  

m u c u s - c e l l s  ( f i g . 2 2 A ) .  B eca u se  o f  t h e i r  h ig h  d e g r e e  o f  

v a c u o l a t i o n ,  t h e s e  c e l l s  in  th e  p o s t e r i o r  l o b e s  a r e  d i f f i ­

c u l t  t o  f i x  s a t i s f a c t o r i l y .  A f t e r  s u b l im a t e  f i x a t i o n  th e  

m a t e r i a l  in  th e  v a c u o l e s  h a s  a r e t i c u l a t e  a p p e a r a n c e ,  b u t  

a f t e r  Bouin  f i x a t i o n  th e  v a c u o l e s  can be se e n  t o  be f i l l e d  

w i t h  numerous g r a n u le s  o r  g l o b u l e s  o f  s e c r e t e d  m a te .r ia l  

( f l 5 . 2 2 B ) .

The n u c l e i  o f  p o s t e r i o r  lo b e  c e l l s  a r e  r o u g h ly  o v a l ,  

a p p r o x im a te ly  10 x  15 ji and a r e  f r e q u e n t l y  i r r e g u l a r  in  

o u t l i n e .  O ften  th e  n u c l e a r  s u r f a c e  h a s  a  number o f  p r o ­

j e c t i o n s  o r  bumps on i t .  T h is  d o e s  n o t  ap p ear  t o  b e  a  

f i x a t i o n  a r t e f a c t  b e c a u se  t h e  n u c l e i  h ave  t h e  same a p p e a r a n c e  

w h a te v e r  f i x a t i v e  i s  u s e d .  I t  i s  so m etim es  fo u n d  t h a t  

n u c l e i  o f  c e l l s  u n d e r g o in g  g r e a t  a c t i v i t y  a r e  i r r e g u l a r  in  

o u t l i n e ,  a s  f o r  exam ple i n  some n e u r o s e c r e t o r y  c e l l s  

(S c h a r r e r  & S c h a r r e r ,  1 9 5 4 a ) .  There i s  u s u a l l y  a  s i n g l e  

l a r g e  n u c l e o l u s  w h ich  i s  v e r y  c o n s p ic u o u s ,  b u t  i n  a m in o r i t y
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o f  c e l l s  ( p o s s i b l y  b %  o f  them) t h e r e  a r e  tvjo n u c l e o l i ,  

a l t h o u g h  in  o t h e r  r e s p e c t s  t h e s e  c e l l s  r e se m b le  t h e  o t h e r s  

in  t h e  p o s t e r i o r  l o b e s .

The p o s t e r i o r  lo b e  c e l l s  a r e  drawn o u t  an d  h ave  

lo n g  n e c k s .  T h ese  c e l l  p r o c e s s e s  c o l l e c t  t o g e t h e r  and  

run in  a t r a c t  a lo n g  e a c h  s i d e  o f  t h e  s u p r a - o e s o p h a g e a l  

g a n g l io n  ( f i g s .  20  and 22D) t o  th e  a n t e r i o r  p a r t  o f  i t  

where th e  c ir c u m -o e s o p h a g e a l  c o n n e c t i v e s  o r i g i n a t e .  T here  

th e y  tu r n  s h a r p ly  th r o u g h  a r i g h t  a n g le  and ru n  p e r p e n d i ­

c u l a r l y  t o  th e  l a t e r a l  w a l l s  o f  th e  p rostom ium  ( f i g , 2 3 ) .

The c e l l s  p r o c e s s e s  r u n n in g  t o  th e  p r o s t o m ia l  w a l l s  a r e  v e r y  

d i s t i n c t i v e  and  w i l l  be c a l l e d  th e  l a t e r a l  o r g a n s  f o r  th e  

sa k e  o f  c o n v e n ie n c e ,  th o u g h  th e y  c a n n o t  p r o p e r l y  be r e g a r d e d  

a s  c o n s t i t u t i n g  an organ  any more t h a n ,  f o r  i n s t a n c e ,  can  

th e  s in u s  g la n d  o f  t h e  c r u s t a c e a n  e y e s  ta  I k .  The end s o f  

th e  p r o c e s s e s  p e n e t r a t e  i n t o  and p o s s i b l y  th r o u g h  th e  c u t i c l e  

o v e r l y i n g  them . The p r o s t o m ia l  c u t i c l e  i s  f a i r l y  t h i c k  

(16  j i)  in  m ost  p l a c e s ,  b u t  o v e r  th e  l a t e r a l  o r g a n s  i t  i s  

r e d u c e d  t o  a t h i c k n e s s  o f  2 , b y  and o v e r  th e  t e r m in a t i o n s  

o f  th e  c e l l  p r o c e s s e s  i s  e i t h e r  a b s e n t  a l t o g e t h e r ,  o r  e l s e  

i s  so  t h i n  t h a t  i t  ca n n o t  be d e t e c t e d  by o r d in a r y  h i s t o ­

l o g i c a l  m eth o d s . When th e  c u t i c l e  i s  s t r i p p e d  fro m  t h e  

s i d e s  o f  t h e  p r o s  tomium i t  i s  s e e n  to  be p ep p e red  w i t h  p e r ­

f o r a t i o n s  m arking th e  en d s  o f  th e  c e l l  p r o c e s s e s  o f  th e  

l a t e r a l  organ  ( f i g . 2 2 E ) .  The l a t e r a l  o rg a n s  e x t e n d  a lo n g
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th e  s i d e s  o f  th e  p r o s  tomium i n  f r o n t  o f  t h e  s u p r a - o e s o ­

p h a g e a l  g a n g l i o n ,  a lm o s t  to  th e  a n t e r i o r  a n te n n a e  a t  th e  

a n t e r o - l a t e r a l  c o m e r s  o f  th e  p ros  tomium ( f i g .  2 4 ) .

The l a t e r a l  o r g a n s  a r e  n o t ,  i n  t h i s  s p e c i e s ,  d e r iv e d  

e n t i r e l y  from  the  p o s t e r i o r  lo b e  c e l l s .  A s e c o n d  group  

o f  v a c u o l a t e d  c e l l s  o f  e x a c t l y  th e  same form  and w i t h  th e  

same s t a i n i n g  p r o p e r t i e s  a s  t h o s e  in  t h e  p o s t e r i o r  l o b e s ,  

a r e  s i t u a t e d  i n  th e  a n t e r i o r  p a r t  o f  th e  prostom ium  

( f i g s . 2 2 A  an d  2 5 ) .  A f i n e  b u n d le  o f  c e l l  p r o c e s s e s  e x ­

te n d s  from  t h e s e  t o  th e  a n t e r i o r  p a r t  o f  th e  l a t e r a l  o r g a n ,  

th ou gh  t h e  b u n d le s  o f  p r o c e s s e s  a r e  n o t  a s  d i s t i n c t  a s  t h o s e  

r u n n in g  a lo n g  th e  s i d e s  o f  th e  s u p r a - o e s o p h a g e a l  g a n g l io n  

from  th e  p o s t e r i o r  lo b e  c e l l s .  F u r t h e r ,  t h e r e  a r e  v a c u o ­

l a t e d  c e l l s  l o c a t e d  a lo n g  th e  t r a c t  o f  c e l l  p r o c e s s e s ,  so  

t h a t  nowhere i s  t h e r e  a d i s t i n c t  d e m a r c a t io n  b etw een  th e  

c e l l  body r e g io n  and th e  t r a c t  o f  p r o c e s s e s  as  in  t h e  

p o s t e r i o r  l o b e s .  There a r e  th u s  a n t e r i o r  and  p o s t e r i o r  

l a t e r a l  o r g a n s ,  c o n t in u o u s  w i t h  ea ch  o t h e r ,  b u t  d e r i v e d  from  

p r o s t o m i a l  and p o s t e r i o r  lo b e  c e l l s  r e s p e c t i v e l y .

The e n t i r e  s y s te m  o f  v a c u o l a t e d  s e c r e t o r y  c e l l s  and. 

t h e i r  p r o c e s s e s  i s  e p id e r m a l ,  a s  i s  th e  n e r v o u s  sy s te m .

They a r e  a l l  bounded i n t e r n a l l y  by th e  b a sem en t  membrane o f  

th e  e p id e r m is  or by e x t e n s i o n s  o f  i t .  The p o s t e r i o r  l o b e s  

and t h e  l a t e r a l  t r a c t s  f o m e d  by t h e  p r o c e s s e s  o f  th e  c e l l s  

f i l l i n g  them a r e  e n c l o s e d  w i t h i n  th e  same c o n n e c t i v e  t i s s u e
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membrane a s  t h e  s u p r a - o e s o p h a g e a l  g a n g l i o n  and have the  

same t h i n ,  c e l l u l a r ,  p e r i c a p s u l a r  s h e a t h  on t h e i r  o u te r  

s u r f a c e .  The v a c u o l a t e d  c e l l s  a r e  s h a r p ly  marked o f f  

from  the n e r v o u s  t i s s u e  o f  t h e  g a n g l io n  by a d en se  mass  

o f  n e u r o g l i a l  f i b r e s ,  and a s i m i l a r  b u t  t h i n n e r  l a y e r  

s e p a r a t e s  t h e  l a t e r a l  t r a c t s  from  th e  g a n g l i o n ,  a l t h o u g h  

th e y  a r e  a l l  v j l th in  the same c o n n e c t iv e  t i s s u e  s h e a t h  

( f i g . 2 2 D ) .  N e u r o g l i a l  f i b r e s  p e n e t r a t e  b e tw e en  the  c e l l  

p r o c e s s e s  i n  th e  l a t e r a l  t r a c t s  and o c c a s i o n a l  n e u r o g l i a l  

c e l l  b o d ie s  can be s e e n  s c a t t e r e d  among th e  c e l l  p r o c e s s e s  

in  the l a t e r a l  t r a c t s  and t h e  l a t e r a l  o r g a n s .  N e u r o g l i a l  

f i b r e s  a l s o  p e n e t r a t e  in t o  t h e  p o s t e r i o r  l o b e s ,  thou gh  t h e y  

a r e  n o t  n u m erou s, and a fe w  o f  t h e  c e l l  p r o c e s s e s  from  th e  

p o s t e r i o r  l o b e s  run th r o u g h  t h e  n e u r o g l i a l  m ass a t  th e  

p o s t e r i o r  en d  o f  th e  g a n g l i o n .  The n e u r o g l i a  s e p a r a t i n g  

th e  p o s t e r i o r  l o b e s  and t h e  l a t e r a l  t r a c t s  a p p e a r s  to  b e  

o f  a d i f f e r e n t  c o n s t i t u t i o n  from  th e  n e u r o g l i a  i n  t h e  

g a n g l i o n ,  thou gh  no m o r p h o lo g ic a l  d i f f e r e n c e s  can be s e e n .  

U nder some (u n d e te rm in ed )  c o n d i t i o n s  o f  f i x a t i o n  or  s t a i n ­

i n g ,  th e  n e u r o g l i a  a t  th e  p o s t e r i o r  end o f  the  g a n g l io n  

s t a i n s  w i t h  t h e  oran ge  G w h i le  th e  n e u r o g l i a  in  t h e  

g a n g l io n  p r o p e r  ta lce s  up  l i g h t  g r e e n  i n  t h e  c o u n t e r s t a i n ,  

b u t u s u a l l y  b o th  s t a i n  i n  t h e  same way.

From a n a to m ic a l  c o n s i d e r a t i o n s  a lo n e  i t  w ou ld  be 

r e a s o n a b le  t o  su pp ose  t h a t  s e c r e t i o n s  p rod uced  in  t h e
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v a c u o l a t e d  c e l l s  i n  t h e  p o s t e r i o r  l o b e s  and th e  a n t e r i o r  

p r o s t o m ia l  c e l l s  r e a c h  th e  e x t e r i o r  by way o f  th e  l a t e r a l  

o r g a n s .  T h is  i s  in d e e d  s o ,  f o r  i f  t h e  worms a r e  r o u g h ly  

h a n d le d  in  t h e  p r o c e s s  o f  f i x a t i o n ,  t h e  c e l l  c o n t e n t s  a re  

f r e q u e n t l y  e x tr u d e d .  Some worms w ere n a r c o t i s e d  and  

m o st  o f  th e  body w a l l  was trim m ed away in  th e  hope o f  

im p ro v in g  th e  f i x a t i o n  o f  th e  p o s t e r i o r  l o b e s .  The 

p o s t e r i o r  l o b e s  and th e  l a t e r a l  o r g a n s  were fo u n d  t o  be  

empty and  o n ly  a s m a l l  q u a n t i t y  o f  f u c h s i n o p h i l  m a t e r i a l  

was fo u n d  on th e  c u t i c l e  o v e r  th e  l a t e r a l  o r g a n s .  O ther  

worms w hich  h a v e  b een  l e s s  s e v e r e l y  h a n d le d  b e f o r e  f i x a ­

t i o n  h ave  shown em pty p o s t e r i o r  lo b e  c e l l s ,  b u t  w i t h  th e  

s e c r e t i o n  c o n c e n t r a t e d  in  t h e  l a t e r a l  o r g a n s  and p e n e ­

t r a t i n g  th r o u g h  the c u t i c l e  on to  i t s  o u t e r  s u r f a c e .

The N a tu re  o f  t h e  S e c r e t i o n

The s e c r e t o r y  c e l l s  o f  th e  p o s t e r i o r  l o b e s ,  th e  

l a t e r a l  o rg a n s  and th e  a n t e r i o r  p r o s t o m i a l  group  o f  c e l l s  

a r e  a l l  P A S - p o s i t i v e , They t h e r e f o r e  f a l l  i n t o  th e  group  

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

m u c o p r o te in s  and g l y c o l i p i d s  (P e a r s e ,  1 9 5 3 ) .  The p r e s e n c e  

o f  g ly c o g e n  can be r u l e d  o u t  b y  p r e l im i n a r y  d i g e s t i o n  w i t h  

d i a s t a s e ,  w h ic h  d oes  n o t  change t h e  PAS r e a c t i o n .  The 

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

m u c ic a r m in e ,  d i a l y s e d i r o n  and a l c i a n  b lu e  8GS, and show
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me t a  chromas l a  v ; ith  t o l u i d e n e  b l u e .  These t e c h n iq u e s  

were c a r r i e d  o u t  on p a r a f f i n  s e c t i o n s  o f  H. c a l i f o m i e n s i s  

f i x e d  w i t h  f o r m a l in  and a l s o  on s e c t i o i s  f i x e d  w i t h  

a b s o l u t e  m e th y l  a l c o h o l .  The r e s u l t s  w ere i d e n t i c a l  w i t h  

b o th  f i x a t i v e s .

T h ese  h i s t o c h e m i c a l  t e s t s  s u g g e s t  t h a t  th e  p o s t e r i o r  

lo b e  c e l l s  p rod uce a m u co id  m a t e r i a l  o f  some s o r t  w h ic h  i s  

p r o b a b ly  an a c id  m u c o p o ly s a c c h a r id e .  The e p id e r m a l  

mu e u s - g la n d s  o f  t h e  p a r a p o d ia  h ave  an a p p e a r a n c e  s i m i l a r  

to  t h o s e  o f  th e  p o s t e r i o r  l o b e s  and th e  a n t e r i o r  p r o s t o m i a l  

group  o f  c e l l s ,  and h ave  t h e  same s t a i n i n g  r e a c t i o n s  when 

t h e s e  t e s t s  a r e  a p p l i e d  to  them . T hu s, a l t h o u g h  th e  

p o s t e r i o r  lo b e  m u c u s - c e l l s  a r e  a n a t o m ic a l ly  s p e c i a l i s e d ,  

th ey  do  n o t  appear t o  p ro d u c e  a s e c r e t i o n  d i f f e r e n t  from  

t h a t  o f  t h e  s im p le  e p id e r m a l  m u c u s - c e l l s  o f  o th e r  p a r t s  o f  

th e  b o d y . T h is  i s  n o t  t h e  g e n e r a l  e x p e r i e n c e ,  f o r  s p e c i a l ­

i s e d  m u c u s - c e l l s  i n  v a r i o u s  p a r t s  o f  th e  body o f  an a n im a l  

f r e q u e n t l y  produce d i f f e r e n t  s o r t s  o f  mucus ( s e e ,  e . g . ,

G om ori, 19 5 4 )  and  th e  d i f f e r e n c e s  a r e  commonly s u f f i c i e n t l y  
» ■

g r e a t  to  be d e t e c t e d  b y  t h e  m eth od s em p loyed  h e r e .

The C om parative Anatomy o f  th e  P o s t e r i o r  L obes  
and th e  P r o s t o m ia l  Ivîueus- g la n d s  o f  th e  N e p h ty id a e

P o s t e r i o r  l o b e s ,  s i m i l a r  m o r p h o lo g i c a l l y  and  h i s t o ­

l o g i c a l l y  t o  t h o s e  d e s c r i b e d  i n  d e t a i l  in  N. c a l i f o m i e n s i s ,
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a l s o  o c c u r  i n  N . c a e c a , H. c a e c o i d e s , N . f e r r u g i n e a ,

K. l o n g o s e t o s a , N. p ar va  and N. p u n c t a t a . The d e g r e e  o f  

d ev e lo p m e n t  o f  th e  l o b e s  v a r i e s  c o n s i d e r a b l y  from  one  

s p e c i e s  to  a n o t h e r .  In  N . p a r v a , a s m a l l  worm, th e  l o b e s  

a r e  so  narrow  t h a t  o n ly  t h r e e  o r  f o u r  c e l l s  can be s e e n  in  

c r o s s - s e c t i o n ,  b u t  th e  l o b e s  e x t e n d  to  se g m e n t  X I .  In  

N. l o n g o s e t o s a  th e y  e x t e n d  t o  seg m en t V I I ,  in  H. c a e c a  o n ly  

t o  segm en t V. The l o n g e s t  l o b e s  I  h a v e  s e e n  a r e  t h o s e  o f  

N. c a e c o id e s  i n  w h ich  th e y  e x t e n d  from  t h e  s u p r a - o e s o -  

p h a g e a l  g a n g l io n  in  segm ent I  t o  segm en t XV. In  a l l  t h e s e  

s p e c i e s  th e  l o b e s  a r e  f i l l e d  w i t h  v a c u o l a t e d  c e l l s  s i m i l a r  

t o  t h o s e  in  N . c a l i f o r n i e n s i s , and th e  p r e s e n c e  o f  l o b e s  o f  

t h i s  s o r t  i n v o l v e s  a l s o  t h e  p r e s e n c e  o f  l a t e r a l  t r a c t s  o f  

c e l l  p r o c e s s e s  ru n n in g  t o  th e  l a t e r a l  o r g a n s .

In  a s e c o n d  g ro u p  o f  worm s, v i z .  N. c o r n u t a ,

N. co rn u t a  f r a n c i s c a n a , N. h o m b e r g i , N. i n c i s a , H. p i c t a . 

Aglaophamus d i c i r r i s , A. e r e c t a n s  and A. V i r g i n i a , t h e r e  

a re  n o  p o s t e r i o r  l o b e s  f i l l e d  w i t h  v a c u o l a t e d  mucus c e l l s .  

The p o s t e r i o r  en d  o f  th e  s u p r a -o e s o p h a g e a l  g a n g l i o n  may b e  

b i f u r c a t e ,  h o w e v e r ,  and g iv e  th e  s u p e r f i c i a l  a p p e a ra n ce  o f  

l o b e s .  T h is  i s  u n d o u b te d ly  t h e  b a s i s  o f  R u l l i e r * s  (1 9 4 7 )  

s t a t e m e n t  t h a t  * c e s  l o b e s  p o s t é r i e u r s  e x i s t e n t  ch ez  t o u t e s  

l e s  N ep h th ys  que 3*a i  é t u d i é e s .  I l s  s o n t  t r è s  lo n g s  ch ez  

N . c a e c a , m o in s  d é v e lo p p é s  c h e z  N. c i r r o s a  e t  t r è s  c o u r t s  

c h e z  N . h om b erg i e t  N. hy  s t r i  c i  s . I l  y ’a  donc to u s  l e s
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term es  de p a s s a g e . ’ I  h a v e  n o t  exam in ed  N . h y s t r i c l s , 

h u t  t h e  s u p r a - o e s o p h a g e a l  g a n g l i o n  o f  N. h om b erg i and  a i l  

th e  o th e r  s p e c i e s  i n  t h i s  g r o u p ,  w h e th er  b i f u r c a t e d  

p o s t e r i o r l y  or n o t ,  en d s  in  a m ass o f  n e u r o g l i a l  f i b r e s  

s i m i l a r  t o  t h o s e  s e p a r a t i n g  n e r v o u s  t i s s u e  from  g la n d u la r  

t i s s u e  i n  N. c a l i f  o m i e n s  i s  an d  t h e  s p e c i e s  o f  th e  f i r s t  

g r o u p . N . c i r r o sa  r e p r e s e n t s  a s p e c i a l  c a s e  w h ich  w i l l  

h ave t o  be d i s c u s s e d  in  g r e a t e r  d e t a i l  b e lo w .  I t  h a s  l o b e s  

u n l i k e  t h o s e  o f  any o t h e r  s p e c i e s  I  h a v e  s e e n .

The mu e u s - g la n d s  o f  t h e  prostom ium  a r e  a s  v a r i a b l e  

i n  t h e i r  arrangem ent an d  d i s p o s i t i o n  a s  th e  p o s t e r i o r  l o b e s .

The l o c a t i o n s  o f  t h e s e  g la n d s  i n  th e  N e p h ty id a e  a r e  in  a 

grou p  in  th e  a n t e r i o r  m edian  p a r t  o f  th e  p rostom iu m , a lo n g  

th e  l a t e r a l  w a l l s  o f  th e  p rostom iu m , and in  th e  p o s t e r i o r  

l o b e s .  The m u c u s - c e l l s  in  th e  l a t e r a l  w a l l s  o f  th e  p r o ­

stom ium  can be d iv id e d  i n t o  two g r o u p s ,  a n t e r i o r  and p o s t e r i o r ,  

on the b a s i s  o f  t h e i r  f a t e  i n  c e r t a i n  s p e c i e s .  The d i v i s i o n  

b etw e en  t h e  a n t e r i o r  and p o s t e r i o r  grou p s o f  l a t e r a l  m ucus-  

c e l l s  can  be s e t  a t  th e  l e v e l  o f  th e  p o s t e r i o r  a n te n n a e ,  

th ou gh  no a n a to m ic a l  d i v i s i o n  b etw een  th e  two g r o u p s  can  be  

made i n  t h o s e  s p e c i e s  i n  w h ic h  b o th  a r e  p r e s e n t ,  b e c a u s e  

t h e y  grad e  in t o  e a c h  o t h e r .  The two g r o u p s  c o r r e s p o n d  t o  

th e  a n t e r i o r  and p o s t e r i o r  d i v i s i o n s  o f  th e  l a t e r a l  o r g a n s  

o f  N. c a l i f o r n i e n s i s .



4 8 .

The a n t e r i o r  m edian p r o s t o m i a l  g ro u p  o f  m u c u s - c e l l s  

i s  p r e s e n t  i n  a l l  s p e c i e s .  T hese c e l l s  may h a v e  lo n g  

n e c k s  and open t o  th e  l a t e r a l  w a l l s  o f  th e  p rostom ium  by way  

o f  t h e  a n t e r i o r  l a t e r a l  o r g a n s ,  a s  i n  N. c a l i f o m i e n s i s ,

N . c a e c o i d e s ,  H. l o n g o s e t o s a  and N . c o m u t a , or  t h e y  may 

open d i r e c t l y  t o  t h e  d o r s a l ,  o r  more u s u a l l y ,  to  th e  v e n t r a l  

s u r f a c e  o f  th e  p rostom iu m . In  N . c a e c a , N, f e r r u g i n e a ,

N . p a r v a , N. p u n c t a ta  and N. i n c i s a , where th e  l a t t e r  co n ­

d i t i o n  o b t a i n s ,  t h e r e  are no a n t e r i o r  l a t e r a l  o rg a n s  and  

t h e i r  p l a c e  i s  taken b y  an a n t e r i o r  g ro u p  o f  e p id e r m a l  

c e l l s .  T h is  i s  a lm o s t  th e  c o n d i t i o n  f o u n d  i n  N . l o n g o -  

s e t o s a , b u t  a few  o f  t h e  a n t e r i o r  m edian m u c u s - c e l l s  open  

t o  t h e  l a t e r a l  w a l l s  o f  th e  p ro sto m iu m , fo rm in g  a s m a l l  

a n t e r i o r  l a t e r a l  organ  i n  a d d i t i o n  to  a s m a l l  a n t e r i o r  group  

o f  m u c u s - c e l l s  i n  th e  l a t e r a l  w a l l s .  P o s t e r i o r  lo b e  c e l l s  

i n v a r i a b l y  open to  t h e  e x t e r i o r  by way o f  th e  p o s t e r i o r  

l a t e r a l  o r g a n s .  N. i n c i s a  and N. c o r n u t a  do n o t  h a v e  

p o s t e r i o r  l o b e s  and c o n s e q u e n t l y  l a c k  l a t e r a l  o r g a n s ,  b u t  

th e  p la c e  o f  th e  l a t t e r  i s  t a k e n  b y  e p id e r m a l  m u c u s - c e l l s .

N . p i c  ta  and  Aglaopham us s p p .  have v e r y  fe w  e p id e r m a l  m ucus-  

c e l l s  in  th e  p rostom ium  and t h e  o n ly  r e c o g n i s a b l e  group o f  

them i s  i n  t h e  m edian  a n t e r i o r  a r e a .  T hese open d i r e c t l y  

t o  t h e  e x t e r i o r .

The a n t e r i o r  and p o s t e r i o r  p a r t s  o f  th e  m u c u s-g la n d  

s y s te m  v a r y  in d e p e n d e n t ly  and t h e  d eg re e  o f  d e v e lo p m e n t  o f
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e p id e r m a l  m u c u s-g la n d s  a l s o  d i f f e r s  m ark ed ly  i n  d i f f e r e n t  

s p e c i e s .  The v a r i o u s  form s t h e  sy s tem  may t a k e  a r e  

sum m arised  in  T ab le  I  and i n  f i g . 2 6 .



TABLE I

5 0 .

S p e c i e s

to
<D

-§
vh

•
-p

o
Ph

-P

a
17}

• Ü
•P cd 
m hO 
O $4 

FM O

n
• iH

-P H  
d  (D 

\A  O 
1

# m
•P Pf
03 O

iS  M

§ 5
^  H
t )  0) 

o  
^  1 

03

4 ^ 8

-p
cd
A  03

. 3
*P bO

<t}"0

to 
1—I 

• H
<D

cd o  
i-q 1

03
44- 8

N . c a l i f o r n i e n s i s X X X X
H . c a e c o id e s X X - X X -

l o n g o s e t o s a X X - X X X
N . ca e c a X X - X - X
N e f e r r u g i n e a X X - X - X
N. g la b r a X X - X - X
N. m a g e l la n ic a X X - X - X
N . p a rv a X X - X - X
N. r i c k e t t s i X X - X - X
N. p ü c t a t a X X - X - -
N . cornu ta - - X X X -
N , c o m u t a  f r a n c i s c a n a - — X X X -
N. i n c i s a - - X X - X
N . squamosa — - X X - X
N. hom bergi - - - X - X
N. p i c t a - - - X - -
A. d i c i r r i s - - - X - -
A. e r e c t a n s - - - X - -
A. V ir g i n i a - - - X - -
N, c i r r o s a 4C- 4S- X X

S ee s e p a r a t e  d i s c u s s i o n  o f  t h i s  s p e c i e s .



5 1 .

The P o s t e r i o r  L obes o f  M ephtys c i r r o s a

N. c i r r o s a  r e p r e s e n t s  a s p e c i a l  c a s e  and inust be  

d e s c r ib e d  i n  d e t a i l .  The s u p r a - o e s o p h a g e a l  g a n g l i o n  l i e s  

i n  th e  p o s t e r i o r  p a r t  o f  th e  p rostom ium  and in  th e  f i r s t  

se g m e n t .  A p a i r  o f  l o b e s  e x t e n d s  from  i t s  p o s t e r i o r  

b o r d e r  i n t o  t h e  a n t e r i o r  p a r t  o f  th e  f o u r t h  seg m en t ( f i g , 2 7 ) .  

The h i s t o l o g i c a l  a p p ea ra n ce  o f  t h e s e  l o b e s  d i f f e r s  m ark ed ly  

from  t h a t  o f  an y  o t h e r  s p e c i e s .  The lo b e  i t s e l f  i s  

s e p a r a t e d  from  th e  g a n g l io n  p ro p er  b y  a b a r r i e r  o f  n e u r o g l i a l  

f i b r e s  a s  in  o t h e r  s p e c i e s  w i t h  p o s t e r i o r  l o b e s .  There i s  

a d e n se  p e n e t r a t i o n  o f  n e u r o g l i a  i n t o  th e  p o s t e r i o r  l o b e s ,  

q u i t e  d i f f e r e n t  from  th e  o c c a s i o n a l  n e u r o g l i a l  f i b r e s  w h ich  

p e n e t r a t e  In to  t h e  p o s t e r i o r  l o b e s  o f  a s p e c i e s  s u c h  a s  

N . c a l i f  o m i e n s i s . S e c r e t o r y  c e l l s  a r e  s c a t t e r e d  among

th e  n e u r o g l i a ,  t o g e t h e r  w i t h  t h e  n e u r o g l i a l  c e l l - b o d i e s  and  

l a r g e r  m a t r ix  c e l l s  ( f i g . 2 2 C ) .  The c e l l  b o d ie s  o f  th e  

s e c r e t o r y  c e l l s  a r e  a b o u t  15 lo n g  by 8 ju w id e  and a r e  

p ack ed  w i t h  f u c h s i n o p h i l  g r a n u la r  i n c l u s i o n s ,  w h ic h  a r e  

o f t e n  s o  numerous and  d en se  a s  t o  o b s c u r e  th e  s t r u c t u r e  and  

form  o f  t h e  c e l l .  T hese c e l l s  are m ost  num erous i n  t h e  

p o s t e r i o r  end s o f  t h e  l o b e s ;  a few  a r e  t o  b e  fo u n d  a lo n g  

th e  l a t e r a l  e d g e s  o f  th e  l o b e s  a s  f a r  fo rw a r d s  a s  t h e  

p o s t e r i o r  end o f  th e  b r a in .

The p r o c e s s e s  from  th e  p o s t e r i o r  lo b e  s e c r e t o r y  c e l l s  

o f  N . c i r r o s a  a r e  much f i n e r  th an  t h o s e  o f  N . c a l i f  o m i e n s i s
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and can  o n ly  b e  t r a c e d  by th e  c o u r s e  o f  th e  g r a n u l e s .

They run a lo n g  th e  s i d e s  o f  th e  p o s t e r i o r  l o b e s  and  th e  

s u p r a - o e s o p h a g e a l  g a n g l i o n  t o  th e  a n t e r i o r  m argin  o f  th e  

l a t t e r .  Then th e y  run a lo n g  th e  o u t e r  e d g e s  o f  th e  

c ir c u m -o e s o p h a g e a l  c o n n e c t i v e s ,  w h ich  a r e  i n  c o n t a c t  w i t h  

th e  e p i d e m a l  c e l l s  o f  t h e  l a t e r a l  p r o s t o m i a l  w a l l s .  A t  

th e  p o i n t  w here th e  c i r c u m -o e s o p h a g e a l  c o n n e c t i v e s  tu r n  

s h a r p ly  in  a v e n t r a l  d i r e c t i o n ,  th e  f u c h s i n o p h i l  g r a n u le s  

can be s e e n  ru n n in g  th r o u g h  th e  e p id e r m is  t o  th e  c u t i c l e .  

M o r p h o lo g ic a l ly ,  th e  d i s p o s i t i o n  o f  t h e  c e l l s  and p r o c e s s e s  

t h a t  s t a i n  w i t h  p a r a ld e h y d e  f u c h s i n  i s  e s s e n t i a l l y  th e  same 

in  N . c i r r o s a  a s  in  N . c a l i f  o m i e n s i s  ( f i g , 2 8 ) .  There a r e  

f a r  fe w e r  s e c r e t o r y  c e l l s  in  t h e  p o s t e r i o r  l o b e s  o f  

N. c i r r o s a  and t h e i r  p r o c e s s e s  are  much n a r r o w e r ,  so  t h a t  

i n  c o n se q u e n c e  t h e r e  a re  no  c o n s p ic u o u s  l a t e r a l  o r g a n s ,  

b u t  th e  p r o c e s s e s  fro m  p o s t e r i o r  lo b e  c e l l s  run th r o u g h  th e  

e p id e r m is  in  th e  p o s i t i o n  w here  l a t e r a l  o r g a n s  w ould  be 

e x p e c t e d  t o  be f o u n d .  E p id er m a l m u c u s - c e l l s  o f  th e  

p o s t e r i o r  l a t e r a l  g r o u p  a d j o in  t h e  t e r m in a t i o n s  o f  th e  

f i b r e s  from  th e  p o s t e r i o r  lo b e  c e l l s .  The m u c u s -g la n d s  o f  

th e  m edian a n t e r i o r  group open to  th e  e x t e r i o r  in  t h e  

l a t e r a l  w a l l s  o f  th e  p ro sto m iu m , fo r m in g  an a n t e r i o r  l a t e r a l  

o r g a n ,



5 3 .

D i s c u s s i o n

Prom t h e s e  d e s c r i p t i o n s  o f  th e  a rra n g em en t o f  th e  

p o s t e r i o r  l o b e s  and t h e i r  a s s o c i a t e d  s t r u c t u r e s  i n  th e  

N e p h t y id a e . i t  a p p e a r s  t h a t  we h a v e  to  d e a l  w i th  a  s y s te m  

o f  e p id e r m a l m u c u s - c e l l s  w h ich  have become more o r  l e s s  

in c o r p o r a t e d  w i t h  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n .  I t  i s  

a s im p le  m a t t e r  t o  a r r a n g e  th e  s p e c i e s  i n  a s e r i e s  sh o w in g  

p r o g r e s s i v e  s t a g e s  in  a c e n t r i p e t a l  m ig r a t io n  o f  e p id e r m a l  

m u c u s - c e l l s .  In  a s p e c i e s  su c h  a s  N. p i c  ta  o r  Aglaophamus  

s p p .  th e r e  a r e  r e l a t i v e l y  few  m u c u s - c e l l s  i n  th e  prostom ium  

and th o s e  t h a t  th e r e  a r e  a re  embedded i n  th e  e p id e r m is  and  

open d i r e c t l y  t o  th e  e x t e r i o r .  A t  th e  o t h e r  en d  o f  t h e  

s e r i e s  we may p l a c e  N. c a l i f o r n i e n s i s  o r  N . c a e c o i d e s .  In  

t h e s e  worms t h e r e  a r e  n o  m u c u s - c e l l s  in  th e  e p id e r m is  o f  

th e  prostom ium ; i n s t e a d  t h e y  a r e  c o n c e n t r a t e d  in  t h e  

p o s t e r i o r  lo b e s  and  in  th e  a n t e r i o r  p r o s t o m i a l  g rou p  and 

t h e y  com m unicate w i t h  the e x t e r i o r  by  lo n g  p r o c e s s e s  t e r m in ­

a t i n g  i n  th e  l a t e r a l  o r g a n s .  I n t e r m e d ia t e  in  th e  s e r i e s  

a r e  N. c o r n u t a , in  v l i i c h  t h e  a n t e r i o r  p r o s t o m i a l  m u c u s - c e l l s  

open t o  th e  e x t e r i o r  in  t h e  l a t e r a l  w a l l s  o f  th e  prostom ium  

and t h e r e  a r e  no a n t e r o - l a t e r a l  m u c u s - c e l l s  and  no  p o s t e r i o r  

l o b e s ,  and N. c a e c a  in  w h ic h  t h e r e  a re  p o s t e r i o r  l o b e s  and  

p o s t e r i o r  l a t e r a l  o r g a n s ,  b u t  c e l l s  o f  t h e  m edian  a n t e r i o r  

p r o s t o m ia l  group open d i r e c t l y  t o  t h e  e x t e r i o r .  I t  seem s  

l i k e l y  t h a t  th e  e p id e r m a l  m u c u s - c e l l s  o f  th e  a n t e r i o r  l a t e r a l
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w a l l s  o f  th e  p rostom ium  h ave m ig r a te d  in t o  t h e  a n t e r i o r  

m edian g ro u p , and t h o s e  in  th e  p o s t e r i o r  p a r t  o f  th e  

l a t e r a l  w a l l s  h ave m ig r a t e d  i n t o  th e  p o s t e r i o r  l o b e s .

B oth  g ro u p s  o f  m u c u s - c e l l s  open t o  th e  e x t e r i o r  i n  th e  

l a t e r a l  w a l l s  o f  t h e  p rostom ium  w h e th e r  th e y  a r e  in  t h e i r  

o r i g i n a l  p e r i p h e r a l  p o s i t i o n  or h a v e  m ig r a te d  c e n t r a l l y .

To judge from  t h e  d i s p o s i t i o n  o f  th e  m u c u s - c e l l s  in  t h e  

s p e c i e s  i l l u s t r a t e d  i n  f i g . 2 6 ,  th e  two p r o c e s s e s  h ave  gone  

on in d e p e n d e n t ly .

The f a c t  t h a t  20  or so  s p e c i e s  can be a r r a n g e d  i n  su ch  

an o r d e r  t h a t  a s e q u e n t i a l  e l a b o r a t i o n  and i n t e g r a t i o n  o f  

th e  m u c u s-g la n d  s y s te m  can b e d e m o n str a te d  d o es  n o t ,  o f  

c o u r s e ,  p r o v e  t h a t  th e  e v o l u t i o n  o f  t h e s e  s t r u c t u r e s  h a s  

ta k e n  th e  same c o u r s e .  I f  i t  h a d , one m ig h t  e x p e c t  t o  f i n d  

more I n te r m e d ia te  c a s e s  i n  th e  p o s t u l a t e d  s e r i e s .  The 

h y p o t h e s i s  w ou ld  r e c e i v e  s t r o n g  s u p p o r t  i f  a s p e c i e s  w ere  

d i s c o v e r e d  in  w h ic h  t h e r e  was a grou p  o f  m u c u s - c e l l s  l a t e r a l  

to  th e  s u p r a -o e s o p h a g e a l  g a n g l io n  i n  th e  p o s i t i o n  o c c u p ie d  

by the l a t e r a l  t r a c t  o f  p r o c e s s e s  from  th e  p o s t e r i o r  lo b e  

c e l l s  i n  N. c a l i f  o m i e n s i s . H ow ever, t h i s  in t e r m e d ia t e

c o n d i t i o n  d o e s  n o t  e x i s t  in  an y  o f  th e  21 s p e c i e s  I  h ave  

exam in ed  and t h e  n e a r e s t  a p p r o a ch  i s  t h a t  fo u n d  in  N . c a l i ­

f o r n i e n  s i s , in  w h ic h  a  few  m u c u s - c e l l s  a r e  s c a t t e r e d  a lo n g  

th e  l a t e r a l  t r a c t s  o f  c e l l  p r o c e s s e s .
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W illie th e  m u c u s - c e l l s  o f  t h e  p o s t e r i o r  p a r t  o f  t h e  

prostom ium  a p p a r e n t ly  o c c u r  e i t h e r  in  th e  e p i d e i m i s  o r  i n  

th e  p o s t e r i o r  l o b e s ,  b u t  n o t  i n  in t e r m e d i a t e  p o s i t i o n s ,  

t h o s e  o f  th e  a n t e r i o r  p a r t  o f  th e  p rostom iu m  a r e  n o t  so  

u n c o m p r o m is in g ly  d i v i d e d  i n t o  p e r i p h e r a l  or  c e n t r a l  g r o u p s .  

In  m ost s p e c i e s  t h o s e  i n  t h e  m id d le  o f  the prostom ium  open  

d i r e c t l y  to  t h e  e x t e r i o r  e i t h e r  d o r s a l l y  or  v e n t r a l l y  o r  

b o t h ,  and th e  a n t e r i o r  l a t e r a l  m u c u s - c e l l s  a r e  n o t  r e ­

l a t e d  t o  t h o s e  In the  c e n t r a l  g r o u p . In  N . l o n g o s e t o s a  

a few  c e l l s  i n  t h e  median group do n o t  open t o  t h e  e x t e r i o r  

v e n t r a l  l y ,  as th e  r e s t  o f  them d o ,  b u t  by way o f  lo n g  p r o ­

c e s s e s  t o  th e  s i d e s  o f  th e  p rostom iu m . T h is  s p e c i e s  h a s  

s t i l l  a s m a l l  group o f  a n t e r i o r  l a t e r a l  m u c u s - c e l l s  in  

a d d i t i o n  to  th e  i n c i p i e n t  l a t e r a l  o r g a n .  In  N. c a l i f o r n i e n  

s i s  and N . c a e c o id e s  th e  a n t e r i o r  l a t e r a l  m u c u s - c e l l s  a r e  

c o m p le t e ly  r e p l a c e d  by the a n t e r i o r  p a r t  o f  t h e  l a t e r a l  

o rg a n  and a l l  t h e  c e l l  b o d i e s  are  l o c a t e d  i n  th e  c e n t r a l  

m ass o r  a lo n g  th e  c o u r s e  o f  th e  c e l l  p r o c e s s e s .  Some o f  

th e  m u c u s - c e l l s  i n  th e  m edian m ass o f  b o t h  t h e s e  s p e c i e s  

s t i l l  open d i r e c t l y  to  th e  d o r s a l  o r  v e n t r a l  s u r f a c e s  o f  

the  prostom ium . The t e n d e n c y  f o r  e p id e r m a l m u c u s - c e l l s  

in  th e  prostom ium  t o  m ig r a t e  in w a rd s  w h i l e  r e t a i n i n g  t h e i r  

o r i g i n a l  c o n n e c t io n  w i t h  t h e  e x t e r i o r  i s  i l l u s t r a t e d  i n  

N. i n c i s a .  In  t h i s  s p e c i e s  t h e r e  a r e  n e i t h e r  a n t e r i o r  n o r
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p o s t e r i o r  l a t e r a l  o r g a n s ,  b u t  th e  m u c u s - c e l l s  In th e  

l a t e r a l  w a l l s  o f  th e  p rostom ium  a r e  a r r a n g e d  in  clum ps  

w h ich  p r o j e c t  in w a rd s  b e n e a th  th e  e p id e r m is  ( f i g . 2 9 ) ,

A lth o u g h  t h e  p o s t e r i o r  p a r t  o f  th e  p r o s t o m i a l  

m u c u s-g la n d  sy s te m  com es to  h a v e  an i n t i m a t e  c o n n e c t io n  

w i t h  t h e  s u p r a - o e s o p h a g e a l  g a n g l i o n ,  th e  a n t e r i o r  p a r t  has  

no c o n n e c t io n  w i t h  any p a r t  o f  th e  n e r v o u s  s y s t e m .  In  

s p i t e  o f  t h i s  i t  seem s j u s t i f i a b l e  to  t r e a t  b o th  a s  p a r t s  

o f  t h e  same s y s t e m ,  p a r t i c u l a r l y  i n  v ie w  o f  th e  f a c t  t h a t  

i n  w hat we h ave  p o s t u l a t e d  t o  be th e  p r i m i t i v e  c o n d i t i o n ,  

fou n d  in  s u c h  a s p e c i e s  a s  N. p i c  t a , i t  i s  i m p o s s ib l e  t o  

d i s t i n g u i s h  b e tw e en  a n t e r i o r  and p o s t e r i o r  grou p s o f  m ucus-  

c e l l s  in  t h e  l a t e r a l  w a l l s  o f  th e  p rostom iu m . A t f i r s t  

s i g h t  i t  may seem s u r p r i s i n g  t h a t  e p id e r m a l  m u c u s - c e l l s  

s h o u ld  h ave b een  in c o r p o r a t e d  i n  t h e  b r a in  t o  th e  e x t e n t  

t h a t  t h e y  are c o n t ig u o u s  w ith  th e  n e r v o u s  t i s s u e  and a re  

e n c l o s e d  w i t h i n  th e  membranes w h ic h  i n v e s t  th e  g a n g l i o n .  

There i s ,  h ow ever , a p r e c e d e n t  f o r  t h i s  in  th e  e v o l u t i o n  

o f  th e  c e r e b r a l  o rg a n s  o f  n e m e r te a n s ,  w h ic h  i s  s t r i k i n g l y  

s i m i l a r  t o  th e  p o s t u l a t e d  e v o l u t i o n  o f  t h e  p o s t e r i o r  l o b e s  

o f  N e p h t y s .

The c e r e b r a l  o r g a n s  o f  n e m e r te a n s  a r e  p a r t l y  g la n d u l  

a r  and p a r t l y  g a n g l i o n i c .  T h e ir  s t r u c t u r e  h ad  been  known 

f o r  some t i m e ,  b u t  n o  d e t a i l e d  and  c o m p a r a t iv e  a c c o u n t  o f  

them had b een  g iv e n  u n t i l  S ch ar  re  r  (1 9 4 1 )  made a  s tu d y  o f
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t h e  s t r u c t u r e  o f  t h o s e  o f  L ln e u s  and C e r e b r a t u lu s , i n  w h ich  

th e y  a r e  in c o r p o r a t e d  w i t h in  th e  b r a in  c a p s u l e .  She p r o ­

p o se d  t h a t  th e y  had  e v o l v e d  from  e p id e r m a l  s t r u c t u r e s .

In  C a r i n e l l a  a n n u la ta  th e  g a n g l io n  c e l l s  and g l a n d u la r  c e l l s  

o f  th e  c e r e b r a l  organ  a re  p u r e ly  e p i d e m a l  and a r e  c o n ­

n e c t e d  w ith  th e  c e r e b r a l  g a n g l i o n  by a lo n g  n e r v e  ru n n in g  

th ro u g h  th e  m u sc le  l a y e r s  o f  th e  body w a l l .  In  Dr e pan opus  

a l b o l i n e a t u s  th e  c e r e b r a l  o rg a n  i s  i n t e r n a l  t o  th e  m u sc le  

l a y e r s  b u t  i s  c o n n e c t e d  to  th e  e x t e r i o r  by a c a n a l .  In  

Amphiporus m arm oratus, L in e u s  c o e c i n e u s  and C e r e b r a tu lu s  

l a c t e u s  th e  c e r e b r a l  organ  i s  a s s o c i a t e d  c l o s e l y  w i t h  the  

c e r e b r a l  g a n g l io n  and shows a p r o g r e s s i v e l y  g r e a t e r  d egree  

o f  i n c o r p o r a t i o n  w i t h i n  i t  i n  t h e  t h r e e  s p e c i e s .  In  the  

f i r s t  i t  i s  in  c o n t a c t  w i t h  th e  g a n g l i o n ,  b u t  s t i l l  a p p e a rs  a s  

a s e p a r a te  s t r u c t u r e .  In  the o t h e r  two i t  i s  c o m p le t e ly  

w i t h i n  th e  c o n n e c t iv e  t i s s u e  s h e a t h  o f  t h e  c e r e b r a l  g a n g l i o n .  

In  C e r e b r a tu lu s  t h e r e  i s  an u n in t e r r u p t e d  t r a n s i t i o n  from  

g a n g l io n  c e l l s  t o  g la n d u la r  c e l l s  in  th e  p o s t e r i o r  an d  

an t e r o - l a t e r a l  p a r t s  o f  th e  b r a in .

8 ch ar  re r  was a b le  to  c i t e  e m b r y o lo g ic a l  e v i d e n c e  o f  

th e  e p id e r m a l  o r i g i n  o f  t h e  c e r e b r a l  o r g a n s  o f  L in  eu s  in  

s u p p o r t  o f  h e r  t h e s i s .  The h y p o t h e s i s  t h a t  th e  p o s t e r i o r  

l o b e s  o f  N e p h ty s  a re  d e r i v e d  fro m  e p id e r m a l  m u c u s - c e l l s  

w ould  be g r e a t l y  s t r e n g t h e n e d  by  e m b r y o lo g ic a l  e v id e n c e  o f  

th e  m ig r a t io n  o f  c e l l s  from  th e  e p id e r m is  i n t o  th e  l o b e s



6 8 .

and th e  a n t e r i o r  m edian group o f  m u c u s - c e l l s .  U n f o r t u n a t e ­

l y  no d e t a i l e d  s t u d y  o f  t h e  em b ry o lo g y  o f  any  n e p h t y id  h a s  

e v e r  been  c a r r i e d  b eyon d  th e  l a r v a l  s t a g e .  U n t i l  i t  h a s  

b e e n ,  an a n a l y s i s  o f  t h e  e v o l u t i o n  o f  t h e s e  s t r u c t u r e s  m u st  

be b a s e d  on a c o n s i d e r a t i o n  o f  co m p a r a t iv e  anatomy a l o n e .

The e v id e n c e  f o r  t h i s  t h e s i s ,  t h e n ,  am ounts t o  th e  f o l l o w i n g :

1 .  C e l l s  in  t h e  p r o s t o m i a l  e p i d e i m i s ,  i n  th e  m edian  

a n t e r i o r  g r o u p ,  i n  th e  p o s t e r i o r  l o b e s ,  and in  th e  

p a r a p o d ia l  mu e u s - g l a n d s  a r e  i d e n t i c a l  i n  a p p e a r a n c e .

2 .  A l l  r e s p o n d  in  th e  same way t o  th e  h i s  to  c h e m ic a l  

t e s t s  d i s c u s s e d  above and a l l  s e c r e t e  an a c i d  muco­

p o ly s a c c h a r id e  .

3 .  A l l  t h e s e  s t r u c t u r e s  a r e  e p id e r m a l  and a r e  bounded  

i n t e r n a l l y  by th e  b a se m e n t  membrane o f  t h e  e p i d e m i s  

o r  by e x t e n s i o n s  o f  i t .

4 .  A se q u en ce  can be d i s c e r n e d  in  th e  s p e c i e s  ex a m in ed  

w hich  i s  c o n s i s t e n t  w i t h  th e  v ie w  t h a t  à c e n t r i p e t a l  

m ig r a t io n  o f  t h e s e  c e l l s  h a s  ta k e n  p l a c e .

5 .  A s t r i k i n g l y  s i m i l a r  exam ple o f  th e  p h y l o g e n e t i c  and  

o n t o g e n e t i c  c e n t r i p e t a l  m ig r a t io n  o f  e p id e r m a l  

g la n d u la r  c e l l s  w i t h  a  su b s e q u e n t  in c o r p o r a t i o n  i n  

th e  c e r e b r a l  g a n g l i o n  h a s  b een  r e p o r t e d  i n  th e  

n e m e r t e a n s .
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N . c i r r o s a  r e p r e s e n t s  a s e p a r a t e  problem  and p r o b a b ly  

I l l u s t r a t e s  a f u r t h e r  s t a g e  i n  th e  e v o l u t i o n  o f  t h e  p o s t e r i o r  

l o b e s  and a c l o s e r  a s s o c i a t i o n  o f  t h e  c e l l s  in  them w ith  t h e  

s u p r a -o e s o p h a g e a l  g a n g l i o n .  Only one o f  th e  t h r e e  t y p e s  o f  

c e l l  in  th e  p o s t e r i o r  l o b e s  o f  N. c i r r o s a  i s  s e c r e t o r y  and  

th e y  are  much s m a l l e r  than  th e  c e l l s  i n  th e  p o s t e r i o r  lo b e s  

o f  IT. c a l i f o r n i e n s  i s  and h a v e  a q u i t e  d i f f e r e n t  a p p e a r a n c e .

In  f a c t ,  th e y  l o o k  much more l i k e  th e  n e u r o s e c r e t o r y  c e l l s  

o f  t h e  s u p r a -o e s o p h a g e a l  g a n g l i o n .  The q u e s t i o n  a r i s e s ,  

a r e  the p o s t e r i o r  l o b e s  o f  N . c i r r o s a  h om ologou s w i t h  t h o s e

o f  N. c a l i f  o m i e n s i s ? There a r e  t h r e e  p o s s i b l e  o r i g i n s  o f

th e  c e l l s  i n  th e  l o b e s  o f  t h e  fo r m e r  s p e c i e s  ;

1 .  They ca n n o t  b e  h o m o lo g is e d  w ith  a n y  f e a t u r e  o f  th e

b r a in  o f  any o t h e r  n e p h t iy id  and th e  r e s e m b la n c e s

a r e  th e  r e s u l t  o f  c o n v e r g e n c e .  In  o t h e r  w o rd s ,

th e  p o s t e r i o r  l o b e s  o f  N . c i r r o s a  h a v e  d e v e lo p e d  

de n o v o .

2 .  They r e p r e s e n t  g a n g l io n  c e l l s  o f  th e  p o s t e r i o r  p a r t  

o f  th e  s u p r a -o e s o p h a g e a l  g a n g l io n  w h ich  h a v e  

m ig r a te d  c a u d a l ly  i n t o  th e  n e u r o g l i a l  a r e a  a t  i t s  

p o s t e r i o r  e n d .  The w h o le  o f  the  p o s t e r i o r  p a r t

o f  th e  b r a in  h as  t h e r e f o r e  h y p e r t r o p h ie d .

3 .  They r e p r e s e n t  m o d i f i e d  p o s t e r i o r  lo b e  c e l l s ,  and  

th e  p o s t e r i o r  l o b e s  o f  N. c i r r o s a  can b e  h o m o lo g i s ­

ed  w i t h  t h o s e  o f  N . c a l i f o r n i e n s  i s  and o t h e r

n e p h t y id s .
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As to  t h e  f i r s t  a l t e r n a t i v e ,  th e  a p p e a ra n ce  o f  a 

c o m p le t e ly  new n e r v o u s  s t r u c t u r e ,  w i t h  no h i n t  o f  i t s  

e x i s t e n c e  i n  an y  o t h e r  s p e c i e s ,  i s  n o t  l i k e l y .  V /h ile  th e  

p o s s i b i l i t y  c a n n o t  be e x c lu d e d ,  p a r t i c u l a r l y  s i n c e  o n ly  a b o u t  

a t h i r d  o f  th e  s p e c i e s  i n  t h e  f a m i l y  have b een  ex a m in ed , t o  

a d m it  i t  on s o  s l i g h t  e v id e n c e  w o u ld  be to  deny th e  p r i n ­

c i p l e s  o f  c o m p a r a t iv e  m o rp h o lo g y .

The se c o n d  a l t e r n a t i v e ,  t h a t  th e  p o s t e r i o r  r e g io n  o f  

th e  s u p r a - o e s o p h a g e a l  g a n g l i o n  h a s  h y p e r t r o p h ie d  i n  t h i s  

s p e c i e s ,  i s  a t  f i r s t  s i g h t  th e  m o st  a t t r a c t i v e . H ow ever, 

in  s p i t e  o f  th e  g r e a t  v a r i a t i o n  in  th e  f i n e  s t r u c t u r e  o f  th e  

s u p r a -o e s o p h a g e a l  g a n g l io n  o f  N e p h t y s , th e  a rra n g em en t o f  

g ro u p s  o f  n e u r o n e s  in  th e  p o s t e r i o r  p a r t  o f  th e  b r a in  i s  

one o f  t h e  f e w  c o n s t a n t  f e a t u r e s .  There a r e  two l a r g e  

grou p s o f  n e r v e  c e l l s  in  t h e  p o s t e r i o r  p a r t  o f  th e  b r a in  o f  

a l l  s p e c i e s  o f  N e p h t y s , w h ich  a r e  h om ologou s w i t h  a s i m i l a r  

group  o f  n e r v e  c e l l s  in  N e r e i s  a l s o .  In  some s p e c i e s  o f  

N ep h ty s  th e y  may e x t e n d  p a r t  o f  t h e  way i n t o  t h e  a n t e r i o r  

p a r t  o f  the p o s t e r i o r  l o b e s , b u t  t h e y  a r e  a lw a y s  s e p a r a t e d  

from  t h e  s e c r e t o r y  c e l l s  i n  th e  l o b e s  by a b a r r i e r  o f  

n e u r o g l i a l  f i b r e s .  T hese a re  r e p r e s e n t e d  i n  th e  p o s t e r i o r  

p a r t  o f  th e  g a n g l io n  o f  N. c i r r o s a , and n o t  i n  th e  p o s t e r i o r  

l o b e s .  In  a d d i t i o n  t h e r e  a r e  a p a i r  o f  l a r g e  n e u r o s e c r e t o r y  

c e l l s  (Type A , s e e  l a t e r  s e c t i o n )  o f  a d i s t i n c t i v e  ty p e  in  

th e  p o s t e r i o r  p a r t  o f  th e  b r a i n .  T h e s e ,  t o o ,  are  p r e s e n t
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in  th e  g a n g l io n  and n o t  in  th e  l o b e s  i n  N . c i r r o s a .

F i n a l l y ,  th e  e y e s  o f  N ep h ty s  w h ich  a r e  l o c a t e d  in  t h i s  p a r t  

o f  g a n g l io n  and b e a r  a c o n s t a n t  r e l a t i o n  to  o t h e r  grcxips o f  

g a n g l io n  c e l l s ,  o c c u r  i n  t h e i r  u s u a l  p o s i t i o n  i n  N. c i r r o s a . 

Thus a l l  th e  r e c o g n i s a b l y  c o n s t a n t  f e a t u r e s  o f  th e  p o s t e r i o r  

p a r t  o f  the  s u p r a - o e s o p h a g e a l  g a n g l i o n  o f  o t h e r  s p e c i e s  o f  

N ep h ty s  o c c u r  a l s o  i n  N. c i r r o s a  in  t h e i r  t y p i c a l  p o s i t i o n  

and n o t  i n  th e  p o s t e r i o r  l o b e s .  F or  t h i s  r e a s o n  i t  i s  

d i f f i c u l t  t o  m a in t a in  t h a t  t h e  p o s t e r i o r  l o b e s  o f  t h i s  

s p e c i e s  r e p r e s e n t  a h y p e r tr o p h y  o f  the p o s t e r i o r  p a r t  o f  

th e  s u p r a -o e s o p h a g e a l  g a n g l i o n .

We a r e  th u s  f o r c e d  t o  c o n s i d e r  th e  t h i r d  a l t e r n a t i v e ,  

t h a t  th e  p o s t e r i o r  l o b e s  o f  N. c i r r o s a  and  N. c a l i f o r n i e n s i s  

a r e  h o m o lo g o u s . In  f a v o u r  o f  t h i s  v i e w ,  t h e  f i b r e s  fro m  

th e  s e c r e t o r y  c e l l s  o f  t h e  p o s t e r i o r  l o b e s  o f  t h e  fo r m e r  

s p e c i e s  run in  t h e  same p la c e  and open t o  the  e x t e r i o r  in  

th e  same p la c e  a s  t h e y  do i n  N. c a l i f o m i e n s i s . In  a d d i t i o n ,  

b o th  p rod u ce  f u c h s i n o p h i l  g r a n u le s  o f  s e c r e t e d  m a t e r i a l .

On th e  o t h e r  hand th e  s e c r e t o r y  c e l l s  i n  th e  p o s t e r i o r  lo b e s  

o f  N. c i r r o s a  form  b u t  a s m a l l  m in o r i t y  o f  th e  c e l l s  and  th e y  

l o o k  n o t h in g  l i k e  t h o s e  o f  t h e  p o s t e r i o r  l o b e s  o f  o t h e r  

s p e c i e s  o f  N e p h t y s . In  f a c t ,  th e y  lo o k  l i k e  th e  m a j o r i t y  

o f  n e u r o s e c r e t o r y  c e l l s  o f  th e  s u p r a -o e s o p h a g e a l  g a n g l i o n .

The p o s t e r i o r  l o b e s  o f  N. c i r r o s a  d e m o n str a te  a  

rem arkable i n c o r p o r a t io n  o f  e p id e r m a l  g la n d u la r  c e l l s  w i t h in
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t h e  c e n t r a l  n e r v o u s  s y s te m . Even i n  th e  n e m e r t e a n s ,  th e  

g l a n d u la r  t i s s u e  o f  th e  c e r e b r a l  organ i s  r e c o g n i s a b l y  o f  

th e  same h i s t o l o g i c a l  ap p earan ce  w h e th e r  i t  i s  e p id e r m a l ,  

a s  i n  C a r i n e l l a , o r  c o m p le t e ly  in c o r p o r a t e d  w i t h i n  th e  

c e r e b r a l  g a n g l i o n ,  a s  in  C e r e b r a tu lu s  ( S c h a r r e r ,  1 9 4 1 ) .

T h is  i s  a l s o  t r u e  o f  m ost n e p h t y id s  b u t  i n  N. c i r r o s a  th e  

s e c r e t o r y  c e l l s  o f  th e  p o s t e r i o r  l o b e s  a p p e a r  t o  h ave  b e ­

come c o m p le t e ly  i n t e g r a t e d  w i t h  t h e  n e r v o u s  s y s t e m .  I n d e e d ,  

w ere i t  n o t  f o r  a k n ow led ge  o f  t h e  s t r u c t u r e  o f  th e  p o s t e r i o r  

l o b e s ,  an d  t h e i r  p r o b a b le  e v o l u t i o n  in  o t h e r  n e p h t y i d s ,  one  

w ould c e r t a i n l y  n o t  a t t e m p t  t o  d i s t i n g u i s h  b e tw e en  th e  

p o s t e r i o r  l o b e s  o f  N. c i r r o s a  and t h e  r e s t  o f  t h e  s u p r a -  

o e s o p h a g e a l  g a n g l i o n .

The f u n c t i o n  o f  th e  m u c u s -g la n d  s y s te m  o f  t h e  p r o ­

stom ium  i s  unknown. The c e l l s  o f  th e  p o s t e r i o r  l o b e s  o f  

N. c a e c o i d e s , in  w h ich  t h e  l o b e s  r e a c h  t h e i r  g r e a t e s t  develop*  

m e n t,  produce c o p io u s  q u a n t i t i e s  o f  mucus w h ich  a p p e a r s  t o  

be r e a d i l y  d i s c h a r g e d  t o  t h e  e x t e r i o r .  W hatever i t s  

f u n c t i o n ,  i t  m u st  be o f  c o n s id e r a b l e  b i o l o g i c a l  s i g n i f i c a n c e .  

The f a c t  t h a t  th e  p r o s t o m i a l  mu e u s - g la n d s  a r e  so p o o r ly  

d e v e lo p e d  in  some s p e c i e s ,  e . g .  N . p i c t a , s u g g e s t s  t h a t  

t h e r e  h a s  been  a g r e a t  e l a b o r a t i o n  o f  some a c t i v i t y  o f  

N e p h ty s  in  t h e  c o u r s e  o f  th e  e v o l u t i o n  o f  t h i s  worm. Un­

f o r t u n a t e l y ,  p r a c t i c a l l y  n o t h in g  i s  known o f  t h e  e c o l o g y  o f  

th e  N e p h ty id a e  and  i t  i s  i m p o s s ib le  to  s p e c u l a t e  on th e
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f u n c t i o n  o f  t h i s  g la n d u la r  s y s t e m .  One or tw o p o s s i b l e  

f u n c t i o n s  can be e x c l u d e d ,  h o w e v e r .  One o f  t h e  commonest 

f u n c t i o n s  o f  e p id e im a l  m u c u s - c e l l s  in  p o l y c h a e t e s  i s  th e  

s e c r e t i o n  o f  a tu b e  in  w h ic h  th e  worm l i v e s .  In  m ost  

s p e c i e s  o f  N e r e i s  t h i s  i s  clone by p a r a p o d ia l  m u c u s - g la n d s , 

b u t  in  N ep h ty s  th e  e p id e r m a l  m u c u s -g la n d s  o f  th e  s e g m e n ta l  

p a r t  o f  th e  body a r e  p o o r ly  d e v e lo p e d  and  t h e  worm d o e s  n o t  

s e c r e t e  a t u b e ,  nor  d o es  i t  c o n s o l i d a t e  i t s  burrow in  th e  

san d  w i t h  m ucus. S e v e r a l  p o l y c h a e t e s  l a y  t h e i r  e g g s  in  

mucous c a p s u l e s  and t h i s  c o u ld  c o n c e iv a b ly  b e  a f u n c t i o n  

o f  th e  p r o s t o m i a l  m u c u s -g la n d s  o f  N e p h t y s . B ut A ugener  

(1 9 1 2 )  h as  d e s c r i b e d  e p i t o k o u s  fo rm s o f  a  number o f  s p e c i e s  

o f  N e p h ty s  and  Thor so n  (1 9 4 6 )  h a s  fo u n d  p e l a g i c  l a r v a e  o f  

th e  worm. There i s  e v e r y  i n d i c a t i o n  t h a t  N ep h ty s  swaims  

i n  th e  s u r f a c e  o f  th e  s e a  f o r  sp aw nin g  and t h a t  i t  h as  

p e l a g i c  e g g s  and l a r v a e .  F i n a l l y ,  mucus i s  som etim es  

s e c r e t e d  t o  form  a f o o d  t r a p p in g  n e t ,  a s  in  th e  c h a e t o p t e r -  

i d s .  T h is  seem s u n l i k e l y  i n  N ep h ty s  b e c a u s e  i t  h a s  no  

perm anent burrow and i s  p r o b a b ly  a c a r n i v o r e .  T h is  p o s s i ­

b i l i t y  m u st b e  r e j e c t e d  w i t h  c a u t io n  th o u g h , s i n c e  N e r e i s  

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

h a s  b een  o b s e r v e d  to  s e c r e t e  a mucus n e t  f o r  j u s t  t h i s  

p u r p o se  ( H a r le y ,  1 9 5 0 ) .
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CAPTIONS TO FIGURES

F ig u r e  1 9 .  The s u p r a - o e s o p h a g e a l  g a n g l io n  and p o s t e r i o r  
l o b e s  o f  N . c a l i f o m i e n s i s  d i s s e c t e d  from  t h e  
v e n t r a l  s i d e .

F ig u r e  2 0 ,  A s e r i e s  o f  t r a n s v e r s e  s e c t i o n s  th ro u g h  th e
prostom ium  and f i r s t  seg m en t o f  N. c a l i f o m i e n s i s , 
to  show th e  r e l a t i o n  b etw e en  th e  n e r v o u s  sy s te m  
( s t i p p l e d ) ,  t h e  p o s t e r i o r  l o b e s ,  and th e  e p i ­
derm al b a se m e n t  membrane.

F ig u r e  2 1 .  C e l l s  fr o m  th e  p o s t e r i o r  l o b e s  o f  N . c a l i -  
f  o m i e n s i s .

F ig u r e  2 2 .  A. M u c u s - c e l l s  from  th e  a n t e r i o r  p r o s t o m i a l
group  o f  N. c a e c a . The lo n g  n e c k s  o f  t h e  c e l l s  
a r e  f i l l e d  w ith  f u c h s i n o p h i l  g r a n u l e s .  B o u in ;  
p a r a ld e h y d e  f u c h s i n ;  7 u  p a r a f f i n  s e c t i o n s .
No f i l t e r .

B. P o s t e r i o r  lo b e  c e l l s  o f  N . l o n g o s e t o s a  f i l l e d  
w it h  s t r o n g l y  f u c h s i n o p h i l i c  g r a n u l e s .  The 
g r a n u le s  ca n  be s e e n  f i l l i n g  th e  c e l l  p r o c e s s e s  
w hich  run  to w a r d s  th e  upper l e f t - h a n d  c o m e r  o f  
the l a t e r a l  t r a c t .  B ou in  ; p a r a ld e h y d e  f u c h s i n ;
7 ^  p a r a f f i n  s e c t i o n s .  V /ratten  58  f i l t e r .

C. P o s t e r i o r  l o b e  c e l l s  o f  H. c i r r o s a  sh ow in g  
th e  l a r g e  n o n - s e c r e t o r y  m a t r ix  c e l l s ,  n e u r o g l i a l  
f i b r e s  an d , a lo n g  th e  u p p er  e d g e , s m a l l  s e c r e t o r y  
c e l l s  f i l l e d  w it h  f u c h s i n o p h i l  m a t e r i a l .  B o u in ;  
p a r a ld e h y d e  f u c h s i n ;  7 u p a r a f f i n  s e c t i o n s .  
W ratten  58  f i l t e r .

D. F r o n t a l  s e c t i c n  th r o u g h  t h e  prostom ium  and 
a n t e r i o r  se g m e n ts  o f  N, c a l i f o m i e n s i s . The 
s u p r a -o e s o p h a g e a l  g a n g l io n  o c c u p i e s  th e  u p p er  
r i g h t - h a n d  h a l f  o f  the  p h o to g r a p h ;  c e l l  p r o ­
c e s s e s  fro m  t l æ  p o s t e r i o r  l o b e s  run a lo n g  th e  
s i d e  o f  t h e  g a n g l io n  to  t h e  l a t e r a l  organ  in  
th e  u p p er  l e f t  c e n t r e  o f  th e  f i g u r e .  K e l l y ;  
p a r a ld e h y d e  f u c h s i n ;  7 u  p a r a f f i n  s e c t i o n s .  
W ratten  58 f i l t e r .

E. The l a t e r a l  o r g a n  o f  N. f e r r u g i n e a . The 
c e l l  p r o c e s s e s  run to  th e  d a r k - s t a i n i n g  c u t i c l e  
w h ich  can be s e e n  t o  be p e r f o r a t e d  o v e r  th e  
en d s o f  them . B o u in ;  M a l lo r y  t r i p l e  s t a i n ;
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10 ju p a r a f f i n  s e c t i o n s ;  V /ratten  25 f i l t e r .

F ig u r e  2 3 .  T r a n s v e r s e  s e c t i o n  th r o u g h  t h e  prostcanium  o f
N. f e r r u g i n e a , show ing  t h e  l a t e r a l  o rg a n s  a t  
t h e i r  g r e a t e s t  d e v e lo p m e n t .

F ig u r e  2 4 .  L a t e r a l  v ie w  o f  t h e  prostom ium  and a n t e r i o r
seg m en ts  o f  IT. c a l i f o m i e n s i s . C r o s s -h a tc h e d  
a r e a  i n d i c a t e s  t h e  a t ta c h m e n t  o f  t h e  f i r s t  
parapodium  w h ich  h a s  b een  rem oved t o  e x p o s e  
th e  a r e a  o c c u p ie d  by t h e  l a t e r a l  o rg a n .

F ig u r e  2 5 .  C om posite  f r o n t a l  s e c t i o n  th r o u g h  the a n t e r i o r  
end  o f  N. c a l i f o m i e n s i s  to  show t h e  r e l a t i o n  
b etw een  th e  p o s t e r i o r  l o b e s ,  th e  l a t e r a l  t r a c t s ,  
th e  l a t e r a l  o r g a n s  an d  tiie p r o s t o m i a l  m u c u s - c e l l s .

F ig u r e  2 6 .  The v a r io u s  a r r a n g e m e n ts  o f  t h e  p r o s t o m i a l
m u c u s -g la n d  s y s te m  fo u n d  i n  t h e  N e p h t y id a e .
S i t e s  o f  m u c u s - s e c r e t i n g  c e l l s  are I n d i c a t e d  i n  
b l a c k .  The f i r s t  t h r e e  s p e c i e s  i n  the  u p p er  
row show an i n c r e a s i n g  d ev e lo p m en t o f  p r o s t o m i a l  ' 
e p id e r m a l  m u c u s -g la n d s ;  t h e  rem a in d er  i n d i c a t e  
s t a g e s  i n  th e  c e n t r i p e t a l  m ig r a t io n  o f  e p id e r m a l  
m u c u s - c e l l s  i n t o  th e  p o s t e r i o r  l o b e s  and i n t o  
th e  a n t e r i o r  p r o s t o m i a l  g ro u p .

F ig u r e  2 7 .  The s u p r a - o e s o p h a g e a l  g a n g l io n  and p o s t e r i o r
lo b e s  o f  N. c i r r o s a  d i s s e c t e d  from  t h e  v e n t r a l  
s i d e .

F ig u r e  2 8 .  C om p osite  f r o n t a l  s e c t i o n  th r o u g h  th e  a n t e r i o r  
end  o f  N. c i r r o s a  t o  show th e  e p i d e m a l  mucus 
g la n d s  y o f  th e  p rostom iu m  and the  p a th  tak en  
by th e  g r a n u le s  fro m  th e  s e c r e t o r y  c e l l s  in  th e  
p o s t e r i o r  l o b e s .

F ig u r e  2 9 .  T r a n s v e r s e  s e c t i o n s  th r o u g h  th e  prostom ium  o f
(A) N. i n c i s a  and  (B) N. p i c t a  t o  show th e  a rr a n g e  

m ent o f  th e  e p id e r m a l  m u c u s -g la n d s  and t h e i r  i n ­
ward m ig r a t io n  in  t h e  fo r m e r  s p e c i e s .
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THE EYES AND THE PHOTONEGATIVE BEHAVIOUR

The S t r u c t u r e  and  D i s p o s i t i o n  o f  th e  P h o t o r e c e p t o r s

Three t y p e s  o f  p h o t o r e c e p t o r  a r e  found  in  members 

o f  th e  N o p h t y id a e ,  th ou gh  n o t  a l l  s p e c i e s  p o s s e s s  a l l  t h r e e  

t y p e s .  They a r e :  (a )  i n v e r t e d  s i n g l e - c e l l e d  r e c e p t o r s

l y i n g  i n  p ig m e n t  cups and embedded i n  t h e  s u p r a - o e s o p h a g e a l  

g a n g l i o n ,  a p a i r  o f  u n i t  r e c e p t o r s  on e a c h  s i d e ,  (b )  s i n g l e ­

c e l l e d  r e c e p t o r s  l a c k i n g  p ig m e n t  c u p s ,  s i t u a t e d  in  th e  

prostom ium  a t  th e  ex trem e a n t e r i o r  edge o f  t h e  s u p r a - o e s o ­

p h a g e a l  g a n g l i o n ,  ( c )  e p id e r m a l  r e c e p t o r s  in  th e  body w a l l ,  

p r o b a b ly  i n  t h e  p y g id iu m  o f  two s m a l l  s p e c i e s  and p o s s i b l y  

in  t h e  prostom ium  o f  s e v e r a l  s p e c i e s .

The p h o t o r e c e p t o r s  o f  th e  s u p r a - o e s o p h a g e a l  g a n g l io n

B i l a t e r a l l y  s y m m e tr ic a l  p h o t o r e c e p t o r s  embedded i n  

th e  p o s t e r i o r  p a r t  o f  t h e  s u p r a - o e s o p h a g e a l  g a n g l io n  a r e  

p r e s e n t  in  n e a r l y  a l l  s p e c i e s  o f  N e p h t y s . Only N . i n c i s a  

among t h e  s p e c i e s  I  h a v e  ex a m in ed  l a c k s  them (T ab le  I I ) ,

The e y e s  are  n o t  g e n e r a l l y  v i s i b l e  from  t h e  e x t e r i o r ,  n o r  

even  i n  d i s s e c t i o n  u n l e s s  th e  g a n g l io n  happens t o  be c u t  a t  

th e  r i g h t  l e v e l .  H ow ever, i n  two s m a l l  s p e c i e s ,  N . c o m u t a  

f r a n c i s cana and N . p a r v a , t h e y  a re  v i s i b l e  from  th e  e x t e r i o r  

by t r a n s p a r e n c y .  The e y e s  o f  t h e s e  s p e c i e s  a r e  a b o u t  h a l f  

th e  s i z e  o f  t h o s e  o f  a l a r g e  s p e c i e s  su c h  a s  N , C a l i f o r n i e n -  

s i s , b u t  th e  l i n e a r  d im e n s io n s  o f  th e  worms t h e m s e lv e s  a r e
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r e d u c e d  b y  a f a c t o r  o f  2 0 - 2 5 ,  and th e  amount o f  t i s s u e  

o v e r l y i n g  th e  e y e s  i s  b o th  r e l a t i v e l y  and a b s o l u t e l y  v e r y  

much l e s s .  In  t h e s e  two s m a l l  s p e c i e s  th e  e y e s  can be 

s e e n  a s  two b l a c k  s p o t s  th r o u g h  th e  d o r s a l  s i d e  o f  th e  

t h i r d  se g m e n t ,  t h e  s u p r a - o e s o p h a g e a l  g a n g l io n  e x t e n d in g  from  

th e  p rostom iu m  t o  t h a t  s e g m e n t .  In  a l l  s p e c i e s  o f  N ep h ty s  

w h ic h  p o s s e s s  e y e s ,  t h e y  l i e  i n  th e  p o s t e r i o r  p a r t  o f  th e  

b r a i n ,  a l i t t l e  a n t e r i o r  t o  two p a ir e d  g ro u p s  o f  g a n g l io n  

c e l l s  w h ich  l i e  a t  th e  p o s t e r o - l a t e r a l  c o m e r s  o f  th e  

n e u r o p i l e  ( f ig .S O A ) .

E ach  p h o t o r e c e p t o r  c o n s i s t s  o f  a s i n g l e  v a c u o la t e d  

c e l l  l y i n g  w i t h i n  a p ig m e n t  cup w hich  i s  com posed  o f  d a rk  

brown (m e la n in ? )  e x t r a c e l l u l a r  g r a n u l e s .  S in c e  t h e r e  a r e  

n o  o t h e r  c e l l s  i n  t h e  im m ed ia te  n e ig h b o u r h o o d ,  a p a r t  from  

th e  d e n s e ,  c o a r se  n e u r o g l i a l  f i b r e s ,  i t  seem s l i k e l y  t h a t  

th e  p ig m e n t  g r a n u le s  a r e  s e c r e t e d  by the s e n s o r y  c e l l  

i t s e l f .  The d im e n s io n s  o f  e a c h  p h o t o r e c e p t o r  c e l l  a re  

a b o u t  4 0  X 20 ju i n  th e  l a r g e s t  worm s, and a b o u t  h a l f  t h a t  

s i z e  i n  t h e  s m a l l e s t  s p e c i e s  ( f i g , 1 1 ) ,  P r o j e c t i n g  i n t o  

th e  v a c u o le  o f  th e  c e l l  i s  a r i d g e  w h ic h  i s  m ushroom -shaped  

in  c r o s s  s e c t i o n  ( f i g s , 3 0 B  and C ) , P h o t o s e n s i t i v e  m a t e r i a l  

i s  p r o b a b ly  c o n c e n t r a t e d  in  t h i s  r i d g e ,  p a r t i c u l a r l y  a t  i t s  

s u r f a c e ,  s i n c e  i t  p o s s e s s e s  somewhat d i f f e r e n t  s t a i n i n g  

p r o p e r t i e s  from  t h e  r e s t  o f  th e  c e l l .  The a lm o s t  s p h e r i c a l  

n u c l e u s  i s  8 or 9 u in  d ia m e te r  and l i e s  n e a r  t h e  o r i g i n  o f
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th e  a x o n .  Two s u c h  v a c u o l a t e d  c e l l s  l i e  c l o s e  t o  o n e -  

a n o th e r  and th e  p igm en t cups o f  e a c h  a re  c o n t i g u o u s ,  r e ­

s u l t i n g  in  an H- o r  Y -s h a p e d  m ass o f  p ig m en t w i t h  th e  

p h o t o r e c e p t o r  c e l l s  d i r e c t e d  e i t h e r  d o r e a l l y  and v e n t r a l l y ,  

o r  e l s e  d o r s e - l a t e r a l l y  and v e n t r o - l a t e r a l l y .  The p a r t i ­

c u la r  form  o f  th e  p ig m en t cup v a r i e s  from  one s p e c i e s  to  

a n o t h e r ,  b u t  a p p e a r s  to  be c o n s t a n t  w i t h i n  a s p e c i e s .

C l o s e l y  a p p l i e d  t o  th e  v a c u o l a t e d  c e l l ,  on t h e  s i d e  

o p p o s i t e  the p ig m e n t  c u p ,  i s  a s e c o n d  n e r v e - c e l l  body w h ich  

i s  n o n - v a c u o la t e d .  I t  i s  a b o u t o n e - t h i r d  th e  s i z e  o f  th e  

v a c u o l a t e d  c e l l  an d  h a s  an e l o n g a t e d  n u c le u s  15 u lo n g  and  

5 - 7  ji w ide ( f i g .S O B ) .  I  can s u g g e s t  no  f u n c t i o n  f o r  t h i s  

c e l l ,  th ou gh  t h e  c o n s i s t e n c y  o f  i t s  o c c u r r e n c e  and i t s  

c l o s e  a s s o c i a t i o n  w i t h  th e  v a c u o l a t e d  c e l l ,  s u g g e s t  t h a t  

i t  h a s  some f u n c t i o n a l  a s s o c i a t i o n  w i t h  i t .  The a s s o c i a t i o n  

b etw e en  w hat i s  a p p a r e n t ly  a s e n s o r y  c e l l  in  a p ig m en t cup 

and an a c c e s s o r y  c e l l  i s  f a i n t l y  r e m i n i s c e n t  o f  th e  s i t u a ­

t i o n  in  some a r th ro p o d a n  compound e y e s .  In  t h e s e ,  sin 

e c c e n t r i c  c e l l  i s  a s s o c i a t e d  w i t h  th e  r e t i n u l a  c e l l s  and  

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

when th e  oramatidium i s  i l l u m i n a t e d  (Waterman & W iersm a,

1 9 5 4 ) .  Axons from b o th  th e  s e n s o r y  c e l l s  and th e  a c c e s s o r y  

c e l l s  run d i r e c t l y  i n t o  th e  n e u r o p i l e .  Once i n s i d e  t h e  

n e u r o p i l e ,  t h e y  a r e  l o s t  in  th e  g e n e r a l  t a n g le  o f  n e r v e  

f i b r e s .  An i d e n t i c a l  a rr a n g e m e n t  o f  p h o t o r e c e p t o r  c e l l s .
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p ig m en t cu p s  and a c c e s s o r y  c e l l s  i s  fo u n d  on e i t h e r  s i d e  

o f  th e  b r a i n .

A n ter i o  r  pro s torn!al r e  c e p to r  s

Two p a i r s  o f  c e l l s ,  w h ic h  a r e  p r o b a b ly  p h o t o r e c e p t o r s ,  

l i e  i n  th e  a n t e r i o r  p a r t  o f  t h e  p rostom ium  o u t s i d e  t h e  

s u p r a -o e s o p h a g e a l  g a n g l i o n .  They a r e  n o t  u n i v e r s a l l y  

p r e s e n t ,  n o r  do th e y  a lw a y s  have t h e  same a p p e a r a n c e ,

N . i n c i s a , N. p u n c ta ta  and  H. r i c k e t t s i  ap pear  t o  l a c k  them ,  

w h i le  i n  th e  r e m a in in g  s p e c i e s  t h e y  may be v a c u o la t e d  and  

r e se m b le  th e  e y e s  in  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n  c l o s e l y ,  

o r  th e y  may be n o n - v a c u o la t e d  ( s e e  T ab le  I I ) .  There i s  

l i t t l e  t o  show t h a t  th e  n o n - v a c u o l a t e d  c e l l s  are  p h o t o r e c e p t o r s  

b u t  w h eth er  th e y  a r e  f u n c t i o n a l  o r  n o t ,  th e y  a r e  assum ed t o  

be hom ologous w i t h  th e  v a c u o l a t e d  a n t e r i o r  r e c e p t o r s  o f  

o t h e r  s p e c i e s  b e c a u s e  t h e y  a r e  t h e  same s i z e  and s h a p e ,  are  

in  the same p o s i t i o n ,  and  b e a r  th e  same r e l a t i o n  t o  th e  

b r a i n .

The c ir c u m -o e s o p h a g e a l  c o n n e c t i v e s  l e a v e  t h e  s u p r a -  

o e s o p h a g e a l  g a n g l io n  a t  i t s  a n t e r o - l a t e r a l  c o m e r s .

Im m e d ia te ly  d o r s a l  t o  th e  c o n n e c t i v e s  th e r e  i s  a group  o f  

s m a l l  g a n g l io n  c e l l s  e x t e n d in g  from  one s i d e  o f  th e  g a n g l io n  

t o  t h e  o t h e r  ( f i g . S l A ) .  The p r o s t o m i a l  p h o t o r e c e p t o r s  l i e  

im m e d ia te ly  a n t e r i o r  t o  t h e s e  c e l l s , in  c o n t a c t  w i t h ,  b u t  

i n t e r n a l  to  th e  e p id e r m is  o f  t h e  l a t e r a l  w a l l s  o f  th e  p r o ­

stom ium , They a r e  a b o u t 4 0  x  20 vji in  s i z e  and h a v e  an
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N e p h ty s  p u n c ta ta n o n e p r e s e n t

N e p h ty s  r i c k e t t s i n one p r e s e n t

N e p h ty s  scruaraosa n o n - v a c u o la t e d p r e s e n t
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o v a l  n u c l e u s .  In  t h o s e  s p e c i e s  in  w h ich  t h e y  a r e  v a c u o ­

l a t e d ,  a r i d g e  p r o j e c t s  i n t o  th e  v a c u o le  o f  th e  c e l l  and  

th e r e  i s  some i n d i c a t i o n  t h a t  th e  p h o t o s e n s i t i v e  m a t e r i a l  

i s  c o n c e n t r a t e d  in  t h e  s u r f a c e  o f  th e  r i d g e  ( f i g s .3 1 8  and  

C ). These c e l l s  i n v a r i a b l y  l a c k  p ig m en t  c u p s ,  b u t  o t h e r ­

w is e  th e  v a c u o l a t e d  v a r i e t y  i s  i d e n t i c a l  w i t h  th e  p h o to ­

r e c e p t o r s  o f  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n .  I n d e e d ,  i t  

i s  c h i e f l y  f o r  t h i s  r e a so n  t h a t  t h e y  a r e  presum ed t o  be 

p h o t o r e c e p t o r s .  The n o n - v a c u o l a t e d  c e l l s  a p p ea r  t o  be  

hom ologous w i t h  th e  v a c u o l a t e d  o n e s .  T here  i s  no s u g g e s t i o n  . 

o f  an a c c e s s o r y  c e l l  in  c o n t a c t  w i t h  t h e s e  p h o t o r e c e p t o r s ,  

b u t  u s u a l l y  two i d e n t i c a l  p h o t o r e c e p t o r  c e l l s  l i e  i n  c o n t a c t  

w ith  e a c h  o t h e r .  The a x o n s  from  th e  r e c e p t o r  c e l l s  on 

e i t h e r  s id e  o f  th e  p rostom ium  run l a t e r a l l y  and c a u d a l l y  

and e n t e r  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n  a t  i t s  a n t e r i o r  

m argin  a t  a b o u t  th e  p o i n t  o f  o r i g i n  o f  t h e  c ir c u m -o e s o p h a g e a l  

c o n n e c t i v e s ,

E p id er m a l p h o t o r e c e p t o r s

T hroughout th e  ta x o n o m ic  l i t e r a t u r e  o f  th e  N e p h ty id a e ,  

t h e r e  a r e  num erous and r e p e a t e d  r e f e r e n c e s  t o  p ig m en t s p o t s ,  

u s u a l l y  w ith  th e  i m p l i c a t i o n  or s t a t e m e n t  t h a t  th e y  a r e  

l i g h t  s e n s i t i v e .  There i s  n o t h in g  p a r t i c u l a r l y  r e p r e h e n s ib le  

in  t h e  a ssu m p t io n  t h a t  s i n g l e - c e l l e d  p h o t o r e c e p t o r s  m ig h t  

o c c u r  in  t h e  e p id e r m is  o f  N e p h ty s  and t h a t  p ig m en t s p o t s  

i n d i c a t e  t h e i r  p r e s e n c e ,  b e c a u s e  e p id e r m a l  p h o t o r e c e p t o r s
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a r e  w e l l  known from  o th e r  a n n e l i d s ,  thou gh  in  o l i g o c h a e t e s  

r a t h e r  th a n  p o l y c h a e t e s .  H ow ever, a s  f a r  a s  I  know, t h i s  

a ssu m p t io n  h a s  n e v e r  b een  j u s t i f i e d  by t h e  d i s c o v e r y  and  

d e s c r i p t i o n  o f  th e  r e c e p t o r  c e l l s  t h e m s e lv e s .  A f t e r  

s e a r c h in g  s e c t i o n s  o f  th e  e p i d e m i s  o f  th e  prostom ium  and  

o f  se g m e n ts  from  v a r i o u s  p a r t s  o f  th e  body o f  n e p h t y id s  

and f i n d i n g  n o t h in g  w hich  m ig h t  be r e g a r d e d  a s  a p h o to ­

r e c e p t o r ,  I  d i r e c t e d  a t t e n t i o n  t o  f o u r  s p e c i e s ,  N . c a l i ­

f o r n i e n  s i s , N . c a e c o i d e s , IT. parva  and  N. c o m u t a  f r a n c  i s -  

c a n a . The l a t t e r  two s p e c i e s  h a v e  a r i n g  o f  p ig m e n t  s p o t s  

su r r o u n d in g  th e  p y g id iu m , th e  fo rm er  two h a v e  a w e l l  marked  

p ig m en t p a t t e r n  on th e  p rostom iu m  e n d in g  in  two sy m m etr i­

c a l l y  p la c e d  p a tc h e s  o f  p ig m e n t  and  a t h i r d  p a tP h  in  th e  

a n t e r i o r  m edian p a r t  o f  t h e  p rostom iu m , a l l  s u g g e s t i v e  o f  

e p id e r m a l p h o t o r e c e p t o r s .

The p ig m e n t  s p o t s  a r e  form ed by an a c c u m u la t io n  o f  

s m a l l  g r a n u le s  o f  dark brown s u b s ta n c e  w h ic h  are  e x t r a ­

c e l l u l a r  and w h ic h  su rro u n d  c e r t a i n  e p id e r m a l c e l l s .  A p a r t  

from  th e  f a c t  t h a t  t h e y  a r e  su rro u n d ed  by p ig m en t g r a n u l e s ,  

t h e s e  c e l l s  d i f f e r  in  n o  way from  o t h e r  e p id e r m a l  c e l l s  in  

th e  n e ig h b o u r h o o d .  They a r e  r o u g h ly  c o n i c a l  in  s h a p e ,  

w i t h  th e  a p ex  o f  th e  cone i n  c o n t a c t  w i t h  t h e  e p id e r m a l  

b asem en t membrane, and th e  b a s e  o f  th e  cone d i s t a l .  E p i ­

d erm al p h o t o r e c e p t o r s  o f  o t h e r  a n n e l i d s  a r e  u s u a l l y  d i f f e r ­

e n t i a t e d  from s t r u c t u r a l  e p id e r m a l  c e l l s  by th e  p r e s e n c e  of
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v a c u o le s  o r  r e f r a c  t i l e  b o d i e s ,  an d  th e  f a c t  t h a t  some 

e p i d e m a l  c e l l s  i n  N e p h ty s  a r e  su rro u n d ed  by p ig m e n t  seems  

i n s u f f i c i e n t  r e a s o n  f o r  r e g a r d in g  them a s  p h o t o r e c e p t o r s .  

P a r t i c u l a r l y  i n  th e  s m a l l  worms N. c o rn u  t a  and N . p a r v a , 

p ig m en t g r a n u le s  a r e  l a i d  down a lo n g  p r a c t i c a l l y  a l l  th e  

c o n n e c t iv e  t i s s u e  o f  th e  body and th e  e p id e r m a l  c e l l s  o f  

th e  p y g i d i a l  r i n g  d i f f e r  fro m  t h e  o t h e r s  o n ly  in  t h a t  the  

p igm en t g r a n u le s  su r r o u n d in g  them a r e  more num erous and  

more c o n c e n t r a t e d .  On th e  o t h e r  h an d , a l l  f o u r  s p e c i e s  

r e a c t  by swimming or  by  a s l i g h t  c o n t r a c t i o n  o f  th e  l o n g i ­

t u d i n a l  m u sc u la tu r e  i f  l i g h t  i s  sh o n e  on th e  p o s t e r i o r  

se g m e n ts ;  th e  m id d le  o f  t h e  worm a p p e a r s  to  be i n s e n s i t i v e  

t o  l i g h t .  The same i s  t r u e  o f  N, c a e c a , N. c i r r o s a .

N . h om bergi and N. p u n c t a t a . I f  t h e r e  a r e  any p h o t o r e ­

c e p t o r s  in  t h e  e p id e r m is ,  th e y  a r e  c e l l s  o f  t h i s  ty p e  and  

a r e  n o t  s p e c i a l i s e d  m o r p h o l o g i c a l l y .  I t  i s  p o s s i b l e ,  

th ou gh  I  have n o t  b een  a b le  to  o b s e r v e  i t ,  t h a t  f i b r e s  from  

t h e s e  c e l l s  run th r o u g h  t h e  b a sem en t  membrane o f  th e  e p i d e m i s  

t o  c o n n e c t  w i t h  a s u b - e p id e r m a l  n e r v e  p l e x u s .

E x p e r im e n ta l  S t u d i e s

I f  N ep h ty s  i s  dropped  I n to  a p o o l  o f  w a ter  i n  t h e  

s a n d ,  i t  swims f o r  a s h o r t  t im e  and th en  b e g in s  t o  burrow .

The prostom ium  i s  t h r u s t  a g a i n s t  th e  su b s tr a tu m  an d  th e  

u n d u la to r y  w aves p a s s i n g  a lo n g  th e  b od y  v i b r a t e  th e  p r o -



8 4 .

stom lum  in  th e  sa n d  and d r i v e  i t  f o r w a r d .  As so o n  a s  th e  

a n t e r i o r  seg m en ts  a re  b u r ie d ,  t h e  lo c o m o to r y  a c t i v i t y  

c h a n g e s  t o  a l t e r n a t e  c o n t r a c t i o n s  o f  th e  l o n g i t u d i n a l  and  

c i r c u l a r  m u s c le s  and the worm burrow s l i k e  an earthw orm . 

Swimming i s  a n e c e s s a r y  p r e lu d e  to  b u r r o w in g .  U s u a l l y  th e  

worm b u r i e s  i t s e l f  a t  th e  f i r s t  a t t e m p t ,  b u t  i f  i t  d o es  n o t  

do s o ,  i t  rem ains  i n a c t i v e  on t h e  b o tto m  o f  th e  p o o l  f o r  a  

t im e ,  p erh ap s a m in u te ,  and th en  swims and a t t e m p t s  t o  

burrow a g a in .  The same p a t t e r n  o f  b e h a v io u r  i s  i n v a r i a b l y  

f o l l o w e d :  th e  worn swims a t  I n t e r v a l s  and a t  the end o f

e a c h  swimming e x c u r s i o n  a t t e m p t s  t o  burrow ; th e  a t t e m p ts  

a r e  r e p e a t e d  u n t i l  th e  w orn d o e s  e v e n t u a l l y  b ury  i t s e l f .

The e x p e r im e n ts  d e s c r i b e d  b e lo w  h a v e  b een  d e s ig n e d  t o  p ro ­

v id e  a t  l e a s t  a  p a r t i a l  a n a l y s i s  o f  t h i s  b e h a v io u r  on th e  

s u p p o s i t i o n  t h a t  one o f  th e  f a c t o r s  c o n t r o l l i n g  i t  i s  th e  

i l l u m i n a t i o n  o f  t h e  worm, and to  d e te rm in e  t h e  f u n c t i o n s  

o f  th e  p h o t o r e c e p t o r s .

Two r e a c t i o n s  t o  i l l u m i n a t i o n  are  fo u n d  in  the p o l y ­

c h a e t e s ;  a s y n e r g i c  c o n t r a c t i o n  o f  th e  l o n g i t u d i n a l  

m u s c le s  m e d ia te d  by  g i a n t  a x o n s ,  o r  lo c o m o t io n .  The form er  

i s  c h a r a c t e r i s t i c  o f  t h e  t u b i c o l o u s  w orm s, th e  l a t t e r  o f  

th e  e r r a n t  worms. These r e s p o n s e s  a r e  n o t  l i m i t e d  t o  

t h o s e  f a m i l i e s  c o n v e n t i o n a l l y  r e g a r d e d  a s  ’ s e d e n t a r y ’ and  

’ e r r a n t ’ r e s p e c t i v e l y ,  b u t  th e  sudden  c o n t r a c t i o n  r e s p o n s e  

i s  more marked in  worms l i v i n g  in  perm anent or  sera i-
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perm anent b urrow s o r  t u b e s ,  and th e  lo c o m o to r y  r e s p o n s e  

i s  more m arked i n  worms w h ic h  do n o t  i n h a b i t  b u rro w s.

The phenomenon o f  c o n t r a c t i o n  i s  th e  more s p e c t a c u l a r  and  

th e  more am enable t o  e x p e r im e n t a t io n ,  and i t  h a s  a c c o r d in g ­

l y  a t t r a c t e d  more a t t e n t i o n  than  th e  lo c o m o to r y  r e s p o n s e .

The l i t e r a t u r e  on th e  r e s p o n s e s  o f  t u b i c o l o u s  worms t o  

s t i m u l a t i o n  by l i g h t  h a s  been d i s c u s s e d  an d  r e v ie w e d  b y  

N i c o l  (1 9 4 8 b ,  1 9 5 0 ) .  Among th e  p o ly c h a e t e  f a m i l i e s  u s u a l l y  

r e g a r d e d  a s  ’ e r r a n t ’ , th e  N e r e id a e  i s  th e  o n ly  one in  w h ich  

th e  r e s p o n s e  to  i l l u m i n a t i o n  h a s  been  s t u d i e d  i n  d e t a i l .  

H e r te r  (1 9 2 6 )  fo u n d  t h a t  N e r e i s  d i v e r s i c o l o r  i s  n e g a t i v e l y  

p h o to  t a c t i c .  H owever, even  th e  n e  re  id s  u s u a l l y  l i v e  in  

c o n s o l i d a t e d  Txirrows o r  s e c r e t e d  tu b e s  o f  a more or l e s s  

perm anent c h a r a c t e r  a n d  t h e y  c o n t r a c t  on a  sudden change  

o f  l i g h t  i n t e n s i t y ,  w h e th e r  i t  be an i n c r e a s e  o r  a d e c r e a s e .  

S e v e r a l  p o ly c h a e t e  f a m i l i e s  i n c lu d e  s p e c i e s  w h ich  a r e  

p e l a g i c  d u r in g  th e  b r e e d in g  s e a s o n  and numerous o b s e r v a t io n s  

s c a t t e r e d  i n  t h e  l i t e r a t u r e  s u g g e s t  t h a t  t h e s e  worms are  

p o s i t i v e l y  p h o t o t a c t i c  a t  t h i s  t i m e ,  a t  l e a s t ,  i n s o f a r  as  

t h e y  a r e  a t t r a c t e d  to  l i g h t s  in  th e  w a t e r .  T h is  r e p r e s e n t s  

a r e v e r s a l  o f  t h e i r  u s u a l  p h o t i c  r e s p o n s e ,  b u t  t h e r e  a p p e a r s  

t o  h a v e  b een  no s y s t e m a t i c  i n v e s t i g a t i o n  i n t o  the  p r e c i s e  

m echanism  o f  t h i s  b e h a v io u r .

N ep h ty s  d i f f e r s  fr o m  t h o s e  worms w hich  h ave b een  

s t u d i e d  in  d e t a i l  in  t h i s  c o n t e x t ,  b e c a u s e  a l t h o u g h  i t



8 6 .

burrow s i n  th e  s a n d ,  i t  d o e s  n o t  form  a c o n s o l i d a t e d ,  p e r ­

m anent b u rro w , and t h e  sudden w ith d r a w a l  r e f l e x  on s t im u ­

l a t i o n  i s  n o t  fo u n d  t o  any m arked d e g r e e  in  th e  N e p h ty id a e .  

B o th  i t s  h a b i t s  u n d er  n a t u r a l  c o n d i t i o n s  and i t s  b e h a v io u r  

in  th e  la b o r a t o r y  s u g g e s t  t h a t  i t  i s  much c l o s e r  to  th e  

g e n e r a l i s e d  ’ e r r a n t ’ p o l y c h a e t e  than any t h a t  h a s  b een  

s t u d i e d  b e f o r e .

The e x p e r im e n ts  f a l l  i n t o  two g r o u p s :  f i r s t  a

s e r i e s  o f  i n v e s t i g a t i o n s  i n t o  th e  n a t u r e  o f  th e  p h o t o ­

n e g a t i v e  r e a c t i o n s  o f  a s i n g l e  s p e c i e s ,  N. c i r r o s a . and  

s e c o n d ,  an i n v e s t i g a t i o n  o f  th e  f u n c t i o n  o f  t h e  a n t e r i o r  

p r o s t o m i a l  and th e  g a n g l i o n i c  p h o t o r e c e p t o r s .  I d e a l l y  th e  

l a t t e r  i n v e s t i g a t i o n  sh o u ld  be c a r r i e d  o u t  by rem ov in g  one 

o r  o t h e r  p a ir  o f  e y e s  and o b s e r v in g  t h e  r e s u l t i n g  ch a n g e s  

o f  b e h a v io u r  i n  t h e  manner i n  w h ic h  H e r t e r  (1 9 2 6 )  e x p e r i ­

m en ted  w i t h  N e r e i s  d i v e r s i c o l o r . T h is  i s  im p o s s ib l e  i n  

N e p h t y s , f o r  th e  s i n g l e - c e l l e d  r e c e p t o r s  c a n n o t  be  rem oved  

i n d i v i d u a l l y  and c o u ld  be  e x t i r p a t e d  o n ly  by d o in g  c o n s i d e r ­

a b le  damage t o  t h e  s u p r a - o e s o p h a g e a l  g a n g l io n .  I n s t e a d ,  

s p e c i e s  h a v e  b een  s e l e c t e d  f o r  t h e s e  s t u d i e s  w h ich  p o s s e s s  

one o r  o t h e r  s e t  o f  r e c e p t o r s ,  o r  b o t h  o f  them . In  o t h e r  

w o r d s , by a f o r t u n a t e  i n t e r s p e c i f i c  v a r i a t i o n  o f  t h e s e  e y e s ,  

th e  e x t i r p a t i o n  h a s  a l r e a d y  b e e n  a c c o m p lis h e d  by th e  i n ­

v e s t i g a t o r .  For su c h  e x p e r im e n t s  t o  b e  v a l i d ,  i t  i s  n e c e s s  

a r y  to  assum e t h a t  t h e  b r a in  s t r u c t u r e  i s  i d e n t i c a l  i n  a l l
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s p e c i e s  o f  N e p h ty s  and t h a t  th e  o n ly  v a r i a b l e  in  t h e s e  

e x p e r im e n ts  i s  t h e  p r e s e n c e  o r  a b s e n c e  o f  e y e s .  S in c e  i t  

i s  im p o s s ib le  t o  f o l l o w  t h e  i n t e m e n r a l  c o n n e c t io n s  w i t h i n  

th e  s u p r a - o e s o p h a g e a l  g a n g l i o n ,  t h i s  a s su m p t io n  i s  g r a t u i t ­

o u s ,  ev e n  i f ,  a t  f i r s t  s i g h t ,  r e a s o n a b le  in  a grou p  o f  

c l o s e l y  r e l a t e d  s p e c i e s  o f  a s i n g l e  g e n u s .  Even on a  

c u r s o r y  e x a m in a t io n  o f  t h e  s u p r a - o e s o p h a g e a l  g a n g l i o n  o f  a 

number o f  s p e c i e s  o f  N e p h t y s , i t  i s  a p p a r e n t  t h a t  th e  

m in u te  s t r u c t u r e  v a r i e s  c o n s id e r a b l y  from  s p e c i e s  t o  s p e c i e s ,  

p a r t i c u l a r l y  in  t h e  a n t e r i o r  p a r t  o f  th e  b r a i n .  In  t h e s e  

c i r c u m s t a n c e s ,  th e  r e s u l t s  o f  th e  e x p e r im e n ts  m u st b e  i n t e r ­

p r e t e d  w i t h  c a u t i o n ,  A c o n s i d e r a t i o n  o f  t h e i r  v a l i d i t y  

w i l l  b e  d e f e r r e d  u n t i l  t h e  r e s u l t s  a r e  a n a ly s e d  and d i s ­

c u s s e d .  B e ca u se  o f  s e x u a l  m a t u r i t y  t h e r e  may w e l l  b e  

ch a n g es  in  t h e  b e h a v io u r  o f  the worms when t h e y  a r e  i l l u m i n ­

a t e d ,  o n ly  immature sp e c im e n s  h ave b een  u s e d .

E x p er im en ts  w i t h  N e p h ty s  c i r r o s a

a .  The l i g j i t - d a r k  c h o ic e  e x p e r im e n t . When s e v e r a l

worms a r e  p la c e d  i n  a r e c t a n g u la r  d i s h  o f  w a t e r ,  o n e - h a l f  o f  

w h ich  i s  i l l u m i n a t e d  and th e  o t h e r  h a l f  c o v e r e d  w i t h  a b l a c k  

s c r e e n ,  th e y  e v e n t u a l l y  move i n t o  t h e  d a rk er  h a l f .  T h is  i s  

a s u r p r i s i n g l y  l e n g t h y  p r o c e s s  f o r  s o  a c t i v e  an a n im a l a s  

N e p h t y s , and i t  i s  e v i d e n t  t h a t  t h e  number o f  worms in  e a c h  

h a l f  f l u c t u a t e s  b e c a u se  th e  worms r e - e n t e r  the  l i g h t e d  h a l f  

from  th e  d a r k .  I f  e a c h  worm i s  p l a c e d  in  a s e p a r a t e  d i s h ,



8 8 .

b u t  o t h e r w is e  u n d er  t h e  same e x p e r im e n t a l  c o n d i t i o n s  as  b e ­

f o r e ,  th e  num bers r e t u r n in g  t o  t h e  l i g h t  h a l f  â r e  re d u ce d  

b e c a u s e  i n  t h i s  c a s e  q u i e s c e n t  vjorms in  th e  d a rk  h a l f  a r e  

n o t  d i s t u r b e d  by a c t i v e  worms a s  t h e y  a c c u m u la te  t h e r e .

Even s o ,  a l t h o u g h  worms sp en d  more tim e in  t h e  d ark  com­

p a rtm en t  than b e f o r e , t h e y  s t i l l  r e a p p e a r  in  th e  l i g h t ;  

i t  i s  o n ly  e x c e p t i o n a l l y  t h a t  t h e y  a re  a l l  in  t h e  d ark  com­

p artm en t a t  the same tim e and i n  n o  c a s e  do th ey  rem ain  

p er m a n en tly  in  th e  d a rk . The r e s u l t s  o f  th e  tw o  e x p e r i ­

m ents  a r e  i l l u s t r a t e d  in  f i g . 3 2 .  The r e s u l t s  show t h a t  

Neph-tys i s  p h o t o n e g a t i v e ,  th o u g h  th e y  p r o v id e  no  in fo r m a ­

t i o n  a b o u t  th e  m echanism  o f  t h i s  p r o c e s s .  F u r t h e r ,  th e y  

show t h a t  u n d er  t h e s e  e x p e r im e n t a l  c o n d i t i o n s ,  th e  o r i e n t a ­

t i o n  movement i s  im p e r f e c t  b e c a u s e  th e  worms do n o t  s t a y  in  

th e  dark  when th e y  r e a c h  i t .

b .  The e f f e c t  o f  i l l u m i n a t i o n  on th e  a c t i v i t y  o f  N e p h ty s .

I f  N ep h ty s  i s  p la c e d  i n  a j a r  o f  s e a - w a t e r  and i s  i l l u m i n a t e d ,  

i t  swims around  th e  v e s s e l  f o r  a s h o r t  t im e  a t  f a i r l y  

r e g u l a r  i n t e r v a l s . O ther fo rm s o f  a c t i v i t y  in  t h e s e  c i r ­

cu m sta n ces  h ave  b e e n  o b s e r v e d  b u t  r a r e l y ,  and i t  i s  co n ­

c lu d e d  t h a t  n o r m a l ly  th e  worms w i l l  e x h i b i t  a l t e r n a t i n g  

p e r io d s  o f  r e s t  and a c t i v i t y .  T h is  p e r i o d i c  b e h a v io u r  i s  

d i s c u s s e d  f u r t h e r  i n  A p p en d ix  I ,  and  i t  h a s  been u s e d  t o  

s tu d y  th e  e f f e c t  o f  i l l u m i n a t i o n  on th e  worm.
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I l l u m i n a t i o n  was p ro v ü ed  by  e i g h t  6 0 - w a t t  ’M e tr o v ik ’ 

e l e c t r i c  l i g h t  b u l b s ,  r a t e d  a t  250 v o l t s  and run a t  245  

v o l t s  fro m  th e  p u b l i c  m ains s u p p ly .  The i n t e n s i t y  was a d ­

j u s t e d  b y  v a r y in g  t h e  number o f  b u lb s  and t h e  d i s t a n c e  b e ­

tw een  them and th e  j a r s  c o n t a i n i n g  th e  worm s. In  t h i s  way  

th e  i n t e n s i t y  c o u ld  be v a r i e d  w i t h o u t  a f f e c t i n g  th e  s p e c t r a l  

q u a l i t y  o f  th e  l i g h t .  D urin g  th e  p e r i o d  o f  th e  e x p e r im e n ts  

th e  v o l t a g e  o f  th e  m ains s u p p ly  v a r i e d  by l e s s  than  

w h ich  i s  I n s u f f i c i e n t  to  a f f e c t  e i t h e r  i n t e n s i t y  o f  s p e c t r a l  

q u a l i t y  o f  th e  l i g h t  a p p r e c i a b l y .  A c c o r d in g  t o  I n fo r m a t io n  

s u p p l i e d  by th e  m a n u fa c tu r e r s ,  th e  s p e c t r a l  o u tp u t  o f  th e  

b u lb s  i s  a s  shown i n  T ab le  I I I .

TABLE I I I

S p e c t r a l  o u tp u t  o f  th e  l i g h t  s o u r c e  com pared w i t h  n a t u r a l
d a y l i g h t

W a v e len g th  I n c a n d e s c e n t  6 0 - w a t t  T u n gsten  N a tu r a l  d a y l i g h t  
A. f i l a m e n t  lam p, 2848®K, 6 5 0 0 %

3 8 0 0 -4 2 0 0 0 ,0 0 5 4 0 ,0 3 2

4 2 0 0 -4 4 0 0 0 .0 5 8 5 0 .2 6

4 4 0 0 -4 6 0 0 0 .2 4 9 0 .8 3

4 6 0 0 -5 1 0 0 5 .3 9 1 0 .6 5

5 1 0 0 -5 6 0 0 3 3 .5 2 4 1 . 8

5 6 0 0 -6 1 0 0 4 2 .6 8 3 5 .8

6 1 0 0 -6 6 0 0 1 6 .5 9 . 9

6 6 0 0 -7 6 0 0 1 .5 2 0 .6 8
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A d i f f u s i n g  s c r e e n  o f  a s i n g l e  s h e e t  o f  t r a c i n g  p a p e r  

was in t e r p o s e d  b etw een  th e  l i g h t  and th e  worms. T h is  

a f f e c t s  s l i g h t l y  th e  s p e c t r a l  q u a l i t y  o f  t h e  l i g h t  f a l l i n g  

upon them , b u t  t h i s  h a s  n o t  b e e n  m ea su red . The i n t e n s i t y  

o f  th e  l i g h t  w as m easu red  w i t h  an E v e re tt -E d g c o m b e  p h o to ­

c e l l  an d  m e te r  and was a d j u s t e d  in  e q u a l  l o g a r i t h m i c  s t e p s  

b etw een  0 .4 5  and 1 4 ,4  c a n d le s  p e r  sq u a re  f o o t .  The worms 

w ere b etw e en  70 and  85 mm lo n g  an d  w ere c o l l e c t e d  a t  low  

t i d e . E ach  was im m e d ia te ly  p la c e d  in  a g l a s s  j a r  c o n t a i n ­

in g  a b o u t  700 ml o f  f r e s h ,  a e r a t e d  s e a - w a t e r .  The j a r s ,

w i t h  th e  worm s, were k e p t  i n  c o m p le te  d a r k n e s s  f o r  2 ^  

h o u rs  u n t i l  th e  e x p e r im e n t  s t a r t e d .  A f t e r  t h i s  p e r io d  o f  

dark  a d a p t a t i o n ,  th e  l i g h t  was s w i t c h e d  on and f o r  th e  

f o l l o w i n g  two h o u r s  th e  a c t i v i t y  o f  each  worm was m easured  

by c o u n t in g  th e  number o f  t im e s  i t  swam d u r in g  t h a t  p e r i o d .  

A t th e  end o f  th e  e x p e r im e n t  th e  w a te r  was changed  in  p r e ­

p a r a t io n  f o r  t h e  n e x t  p e r i o d  o f  dark  a d a p t a t i o n  and o b s e r ­

v a t i o n .  A l l  t h e  e x p e r im e n ts  w ere  c a r r i e d  o u t  on th e  same 

i n d i v i d u a l s  and were c o m p le te d  w i t h i n  th r e e  d a y s  o f  c o l l e c t ­

in g  th e  worms. The e x p e r im e n ts  w ere  c a r r i e d  o u t  in  a  

c o n c r e t e  f l o o r e d  room , f r e e  from v i b r a t i o n  and sudden n o i s e ,  

Vi/ith t h e  w a te r  te m p e r a tu r e  c o n s t a n t  a t  14^C. The ox y g en  

c o n c e n t r a t io n s  w ere  m easured  by  t h e  W in ck le r  t e c h n iq u e  an d  

d id  n o t  v a r y  a p p r e c i a b ly  d u r in g  th e  c o u r s e  o f  an e x p e r im e n t .

O b s e r v a t io n s  were made on f i v e  worms s im u l t a n e o u s ly  

and th e  r e s u l t s  a r e  shown in  f i g . 3 3 .  I t  w i l l  be s e e n
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t h a t  t h e r e  i s  a s ig m o id  r e l a t i o n s h i p  b etw een  the swimming 

a c t i v i t y  o f  t h e  worms and t h e  lo g a r i t h m  o f  t h e  l i g h t  i n ­

t e n s i t y ,  so  t h a t  w i t h in  l i m i t s , th e  a c t i v i t y  i s  a p p r o x im a te ­

l y  a l i n e a r  f u n c t i o n  o f  th e  lo g a r i t h m  o f  th e  l i g h t  i n t e n ­

s i t y ,  and o u t s i d e  t h e s e  l i m i t s  th e r e  i s  n o  change in  

a c t i v i t y  w ith  a change in  l i g h t  i n t e n s i t y .  No lo w e r  l i m i t  

o f  l i g h t  i n t e n s i t y ,  belov; w h ich  t h e  worms a re  i n a c t i v e ,  

h a s  b een  f o u n d .  Even i n  dim r e d  l i g h t  t h e y  are  s t i l l  

a c t i v e .

c .  O r ie n t a t io n  i n  a l i g h t  beam. A s i n g l e  worm w as p la c e d  

in  a l a r g e  g l a s s  ta n k  o f  s e a - w a t e r ,  l i n e d  on t h r e e  s i d e s  

and t h e  b ottom  w ith  b l a c k  m a tt  p ap er  to  r e d u c e  l i g h t  r e ­

f l e c t i o n  t o  a minimum. The worm was d a rk  a d a p te d  f o r  

h a l f  an hour and t h e n  i l l u m i n a t e d  from  one end  o f  th e  ta n k  

by a beam o f  p a r a l l e l  l i g h t  from a ’ P o i n t o l i t e ’ m ic r o s c o p e  

lamp and  th e  b e h a v io u r  o f  th e  worm was r e c o r d e d .  As soon  

a s  the  worm r e a c t e d  th e  l i g h t  was e x t i n g u i s h e d  and t h e  

worm l e f t  i n  d a r k n e ss  f o r  a f u r t h e r  p e r i o d  o f  h a l f  an h o u r .  

A f t e r  e i g h t  o r  n in e  su c h  t e s t s  t h e  worm was d i s c a r d e d  and  

a f r e s h  one u s e d .  The l i g h t  was a lw ays a t  th e  same end  o f  

th e  t a n k  and a lw a y s  p r o j e c t e d  a lo n g  th e  b ottom  o f  i t .

The d i r e c t i o n  a t  w h ich  th e  l i g h t  beam im p in g e d  on th e  worm 

dep en ded  e n t i r e l y  upon th e  p o s i t i o n  ta k e n  up b y  th e  l a t t e r  

d u r in g  th e  p e r io d  o f  d a r k n e s s .  The c o n d i t i o n s  o f  th e  

e x p e r im e n ts  are sum m arised in  T ab le  IV.
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TABLE IV.

D i r e c t i o n  o f  i n ­
c i d e n t  l i g h t  beam A B

Worm
C D E F

T o t a l
e x p o s u r e s

A n t e r i o r 8 2 0 1 1 1 13

P o s t e r i o r 2 1 1 2 4 2 12

L a t e r a l 0 5 1 2 5 1 14

P o s t ï -d ia g o n a l 0 1 1 1 0 0 3

A n t .  d ia g o n a l 0 0 0 0 0 0 0

T o t a l  e x p o su r e s 10 9 3 6 10 4 42

W ith one e x c e p t i o n . th e r e a c t i o n o f th e worm was a lw ays th e

sam e; I t  swam fo r w a r d  e v e n  on th e  o c c a s i o n s  when t h i s  I n ­

v o l v e d  swimming d i r e c t l y  up th e  l i g h t  beam tow ard s th e  l i g h t  

s o u r c e .  In  th e  s i n g l e  e x c e p t i o n a l  c a s e  t h e  worm f a i l e d  t o  

r e a c t  a t  a l l .  The r e s u l t s  o f  t h e s e  e x p e r im e n ts  c l e a r l y  

i n d i c a t e  t h a t  w h a te v e r  th e  d i r e c t i o n  o f  th e  i n c i d e n t  l i g h t  

beam , N ep h ty s  c i r r o s a  d o e s  n o t  o r i e n t  i t s e l f  in  i t .

d . I n h i b i t i o n  of  th e  p h o t o n e g a t i v e  r e a c t i o n . F iv e  worms 

w ere p l a c e d  in  j a r s  o f  s e a - w a t e r  c o n t a in i n g  enough  sa n d  t o  

c o v e r  t h e  b o tto m  t o  a d e p th  o f  2 - 3  mm; th e  sand was n o t  

u n i f o r m ly  d i s t r i b u t e d ,  b u t  was h ea p ed  in  some p l a c e s  t o  a 

d ep th  o f  5 mm. The worms w ere t h e n  e x p o s e d  t o  l i g h t .

Four o f  them , when t h e y  had burrow ed a s  f a r  a s  p o s s i b l e  i n t o
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th e  s a n d , showed n o  f u r t h e r  a c t i v i t y ,  a l t h o u g h  m ost o f  th e  

body was s t i l l  e x p o s e d  t o  l i g h t .  In  one c a s e ,  where the  

sa n d  w as n o t  h ea p ed  up and t h e r e f o r e  now here deep  enough  

f o r  e f f e c t i v e  b u r r o w in g , t h e  worm was more a c t i v e  th a n  th e  

o t h e r s .  The same worms, u n d er  th e  same c o n d i t i o n s ,  i n  

j a r s  w i t h o u t  san d , w ere a c t i v e  d u r in g  th e  w h ole  p e r i o d  o f  

two h o u r s  d u r in g  w h ich  th e y  w ere u n d er  o b s e r v a t i o n .  The 

r e s u l t s  are  sum m arised i n  T a b le  V.

TABLE V

Number o f  swimming e x c u r s io n s  d u r in g  two h o u r s  ex p o su r e  
to  l i g h t  f o l l o w i n g  two h o u r s  o f  d ark  a d a p t a t i o n .

Worm V/ith sand W ith o u t san d

A 1 29

B 10ÎÎ* 37

C 1 47

D 1 65

E 3 29

A verage 1 . 2 43

■‘î-Worm B was in  a j a r  w i t h  i n s u f f i c i e n t  sa n d  f o r  
e f f e c t i v e  b u rro w in g . The number o f  i t s  swimming  
e x c u r s i o n s  has b e e n  o m i t t e d  from  th e  a v e r a g e  
f i g u r e .

F our e x p e r im e n ts  w ere t h e n  c a r r i e d  o u t  t o  t e s t  w h eth er  

t h i s  i n h i b i t i o n  o f  t h e  r e a c t i o n  was b r o u g h t  a b o u t  by t h e
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c o n t a c t  o f  th e  worms w ith  th e  sand o r  by th e  o b s c u r in g  o f  

th e  l i g h t  b y  i t .

1 .  Four worms were p l a c e d  i n  g l a s s  t u b e s  50 cm lo n g  and

4 mm i n t e r n a l  d ia m e te r  in  a ta n k  o f  w a te r  and th e n  i l l u m i n ­

a t e d .

2 .  S i x  worms w ere  p r o v id e d  w i t h  s h o r t  l e n g t h s  o f  g l a s s  

tu b in g  (15  mm l o n g ) ,  p la c e d  in  w a te r  and i l l u m i n a t e d ,

3 .  S ix  worms were p la c e d  b e tw e e n  g l a s s  p l a t e s  in  a tan k  

so  t h a t  th e  d o r s a l  an d  v e n t r a l  s u r f a c e s  o f  th e  worm w ere  

in  c o n t a c t  w i t h  th e  p l a t e s ,  and  th en  i l l u m i n a t e d .

4 .  S i x  worms w ere p r o v id e d  w i t h  d o r s a l  c o n t a c t  o v e r  a 

s h o r t  l e n g t h  o f  th e  body by p l a c i n g  them un d er  m ic r o s c o p e  

s l i d e s  r a i s e d  on s u p p o r t s .

In  th e  f i r s t  th r e e  e x p e r im e n ts  a l l  a c t i v i t y  was i n h i b i t e d  

w h i le  th e  worms were i l l u m i n a t e d  f o r  a p e r i o d  o f  two h o u r s ,  

f o l l o w i n g  two h o u r s  d ark  a d a p t a t i o n .  The f o u r t h  e x p e r i ­

m ent was i n c o n c l u s i v e  b e c a u s e  th e  worms d id  n o t  stay i n  

p o s i t i o n  b e n e a t h  th e  m ic r o s c o p e  s l i d e s  f o r  any l e n g t h  o f  

t im e .  I t  f o l l o w s  t h a t  i f  p a r t ,  a t  l e a s t ,  o f  t h e  d o r s a l  

and v e n t r a l  s u r f a c e s  o f  t h e  body a r e  in  c o n t a c t  w i t h  some 

s o l i d  o b j e c t ,  th e  r e a c t i o n  to  i l l u m i n a t i o n  i s  i n h i b i t e d .

In  the  l i g h t - d a r k  c h o i c e  e x p e r im e n t ,  i t  was o b s e r v e d  

t h a t  th r e e  worms were i n a c t i v e  and re m a in e d  in  th e  l i g h t  so  

lo n g  a s  th e y  were u p s i d e  down, i . e .  v e n t r a l  s i d e  u p p e r m o st .  

vVhen t h e y  were r i g h t e d ,  th e y  swam i n t o  th e  d a rk  com partment
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w i t h i n  a s h o r t  t im e .  In  a n o th e r  e x p e r im e n t  o f  t h i s  k in d ,  

th e  worms l y i n g  u p s id e -d o w n  w ere l e f t  u n d is t u r b e d  and the  

tim e t h e y  to o k  t o  r i g h t  t h e m s e lv e s  and swim i n t o  th e  d ark  

com partm ent was o b s e r v e d  and compared w i t h  t h e  t im e  ta k e n  

by worms l y i n g  v e n t r a l  s i d e  downwards {T able  V I ) .

TABLE VI

Time taken  b y  worms to  r e a c h  th e  dark com p art­
ment i n  th e  l i g h t - d a r k  c h o i c e  e x p e r im e n t .

L y in g  v e n t r a l  
s i d e  dovm

L y in g  v e n t r a l  
s i d e  u p

0 . 5  mins 95 m ins

0 . 5 1 1 7 .5

2 . 0 225

1 1 .5

15

A verage :
1 . 0  m in s . 9 2 .8  m in s .

In  b o th  t h e s e  e x p e r im e n ts  th e  worms were i n  s e p a r a t e  d i s h e s ,  

so  t h a t  d i s t u r b a n c e  by a c t i v e  worms swimming i n t o  q u i e t  o n es  

d id  n o t  a f f e c t  r e s u l t s .  A lth o u g h  th e  i n h i b i t i o n  o f  th e  

p h o t o n e g a t iv e  b e h a v io u r  i s  o n ly  p a r t i a l ,  and i n  any c a s e  

ITephtys d o es  n o t  n o r m a l ly  l i e  u p s id e -d o w n  u n l e s s  i t  i s  

m oribun d , th e r e  i s  a s u g g e s t i o n  in  t h e s e  r e s u l t s  t h a t  d o r s a l  

c o n t a c t  a lo n e  i s  s u f f i c i e n t  t o  i n h i b i t  th e  a c t i v i t y  o f  t h e
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worm In l i g h t  and t h a t  v e n t r a l  c o n t a c t  w ith  th e  s u b s tr a tu m ,  

w h i le  u s u a l ,  i s  s u p e r f l u o u s .  But th e  p o s s i b i l i t y  rem a in s  

t h a t  s i n c e  t h e  i l l u m i n a t i o n  was from  a b o v e ,  t h e  p h o to ­

r e c e p t o r s ,  w h ich  a r e  n e a r e r  the  d o r s a l  th a n  th e  v e n t r a l

s u r f a c e ,  w ere n o t  a d e q u a t e ly  s t i m u l a t e d  When the worm was 

u p s id e -d o w n  and th e  l i g h t  s t r u c k  t h e  v e n t r a l  s u r f a c e . A 

s e r i e s  o f  e x p e r im e n ts  was t h e r e f o r e  c a r r i e d  o u t  in  w h ich  

th e  worms l a y  on t h e i r  v e n t r a l  s u r f a c e ,  b u t  w ere i l l u m i n a t e d  

from  b e lo w .  I f  i t  i s  t r u e  t h a t  th e  o p a c i t y  o f  t h e  body i s  

s u f f i c i e n t  t o  p r e v e n t  a d e q u a te  s t i m u l a t i o n  o f  t h e  p h o t o ­

r e c e p t o r s ,  th e  worms sh o u ld  rem ain  I n a c t i v e  a l t h o u g h  th e  

d o r s a l  s u r f a c e  o f  th e  worm i s  n o t  i n  c o n t a c t  w i t h  any s o l i d  

o b j e c t .

S i n g l e  worms w ere p la c e d  in  a g l a s s  ta n k  o f  s e a - w a t e r ,

h a l f  th e  b o tto m , t h e  s i d e s ,  and m o st  o f  t h e  to p  o f  w h ich  v/ere

c o v e r e d  w ith  m a tt  b la c k  p a p er  t o  redu ce r e f l e c t i o n  and t o  

p r o v id e  l i g h t  and dark com partm ents when t h e  ta n k  was  

i l l u m i n a t e d  from  b e lo w .  The worms w ere l e f t  i n  d a r k n e s s  

f o r  h a l f  an Jiour and th e n  th e  l i g h t  b e lo w  th e  ta n k  was 

s w i t c h e d  on and th e  t im e t a k e n  f o r  t h e  worms to  re a ch  t h e  

dark com partment was r e c o r d e d .  A l l  t h e  worms w ere  v e n t r a l  

s i d e  downwards d u r in g  th e  e x p e r im e n t s .  The worms r e a c t e d  

to  i l l u m i n a t i o n  by swimming and  in  a l l  b u t  tw o c a s e s  r e a c h e d  

th e  d a rk  com partm ent i n  a s i n g l e  swimming e x c u r s i o n .  The 

two e x c e p t i o n a l  c a s e s  r e p r e s e n t  o c c a s i o n s  when two swimming
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TABLE V II

T im e, in  s e c o n d s ,  t a k e n  f o r  woims t o  r e a c h  t h e  d a rk  
com partm ent when su d d e n ly  i l l u m i n a t e d  from  b e lo w .

Worm
1 2

T e s t  N o .  
3 4 5

A verage

A 14 17 12 23 23 18 s e c s .

B 9 20 16 16

G 175* 17 295* 22 127

D 12 12

E 17 12 15 5 9 12

P 5 6 13 10 9

G 10 9 10

*Two swiraming e x c u r s i o n s b e f o r e e n t e r i n g
dark com partm ent, 

e x c u r s i o n s  w er e  n e c e s s a r y .  Thus th e  d i r e c t i o n  o f  I n c i d e n t  

l i g h t  i s  fo u n d  t o  be I r r e l e v a n t  and th e  worms r e a c t  a s  

r e a d i l y  when t h e y  are  i l l u m i n a t e d  from  b e lo w  a s  from  a b o v e .  

T h is  f i n d i n g  conform s w it h  t h e  p o s s i b i l i t y  t h a t  d o r s a l  c o n ­

t a c t  a lo n e  i s  s u f f i c i e n t  t o  I n h i b i t  th e  r e a c t i o n  to  i l l u m i n a ­

t i o n .  In  a d d i t i o n ,  s i n g l e - c e l l e d  r e c e p t o r s ,  w i t h  a f i n e  

s e n s o r y  h a i r  p r o j e c t i n g  th r o u g h  th e  c u t i c l e  h a v e  b een  d e ­

t e c t e d  on th e  d o r s a l  s u r f a c e  o f  th e  worm. There a r e  o t h e r s  

on th e  v e n t r a l  s u r f a c e ,  b u t  t h o s e  on t h e  dorsum a r e  more 

n u m ero u s . These a r e  p resu m ab ly  c o n t a c t  r e c e p t o r s  and th u s  

th e  worm h a s  th e  s e n s o r y  e q u ip m en t  to  d e t e c t  c o n t a c t  b e tw een
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i t s  d o r s a l  s u r f a c e  and th e  sa n d .

E x p e r im e n ts  w i t h  M ephtys cornu ta

N ep h ty s  cornu t a  f r a n c  i s  cana h a s  t h e  same com plem ent  

o f  p h o t o r e c e p t o r s  as N. c i r r o s a , t h a t  i s ,  th e r e  are p a ir e d  

r e c e p t o r s  in  p ig m e n t  cu p s embedded in  th e  s u p r a -o e s o p h a g e a l  

g a n g l io n  and  a p a ir  o f  n o n - v a c u o la t e d  c e l l s  w ith o u t  p igm en t  

cu p s  in  th e  a n t e r i o r  p a r t  o f  t h e  p rostom lum . H ow ever, i t  

i s  a v e r y  s m a l l  worm and th e  e y e s  l i e  c l o s e  to  the s u r f a c e  

o f  the  dorsum. In  N. c l r r o s a , the e y e s  a r e  s o  d e e p l y  em­

bedded  i n  th e  g a n g l io n  t h a t  i t  i s  d i f f i c u l t  to  im a g in e  t h a t  

any b u t  v e r y  d i f f u s e  l i g h t  r e a c h e s  them a t  a l l .  T h is  b e in g  

s o ,  i t  i s  n o t  s u r p r i s i n g  t h a t  a l t h o u ^  N. c i r r o s a  h a s  b i ­

l a t e r a l l y  s y m m e tr ic a l  p h o t o r e c e p t o r s ,  w h ic h  b y  v i r t u e  o f  

t h e i r  p ig m en t cups a re  d i r e c t i o n a l ,  i t  s h o u ld  n o t  be a b le  

to  o r i e n t  i t s e l f  in  a l i g h t  beam. In  N. c o m u t a , on th e  

o t h e r  h a n d , th e  e y e s  a r e  so  c l o s e  t o  th e  s u r f a c e ,  t h a t  t h e r e  

i s  a  l i k e l i h o o d  t h a t  t h e y  are more p e r f e c t l y  f u n c t i o n a l .

The f o l l o w i n g  e x p e r im e n ts  w ere d e s ig n e d  to  t e s t  w h e th e r  t h i s  

i s  s o  o r  n o t .

S i n g l e  worms w ere  p l a c e d  i n  a g l a s s  tank  o f  s e a - w a t e r  

and i l l u m i n a t e d  from  one en d  o f  th e  ta n k  b y  a p a r a l l e l  beam 

o f  l i g h t  from  a m ic r o sc o p e  lam p. The worms were d ark  

a d a p te d  f o r  h a l f  an h ou r  b e f o r e  ea ch  t e s t  and some s e v e n t y  

t e s t s  were c a r r i e d  o u t  on t w e l v e  s p e c im e n s .  As b e f o r e , th e  

d i r e c t i o n  o f  the i n c i d e n t  beam depended  upon th e  p o s i t i o n
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ta k en  up b y  the worn b etw een  t e s t s ,  b u t  s u f f i c i e n t  o b s e r v a ­

t i o n s  were made t o  c o v e r  a l l  p o s s i b l e  d i r e c t i o n s  o f  th e  

i n c i d e n t  l i g h t  r e l a t i v e  t o  the  worm. Two ty p e s  o f  r e a c t i o n  

were o b s e r v e d .  The worirsswam f o r w a r d s ,  g r a d u a l l y  tu r n in g  

i n t o  the  beam u n t i l  th e y  were o r i e n t a t e d  l o n g i t u d i n a l l y  w i t h  

r e s p e c t  t o  i t ,  and th en  swam down-beam. T h is  was m o st  o f t e n  

o b s e r v e d  when t h e  i n c i d e n t  l i g h t  was l a t e r a l  o r  p o s t e r i o r .  

U s u a l l y  when th e  worms w ere f a c i n g  th e  l i g h t  when i t  was  

s w i t c h e d  o n , th e y  swam o n c e  o r  t w i c e  in  a t i g h t  c i r c l e  i n  

the beam and th e n  swam down i t  u n t i l  t h e y  r e a c h e d  th e  end  

o f  th e  tank  f u r t h e s t  from  th e  lam p. On e i g h t e e n  o c c a s i o n s  

th e  worms f a i l e d  to  r e a c t  a t  a l l ,  on e i g h t  t h e  w o m s  swam 

o u t  o f  th e  beam and d id  n o t  a p p e a r  to  o r i e n t  t h e m s e l v e s ,  

w h i le  on two o c c a s i o n s ,  th e  worms c i r c l e d  and th e n  swam 

i n t o  t h e  beam tow ards t h e  l i g h t .  I f  th e  worms w ere d rop ped  

from  a p i p e t t e  i n t o  t h e  l i g h t  beam, th e y  i n v a r i a b l y  o r i e n t e d  

t h e m s e lv e s  in  i t  and swam down-beam . A l l  t h i s  i s  c l e a r  

e v id e n c e  t h a t  N. c o m u t a  i s  a b l e  t o  o r i e n t  i t s e l f  i n  a  l i g h t  

beam and s u g g e s t s  t h a t  N. c i r r o s a  d o e s  n o t  do so  b e c a u s e  th e  

e y e s  a r e  to o  d e e p ly  embedded i n  th e  g a n g l io n  t o  b e  c o m p le t e ­

l y  f u n c t i o n a l .

E x p e r im e n ts  w i t h  N e p h ty s  c a l i f  o m  l e n s  i s  and N ep h ty s
p d n c t a ta

N ep h tys  c a l i f o r n i e n s i s  and N. p u n c ta ta  both  d i f f e r  

from  th e  two f o r e g o i n g  s p e c i e s  in  th e  s t r u c t u r e  o f  t h e  e y e s .
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N. c a l i f  o r n i e n s i s  h a s  b o t h  a n t e r i o r  p r o s t o m i a l  and g a n g l i o n ­

i c  e y e s ,  b u t  th e  form er a r e  v a c u o l a t e d .  N . p u n c t a ta  h a s  

g a n g l i o n i c ,  b u t  no a n t e r i o r  p r o s t o m i a l  e y e s .  Both  s p e c i e s  

when p l a c e d  in  a ta n k  w i t h  l i g h t  an d  dark com partm ents  

f i n d  t h e i r  way i n t o  th e  d a rk  com p artm ent, b u t  rea p p ea r  

p e r i o d i c a l l y  i n t o  t h e  l i g h t ,  as N . c i r r o s a  d o e s  u n d e r  th e  

same c ir c u m s t a n c e s .  T e s t s  w ere made on s i x  sp e c im e n s  o f  

N. p u n c t a ta  and e i g h t  o f  N. c a l i f  o r n i e n s i s  t o  f i n d  i f  e i t h e r  

worm was a b le  t o  o r i e n t  i t s e l f  in  a l i g h t  beam. The e x ­

p e r im e n t a l  t e c h n iq u e  was t h e  same a s  t h a t  d e s c r i b e d  p r e ­

v i o u s l y .  In  t e n  o f  th e  f o r t y - f i v e  t e s t s  made on N. p u n c t a t a , 

th e  worms f a i l e d  to  r e a c t  when i l l u m i n a t e d ;  on a l l  th e  

o t h e r  o c c a s io n s  t h e y  swam fo r w a r d s  r e g a r d l e s s  o f  t h e  d i r e c t i o n  

o f  t h e  I n c id e n t  l i g h t  beam. The worms showed no  s ig n  

w h a tev e r  o f  o r i e n t a t i o n .  The same r e s u l t s  were o b t a in e d  

i n  3 6  t e s t s  on II. c a l i f o r n i e n s  i s  I on t h r e e  o c c a s i o n s  t h e  

worms f a i l e d  t o  r e a c t ,  on t h e  r e s t  th e y  swam fo r w a r d s  and  

d id  n o t  o r i e n t a t e  t h e m s e l v e s .  T h us, a l th o u g h  e x h a u s t i v e  

t e s t s  h a v e  n o t  b e e n  made, i t  i s  s a f e  to  c o n c lu d e  t h a t  th e  

m o r p h o lo g ic a l  d i f f e r e n c e s  b etw een  t h e  e y e s  o f  II. c i r r o s a  and 

N. c a l i f  o r n i e n s i s  do n o t  a f f e c t  t h e i r  f u n c t i o n  an d  t h a t  e v e n  

when th e  a n t e r i o r  e y e s  a r e  m i s s i n g ,  a s  th e y  a r e  i n  N. 

p u n c t a t a ,  the  b e h a v io u r  i s  n o t  a l t e r e d .
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C o n c lu s io n s

From th e  f o r e g o i n g  e x p e r im e n t s ,  th e  f o l l o w i n g  p r e ­

l im in a r y  c o n c l u s i o n s  can be drawn ab ou t t h e  f u n c t i o n  o f  

th e  e y e s  :

1 .  No d i f f e r e n c e s  i n  b e h a v io u r  ca n  be d e t e c t e d  b e tw e en  

s p e c i e s  w ith  v a c u o l a t e d  and n o n - v a c u o la t e d  p r o s t o m ia l  

p h o t o r e c e p t o r s  ( c f .  N. c i r r o s a  w i t h  H. c a l i f o r n i e n s i s ) » n o r  

b etw e en  s p e c i e s  w i th  a n t e r i o r  r e c e p t o r s  o f  e i t h e r  ty p e  and  

t h o s e  la c k i n g  them a l t o g e t h e r  ( c f .  N. c a l i f o r n i e n s i s  and

N. c i r r o s a  w i t h  N. p u n c t a t a ) .

2 .  The p h o t o r e c e p t o r s  o f  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n ,  

a l t h o u g h  t h e o r e t i c a l l y  a d e q u a te  t o  p e r m it  t h e  a n im a l t o  

o r i e n t  i t s e l f  in  a l i g h t  beam , a r e  a p p a r e n t ly  to o  d e e p ly  

embedded i n  th e  b r a in  f o r  t h i s  in  m ost s p e c i e s .  V/hen th e  

g a n g l i o n i c  p h o t o r e c e p t o r s  a r e  c l o s e  to  t h e  s u r f a c e ,  h o w e v er ,  

the worm can o r i e n t a t e  i t s e l f  ( c f .  N. c o m u t a  w i t h  N . c a l i -  

f o m i e n s i s , N. c i r r o s a  and N. p u n c t a t a ) .

3 .  Even when d e e p l y  embedded i n  th e  s u p r a - o e s o p h a g e a l  

g a n g l i o n ,  th e  p o s t e r i o r  e y e s  a p p a r e n t ly  r e c e i v e  s u f f i c i e n t  

s t i m u l a t i o n  by d i f f u s e  l i g h t  f o r  t h e  a n im a l t o  p erfo rm  

k i n e t i c  o r i e n t a t i o n  m ovements ( c f .  N. p u n c t a t a  w ith  N. c a l i -  

f o r n i e n s i s  and N. c i r r o s a ) .

4 .  No e x p e r im e n ts  have been p er fo rm ed  on a s p e c i e s  o f  

N ep h ty s  w h ich  p o s s e s s e s  a n t e r i o r  e y e s ,  b u t  no g a n g l i o n i c  e y e s ,  

n o r  i s  i t  known c e r t a i n l y  i f  an y  su ch  s p e c i e s  e x i s t s .  Thus
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i t  i s  n o t  c l e a r l y  e s t a b l i s h e d  w h e th e r  t h e  a n t e r i o r  p r o -  

s t o m i a l  r e c e p t o r s  a r e  f u n c t i o n a l  o r  n o t .  There a r e  two 

p o s s i b i l i t i e s .  E i t h e r  th e  a n t e r i o r  r e c e p t o r s  a r e  c o m p le t e ly  

n o n - f u n c t i o n a l  and th e  s t i m u l a t i o n  o f  t h e  g a n g l i o n i c  r e ­

c e p t o r s  by d i f f u s e  l i g h t  e v o k e s  k i n e t i c  movements i n  th e  

worm, o r  e l s e  t h e y  a r e  f u n c t i o n a l  and a r e  i n v o l v e d  i n  th e  

k i n e t i c  m ovem en ts, b u t  th e y  can be f u n c t i o n a l l y  augm ented  

o r  even  r e p l a c e d  b y  t h e  p o s t e r i o r  e y e s .

D i s c u s s i o n

The p h o t o r e c e p t o r s  o f  th e  b r a in  and t h e  prostom ium  

o f  N ep h ty s  r e s e m b le  t h o s e  fo u n d  i n  o th e r  a n n e l i d s .  The 

p h o t o r e c e p t o r s  i n  th e  e p id e r m is  o f  Lum bricus c o n s i s t  o f  

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

(H e s s ,  1 9 2 5 ) ,  w h i le  in  S t y l a r i a  th e r e  a r e  s e v e r a l  su c h  c e l l s  

in  a group  on e i t h e r  s i d e  o f  t h e  p r o s  tomium, e a c h  p a r t l y  

i n v e s t e d  by s m a l l  p igm en t c e l l s  ( H e s s e ,  1 9 0 2 ) .  The u n i t  

p h o t o r e c e p t o r  o f  l e e c h e s  a l s o  c o n s i s t s  o f  c e l l s  o f  t h i s  

t y p e ,  th ou gh  u s u a l l y  s e v e r a l  a r e  gro u p ed  w i t h i n  th e  same 

p ig m e n t  cup (S c r lb a n  & Autrum , 1 9 3 2 - 4 ) .  P o ly c h a e t e  e y e s  

a r e  f r e q u e n t l y  more c o m p l ic a t e d  and may in c lu d e  more than  

one ty p e  o f  c e l l .  H ow ever, t h e  l a t e r a l  o c e l l i  o f  P o l y -  

op hthalm us ( O p h e l i id a e )  t a k e  the form  o f  s i n g l e ,  v a c u o la t e d  

c e l l s  o f  th e  ty p e  fo u n d  in  N e p h t y s ,  b u t  w i th  d i g i t a l  p r o ­

c e s s e s  p r o j e c t i n g  i n t o  t h e  v a c u o le  (H e s s e ,  1 8 9 6 ) .
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Judged  I j j  t h e i r  d i s p o s i t i o n  and t h e i r  r e l a t i o n s h i p  

w it h  groups o f  g a n g l io n  c e l l s  i n  th e  b r a i n ,  th e  e y e s  o f  

N ep h ty s  a r e  hom ologous w ith  t h o s e  o f  N e r e i s . The s e n s o r y  

axon s o f  th e  p o s t e r i o r  r e c e p t o r s  o f  N ep h ty s  e n t e r  th e  n e u r o ­

p i l e  im m e d ia te ly  a n t e r i o r  t o  t h e  a n t e r o - l a t e r a l  g ro u p s  o f  

g a n g l io n  c e l l s  ( f i g s . 16 and 3 0 ) ,  e x a c t l y  a s  the p o s t e r i o r  

o p t i c  n e r v e s  do in  N e r e i s  (S c h a r r e r ,  1 9 3 6 ,  and p e r s o n a l  ob ­

s e r v a t i o n )  . T hese g a n g l io n  c e l l s  are  h om ologou s i n  th e  

two worms and a re  b o th  im p o r ta n t  n e u r o s e c r e t o r y  c e n t r e s .

The a n t e r i o r  e y e s  a r e  l e s s  c e r t a i n l y  h o m o lo g o u s . The 

a n t e r i o r  p a r t  o f  t h e  su p r a -x )e so p h a g e a l g a n g l io n  o f  N ep h ty s  

i s  more v a r i a b l e  i n  i t s  m inu te  s t r u c t u r e  th an  th e  p o s t e r i o r  

p a r t ,  and th e r e  are  n o  c o n s p ic u o u s  or  c o n s t a n t  g ro u p s o f  

g a n g l io n  c e l l s  lAhich ca n  b e  u s e d  a s  la n d m a r k s . The a n t e r i o r  

o p t i c  n e r v e s  o f  N e r e i s  e n t e r  th e  b r a in  b etw een  th e  two r o o t s  

o f  th e  c ir c u m -o e s o p h a g e a l  c o n n e c t i v e s ;  in  N ep h ty s  the s e n ­

s o r y  axon s e n t e r  t h e  n e u r o p i l e  l a t e r a l  t o  th e  c o n n e c t i v e  

r o o t s ,  th o u g h  im m e d ia te ly  b e s i d e  them ( f i g . 3 1 ) .  I t  i s  im ­

p o s s i b l e  to  say  how im p o r ta n t  t h i s  d i f f e r e n c e  i s ,  b u t  th e  

r e c e p t o r s  t h e m s e lv e s  are in  a lm o s t  t h e  same p o s i t i o n  i n  t h e  

two worms.

The s u g g e s t io n  t h a t  th e  e y e s  o f  the two worms a r e  

h om ologous i s  s t r e n g t h e n e d  by a  co m p a r iso n  o f  t h e  e x p e r im e n ts  

o f  Her t e r  (1 9 2 6 )  and Ameln (1 9 3 0 )  on t h e  p h o t o n e g a t iv e  b e ­

h a v io u r  o f  N e r e i s  d i v e r s i c o l o r  ̂ w i t h  t h o s e  on N e p h t y s .
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H e r te r  sh o w ed , a s  a r e s u l t  o f  e x t i r p a t i o n  e x p e r im e n t s ,  t h a t  

N e r e i s  was a b l e  t o  o r i e n t  i t s e l f  In a l i g h t  beam , i . e .  

e x h i b i t  a photo  t a x i s , o n l y  i f  t h e  p o s t e r i o r  e y e s  w ere i n ­

t a c t .  I f  th ey  a r e  removed th e  worm e x h i b i t s  o n ly  a  p h o t o ­

k i n e s i s ,  d e s p i t e  th e  b i l a t e r a l  and d i r e c t i o n a l  a rr a n g e m e n t  

o f  th e  a n t e r i o r  e y e s .  S in c e  t h e  s e n s o r y  d a ta  p r o v id e d  by 

th e  a n t e r i o r  e y e s  i s  t h e o r e t i c a l l y  s u f f i c i e n t  t o  p e m i t  the  

worm to  o r i e n t  i t s e l f  i n  a l i g h t  beam , i t s  i n a b i l i t y  t o  do 

so  i s  i n t e r p r e t e d  a s  m eaning t h a t  t h e  d e f i c i e n c y  l i e s  i n  

th e  c e n t r a l  n e r v o u s  s y s t e m .  The a n t e r i o r  e y e s  o f  N e p h ty s  

a r e  n o t  p r o v id e d  w i t h  p ig m e n t  cu p s  an d  a r e  n o t  d i r e c t i o n a l .  

The p o s t e r i o r  e y e s  a re  b o t h ,  b u t  t h e  worm e x h i b i t s  a  p h o t o ­

t a x i s  o n ly  i f  th e y  a r e  c l o s e  t o  th e  s u r f a c e ,  a s  th e y  a r e  in  

N . CO m u  t a . I t  i s  l i k e l y  t h a t  t h e  b r a in s  and  p h o t o r e c e p t o r s  

o f  N e r e i s  and N ep h ty s  a r e  e s s e n t i a l l y  t h e  same as  f a r  a s  th e  

p h o t o n e g a t iv e  b e h a v io u r  i s  c o n c e r n e d ,  s a v e  f o r  two t h i n g s .

The a n t e r i o r  e y e s  o f  N e r e i s  a r e  d i r e c t i o n a l  a l t h o u g h  th e  

s e n s o r y  d a ta  th e y  p r o v id e  i s  n o t  u s e d ,  w h ere a s  in  N ep h ty s  

th e y  are n o t .  The p o s t e r i o r  e y e s  o f  N e p h t y s , a l t h o u g h  

d i r e c t i o n a l  r e c e p t o r s ,  a r e ,  i n  m o st  s p e c i e s  to o  d e e p ly  

embedded in  th e  g a n g l io n  to  f u n c t i o n  a s  s u c h .

T h is  c o n c l u s i o n  i s  b a s e d  on th e  a s su m p t io n  t h a t  t h e  

s t r u c t u r e  o f  th e  su p raroesop hagea l g a n g l i o n  i s  e s s e n t i a l l y  

th e  same i n  a l l  s p e c i e s  o f  N e p h t y s . T h is  i s  n o t  s t r i c t l y  

t r u e ,  b u t  the  a rran gem en t o f  t h e  g a n g l io n  c e l l s  i n  th e
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p o s t e r i o r  p a r t  o f  th e  b r a in  w i t h  w h ich  we are  c h i e f l y  con ­

c e r n e d ,  i s  t h e  on e c o n s t a n t  f e a t u r e  o f  t h e  g a n g l i o n .  The 

c o n c l u s i o n s  a r e  n o t  p r o v e n ,  b u t  a r e  a r e a s o n a b le  i n t e r p r e ­

t a t i o n  c o n s i s t e n t  w i t h  th e  f a c t s  a t  our d i s p o s a l .

F r a e n k e l  and Gunn (1 9 4 0 )  d e f i n e d  an o r t h o k i n e s i s  a s  

a d ep en d e n c e  o f  th e  a v e r a g e  l i n e a r  v e l o c i t y  o f  an a n im a l  

upon th e  i n t e n s i t y  o f  t h e  s t i m u l u s . V /ith in  l i m i t s ,  t h e  

f r e q u e n c y  o f  swimming o f  N ep h ty s  c i r r o s a  i s  a l i n e a r  f u n c t i o n  

o f  th e  l i g h t  i n t e n s i t y  ( f i g .  33 ) .  S in c e  th e  d u r a t io n  o f  

swimming e x c u r s i o n s  and the  s p e e d  o f  swimming a r e  a p p r o x im a te ­

l y  c o n s t a n t  w h a te v e r  the  l i g h t  I n t e n s i t y  ( s e e  A pp en d ix  I ) ,  

th e  c o n d i t i o n s  f o r  an o r t h o k i n e s i s  a r e  a p p a r e n t ly  s a t i s f i e d .  

But th e  worm d oes  n o t  swim f a s t e r  i n  b r i g h t e r  l i g h t  a s  t h e  

d e f i n i t i o n  s u g g e s t s ,  i t  m e r e ly  swims more o f t e n ,  a n d , u n d e r  

n a t u r a l  c o n d i t i o n s ,  i t  d o es  n o t  e s c a p e  from  th e  l i g h t  by  

m oving i n t o  a shadow b u t  by b u rro w in g  o u t  o f  i t .  Each  

a t t e m p t  a t  b u rro w in g  i s  p r e c e d e d  b y  swimming and t h e  f i r s t  

a t te m p t  may be u n s u c c e s s f u l ,  s o  th e  more f r e q u e n t l y  i t  

sw im s, th e  s o o n e r  i t  i s  b u r i e d .  The o r i e n t a t i o n  movement 

i s  t h e r e f o r e  n o t  o r t h o k i n e t i c  in  th e  p r o p e r  s e n s e  o f  th e  

term , b u t  i s  some o t h e r  k in d  o f  k i n e t i c  m ovem ent. K l i n o -  

k i n e s i s ,  su c h  a s  U l l y o t t  (1 9 3 6 )  d e s c r ib e d  i n  th e  t r i c l a d  

D en d rocoe lu m , h as  n e v e r  b een  o b s e r v e d  t o  form  a p a r t  o f  th e  

b e h a v io u r  o f  N e p h t y s .

A d i s c u s s i o n  o f  th e  b i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s
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b e h a v io u r  i s  ham pered by an a lm o s t  t o t a l  la c k  o f  know ledge  

o f  the h a b i t a  o f  N e p h t y s . The a n in a l s  l i e  h a l f  b u r ie d  in  

the sand when c o v e r e d  by w a te r  and nay l e a v e  i t  t e m p o r a r i ly  

t o  s e i z e  t h e i r  f o o d ,  but th e y  m ust bury t h e m s e lv e s  a g a in  

im m e d ia te ly .  The s t im u lu s  i n i t i a t i n g  the l a s t  b e h a v io u r  

i s  e i t h e r  th e  e x p o su re  o f  th e  worms t o  l i g h t ,  o r ,m o re  

l i k e l y  s i n c e  th ey  a r e  a c t i v e  e v e n  in  th e  d ark  i f  u n b u r ie d ,  

th e  a b sen ce  o f  c o n t a c t  betw een  th e  sand and th e  dorsum o f  

th e  v;orm. But th e  t im e  i t  ta k e s  t o  g e t  b u r ie d  depends  

upon th e  l i g h t  i n t e n s i t y .  Even s o ,  i t  d o es  n o t  seem  

p o s s i b l e  t h a t  t h e  p h o t o n e g a t iv e  r e s p o n s e  can  p la y  a v e r y  

im p o r ta n t  r o l e  in  th e  n orm al b eh av io i:r  o f  t h e  worm, p a r t i ­

c u l a r l y  as th e  p h o t o r e c e p t o r s  a r e  s o  p r i m i t i v e .  Vhy th e  

p o s t e r i o r  e y e s  s h o u ld  be d i r e c t i o n a l  when t h e  worm d o es  n o t  

u s e  them, can b e  e x p l a i n e d  i f  i t  i s  assumed t h a t  th e  l a r g e r  

s p e c i e s  h a v e  e v o l v e d  from  s m a l le r  ones in  w h ich  much l e s s  

t i s s u e  c o v e r e d  t h e  r e c e p t o r s .  They would th en  h a v e  b e e n  

in  much th e  same s i t u a t i o n  a s  N. cornu t a .
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CAPTIONS TO FIGURES

F ig u r e  3 0 .  A, F r o n t a l  s e c t i o n  th r o u g h  th e  s u p r a - o e s o ­
p h a g e a l  g a n g l io n  o f  N . c a l i f  o r n i e n s i s  ;^iov;ing 
th e  p o s i t i o n  o f  th e  p o s t e r i o r  e y e s .

B. S a g i t t a l  s e c t i o n  th r o u g h  a s i n g l e  e le m e n t  
o f  th e  p h o t o r e c e p t o r s  o f  N . c a l i f o m i e n s i s .

C. T r a n s v e r s e  s e c t i o n  th r o u g h  th e  p h o t o ­
r e c e p t o r s  o f  N . f e r r u g i n e a .

F ig u r e  3 1 .  A. F r o n t a l  s e c t i o n  th r o u g h  th e  p ros tomium and
a n t e r i o r  se g m en ts  o f  N. c i r r o s a  sh ow ing  th e  
p o s i t i o n  o f  t h e  a n t e r i o r  e y e s .

B. S a g i t t a l  s e c t i o n  th r o u g h  a s i n g l e  e le m e n t  o f
th e  a n t e r i o r  p h o t o r e c e p t o r s  o f  N. c a l i f o r n i e n s i s .

C. T r a n s v e r s e  s e c t i o n  th r o u g h  th e  a n t e r i o r  e y e s
o f  N. c a l i f o r n i e n s i s .

F ig u r e  3 2 .  R ate  o f  movement o f  N. c i r r o s a  from  th e  l i g h t  
com partm ent to  th e  d a rk  i n  a l i g h t - d a r k  c h o ic e  
e x p e r im e n t .  U pper l i n e ,  s i n g l e  worms; lo w er  
l i n e ,  g ro u p s  o f  worms i n  ea c h  e x p e r im e n t .

F ig u r e  3 3 .  Number o f  swimming e x c u r s i o n s  o f  N. c i r r o s a  in
two h ou rs  a t  v a r i o u s  l i g h t  i n  t e n s  i  t i e  s o i l  ow ing
two hours*  d ark  a d a p t a t i o n .
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THE HEUrROSSCRSTORY SYSTEM



 ̂ 1 1 0 .

THE mjROSECRETORY SYSTEM OF THE SUPRA-OESOPHAGEAL
GAHGLIOH

N e u r o s e c r e t o r y  c e l l s  h a v e  b e e n  d i s c o v e r e d  in  t h e  

c e n t r a l  n e r v o u s  s y s t e m  o f  m o st  m ajor grou p s o f  t r i p l o -  

b i a s t i c  a n im a ls  and i n  many c a s e s  t h e i r  e n d o c r in e  f u n c t i o n  • 

h a s  b e e n  d e m o n s tr a te d .  Among th e  worms, n e u r o s e c r e t o r y  

c e l l s  have been fo u n d  in  tha^ p o l y c l a d  t u r b e l l a r i a n s  

(T u r n e r ,  1 9 4 6 ) ,  s i p u n c u l i d s  (G abe, 1 9 5 3 a )  and th e  t h r e e  

main c l a s s e s  o f  a n n e l i d s  ( S c h a r r e r ,  1 9 3 6 ,  1 9 3 7 ;  S c h a r r e r  

& S c h a r r e r ,  1 9 3 7 ,  1 9 4 5 ; .  Harms, 1 9 4 8 ;  H ubl, 1 9 5 3 ;  

H e r la n t -M e e w is , 1 9 5 5 ) .  I t  i s  l i k e l y  t h a t  m ost i f  n o t  a l l  

p o l y c h a e t e s  have n e u r o s e c r e t o r y  c e l l s  i n  th e  c e n t r a l  n e r v o u s  

s y s t e m ,  t u t  so  f a r  th e y  h a v e  b een  d e s c r i b e d  o n ly  i n  t h e  

f o l l o w i n g :  A p h r o d ite  a c u l e a t a , L e p id o n o tu s  squamat u s

( S c h a r r e r  & S c h a r r e r ,  1 9 3 7 ) ,  s e v e r a l  n e r e i d s  ( S c h a r r e r ,  1 9 3 7 ;  

S c h a e f e r ,  1 9 3 9 ;  B ob in  & Durch o n , 1 9 5 3 ;  D e f r e t i n ,  1 9 5 5 )  and  

in  th r e e  * s a b e l l i d s ,  th e  s e r p u l i d  Apomatiios s i m i l i s , th e  

t e r e b e l l i d  L a n ic e  c o n c h i l e g a , and in  A r e n ic o la  m arin a  (A rvy ,  

1 9 5 4 ) .  M ost o f  t h e  d e t a i l e d  m o r p h o lo g i c a l ,  c y t o c h e m ic a l  

and p h y s i o l o g i c a l  s t u d i e s  h ave  c e n t r e d  on th e  n e r e i d s ;  i n  

th e  r e m a in in g  p o l y  chae t e s  l i t t l e  more i s  knovm th a n  t h a t  

n e u r o s e c r e t o r y  c e l l s  e x i s t  in  th e  c e n t r a l  n e r v o u s  s y s t e m .  

H ow ever, from  t h e  s t u d i e s  t h a t  have b e e n  made on o t h e r  

o r g a n is m s ,  i t  i s  b ecom in g  i n c r e a s i n g l y  a p p a r en t  t h a t  n e u r o ­

s e c r e t o r y  c e l l s  p l a y  an im p o r ta n t  r o l e  a s  in e r e  t o r y  o r g a n s
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( s e e  r e c e n t  r e v ie w s  b y  G abe, 1 9 5 4 ;  S c h a r r e r  & S c h a r r e r ,  

1 9 5 4 a ,  1954b ; S c h a r r e r ,  195 5 )  and i t  i s  e v i d e n t  from  th e  

work o f  Durchon (1 9 5 2 )  t h a t  t h i s  i s  a l s o  th e  c a s e  in  

p o l y c h a e t e s .

LUrchon ( o p . c i t . ) h a s  p ro d u ced  e v id e n c e  t h a t  a 

hum oural f a c t o r  o r i g i n a t i n g  in  the  s u p r a - o e s o p h a g e a l  g a n g l io n  

o f  n e r e i d s  i n h i b i t s  e p i t o k y  and th e  m a tu r a t io n  o f  th e  male  

g a m e te s .  W hile  c o n c l u s i v e  e v id e n c e  i s  l a c k i n g ,  i t  i s  

l i k e l y  t h a t  t h i s  hormone i s  p ro d u ced  by  n e u r o s e c r e t o r y  c e l l s  

in  t h e  g a n g l io n  and i s  r e l e a s e d  i n t o  t h e  b l o o d v e s s e l s  on  

the  v e n t r a l  s u r f a c e  o f  th e  b r a in  (B ob in  & D urch on , 1 9 5 2 ) ,  

D e f r e t i n  (1 9 5 5 )  h as  r e c e n t l y  o f f e r e d  an a l t e r n a t i v e  i n t e r ­

p r e t a t i o n  o f  t h e  b lo o d  p le x u s  b e n e a t h  th e  g a n g l io n  and  s o  

th e  m ethod  b y  w h ic h  th e  horm ones a r e  r e l e a s e d  i n t o  th e  body  

re m a in s  a m a t t e r  f o r  d i s c u s s i o n .  A se c o n d  grou p  o f  n e u r o ­

s e c r e t o r y  c e l l s  e x i s t s  in  th e  e p id e r m a l  n u c l e u s  o f  th e  

b r a in  o f  N e r e i s  (B obin  & D urchon, 195 3 )  and th e  s e c r e t i o n  

i s  t r a n s p o r t e d  a lo n g  th e  axon s  f o r m in g  th e  e p id e r m a l  n e r v e  

to  a s i t e  in  t h e  e p id e r m is  o f  th e  p o s t e r i o r  and d o r s o ­

l a t e r a l  w a l l s  o f  t h e  p ros  tomium. I t  i s  n o t  known i f  t h i s  

s e c r e t i o n  has an y  b i o l o g i c a l  a c t i v i t y ,  b u t  i t  i s  e v i d e n t l y  

r e l a t e d  to  r e p r o d u c t io n  b e c a u s e  th e  c e l l s  o f  t h i s  g ro u p  

prod uce a d e t e c t a b l e  s e c r e t i o n  o n ly  when th e  worm i s  m ature  

and in  t h e  p r o c e s s  o f  b ecom in g  e p i t o k o u s .  O ther horm ones  

may be p ro d u ced  3n th e  s u p r a - o e s o p h a g e a l  g a n g l io n  o f  n e r e i d s
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and Harms (1948)  h as  s u g g e s t e d  t h a t  a * grow th  and d i f f e r e n t i a ­

t io n *  hormone i s  s e c r e t e d  b y  c e r t a i n  n e u r o s e c r e t o r y  c e l l s  in  

th e  b r a in  o f  th e  f r e s h - w a t e r  n e r e i d s  o f  th e  gen us L y c a s t i s .

The e a r l i e r  a u th o r s  ( S c h a r r e r ,  1 9 3 6 ,  1 9 3 7 ;  S c h a e f e r ,  

1939) d e s c r ib e d  f o u r  t y p e s  o f  n e u r o s e c r e t o r y  c e l l s  in  th e  

b r a in  o f  H e r e i s . These a r e  : a )  c e l l s  w i t h  a h om ogeneous,

s t r o n g l y  a c i d o p h i l i c  c y t o p la s m ,  b) f u s i f o r m  c e l l s  n e a r  t h e  

p o s t e r i o r  o p t i c  n e r v e s  v h ic h  have a r e t i c u l a t e  c y to p la s m  c o n ­

t a i n i n g  f u c h s i h o p h i l i c  d r o p l e t s ,  c )  l a r g e ,  round c e l l s  c o n ­

t a i n i n g  a f i n e ,  g r a n u la r  s e c r e t i o n  i n  v a c u o l e s ,  a n d , d ) la r g e  

c e l l s  i n  w h ich  t h e  c y t o p la s m  i s  r e d u ce d  to  f i n e  s t r a n d s  c r o s s ­

in g  an enormous v a c u o le  w h ich  c o n t a in s  d ro p s  o r  e l s e  a mass  

o f  f u c h s i n o p h i l i c , c o l l o i d a l  m a t e r i a l .  I t  i s  now g e n e r a l l y  

a c c e p t e d  t h a t  c e l l  t y p e s  c and d r e p r e s e n t  d i f f e r e n t  s t a g e s  

in  t h e  s e c r e t o r y  c y c l e  o f  th e  same ty p e  o f  c e l l  (Gabe,

1 9 5 4 ) .  The s e c r e t i o n  o f  a l l  t h e s e  t y p e s  o f  c e l l  i s  PAS- 

p o s i t i v e  and ca n  be s t a i n e d  w i t h  p a r a ld e h y d e  f u c h s i n ,  b u t  

c and d c e l l s  are n o t  s t a i n e d  by  a c i d  chrome -  hae ma t o x y l  i n ,  

th ou gh  t h e  o t h e r s  a r e  (G abe, 1 9 5 4 ) ,  D e f r e t i n  (1 9 5 3 ,  1955 )  

has s t u d i e d  the  h i s t o c h e m i s t r y  o f  t h e s e  c e l l s , and  i n  p a r ­

t i c u l a r  th e  d i s t r i b u t i o n  o f  p o l y s a c c h a r i d e s  i n  th em , and  

th e  r e l a t i o n  b etw een  th e  p o ly s a c c h a r i d e s  and th e  n e u r o ­

s e c r e t o r y  m a t e r i a l .  He h as  pro du ce d e v id e n c e  t h a t  th e r e  

i s  a c o n s i d e r a b l e  q u a n t i t y  o f  P A S - p o s i t i v e  m a t e r i a l  in  

n e u r o s e c r e t o r y  c e l l s  in  the e p id er m a l n u c le u s  o f  th e  b r a in
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o f  N e r e i s  d u r in g  t h e  p e r i o d  when no n e u r o s e c r e t o r y  a c t i v i t y  

can be d e t e c t e d  i n  them , and t h a t  t h i s  i s  g r a d u a l ly  d e­

p l e t e d  and f i n a l l y  d i s a p p e a r s  a s  th e  n e u r o s e c r e t o r y  g r a n u le s  

a r e  fo r m e d  and  l e a v e  th e  c e l l  b od y . I t  may w e l l  b e  t h a t  

th e  p o l y s a c c h a r i d e s  a r e  p r e c u r s o r s  or  c o n s t i t u e n t s  o f  some 

f r a c t i o n  o f  the  n e u r o s e c r e t o r y  s u b s t a n c e ,  thou gh  D e f r e t i n  

d id  n o t  s tu d y  th e  c o m p o s i t io n  o f  th e  s e c r e t e d  g r a n u le s  and  

c o u ld  o f f e r  no more than  s u g g e s t i o n s  on t h i s  p o i n t .

Prom t h i s  work on t h e  n e r e i d s ,  we h a v e  some k now ledge  

o f  t h e  e n d o c r in e  f u n c t i o n  o f  th e  b r a i n ,  d e s c r i p t i o n s  o f  th e  

v a r i o u s  t y p e s  o f  n e u r o s e c r e t o r y  c e l l  i n  i t ,  and a c e r t a i n  

amount o f  I n fo r m a t io n  a b o u t  th e  h i s t o c h e m i s t r y  o f  t h e  c e l l s .  

U n f o r t u n a t e l y ,  we h a v e  no k n o w led g e  o f  th e  f u n c t i o n  o f  th e  

one g ro u p  o f  n e u r o s e c r e t o r y  c e l l s ,  i . e .  t h o s e  o f  t h e  e p i ­

d erm al n u c l e u s ,  i n  w h ich  th e  f a t e  o f  th e  s e c r e t i o n  i s  known, 

and i t  i s  n o t  known w h ich  n e u r o s e c r e t o r y  c e l l s  prod uce t h e  

horm ones r e s p o n s i b l e  f o r  th e  c o n t r o l  o f  s e x u a l  m a tu r i t y  and  

e p i t o k y .  In  s p i t e  o f  t h e s e  la c u n a e ,  com parable s t u d i e s  

h ave  b een  c a r r i e d  o u t  on no o t h e r  p o l y c h a e t e .

The Types o f  N e u r o s e c r e t o r y  C e l l  in  th e  B ra in
o f  N ep h ty s

Three t y p e s  o f  n e u r o s e c r e t o r y  c e l l  h ave  b een  d i s ­

t i n g u i s h e d  i n  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n  o f  N e p h t y s ,
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T h e ir  s e c r e t o r y  c y c l e s  w h ich  a r e  d e s c r i b e d  b elow  a r e  d e ­

d u ced  from th e  d i f f e r e n t  a p p e a r a n c e s  o f  c e l l s  o f  th e  same 

ty p e  in  v a r i o u s  p a r t s  o f  t h e  b r a in  or i n  d i f f e r e n t  s p e c im e n s .  

There i s  n a t u r a l l y  no  p r o o f  t h a t  th e  c y c l e  f o l l o w s  th e  same 

se q u e n c e  a s  t h a t  p r o p o se d .

Type A c e l l s . In  N. c a l i f o m i e n s i s  t h e r e  a r e  g e n e r a l l y  f o u r  

l a r g e  n e u r o s e c r e t o r y  c e l l s  in  th e  p o s t e r i o r  p a r t  o f  th e  b r a in  

( f i g . 3 4 ) ,  th o u g h  t h e y  h a v e  n o t  b een  i d e n t i f i e d  in  a l l  s p e c i ­

m ens. In  one sp ec im en  o f  t h i s  s p e c i e s ,  one o f  th e  c e l l s  

had b een  r e p l a c e d  by two s m a l l e r  o n e s ,  m aking f i v e  i n  a l l .

The o t h e r  s p e c i e s  p o s s e s s  o n ly  one p a i r  o f  t h e s e  c e l l s ,  but  

th ey  o c c u r  i n  th e  same p o s i t i o n  and h ave  th e  same s t a i n i n g  

p r o p e r t i e s  as w e l l  a s  h a v in g  th e  same a p p e a r a n c e .  The 

c e l l s  a re  o v a l ,  s l i g h t l y  i r r e g u l a r  In o u t l i n e ,  a b o u t  2 5 -3 0  

lo n g  and 15 ja in  diam eter"*, w i t h  a n e a r l y  s p h e r i c a l  n u c le u s  

7 - 1 0  j i  a c r o s s  w h ic h  c o n t a i n s  a c o n s p ic u o u s  n u c l e o l u s  a t  a l l  

s t a g e s  in  th e  s e c r e t o r y  c y c l e .  The n u c le u s  h as  a few  c o a r s e  

g r a n u l a t i o n s  and i s  ch rom op h ob ic . The c y to p la s m  o f  i n a c t i v e  

c e l l s  i s  a l s o  u n s t a i n e d  and t h i s  f a c t ,  r a t h e r  th an  t h e  a c t u a l  

a b s e n c e  o f  t h e  c e l l ,  may a c c o u n t  f o r  t h e i r  n o t  h a v in g  b een  

d e t e c t e d  in  some s p e c im e n s .  Some c e l l s  o f  t h i s  t y p e  show 

n o s i g n s  o f  s e c r e t o r y  a c t i v i t y  b u t  have a few  s m a l l  v a c u o la -

The d im e n s io n s  o f  t h e s e  and o t h e r  c e l l s  g iv e n  i n  t h i s  
s e c t i o n  r e f e r  t o  f u l l - g r o w n  N. c a l i f o m i e n s i s , one o f  th e  
l a r g e s t  s p e c i e s .  In  sm a ll  s p e c i e s  th e  d im e n s io n s  may b e  
h a lv e d .
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t i o n s  n e a r  th e  axon  h i l l o c k ;  t h e s e  a p p e a r  to  b e a r  n o  r e l a ­

t i o n  to  t h e  n e u r o s e c r e t o r y  m a t e r i a l  i t s e l f .  In  some 

ex a m p les  o f  t h e s e  c e l l s  t h e r e  are s m a l l  p a t c h e s  o f  a c i d o p h i l ­

i c  m a t e r ia l  in  th e  c y to p la s m  around th e  p e r ip h e r y  o f  t h e  

c e l l .  T h is  a p p e a r s  t o  s p r e a d  u n t i l  the  e n t i r e  c y to p la s m  

i s  a c i d o p h i l i c  and c o n t a i n s  a l a r g e ,  s p h e r i c a l  mass o f  

v e r y  f i n e l y  g r a n u la r  m a t e r i a l  a t  the  p r o x im a l  en d  o f  th e  

c e l l  ( f i g s .  35 and 3 7 B ) .

In a l l  b u t  a v e r y  fe w  o f  th e  sp e c im e n s  ex a m in ed , the  

c e l l s  o f  t h i s  t y p e ' c o n t a i n  a g r e a t  mass o f  s e c r e t i o n .  The 

s e c r e t i o n  i s  s t a i n e d  b y  n e i t h e r  p a r a ld e h y d e  iU c h s in  n o r  a c i d  

chrome-haema t o x y l  in  and c o n t a i n s  no d e t e c t a b l e  q u a n t i t y  o f  

l i p i d s  or g l u c i d s ;  e v i d e n t l y  i t  c o n s i s t s  m a in ly  o f  p r o t e i n s .  

The axcns o f  t h e s e  c e l l s  p r o b a b ly  run d i r e c t l y  i n t o  t h e  

n e u r o p i l e  s i n c e  the c e l l - b o d i e s  l i e  im m e d ia te ly  p o s t e r i o r  

t o  i t  and t h e  axons run i n  an a n t e r i o r  d i r e c t i o n  from  them. 

The s e c r e t i o n  h a s  n e v e r  b een  se e n  in  t h e  a x o n s ,  th o u g h  u n ­

l e s s  i t  was i n  t h e  im m edia te  v i c i n i t y  o f  t h e  c e l l  b od y  i t  

w ould  be  e x t r e m e ly  d i f f i c u l t  t o  d e t e c t .  S in c e  v i r t u a l l y  

a l l  th e  worms c o n t a in  t h e s e  c e l l s  f u l l y  ch a rg ed  w i t h  

s e c r e t i o n ,  t h e r e  i s  n o  c l u e  a s  t o  t h e i r  f u n c t i o n .

Type B c e l l s . In  a l l  s p e c i e s  o f  N e p h t y s , the g r e a t  m a j o r i t y  

o f  n e u r o s e c r e t o r y  c e l l s  In t h e  s u p r a -o e s o p h a g e a l  g a n g l io n  a re  

p y r i f o r m ,  ab ou t 2 d  j i  lo n g  and 15 ja w i d e , wi-fch a n u c le u s
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a b o u t 10  ji in  d ia m e te r .  They o c c u r  p r i n c i p a l l y  a t  the 

p o s t e r i o r  c o m e r s  o f  th e  n e u r o p i l e  where t h e y  form  two  

c o n s p ic u o u s  grou p s  ( f i g , 3 4 ) .  They are  a l s o  fo u n d  a lo n g  

th e  s i d e s  o f  th e  b r a in  and  in  t h e  d o r s a l  a n t e r i o r  r e g io n  

im m e d ia te ly  a b o v e  th e  o r i g i n  o f  the f i b r e s  w h ich  emerge  

from  th e  n e u r o p i l e  to  form  t h e  c ir c u m -o e  s o p h a g e a l  con­

n e c t i v e s .  The a x o n s  o f  m o st  o f  t h e s e  c e l l s  run d i r e c t l y  

i n t o  th e  n e u r o p i l e  where t h e y  can be t r a c e d  no f u r t h e r ,  b u t  

i t  i s  p o s s i b l e  t h a t  some o f  t h o s e  in  th e  a n t e r i o r  d o r s a l  

group run d i r e c t l y  i n t o  t h e  c o n n e c t i v e s .  The s e c r e t o r y  

c y c l e  a p p e a r s  to  be a s  f o l l o w s :  in  some c e l l s ,  g r a n u le s

s t a i n i n g  w it h  p a r a ld e h y d e  f u c h s i n  can be se e n  in  th e  c y t o ­

p lasm  o f  t h e  c e l l ,  w h ic h  a t  t h i s  s t a g e  i s  n o t  v a c u o l a t e d  

( f i g . 3 7 C ) .  In  o t h e r  c e l l s  t h e r e  are  more g r a n u l e s ,  and  

v a c u o le s  in  th e  c y to p la s m  in  w h ic h  t h e  g r a n u le s  a cc u m u la te  

( f i g , 3 7 D ) .  F i n a l l y ,  in  o t h e r  c e l l s ,  the n u c le u s  i s  e x tr e m e ­

l y  i r r e g u l a r  in  o u t l i n e  and th e  c y t o p la s m  i s  r e d u c e d  t o  a 

s m a l l  p a t c h  around i t  and c o n n e c t in g  i t  t o  th e  c e l l  w a l l s .  

Most o f  t h e  c e l l  th e n  c o n s i s t s  o f  an enorm ous v a c u o le  co n ­

t a i n i n g  f u c h s i n o p h i l  g r a n u le s  1 - 2  jx  in  d ia m e te r .  T hese  

g r a n u le s  can be s e e n  i n  t h e  a xon s  in  th e  im m ediate v i c i n i t y  

o f  th e  c e l l  b o d ie s  ( f i g , 3 6 ) .

The s e c r e t i o n  i s  P A S - p o s i t i v e  and f i g u r e  40  shov;s th e  

d i s t r i b u t i o n  o f  g l u c i d s ,  o t h e r  th a n  g l y c o g e n ,  i n  t y p e  B c e l l s  

in  e a r l y  and l a t e  s t a g e s  o f  th e  p r o p o se d  s e c r e t o r y  c y c l e .
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I t  w i l l  be o b s e r v e d  t h a t  th e y  c o r r e sp o n d  e x a c t l y  -with t h e  

d i s t r i b u t i o n  o f  f u c h s l n o p h l l  g r a n u le s  ( c f .  f i g . 3 6 ) .  There  

i s  a l s o  a l l p o l d a l  com ponent o f  th e  s e c r e t i o n  ( f i g , 3 8 ) .

The d i s t r i b u t i o n  o f  o s m lo p h i l  l i p i d s  I s  th e  same as t h a t  

o f  f u c h s l n o p h l l  g r a n u le s  In th e  e a r l y  s t a g e s  o f  the s e c r e ­

to r y  c y c l e ,  b u t  th e y  can h a r d ly  be d e t e c t e d  In c e l l s  

p r e s e n t i n g  a h i g h l y  v a c u o l a t e d  a p p e a ra n ce  c h a r a c t e r i s t i c  

o f  l a t e  s t a g e s  In th e  s e c r e t o r y  c y c l e ,  C l a c c l o - p o s l t l v e  

l i p i d s ,  on th e  o t h e r  h a n d , c o r r e s p o n d  w i t h  t h e  d i s t r i b u t i o n  

o f  th e  f u c h s l n o p h l l  g r a n u le s  o n ly  In  l a t e  s t a g e s  o f  th e  

s e c r e t o r y  c y c l e  and a r e  n o t  t o  be s e e n  I n  c e l l s  a t  th e  

b e g in n in g  o f  I t ,  H ow ever, a l t h o u g h  th e  d i s t r i b u t i o n  o f  

C l a c c l o - p o s l t l v e  l i p i d s  c o r r e s p o n d s  w i t h  th e  d i s t r i b u t i o n  

o f  f u c h s l n o p h l l  g r a n u le s  tow ards th e  en d  o f  th e  s e c r e t o r y  

c y c l e  ( f l g . 4 2 C ) ,  t h e y  by no means f i l l  th e  v a c u o l e s  w h ic h  

m ust a l s o  c o n t a in  a f u r t h e r  s u b s ta n c e  t h a t  I s  l o s t  d u r in g  

the  f i x a t i o n  or  em bedding o f  th e  m a t e r i a l .

Type C c e l l s . The c e l l  b o d i e s  o f  t h e  t h i r d  t y p e  o f  n e u r o ­

s e c r e t o r y  c e l l s  are among th e  l a r g e s t  o f  any n e u r o n e s  in  th e  

b r a i n .  They a re  o v o id  o r  n e a r l y  s p h e r i c a l  and  may be 50 j x  

in  d ia m e te r .  The n u c l e i  a re  ch ro m o p h o b ic ,  e l l i p s o i d a l  and 

ab ou t 12 ja  l o n g ,  and th e y  a lw a y s  c o n t a in  a p ro m in e n t  n u c l e o ­

l u s ,  C e l l s  o f  t h i s  type a r e  found  In t h e  v e n t r a l  p a r t  o f  

th e  b r a in  f l a n k i n g  th e  co n e  o f  f i b r e s  ru n n in g  to  t h e  c e r e b r o ­

v a s c u l a r  co m p lex  ( s e e  b e lo w )  , in  the  s i d e s  o f  th e  b r a i n ,  and
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in  t h e  a n t e r o - d o r s a l  r e g io n  w here th e y  o c c u r  w i t h  th e  

ty p e  B c e l l s  t h a t  a r e  a l s o  t h e r e  ( f i g . 3 4 ) .  I t  i s  d i f f i c u l t  

to  t r a c e  t h e  p a th s  o f  th e  axon s o f  t h e s e  c e l l s  in  a l l  c a s e s ,  

b u t  t h o s e  a lo n g  th e  s i d e s  o f  th e  b r a i n ,  and p r o b a b ly  m o st  

o f  th e  o t h e r s ,  run in t o  ü ie  c e n t r a l  n e u r o p i l e . The axons  

o f  th e  a n t e r o - d o r s a l  c e l l s  may run i n t o  t h e  c o n n e c t i v e s ,  

w h i l e  t h o s e  In  t h e  v e n t r a l  p a r t  o f  th e  b r a in  may run  i n t o  

th e  cone o f  f i b r e s  and  n o t  d o r s a l l y  I n to  t h e  n e u r o p i l e .

F u c h s ln o p h l l  g r a n u le s  can  be s e e n  I n  an  a r e a  o f  b a s o ­

p h i l i c  c y to p la s m  i n  some c e l l s  ( f l g , 3 7 E ) ,  In  o t h e r s  th e y  

c o l l e c t  in  num erous s m a l l  v a c u o l e s  t h a t  a p p e a r  around t h e  

p e r ip h e r y  o f  t h e  c e l l  ( f i g . 3 6 ) .  A t t h i s  s t a g e  th e  o u t l i n e  

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

a p p e a r a n c e .  These v a c u o l e s  a p p e a r  t o  c o a l e s c e  t o  form  a 

s i n g l e  l a r g e  o n e , o f t e n ,  th o u g h  n o t  I n v a r i a b l y ,  l y i n g  In  th e  

axon h i l l o c k  ( f l g . 3 7 G ) .  As In  ty p e  B c e l l s ,  o s m lo p h i l  

l i p i d s ,  th e  d i s t r i b u t i o n  o f  w h ic h  c o r r e sp o n d s  e x a c t l y  w i t h  

th e  d i s t r i b u t i o n  o f  th e  f u c h s l n o p h l l  g r a n u l e s ,  a r e  demon­

s t r a b l e  In  c e l l s  w i t h  n o ,  o r  v e r y  f e w ,  v a c u o l a t l o n s , b u t  

n o t  in  t h o s e  a t  l a t e r  s t a g e s  In  t h e  s e c r e t o r y  c y c l e ,  

C l a c c l o - p o s l t l v e  l i p i d s ,  on  th e  o t h e r  h and , o c c u r  o n ly  t o ­

wards th e  end o f  t h e  s e c r e t o r y  c y c l e .  They can be demon­

s t r a t e d  around the p e r ip h e r y  o f  c e l l s  sh ow ing  t h e  c h a r a c t e r ­

i s t i c  b l i s t e r e d  o u t l i n e ,  an d  i n  a fevj l a r g e  m a sse s  i n  c e l l s  

w h ich  a r e  a p p a r e n t ly  a p p r o a c h in g  th e  end o f  t h e i r  s e c r e t o r y
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c y c l e  ( f i g s . 3 9 ,  42A and B ) . The v a c u o le s  t h a t  a p p ea r  i n  

t h e s e  c e l l s  in  o r d in a r y  p a r a f f i n  s e c t i o n s  a r e  a c c o u n te d  f o r  

b y  t h e s e  l i p i d s .  They h a v e  n e v e r  been  d e m o n s tr a te d  i n  

c e l l s  w hich  are su p p o sed  t o  be a t  t h e  b e g in n i n g  o f  t h e i r  

c y c l e .  Of c o u r s e ,  c e l l s  i n  w h ich  t h e r e  a r e  no d e t e c t a b l e  

G i a c c i o - p o s l t i v e  l i p i d s  may be c o m p le t e ly  i n a c t i v e ,  b u t  t h e  

f a c t  t h a t  a c o r re sp o n d e n c e  b etw e en  t h e s e  l i p i d s  and fu c h s ln o -  

p h l l  g r a n u le s  a t  t h e  s t a r t  o f  th e  c y c l e  h a s  n e v e r  been s e e n ,  

a r g u e s  s t r o n g l y  t h a t  th e  l l p l d  com ponent o f  t h e  s e c r e t i o n  

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

The d i s t r i b u t i o n  o f  g l u c l d s  in  t y p e  C c e l l s ,  a s  In  

ty p e  B c e l l s ,  co r r e sp o n d s  w i t h  th e  d i s t r i b u t i o n  o f  f u c h s l n o ­

p h l l  g r a n u le s  ( f i g s . 36  and  4 0 ) .  D ef re  t i n  (1 9 5 5 )  made th e  

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

c e l l s  o f  th e  e p id e r m a l n u c le u s  o f  N e r e i s  w ere  d e p l e t e d  a s  

th e  c e l l  began  a c t i v e  s e c r e t i o n ,  s u g g e s t i n g  t h a t  th e  g l u c l d s  

were p r e c u r s o r s  o f  th e  n e u r o s e c r e t o r y  m a t e r i a l .  No su ch  

I n v e r s e  c o r r e l a t i o n  b e tw e en  t h e  g l u c l d s  and t h e  s e c r e t i o n  

h a s  b een  fo u n d  In  N e p h t y s . Def re  t i n  u n f o r t u n a t e l y  d id  n o t  

d i s t i n g u i s h  g ly c o g e n  from  o t h e r  1 . 2 . g l y c o l s .  G lycogen  I s  

p r e s e n t  In  p r a c t i c a l l y  a l l  n e u r o n e s  and c a n n o t  be r e g a r d e d  

a s  a n e u r o s e c r e t o r y  p r o d u c t ,  n o r  a s  a s u b s t a n c e  p e c u l i a r l y  

r e l a t e d  t o  t h e  n e u r o s e c r e t o r y  m a t e r i a l .  I t s  d i s t r i b u t i o n  

i n  ty p e  B and C c e l l s  o f  N ep h ty s  i s  much th e  same as th e  

d i s t r i b u t i o n  o f  g l u c l d s  a s  shown by D ef re  t i n  ( c f .  f i g .  41
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w i t h  D e f r e t i n ' s f i g u r e s )  b u t  th e  n e u r o s e c r e t o r y  p r o d u c ts  

o f  B and C c e l l s  in  N e p h ty s  in c lu d e  o t h e r  1 , 2 . g l y c o l s .  I t  

i s  t h e r e f o r e  im p o s s i b l e  to  e v a l u a t e  D e f r e t i n ’ s o b s e r v a ­

t i o n s  on t h i s  p o i n t .

The c e l l  t y p e s  B and C o b v i o u s l y  have much i n  common, 

and b o th  d i f f e r  m ark ed ly  fro m  c e l l  ty p e  A. T h e ir  s t a i n i n g  

r e a c t i o n s  a r e  t h e  same and n o  g r e a t  d i f f e r e n c e s  b e tw e e n  them  

h ave been  d e t e c t e d  by t h e  few  h i s  to c h e m ic a l  t e s t s  t h a t  have  

b een  a p p l i e d  ( s e e  T ab le  V I I I ) .  B o th  t y p e s  o f  c e l l ,  when 

s t a i n e d  by  c o n v e n t i o n a l  t e c h n i q u e s ,  show numerous v a c u o la ­

t l o n s .  T h is I s  a common f e a t u r e  o f  n e u r o e e e r e to r y  c e l l s .  

The e n t i r e  c o n t e n t  o f  t h e s e  v a c u o l e s  In ty p e  C c e l l s  can  be  

c o n s e r v e d  and s t a i n e d  by C i a c c i o ’ s m eth od , b u t  n o t  In  ty p e  B 

c e l l s  ( c f .  f i g s .  38  and 3 9 ) .  In  t h e  l a t t e r ,  e i t h e r  t h e r e  

I s  some f r a c t i o n  o f  the  n e u r o s e c r e t o r y  p r o d u c t  w h ich  h as n o t  

b een  c o n s e r v e d ,  o r  e l s e  the  d r o p l e t s  a r e  l y i n g  In  an u n s t a in -  

a b le  m a t e r i a l  i n  th e  v a c u o l e s ,  an d  t h e  fo rm er  c o n c l u s i o n  I s  

more l i k e l y  to  b e  t r u e .  A p a r t  from  th e  d i f f e r e n c e s  i n  

g e n e r a l  a p p e a r a n c e ,  t h i s  r e p r e s e n t s  th e  s o l e  d i f f e r e n c e  b e ­

tw een  B an d  G c e l l s  to  be d e t e c t e d .
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TABLE V I I I

S t a i n i n g  r e a c t i o n s  o f  th e  t h r e e  t y p e s  o f  n e u r o s e c r e t o r y  c e l l

B

P a ra ld eh y d e  f u c h a in  -  +  +

A c id  c h r o m e -h a e m a to x y lin  +  +

P h lo x  in  + -

Azan red  mauve mauve

PAS - 4 - 4 -

O sm io p h il  l i p i d s  -  +  +

G i a c c i o - p o s l t i v e  l i p i d s  -  + 4

The C e r e b r o -V a s c u la r  Complex

A t  th e  b a s e  o f  th e  s u p r a -o e s o p h a g e a l  g a n g l i o n ,  t h e r e  

I s  a m o d i f i e d  a x o n a l  t r a c t ,  s p e c i a l i s e d  a r e a s  o f  t h e  membrane 

I n v e s t i n g  t h e  b r a in ,  and a c l o s e  a s s o c i a t i o n  b e tw e en  the  

b r a in  and th e  b lo o d  v a s c u l a r  s y s te m  ( f i g . 4 3 ) .  These  

s t r u c t u r e s  c o r r e sp o n d  c l o s e l y  w i t h  th o s e  In n e r e l d s ,  f o r  

w h ich  B ob in  & Dur chon (1 9 5 2 )  c o in e d  th e  name ’ c e r e b r o ­

v a s c u l a r  c o m p le x ’ . The same s t r u c t u r e  I s  fo u n d  in  a l l  s p e c i e s  

o f  N e p h t y s , though  w i t h  some v a r i a t i o n s  i n  th e  d e t a i l s  o f  I t s  

m orp h o logy .

In  N. c a l i f o r n i e n s  I s , a s p e c i e s  in  w h ich  t h e  s t r u c t u r e  

o f  th e  c e r e b r o - v a s c u l a r  com p lex  can b e  s e e n  t o  b e s t
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a d v a n ta g e ,*  a t r a c t  o f  axons em erges  from  th e  b a s e  o f  t h e  

n e u r o p i l e  and r u n s ,  d i v e r g i n g  to  form  a c o n e - s h a p e d  t r a c t ,  

t o  th e  b a s e  o f  the g a n g l io n  ( f l g . 4 5 A ) .  I t  h a s  a s i n g l e ,  

i f  somewhat d i f f u s e ,  o r i g i n  i n  th e  n e u r o p i l e .  The axon s  

run In  a t a n g le d  m ass t o  t h e  c o n n e c t i v e  s h e a t h  and a r e  

f l a n k e d  by d e n s e  n e u r o g l i a l  f i b r e s  w h ich  p e n e t r a t e  I n t o  

th e  cone o f  a x o n s .

The g a n g l io n  I s  i n v e s t e d ,  a t  l e a s t  l a t e r a l l y  and 

v e n t r a l l y ,  by a d o u b le  s h e a t h ,  an in n e r  la m in a te d  c o n n e c t iv e  

t i s s u e ,  w h ich  I s  c c n t ln u o u s  w i t h  t h e  b asem en t membrane o f  

th e  e p id e r m is ,  and  an  o u t e r ,  e x t r e m e ly  t h i n  c e l l u l a r  l a y e r .  

Around t h e  s i d e s  o f  th e  b r a in  th e  l a t t e r  can be d e t e c t e d  by  

o c c a s i o n a l  n u c l e i  f l a t t e n e d  a g a i n s t  the c o n n e c t iv e  t i s s u e  

s h e a t h  and e l s e w h e r e  o n ly  u n d er  o p t im a l  o p t i c a l  c o n d i t i o n s ,  

and n o t  a lw a y s  ev en  th e n . B oth  th e  c o n n e c t i v e  t i s s u e  s h e a t h  

and I t s  I n v e s t i n g  membrane a r e  m o d i f i e d  o v e r  th e  r e g io n  w here  

th e  axon  t r a c t  m e e t s  the  b a s e  o f  th e  g a n g l i o n .  The s h e a t h  

I s  in  m ost p l a c e s  no more th an  2 ji t h i c k ,  b u t  o v e r  th e  

m id - v e n t r a l  p a r t  o f  t h e  b r a in  I t s  t h i c k n e s s  I n c r e a s e s  to  

8 or 10 I t  I s  s i m i l a r l y  t h ic k e n e d  In the  m i d - v e n t r a l

l i n e  a n t e r i o r  t o  th e  c e r e b r o - v a s c u l a r  com p lex , b u t  t h i s  

seem s to  be a s e p a r a t e ,  s p e c i a l  a d a p t a t i o n  f o r  th e  a t ta c h m e n t  

o f  th e  d i a g o n a l  m u s c le s  o f  t h e  p rostom iu m . • In the r e g io n  

o f  th e  c e r e b r o - v a s c u l a r  co m p lex , t h e  c o n n e c t iv e  t i s s u e  s h e a t h  

I s  u s u a l l y  drawn up t o  a v a r i a b l e  e x t e n t  i n t o  th e  b r a i n .
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l e a v i n g  a *v* sh ap ed  d e p r e s s i o n  r u n n in g  a lo n g  th e  b a s e  o f  

th e  g a n g l io n  i n  w h ic h  th e  d o r s a l  b lo o d  v e s s e l  l i e s .  The 

c e l l u l a r  p e r l c a p s u l a r  membrane i s  a l s o  m o d i f i e d  In t h i s  

a r e a .  I t  i s  t h ic k e n e d  and thrown i n t o  f o l d s  and r i d g e s  

w h ich  may be 8 o r  10 p  In  h e i g h t .  The membrane d oes n o t  

show th e  p a p l l l a - l i k e  f o r m a t io n s  su c h  a s  B ob ln  & Durchon  

(1 9 5 2 )  d e s c r i b e d  in  P e r l n e r e i s , n o r  d o e s  th e  membrane become 

t h ic k e n e d  i n  r e g io n s  o t h e r  th a n  t h e  c e r e b r o - v a s c u l a r  co m p lex .

The d o r s a l  l o n g i t u d i n a l  b lo o d  v e s s e l  runs a lo n g  t h e  

v e n t r a l  s u r f a c e  o f  t h e  s u p r a - o e s o p h a g e a l  g a n g l io n  and I s  

su sp en d e d  from I t  by  two f i n e  e x t e n s i o n s  o f  th e  g a n g l i o n i c  

m em branes. The o u te r  and m id d le  l a y e r s  o f  t h e  b lo o d  v e s s e l  

w a l l s  a r e  c o n t in u o u s  w it h  the two membranes I n v e s t i n g  th e  

b r a i n .  A t th e  p o s t e r i o r  m argin  o f  th e  g a n g l io n  th e  d o r s a l  

v e s s e l  b i f u r c a t e s  and t h e  two b r a n c h e s  run p a r a l l e l  c o u r s e s  

a lo n g  t h e  b a s e  o f  th e  b r a in  t o  I t s  a n t e r i o r  m argin  where th e y  

s e p a r a t e  and f o l l o w  th e  c lr c u m - o e s o p h a g e a l  c o n n e c t i v e s  t o  

th e  s u b - o e s o p h a g e a l  g a n g l io n  t o  fo rm  th e  p a i r e d  n e u r a l  

v e s s e l s  ( s e e  A ppend ix  I I ) .  There are f r e q u e n t  a n a s to m o se s  

b etw e en  the tv/o b r a n c h e s  o f  the d o r s a l  b l o o d v e s s e l  where  

th e y  c r o s s  th e  c e r e b r o - v a s c u l a r  co m p lex , and th e y  form  a 

b lo o d  p le x u s  Im m e d ia te ly  b e n e a th  th e  m o d i f i e d  g a n g l i o n i c  

membranes a n d  the  en d s  o f  t h e  a x o n s .

The e s s e n t i a l  f e a t u r e s  o f  th e  c e r e b r o - v a s c u l a r  co m p lex  

a r e  t o  be fo u n d  in  t h e  s u p r a - o e s o p h a g e a l  g a n g l i o n  o f  a l l  th e
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s p e c i e s  o f  N ep h ty s  t h a t  I  h a v e  exam in ed , b u t  t h e r e  a r e  some 

v a r i a t i o n s  i n  d e t a i l s  o f  t h e  s t r u c t u r e  ( f i g . 4 4 ) .  The axon  

t r a c t  em erg es  from  the c e n t r a l  n e u r o p i l e  i n  the  m id -b r a in  

o f  N. c a l i f o r n i e n s i s , b u t  in  N. f e r r u g i n e a , N. i n c i s a  and  

N. p u n c t a ta  I t  i s  much more r e s t r i c t e d  In  a r e a  and em erges  

from  th e  ex trem e p o s t e r i o r  p a r t  o f  th e  n e u r o p i l e  from  among 

th e  axons o f  the p o s t e r o - l a t e r a l  grou p s  o f  n e u r o s e c r e t o r y  

c e l l s  (com posed  p r i n c i p a l l y  o f  ty p e  B ) . In  a l l  the s p e c i e s  

e x c e p t  N. c o m u t a , th e  t r a c t  o f  a x o n s  I s  f l a n k e d  by n e u r o g l i a l  

f i b r e s  ru n n in g  p a r a l l e l  t o  th e  a x o n s .  In  m ost s p e c i e s  th e r e  

I s  a c e r t a i n  amount o f  n e u r o g l i a  w h ic h  p e n e t r a t e s  I n to  th e  

axon t r a c t  a s  w e l l .  Thus, In  N. c a l l f o r n l e n s l s . N . p i  e t a  

and N. p u n c t a t a , the  d e g r e e  o f  p e n e t r a t i o n  I s  s l i g h t ,  b u t  

In  N . c a e c a  and N. c i r r o s a  th e r e  I s  more n e u r o g l i a  than  

a x o n s ,  w h i l e  in  N. I n c i s a  th e  n e u r o g l i a l  f i b r e s  a r e  so  num er­

ou s t h a t  I t  I s  d i f f i c u l t  t o  d e t e c t  axon s In t h e  t r a c t .  The 

b r a in  o f  N . c o r n u ta  I s  v e r y  s m a l l  ( th e  a d u l t  worm i s  o n ly  

5 mm lo n g )  and m ost  o f  I t  I s  ta k e n  up w i t h  n e u r o p i l e  and  

n e u r o n e s  ; th e r e  I s  v e r y  l i t t l e  n e u r o g l i a  a t  a l l .  ‘ "Die n e u r o ­

p i l e  o c c u p ie s  a d i s p r o p o r t i o n a t e l y  l a r g e  p a r t  o f  the  b r a in  

and i s  c l o s e  t o  th e  v e n t r a l  s u r f a c e  o f  th e  g a n g l i o n .  Con­

s e q u e n t l y  th e  axon t r a c t  I s  v e r y  s h o r t  and r a t h e r  I n d i s t i n c t ,  

and I t  I s  n o t  f l a n k e d  by n e u r o g l i a l  f i b r e s  a s  I t  I s  In  o t h e r  

s p e c i e s .
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The m o d i f i c a t i o n  o f  th e  g a n g l i o n i c  membranes I s  a l s o  

v a r i a b l e .  The c o n n e c t iv e  t i s s u e  s h e a t h  i s  a lw a y s  t h ic k e n e d  

In t h e  r e g i o n  o f  th e  c e r e b r o - v a s c u l a r  co m p lex , th o u g h  in  

m ost s p e c i e s  n o t  t o  as g r e a t  an  e x t e n t  a s  In  N. c a l i f o r n l e n s i s . 

The t h i c k e n i n g  o f  the  p e r l c a p s u l a r  membrane i s  a l s o  c o n ­

s p ic u o u s  In  N. c a e c a  and N. p l c t a , b u t  i t  i s  s l i g h t  and  

d i f f i c u l t  to  d e t e c t  in  N. c i r r o s a .

The b i f u r c a t i o n  o f  t h e  d o r s a l  l o n g i t u d i n a l  b lo o d  

v e s s e l  may ta k e  p l a c e  anywhere a lo n g  t h e  l e n g t h  o f  th e  

g a n g l i o n .  In  N. ca l i f  o r n l e n s i s  th e  b i f u r c a t i o n  Is  a t  th e  

p o s t e r i o r  en d  o f  t h e  b r a in  and t h e  tw o b r a n c h e s  run p a r a l l e l  

c o u r s e s  a lo n g  t h e  b a s e  o f  th e  b r a in  and a p le x u s  I s  form ed  

b etw e en  th em . T h is  I s  n o t  t y p i c a l  o f  N e p h t y s . f o r  In  m o st  

s p e c i e s  th e  b i f u r c a t i o n  I s  a n t e r i o r  t o  th e  c e r e b r o - v a s c u l a r  

co m p lex , and th e r e  a r e  no a n a s to m o se s  b e tw een  t h e  b lo o d  

v e s s e l s .  In  t h i s  c a s e  t h e  s i n g l e  b lo o d  v e s s e l  may be f l a t t e n ­

ed  a g a i n s t  t h e  m o d i f i e d  p e r l c a p s u l a r  membrane, a s  In  N . p ic  t a , 

o r  to  a l e s s e r  e x t e n t .  In  N . I n c i s a . More commonly th e  

l o n g i t u d i n a l  g r o o v e  in  t h e  b a se  o f  th e  b r a in  I s  v e r y  deep  In  

th e  r e g i o n  o f  t h e  c e r e b r o - v a s c u l a r  c o m p le x  and th e  b lo o d  

v e s s e l  I s  drawn i n t o  I t .  The r e s u l t  I s  a lw a y s  t h e  sam e, a 

c o n s id e r a b l e  a r e a  o f  th e  d o r s a l  l o n g i t u d i n a l  b lo o d  v e s s e l  I s  

a p p o se d  t o  t h e  m o d i f i e d  g a n g l i o n i c  m em branes, b y  th e  f o r m a t io n  

o f  a p l e x u s ,  by th e  f l a t t e n i n g  o f  th e  b lo o d  v e s s e l ,  o r  b y  

d e e p e n d in g  the  v e n t r a l  g r o o v e  on th e  b r a in  an d  d raw in g  the
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b lo o d  v e s s e l  i n t o  i t  ( f i g . 4 4 ) .  The s i t u a t i o n  i n  N, i n c i s a  

i s  a  l i t t l e  d i f f e r e n t .  The d o r s a l  v e s s e l  I s  n e i t h e r  

m ark ed ly  e n la r g e d  n o r  f l a t t e n e d ,  n o r  I s  t h e r e  a pron ou n ced  

v e n t r a l  g r o o v e .  H ow ever, th e  m o d i f i e d  p e r l c a p s u l a r  

membrane c o m p le t e ly  f i l l s  th e  sp a ce  b e tw e en  t h e  b a s e  o f  t h e  

b r a in  and th e  b lo o d  v e s s e l .

The F a te  o f  th e  S e c r e t i o n

The a x o n s  o f  th e  n e u r o s e c r e t o r y  c e l l s  In  th e  b r a in  o f  

N ep h ty s  run I n t o  t h e  c e n t r a l  n e u r o p i l e , I n t o  t h e  c lr c u m -  

o e s o p h a g e a l  c o n n e c t i v e s ,  and p o s s i b l y  a l s o  d i r e c t l y  I n t o  th e  

v e n t r a l  co n e  o f  a x o n s  w h ich  form s p a r t  o f  t h e  c e r e b r o ­

v a s c u l a r  co m p lex . G ra n u les  o f  s e c r e t e d . m a t e r i a l  h ave  b een  

o b s e r v e d  In  th e  a x o n s  n e a r  th e  c e l l  b o d i e s ,  on r a r e  o c c a s i o n s  

in  a x o n s  r u n n in g  to  th e  n e u r o p i l e ,  and f r e q u e n t l y  odd  

g r a n u le s  o f  m a t e r i a l  w h ic h  s t a i n s  In  th e  same way a s  t h e  

n e u r o s e c r e t o r y  p r o d u c t  can be se e n  i n  th e  n e u r o p i l e  I t s e l f .  

The t r a n s p o r t  o f  n e u r o s e c r e t o r y  m a t e r i a l  In  th e  a x o p la sm  

h a s  b een  o b s e r v e d  In  s e v e r a l  a n im a ls  o t h e r  than  p o l y c h a e t e s ,  

b o th  d i r e c t l y  ( C a r l i s l e ,  1 9 5 3 ;  P a s s a n o ,  1 9 5 3 )  and I n d i r e c t l y  

( e . g .  S c h a r r e r  & S c h a r r e r ,  1 9 5 4 a ) .  The g r a n u le s  h a v e  b een  

t r a c e d  from  th e  c e l l  body to  t h e i r  p r o b a b le  r e l e a s e  s i t e  In  

o n ly  one c a s é  in  a p o l y c h a e t e ,  and t h a t  i s  In  th e  e p id e r m a l  

n e r v e  o f  P e r l n e r e i s  c u l t r l f e r a  (B ob ln  & Durch o n , 1 9 5 3 ) .  I t  

i s  n o t  p o s s i b l e  to  do t h i s  in  the b r a in  o f  N e p h t y s . There
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a re  s i g n s  t h a t  th e  s e c r e t i o n  i s  t r a n s m i t t e d  in  the axons in  

th e  c a s e  o f  t y p e  B and C c e l l s ,  th o u g h  n o t  o f  ty p e  A c e l l s ,  

b u t  th e  n e u r a l  p ath w ays o f  the s e c r e t i o n  can  o n l y  be I n f e r r e d  

There a r e  no h i g h l y  d i s t i n c t i v e  a x o n a l  t r a c t s  fro m  th e  n e u r o ­

s e c r e t o r y  c e l l s  t o  the  r e l e a s e  s i t e ,  a s  t h e r e  a r e  In more 

h i g h l y  o r g a n i s e d  and  s p e c i a l i s e d  b r a i n s  and  n e a r l y  a l l  axon s  

run d i r e c t l y  I n to  th e  n e u r o p i l e  where t h e y  can n ot b e  t r a c e d ,  

and o n ly  a few  c e l l s  In  any  b r a in  a r e  a c t i v e l y  s e c r e t i n g  a t  

th e  same t im e  so  t h a t  th e  q u a n t i t y  o f  s e c r e t i o n  In  a x o n s  can  

n e v e r  be g r e a t .

I f  th e  t r a n s p o r t  o f  n e u r o s e c r e t o r y  m a t e r i a l  in  N ep h ty s  

I s  a x o n a l ,  and th e  axons o f  n e a r l y  a l l  n e u r o s e c r e t o r y  c e l l s  

run i n t o  the n e u r o p i l e ,  th e  e v e n t u a l  pathway o f  t h e  s e c r e t i o n  

m ust be s o u g h t  in  t h e  b u n d le s  o f  a x o n s  w h ic h  emerge fro m  I t ,  

S e v e r a l  n e r v e s  run b etw een  the  n e u r o p i l e  and th e  a n t e r i o r  

p a r t  o f  the  prostom lum  and th e  a n te n n a e .  They a r e  m ost  

p r o b a b ly  s e n s o r y  n e r v e s  f o r  t h e  m ost p a r t ;  t h e y  a re  a l l  

i n c o n s i d e r a b l e ,  and n e u r o s e c r e t o r y  m a t e r i a l  h a s  n e v e r  b e e n  

d e t e c t e d  In  them . (The f a c t  t h a t  t h e y  a r e  p r o b a b ly  s e n s o r y  

n e r v e s  d o e s  n o t  p r e c lu d e  t h e i r  c o n t a in i n g  n e u r o s e c r e t o r y  

a x o n s ,  Bobln & Durchon (1953.) d e m o n s tr a te d  t h a t  th e  e p i ­

derm al n e r v e  o f  P e r l n e r e i s  c u l t r l f e r a , w h ich  was c o n s id e r e d  

to  be p r im a r i l y  s e n s o r y ,  s e r v e s  a s  a pathw ay f o r  n e u r o ­

s e c r e t o r y  m a t e r i a l . ) By f a r  th e  g r e a te r ,  number o f  a x o n s  

em er g in g  from  th e  n e u r o p i l e  l e a v e  th e  b r a in  by way o f  th e
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c lr c u m -o e s o p h a g e a l  c o n n e c t i v e s  and o c c a s i o n a l  m a sse s  o f  

f u c h s l n o p h l l  m a t e r i a l ,  s i m i l a r  t o  t h a t  fo u n d  In  ty p e  B 

and G c e l l s ,  have b een  o b s e r v e d  In them. Arvy (1 9 5 4 )  has  

d e s c r ib e d  n e u r o s e c r e t o r y  m a t e r i a l  w h ich  o r i g i n a t e s  in  the  

s u p r a -o e s o p h a g e a l  g a n g l io n  o f  LanI c e  c o n c h l l e g a  In t h e  

c lr c u m -o e s o p h a g e a l  c o n n e c t i v e s .  In  n e i t h e r  N ep h ty s  n o r  

L a n ic e  I s  I t  known w hat s u b s e q u e n t ly  happens to  t h i s  m a t e r i a l .  

The t h i r d  group o f  a x o n s  em erg in g  from th e  n e u r o p i l e  a r e  

t h o s e  in  the v e n t r a l  cone w h ich  run to  t h e  v e n t r a l  s u r f a c e  

o f  the b r a in  where th e y  a r e  In  I n t im a t e  c o n t a c t  w i t h  t h e  

b lo o d  v e s s e l s .

N e u r o s e c r e t o r y  m a t e r i a l  I s  n o t  u s u a l l y  d e m o n s tr a b le  In  

th e  axons o f  th e  v e n t r a l  c o n e ,  j u s t  a s  I t  I s  d i f f i c u l t  t o  

d e m o n str a te  I t  in  o t h e r  p a r t s  o f  th e  b r a i n .  H ow ever, 

g r a n u le s  s t r u n g  .o u t  a lo n g  th e  axons h a v e  b een  se e n  i n  one 

sp ec im en  o f  N. i n c i s a  ( f l g . 4 5 D ) . B ut I t  ca n  a lm o s t  a lw a y s  .

be d em o n str a ted  a t  th e  end o f  th e  axon  t r a c t .  Im m e d ia te ly  above  

th e  t h ic k e n e d  p e r l c a p s u l a r  s h e a t h  ( f l g s . 4 5 A  and 0 ) .  The 

m a t e r i a l  a c c u m u la te d  in  t h i s  p o s i t i o n  can  fee s t a i n e d  w i t h  

p a r a ld e h y d e  f u c h s i n ,  a c i d  c h r o m e -h a e m a to x y l in ;  I t  I s  PAS- 

p o s l t l v e  and c o n t a in s  C l a c c l o - p o s l t l v e  l i p i d s .  E v i d e n t l y  

i t  i s  the same a s  th e  m a t e r i a l  w h ich  o r i g i n a t e s  i n  B and C 

c e l l s .  The same m a t e r i a l  can  be s e e n  In  the m o d i f i e d  p e r l ­

c a p s u la r  membrane and around t h e  b lo o d  v e s s e l s  Im m e d ia te ly  

b e n e a th  th e  axon cone ( f l g . 4 5 B ) . G ra n u les  o f  t h e  s e c r e t i o n
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can  be s e e n  i n  the lumen o f  th e  b lo o d  v e s s e l s  and a l s o  i n  

a m o eb o cy tes  in  t h e  b lo o d .  G ra n u les  in  th e  b lo o d  v e s s e l s  

h a v e  been  s e e n  o n ly  r a r e l y ,  and s o  f a r  o n ly  in  p r e p a r a t io n s  

s t a i n e d  w i t h  p a r a ld e h y d e  f u c h s i n .  Numerous s u b s t a n c e s  can  

be s t a i n e d  t h u s ,  so  t h a t  a p o s i t i v e  s t a i n i n g  r e a c t i o n  c a n ­

n o t  be r e g a r d e d  a s  c o n c l u s i v e  p r o o f  t h a t  t h e s e  g r a n u le s  are  

n e u r o s e c r e t o r y .  H ow ever, s i n c e  th e y  h a v e  b een  s e e n  in  

b lo o d  v e s s e l s  im m e d ia te ly  o p p o s i t e  t h e  co n e  o f  axons and  

th e  m o d i f i e d  mem branes, a l l  o f  w h ich  c o n t a in  m a sse s  o f  th e  

n e u r o s e c r e t o r y  m a t e r i a l .  I t  I s  r e a s o n a b le  t o  a ssu m e, f o r  

th e  p r e s e n t ,  t h a t  the  g r a n u le s  In the b lo o d  s trea m  a r e  a l s o  

o f  n e u r o s e c r e t o r y  o r i g i n .

The F u n c t io n  o f  t h e  S e c r e t i o n

E x p e r im e n ta l  s t u d i e s  o f  th e  f u n c t i o n  o f  th e  n e u r o ­

s e c r e t o r y  c e l l s  i n  th e  s u p r a - o e s o p h a g e a l  g a n g l io n  o f  N ep h ty s  

a r e  s t i l l  i n  t h e i r  e a r l y  s t a g e s ,  so  t h a t  no m ore than v e r y  

t e n t a t i v e  c o n c l u s i o n s  can  b e drawn from  them . As f a r  as  

th e y  g o ,  t h e  r e s u l t s  o f  them s u g g e s t  t h a t  D urchon’ s (1 9 5 2 )  

a n a l y s i s  o f  t h e  r o l e  o f  c e r e b r a l  horm ones i n  th e  r e p r o ­

d u c t io n  o f  n e r e i d s  w i l l  be fo u n d  t o  a p p ly  e q u a l l y  t o  N e p h t y s . 

Removal o f  th e  b r a in  o f  P e r l n e r e i s  r e s u l t s  I n  th e  p r e c o c io u s  

e p l t o k y  o f  th e  worm, and Durchon was a b le  to  p r e v e n t  t h i s  by  

im p la n t in g  two b r a in s  o f  Immature worms I n t o  th e  co e lo m  o f  

d e c a p i t a t e d  s p e c im e n s .  He a l s o  d i s c o v e r e d  t h a t  n e u r o ­
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s e c r e t o r y  m a t e r i a l  w h ic h  c o u ld  be d e t e c t e d  i n  th e  t e r m in a ­

t i o n s  o f  th e  axons i n  th e  c e r e b r o - v a s c u l a r  com plex  o f  

immature worms d is a p p e a r e d  in  m ature o n e s  (B ob in  &  Durchon, 

1 9 5 2 ) ,  From t h e s e  o b s e r v a t i o n s  he r e a s o n a b ly  c o n c lu d e d  

t h a t  a horm one, o r  h orm on es , o r i g i n a t i n g  in  th e  n e u r o s e c r e t ­

o ry  c e l l s  in  the s u p r a - o e s o p h a g e a l  g a n g l io n  i n h i b i t e d  e p l t o k y  

and th e  m a tu r a t io n  o f  th e  m ale g a m e te s .

A tte m p ts  t o  r e p e a t  Durchon ’ s e x p e r im e n ts  on N ep hty s  

c i r r o s a  and N . h om bergl h a v e  n o t  b e e n  v e r y  s u c c e s s f u l .

N ep h ty s  I s  a much more d i f f i c u l t  a n im a l t o  k eep  In  th e  

l a b o r a t o r y  than N e r e i s  and o f  some 350 worms from  w h ic h  t h e  

s u p r a - o e s o p h a g e a l  g a n g l io n  was rem oved , a l l  b u t  f i v e  d ie d  

b e f o r e  th e  c o n c l u s i o n  o f  the e x p e r im e n t .  T h is  I s  p r o b a b ly  

b e c a u s e  N e p h t y s , u n l i k e  N e r e i s , m ust be a b l e  to  burrow I n t o  

th e  san d  i f  I t  I s  to  be k e p t  i n  a h e a l t h y  s t a t e ,  and i t  i s  

u n a b le  to  do t h i s  when th e  prostom ium  i s  rem oved. C o n tr o l  

worms, w h ich  have b een  a b le  to  b u ry  t h e m s e l v e s ,  h ave  a lw a y s  

l i v e d  in  a q u a r ia  f a r  b eyon d  t h e  c o n c l u s i o n  o f  the e x p e r im e n ts .  

A n o th er  d i f f i c u l t y  i s  t h a t  w h i le  in  N e r e i s  th e  e x t e r n a l  

m o r p h o lo g ic a l  c h a n g e s  accom panying  e p l t o k y  a r e  g r o s s  and co n ­

s p ic u o u s  and ca n  b e  f o l l o w e d  d u r in g  t h e  c o u r s e  o f  t h e  e x p e r i ­

m en t, in  N ep h ty s  th e y  a r e  n o t .

The c o e lo m lc  c o n t e n t s  w ere exam in ed  b e f o r e  th e  e x p e r i ­

m ent by d ra w in g  o f f  a s m a l l  q u a n t i t y  o f  th e  f l u i d  I n  a 

c a p i l l a r y  and e x a m in in g  I t  m i c r o s c o p i c a l l y .  The e x p e r im e n ts
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were c a r r i e d  o u t  b etw een  June and J a n u a r y ,  when o n ly  a s m a l l  

p r o p o r t io n  o f  th e  worms ( l e s s  th a n  5Jo o f  them) c o n t a in e d  

e g g s ,  sp erm , o r  d e ta c h e d  m u sc le  f i b r e s  in  th e  c o e lo m ic  f l u i d .  

Those w h ich  had w ere  d i s c a r d e d .  The s u p r a - o e s o p h a g e a l  

g a n g l io n  was removed b y  c u t t i n g  o f f  the p rostom lum  and  

s q u e e z in g  th e  dorsum j u s t  b e h in d  th e  g a n g l i o n  s o  t h a t  I t  i s  

p r e s s e d  fo rw a r d s  and can th e n  be c u t  o u t .  A t th e  end o f  

s i x  w eeks th e  f i v e  s u r v i v o r s ,  w h ich  w ere  a l l  m a l e s ,  w ere  

f u l l  o f  sperm and th e  b o d y - w a l l  m u s c u la tu r e  was u n d e r g o in g  

e x t e n s i v e  p h a g o c y t o s i s .  No ch an ge  h a s  b een  d e t e c t e d  In  th e  

shape o f  t h e  p a r a p o d la l  l o b e s  or th e  number and l e n g t h  o f  

th e  c h a e t a e .  200 c o n t r o l  worms w ere  exam in ed  i n  t h e  same 

way a t  t h e  b e g in n in g  and end o f  th e  e x p e r im e n t .  In  th e  

J u n e - J u ly  e x p e r im e n ts  two o f  the c o n t r o l  a n im a ls  became 

m ature d u r in g  th e  c o u r s e  o f  the e x p e r im e n t ,  b u t  on t h i s  

o c c a s i o n ,  none o f  t h e  e x p e r im e n t a l  a n im a ls  s u r v iv e d .  A p a r t  

from  t h i s ,  a l l  th e  c o n t r o l s  rem ain ed  Immature.

Most o f  th e  sp e c im e n s  exa m in ed  h i s t x ) l o g i c a l l y  h a v e  

b een  Im m ature. In  t h e s e  ty p e  B and C c e l l s  a lw a y s  show  

s i g n s  o f  s e c r e t o r y  a c t i v i t y  and n e u r o s e c r e t o r y  m a t e r i a l  can  

b e  d e m o n s tr a te d  in  the c e r e b r o - v a s c u l a r  c o m p le x .  In  t h e  

few  m ature worms t h a t  h ave  b een  exam ined  B c e l l s  a re  com­

p l e t e l y  i n a c t i v e ,  th e  C c e l l s  a r e  n e a r l y  a l l  i n a c t i v e ,  th ou gh  

a few  show s l i g h t  s i g n s  o f  s e c r e t i o n ,  an d  t h e r e  a r e  no  

s e c r e t o r y  g r a n u le s  in  th e  c e r e b r o - v a s c u l a r  co m p lex . These  

r e s u l t s  are sum m arised  in  T ab le  IX. I t  was d i f f i c u l t  to
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Spe c i e s S ex  M a tu r ity B1 B2 G1 02 03 04

N. cornu ta 44 _ 4 4 4
N . c o r n u ta 44 — - 4 4 4
N. f e r r u g i n e a 44 - 4 4 4 4
N . p l c t a 44 - - 4 4 4 4
N. hom b erg i 44 4 4

Nt c i r r o s a 4 4 4 4 4 4 4
N. c i r r o s a 4 4 4 4 4 4 —

N. c a l i f o r n i e n s I s 4 - - - 4 4
N. c a l i f  o m  l e n s  i s 4 — - 4 4 4 4
N. c a l i f o r n l e n s i s 4 4 4 4 4 4 4

c a l i f o r n l e n s i s 4 4 4 — — - 4

N . c a l i f o r n l e n s i s - 4 4 4 4 44 44 44 44
N. c a l i f o r n i e n s i s - 4 4 4 4 4 4
N . c a l i f  o m i e n s  i s - 44 44 44 44 44- 4
N . c a l i f  o m i e n s i s - 4 4 44 44 44 44 44
N. c a l i f  o m i e n s l s - 4 4 44 44 4 4 44 4 4
N . c a e c a - 4 4 44 44 44 44 4 4
N. f e r r u g l n e a - 44 44 44 44 44 4 4
N . f e r r u g i n e a - 4 4 4 4 4 4 44 44 44
N . c i r r o s a - 44 44 44 44 44 44
N. c i r r o s a - 4 4 44 44 44 44 44
N. l o n g o s e t o s a - 4 4 44 44 44 44 44
N. i n c i s a - 44 44 44 44 44 44
N. hom b ergi - 4 4 4 4 4 4 4 4 4 4 4 4
N . hom bergi - 4 4 44 44 44 4 4 44
N . p l c t a - 4 4 4 4 4 4 4 44 4 4
N . p u n c ta ta - 4 4 44 44 44 4 4 4 4
N. p u n c ta ta — 44 4 4 4 4 4 4 4 4 4 4

B l ,  B2, and  0 1 ,  0 .  
c e l l s  in  the a r e a s

2 ,  e t c .  r e f e r  
i n d i c a t e d  in

t o  groups  
f i g . 3 4 .

o f  t h e s e  g a n g l io n

M a t u r i ty :  ++ coe lom  f u l l  o f  e g g s  o r  sperm , p h a g o c y t o s i s  o f
the musculature.

4 probably fully mature, but uncertain, 
immature.

S e c r e t o r y  a c t i v i t y  o f  th e  c e l l s  :
44 a number of ffells of this type with secretory 

granules, vacuoles, etc.
4 cells nearly a ll  inactive, but one or more 

with a few granules or vacuoles. (This
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c a t e g o r y  r e p r e s e n t s  a lm o s t  co m p le te  
i n a c t i v i t y . )
no c e l l s  sh ow ing any s i g n s  o f  s e c r e t o r y  
a c t i v i t y .

d e term in e  how c l o s e  to  m a t u r i t y  some s p e c im e n s  w e r e ;  t h e s e  

h ave b een  I n c lu d e d  in  the t a b l e  and  i t  w i l l  be s e e n  t h a t  

th e y  g i v e  c o n f l i c t i n g  r e s u l t s ,  b u t  on th e  w h ole  b e a r  o u t  

the c o n c l u s i o n  t h a t  I t  I s  t h e s e  c e l l s  w h ic h  a r e  a s s o c i a t e d  

w it h  the I n h i b i t i n g  h orm on es.

D i s c u s s i o n

The m o r p h o lo g ic a l  and f u n c t i o n a l  s i m i l a r i t i e s  b etw een  

th e  s u p r a - o e s o p h a g e a l  g a n g l i a  o f  n e p h t y ld s  and n e r e l d s  a re  

e v i d e n t  in  t h e  n e u r o s e c r e t o r y  s y s te m s  o f  t h e  two f a m i l i e s  

o f  v;orms. I n d e e d ,  th e  s t r u c t u r a l  f e a t u r e s  o f  th e  c e r e b r o ­

v a s c u l a r  com plex  a r e  a lm o s t  I d e n t i c a l ,  and t h e r e  can b e  no  

doubt t h a t  I t  I s  t h e  c h i e f .  I f  n o t  t h e  o n l y ,  s i t e  a t  w h ich  

n e u r o s e c r e t o r y  m a t e r i a l  I s  r e l e a s e d  I n t o  g e n e r a l  c i r c u l a t i o n  

in  t h e  b o d y . In  b o th  w o m s  th e  g r a n u le s  can be d e t e c t e d  In  

th e  com p lex  o n ly  In immature s p e c im e n s ,  and I t  I s  t h e  B and  

C c e l l s  w h ic h  a r e  s e c r e t i n g  In Immature worms and a r e  I n ­

a c t i v e  In  m ature o n e s .  There a r e  th u s  s t r o n g  g rou n d s f o r  

s u p p o s in g  t h a t  I t  I s  t h e s e  c e l l s  w h ich  p rod uce th e  hormone
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o r  horm ones w h ich  a r e  r e s p o n s i b l e  f o r  th e  e f f e c t s  d i s ­

c o v e r e d  b y  Durchon. T h is  i n t e r p r e t a t i o n  i s  s u p p o r te d  

b y o t h e r  c o n s i d e r a t i o n s  o f  a more t h e o r e t i c a l  n a t u r e .

S in c e  th e  horm ones a r e  i n h i b i t o r y  an d  a r e  e f f e c t i v e  d u r in g  

th e  g r e a t e r  p a r t  o f  th e  l i f e  o f  t h e  a n im a l ,  t h e r e  m u st  be  

a c o n s t a n t  r e l e a s e  o f  them I n t o  th e  b o d y . U nder t h e s e  

c ir c u m s ta n c e s  I t  m ig h t  be  e x p e c t e d  t h a t  a g r e a t  number o f  

s e c r e t o r y  c e l l s  w ou ld  be I n v o lv e d  and t h a t  th ey  w ould  

s e c r e t e  a s y n c h r o n o u s ly : v e r y  fe w  s e c r e t o r y  c e l l s  a r e

c a p a b le  o f  c o n s t a n t  s e c r e t i o n  and t h i s  I s  t h e  s i m p l e s t  way 

In  w h ic h  th e  c o n s t a n t  p r o d u c t io n  o f  a s u b s ta n c e  can be  

a c h i e v e d .  These c o n d i t i o n s  a r e  s a t i s f i e d  by th e  B and  C 

c e l l s .  The t y p e  A c e l l s  a r e  q u i t e  d i f f e r e n t .  There a r e  

o n ly  two o r  f o u r  o f  them in  th e  b r a i n ,  th e y  a r e  u s u a l l y  

f u l l y  c h a r g e d  w i t h  s e c r e t i o n ,  and i t  i s  l i k e l y  t h a t  th e y  

p ro d u ce  a s u b s ta n c e  t h a t  i s  u s e d  o n ly  I n t e r m i t t e n t l y  an d  

th e n  o n ly  f o r  s h o r t  p e r i o d s .

The n e u r o s e c r e t o r y  m a t e r i a l  a c c u m u la te s  a t  t h e  b a s e  

o f  th e  cone o f  a x o n s ,  j u s t  a b o v e  th e  la m in a te d  c o n n e c t iv e  

t i s s u e  s h e a t h  around th e  b r a i n .  I t  can a l s o  u s u a l l y  be  

fo u n d  In t h e  m o d i f ie d  p e r l c a p s u l a r  membrane, b u t  how I t  

c r o s s e s  th e  c o n n e c t iv e  t i s s u e  s h e a th  I s  unknown. B ob in  & 

Durchon (1 9 5 2 )  in  t h e i r  s t u d y  o f  P e r l n e r e i s  c u l t r l f e r a  

d e s c r i b e d  t h e  a c c u m u la t io n  o f  f u c h s i n o p h l l l c  g r a n u l e s ,  

s i m i l a r  t o  t h o s e  v i s i b l e  In t h e  cone o f  f i b r e s ,  in  s m a l l
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’m o iù l l f o r m ’ b o d ie s  w hich  are found  in  t h e  f i b r e  t r a c t  and 

e s p e c i a l l y  Im m ed ia te ly  above th e  c o n n e c t iv e  t i s s u e  s h e a t h  

o f  th e  b r a i n .  They may som etim es  h ave th e  ap pearan ce  o f  

sm a ll  u n i c e l l u l a r  g la n d  c e l l s  w ith  t h e i r  n e c k s  o r i e n t a t e d  

to w a r d s , and p erh ap s  p r o j e c t i n g  th r o u g h ,  th e  s h e a t h .

D e f r e t in  (1 9 5 5 )  h a s  come t o  an e n t i r e l y  d i f f e r e n t  c o n c l u s i o n  

about t h e  n a tu r e  o f  t h e s e  f u c h s i n o p h i l l c  g r a n u le s  and  th e  

’m o r u llfo r m  b o d i e s ’ . He s u g g e s t s  t h a t  t h e y  a r e  m i t o c h o n d r i ­

a l  s t r u c t u r e s  w h ic h  h ave  m ig r a te d  Inw ards from th e  c e l l s  o f  

th e  m o d if ie d  p e r l c a p s u l a r  membrane. I  h a v e  n o t  been a b le  

to  f i n d  su c h  ’m o r u l l fo r m ’ m a sse s  in  th e  b r a in  o f  N e p h t y s , 

even  when u s in g  th e  m i t o c h o n d r ia l  t e c h n i q u e s  w h ich  B obln  & 

lU rchon  (1 9 5 2 )  I n s i s t  a r e  e s s e n t i a l  I f  t h e y  a r e  to  b e  

d e m o n s tr a te d .

D e f r e t i n  (1 9 5 5 )  I s  o f  th e  o p in io n  t h a t  the n e u r o ­

s e c r e t o r y  p r o d u c ts  a r e  c a r r i e d  n o t  In th e  b lo o d  b u t  in  th e  

c o e lo m lc  f l u i d .  H is  r e a s o n s  f o r  t h i s  are  t h a t  th e  p a r t i c u l a r  

m o d i f i c a t i o n s  o f  t h e  p e r i c a p s u l a r  membrane d e s c r i b e d  b y  

Bobin & Durchon (1 9 5 2 )  o c c u r  n o t  o n ly  in  th e  c e r e b r o ­

v a s c u la r  c o m p le x ,  b u t  a l s o  in  th e  r e g io n  o f  t h e  p o s t e r i o r  

o p t i c  n e r v e s  and on th e  s i d e s  o f  the b r a i n .  T h e r e , some 

o f  the  p e d u n c u la te  f o r m a t io n s  t h a t  B obin  and Durchon h a v e  

d e s c r ib e d  a r e ,  a c c o r d in g  to  D efre  t i n ,  u n d o u b te d ly  c o e lo m lc  

c o r p u s c l e s .  He t h e r e f o r e  r e g a r d s  t h e  m o d i f ie d  e p i t h e l i u m  

around th e  b r a in  a s  o r d in a r y  c o e lo m lc  e p i t h e l i u m ,  and th e
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m o d i f i e d  r e g i o n s  a s  s i t e s  o f  f o r m a t io n  o f  c o e lo m lc  c o r ­

p u s c l e s ;  th e  w h o le  c e r e b r o - v a s c u l a r  c o m p le x ,  w i t h  the  

b lo o d  p l e x u s ,  i s  a d e v ic e  f o r  s u p p ly in g  th e  b r a in  w i t h  

o x y g e n .  The p e d u n c u la te  f o i m a t l o n s  on t h e  p e r l c a p s u l a r  

membrane do n o t  o c c u r  In  N e p h t y s , so  w h e th e r  o r  n o t  th e y  

a r e  a m o eb o cy tes  d o es  n o t  a f f e c t  ou r  p r e s e n t  a r ^ m e n t .

The p r e s e n c e  o f  g r a n u l e s ,  w i t h  t h e  same s t a i n i n g  and h l s t o -  

c h e m lc a l  p r o p e r t i e s  a s  th e  n e u r o s e c r e t o r y  m a t e r i a l .  In  th e  

c e r e b r o - v a s c u l a r  co m p lex , s u g g e s t s  t h a t  I t  I s  a r e l e a s e  s i t e  

f o r  t h e  s e c r e t i o n .  From t h e  g e n e r a l  c o n f i g u r a t i o n  o f  the  

b lo o d  v e s s e l s  in  r e l a t i o n  t o  th e  b r a i n ,  w h e th e r  th e y  fo rm  a 

p le x u s  or n o t .  I t  m ig h t  be arg u ed  t h a t  t h e  d e v ic e  was a  

r e s p i r a t o r y  o n e ,  b u t  t h i s  seem s u n l i k e l y  in  v ie w  o f  t h e  

g r e a t  t h i c k e n i n g  o f  t h e  c o n n e c t i v e  t i s s u e  s h e a t h  o f  t h e  

b r a in  a t  j u s t  th e  p la c e  where o x y g en  I s  su p p o se d  t o  b e  d i f ­

f u s i n g  i n t o  i t .  T h is  i s  c e r t a i n l y  n o t  t h e  s t a t e  o f  a f f a i r s  

i n  the v e n t r a l  n e r v e  c o r d  o f  N e p h t y s , where t h e  e l a b o r a t e  

c o l l i n g  o f  th e  n e u r a l  s e g m e n t a l  b lo o d  v e s s e l s  o v e r  the  

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

a p p e a r  t o  b e  a r e s p i r a t o r y  a d a p t a t i o n ,  and  th e  c o n n e c t iv e  

t i s s u e  s h e a th  i s  som ew hat t h i n n e r  th e r e  th a n  e l s e w h e r e ,  and 

c e r t a i n l y  n o t  t h ic k e n e d  f o u r -  o r  f i v e - f o l d  ( s e e  A p p en d ix  I I )  

The p o s s i b i l i t y  t h a t  t h e  neuro  s e  ere  to r y  p r o d u c ts  a r e  

ta k en  up b y  a m o eb o cy tes  In  t h e  b lo o d  s t r e a m  a s  th ey  are  

r e l e a s e d  i n t o  i t  d o e s  n o t  n e c e s s a r i l y  im p ly  t h a t  the am oebo-
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c y t e s  a re  e s s e n t i a l  t r a n s p o r t e r s  o f  th e  hormone t o  t h e  

t a r g e t  o r g a n s .  W ig g le s w o r th  (1 9 5 5 ,  19 5 6 )  h a s  d i s c o v e r e d  

g r a n u le s  s t a i n i n g  w i t h  p a r a ld e h y d e  f u c h s i n  i n  th e  h a e m o c y te s  

o f  th e  i n s e c t  R h o d n lu s , w h ich  a r e  n o t  n e u r o s e c r e t o r y  p r o ­

d u c t s ,  b u t  a p p ea r  t o  be ’m u c o p o ly s a c c h a r id e s ’ t h a t  p la y  

some p a r t  in  th e  f o r m a t io n  o f  th e  c o n n e c t i v e  t i s s u e s .  T h is  

i s  n o t  a f u n c t i o n  one w ou ld  e x p e c t  t o  f i n d  p la y e d  by th e  

a m o eb o cy tes  i n  th e  b lo o d  v e s s e l s  o f  N ep h ty s  b e c a u s e  the  b lo o d  

v a s c u l a r  s y s t e m  o f  t h i s  a n im a l ,  u n l i k e  t h a t  o f  th e  a r t h r o ­

p o d s ,  i s  a c l o s e d  o n e , and  t h e r e  a r e  no e n d o t h e l i a l  c a p i l ­

l a r i e s  ( s e e  A pp en d ix  I I ) ,  F u r th e r m o r e ,  t h e  s u b s ta n c e  i n ­

g e s t e d  by t h e  a m o eb o cy tes  o f  N ep h ty s  i s  a  good d e a l  more 

com p lex  th a n  t h e  ’m u c o p o ly s a c c h a r id e s *  in  t h e  haemo c y t e s  o f  

R h o d n lu s . The o b v io u s  f u n c t i o n  o f  t h e s e  a m o eb o cy tes  I s  

th e  I n g e s t i o n  o f  f o r e i g n  p a r t i c l e s  i n  the  b lo o d  s t r e a m ,  

and th e  c h i e f  s o u r c e  o f  f o r e i g n  m a t t e r  I s  th e  n e u r o s e c r e t o r y  

s u b s t a n c e .
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CAPTIONS TO FIGURES

F ig u r e  3 4 .

F ig u r e  3 5 .

F ig u r e  3 6 .

F ig u r e  3 7 .

F ig u r e  3 8 .

F ig u r e  3 9 .

F ig u r e  4 0 .

The a p p r o x im a te  p o s i t i o n  o f  th e  t h r e e  t y p e s  o f  
n e u r o s e c r e t o r y  c e l l s  In  f r o n t a l  s e c t i o n s  o f  
th e  s u p r a - o e s o p h a g e a l  g a n g l i o n  o f  N e p h ty s  a t  
l e v e l s  I n d i c a t e d  in  th e  d iagram  on t h e  r i g h t .

Type A c e l l s  a t  d i f f e r e n t  s t a g e s  In t h e i r  
s e c f e t o r y  c y c l e .  The a c i d o p h i l i c  s e c r e t i o n  
i s  i n d i c a t e d  by d e n s e  s t i p p l e .  N . c a l l -  
f o r n l e n s i s , z e n k e r ,  p a r a ld e h y d e  f u c h s i n ,  l i g h t  
g r e e n .

Type B and ty p e  C c e l l s  a t  d i f f e r e n t  s t a g e s  In  
t h e i r  s e c r e t o r y  c y c l e s ,  sh ow ing th e  d i s t r i b u t i o n  
o f  f u c h s i n o p h l l l c  g r a n u l e s .  A rea s  o f  b a s o ­
p h i l i c  c y to p la s m  a r e  I n d i c a t e d  b y  d e n se  s t i p p l e .

A. T r a n sv e r se  s e c t i o n  th r o u g h  t h e  s u p r a - o e s o ­
p h a g e a l  g a n g l io n  o f  N . p l c t a , sh o w in g  num erous  
n e u r o s e c r e t o r y  c e l l s  c h a r g e d  w i t h  d ark  s t a i n i n g  
m a t e r i a l .  B o u in , p a r a ld e h y d e  f h c h s i n .

B. Type A c e l l  c o n t a i n i n g  a l a r g e  mass o f  
s e c r e t e d  m a t e r i a l .  N. c a l i f o r n l e n s i s , z e n k e r ,  
p a r a ld e h y d e  f u c h s i n .

C  and D. Type B c e l l s  a t  e a r l y  
o f  t h e i r  s e c r e t o r y  c y c l e s .  N. 
z e n k e r ,  p a r a ld e h y d e  f u c h s i n .

and l a t e  s t a g e s  
c a l i f o r n i e n s i s ,

E , F 
l a t e

and G. Type C 
s t a g e s  In t h e i r  

f o m i e n s i s , z e n k e r ,  p a r a ld e h y d e

c e l l s  a t  e a r l y ,  m id d le  and  
s e c r e t o r y  c y c l e s .  N. c a l l - 

f u c h s i n .

Type B c e l l s  a t  t h e  b e g i n n i n g ,  m id d le  and end  
o f  t h e i r  s e c r e t o r y  c y c l e s ,  s t a i n e d  w i t h  p a r ­
a ld e h y d e  f u c h s i n  ( to p  r o w ) ,  w i t h  o sm ic  a c i d  
(m id d le  r o w ) ,  and w i t h  sudan b la c k  B (b o tto m  r o w ) .

Type 0  c e l l s  a t  th e  b e g i n n i n g ,  m id d le  and end  
o f  t h e i r  s e c r e t o r y  c y c l e s ,  s t a i n e d  w i t h  p a r ­
a ld e h y d e  f u c h s i n  ( to p  r o w ) ,  o sm ic  a c i d  (m id d le  
r o w ) ,  and sudan b la c k  B (b o tto m  rovj).

Type B and C  c e l l s ,  show ing  th e  d i s t r i b u t i o n  o f  
P A S - p o s l t iv e  m a t e r i a l  o t h e r  th a n  g ly c o g e n .
N . c a l i f o r n l e n s i s  and N . h o m b e r g i , s c a l e s  v a r i o u s .
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F i g u r e  4 1 .

F ig u r e  4 2 .

The d i s t r i b u t i o n  o f  g ly c o g e n  in  ty p e  B and  
C c e l l s .  N . c a l i f  o m i e n s i s  and  N . h o m b e r g i , 
s c a l e s  v a r i o u s .

A. Type C c e l l  in  t h e  m id d le  p a r t  o f  i t s  
s e c r e t o r y  c y c l e .  N . h o m b e r g i , z e n k e r ,  p a r ­
a ld e h y d e  f u c h s i n .

B. Type C c e l l  a t  the same s t a g e  in  i t s  
s e c r e t o r y  c y c l e  sh o w in g  l i p i d s  o c c u r r in g  in  t h e  
p o s i t i o n  o f  t h e  v a c u o l e s .  N . h o m b e r g i , f o r m o l ,  
Sudan b la c k .

F ig u r e  4 3 .

 ̂ F ig u r e  4 4 .

F ig u r e  4 5 .

C. Type B c e l l  in  th e  l a t e r  p a r t  o f  I t s  
s e c r e t o r y  c y c l e ,  show ing th e  d i s t r i b u t i o n  o f  
l i p i d s .  N . h o m b e r g i , f o r m o l ,  sudan b l a c k .

D and E. N e u r o s e c r e t o r y  g r a n u le s  In a x o n s  in  
th e  p o s t e r i o r  p a r t  o f  t h e  s u p r a - o e s o p h a g e a l  
g a n g l i o n .  N. h o m b e r g i , f o r m o l ,  sudan b la c k .

C r o s s - s e c t i o n  th r o u g h  th e  c e r e b r o - v a s c u l a r  
com p lex  o f  N. c a l i f  o m i e n s i s . np n e u r o p i l e ,  
a t  axon t r a c t ,  n^  n e u r o g l i a ,  ngn n u c le u s  o f  
a n e u r o g l i a l  c e l l ,  c t s  c o n n e c t iv e  t i s s u e  
s h e a t h ,  pm p e r i c a p s u l a r  membrane , mpm m odi­
f i e d  p a r t  o f  t h e  p e r l c a p s u l a r  membrane, dbv 
d o r s a l  b lo o d  v e s s e l ,  npm n u c le u s  o f  a p e r l ­
c a p s u la r  membrane c e l l .

D iagram m atic r e p r e s e n t a t i o n  o f  t h e  v a r i a t i o n s  
i n  s t r u c t u r e  o f  th e  c e r e b r o - v a s c u l a r  com p lex  
o f  a number o f  n e p h t y l d s .

A. The v e n t r a l  p a r t  o f  th e  s u p r a - o e s o p h a g e a l  
g a n g l io n  w ith  th e  d o r s a l  b lo o d  v e s s e l .  The 
axon t r a c t  em erges  from  the n e u r o p i l e  (a b o v e )  
and runs t o  t h e  v e n t r a l  s u r f a c e  o f  th e  g a n g l i o n  
where a few  d a r k - s t a i n i n g  g r a n u le s  o f  n e u r o ­
s e c r e t o r y  m a t e r i a l  can  be s e e n  im m e d ia te ly  
above th e  g a n g l i o n i c  membranes. N. cae c a ,
B o u in ,  p a r a ld e h y d e  f u c h s i n .

B. The b a se  o f  t h e  g a n g l io n  and t h e  d o r s a l  
b lo o d  v e s s e l  w i t h  a l a r g e  m ass o f  n e u r o s e c r e t o r y  
m a t e r i a l  ( d a r k ly  s t a i n e d )  In  t h e  sp ace  b e tw e en  
them . N . p l c t a , B o u in ,  p a r a ld e h y d e  f u c h s i n .

C. The b a se  o f  t h e  b r a in  and t h e  d o r s a l  b lo o d  
v e s s e l .  Some g r a n u le s  o f  s e c r e t e d  m a t e r i a l
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can be s e e n  a t  t h e  end o f  th e  axon  t r a c t  and 
In an am oeb ocyte  in  th e  d o r s a l  b lo o d  v e s s e l .  
N. c i r r o s a , B o u in ,  p a r a ld e h y d e  f u c h s i n .

D. G ra n u les  in  t h e  axon t r a c t  o f  the c e r e b r o ­
v a s c u l a r  com p lex . The membranes and t h e  
d o r s a l  b lo o d  v e s s e l  h ave  become d e ta c h e d  in  
t h i s  s e c t i o n .  M. i n c i s a , B o u in ,  p a r a ld e h y d e  
f u c h s i n .

E. N e u r o s e c r e t o r y  m a t e r i a l  in  th e  lumen o f  
th e  d o r s a l  b lo o d  v e s s e l  and in  an am oebocyte  
in  t h e  v e s s e l .  N . c a e c a ,  B o u in ,  p a r a ld e h y d e  
f u c h s i n .
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THE HOMOLOGIES OP THE POSTERIOR LOBES OP HEPHTYS 

AND THEIR IMPLICATION IN THE THEORY OP THE 

NATURE OF NEUROSECRETORY CELLS

T here a r e  g o o d  m o r p h o lo g ic a l  g rou n d s f o r  s u p p o s in g  

t h a t  th e  grou p s o f  g a n g l io n  c e l l s  in  th e  p o s t e r i o r  p a r t  o f  

th e  s u p r a - o e s o p h a g e a l  g a n g l i a  o f  N ep h ty s  and  N e r e i s  a r e  

h o m o lo g o u s . In  N e r e i s  th e  g a n g l io n  c e l l s  i n  q u e s t i o n  i n ­

c lu d e  t h o s e  o f  th e  e p id e r m a l ,  and n u c h a l  n u c l e i ,  b o th  o f  

w hich  s e n d  axons t o  th e  p r o s t o m i a l  e p id e r m is ,  and an  im­

p o r t a n t  g ro u p  o f  n e u r o s e c r e t o r y  c e l l s ,  t h e  a x o n s  o f  w h ic h  

run  in to  t h e  n e u r o p i l e  ( R e t z i u s ,  1 8 9 5 ;  H olm gren, 1 9 1 6 ;

S c h a r r e r ,  1 9 3 6 ;  S c h a e f e r ,  1 9 3 9 ;  D e f r e t i n ,  1 9 5 5 ) .  A 

l i t t l e  a n t e r i o r  to  t h o s e  c e l l s ,  th e  p o s t e r i o r  o p t i c  n e r v e s  

e n t e r  th e  n e u r o p i l e .

As we have a l r e a d y  s e e n ,  th e  p o s t e r i o r  e y e s  o f  N e p h t y s , 

d e s p i t e  t h e i r  much s im p le r  s t r u c t u r e ,  a r e  n o t  o n ly  i n  t h e  

same p o s i t i o n  r e l a t i v e  t o  o t h e r  g r o u p s  o f  g a n g l io n  c e l l s ,  

b u t  a r e  i n v o l v e d  in  t h e  same t y p e  o f  p h o t o n e g a t iv e  b e h a v io u r .  

The b e h a v io u r  i s  c o n f u s e d  by t h e  f a c t  t h a t  th e  e y e s  o f  

N ep h ty s  a r e  to o  d e e p l y  embedded in  th e  g a n g l io n  to  f u n c t i o n  

p r o p e r ly  in  m ost s p e c i e s ,  b u t  when th e y  a r e  n e a r  th e  s u r f a c e ,  

a s  i n  N . c o m u t a , the worms are a b le  to  e x e c u t e  p r e c i s e l y  

th e  same o r i e n t a t i o n  m ovem ents a s  N e r e i s . The n e u r o s e c r e t o r y  

s y s te m s  in  the b r a in s  o f  N ep h ty s  and N e r e i s  a r e  a lm o s t  

i d e n t i c a l .  I t  i s  m ost p r o b a b le  t h a t  th e  c e l l s  p o s t e r i o r  to
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th e  n e u r o p i l e  p roduce th e  m a tu r a t io n  i n h i b i t o r y  hormone in  

N e r e i s  w h ich  have b een  i n v e s t i g a t e d  by  Durchon ( S c h a r r e r ,

1 9 3 6 ;  Dur c h o n , p e r s o n a l  c o m m u n ic a t io n );  t h e  hom ologou s  

c e l l s  in  th e  b r a in  o f  N ep h ty s  a r e  a l s o  n e u r o s e c r e t o r y  and  

th e r e  are  s i g n s  t h a t  th e y  produce horm ones h a v in g  th e  same 

e f f e c t  on t h a t  worm. The c e r e b r o - v a s c u l a r  c o m p le x e s  o f  

th e  two worms, w h ic h  ap pear  t o  b e  th e  s i t e s  a t  w h ic h  t h i s  

hormone i s  r e l e a s e d  I n t o  t h e  b lo o d  s t r e a m , a r e  i d e n t i c a l  

( s a v e  f o r  v e r y  m in o r  d i f f e r e n c e s ) .  The n u c h a l  n u c l e i  a r e  

c h a r a c t e r i s t i c  o f  t h e  p o s t e r i o r  p a r t  o f  th e  b r a in  o f  N e r e i s  

and o t h e r  p o l y c h a e t e s  (H olm gren , 1 9 1 6 ) ,  They o c c u r  a l s o  i n  

N e p h t y s , th ou gh  th e  s i t u a t i o n  i s  c o m p l ic a t e d  b e c a u s e  in  

s m a l l  s p e c i e s  th e  b r a in  t e n d s  to  be e l o n g a t e d  and t o  e x te n d  

i n t o  th e  s e c o n d  or t h i r d  se g m e n ts ,  and in  s e v e r a l  o t h e r  

s p e c i e s  the g a n g l io n  t e n d s  to s h i f t . p o s t e r i o r l y  a s  th e  

c ir c u m -o e s o p h a g e a l  c o n n e c t i v e s  a r e  s h o r t e n e d .  The n u c h a l  

o rg a n s  a r e  a lw a y s  s i t u a t e d  a t  th e  p o s t e r o - l a t e r a l  c o r n e r s  

o f  the  p rostom iu m , so  t h a t  in  some s p e c i e s  th e y  a r e  a c t u a l l y  

in  f r o n t  o f  t h e  a n t e r i o r  m argin  o f  th e  s u p r a - o e s o p h a g e a l  

g a n g l i o n ,  i n s t e a d  o f  in  t h e i r  n orm al p o s i t i o n  a t  i t s  

p o s t e r i o r  e n d . But th e  g a n g l io n  c e l l s  o f  th e  n u c h a l  n u c le u s  

a r e  a lw a y s  in  t h e i r  t y p i c a l  p o s i t i o n  i n  th e  p o s t e r i o r  p a r t  

o f  th e  b r a i n .

The o n ly  s t r u c t u r e s  in  the p o s t e r i o r  h a l f  o f  th e  b r a in s  

b etw e en  w h ic h  h o m o lo g ie s  h ave n o t  so  f a r  b e e n  e s t a b l i s h e d  a r e
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th e  e p id e r m a l  n u c le u s  o f  N e r e i s  and t h e  p o s t e r i o r  l o b e s  o f  

N e p h t y s , In  N e r e i s  , th e  b r a in  h a s  sunk  b e n e a th  t h e  e p i ­

d erm is  and the  e p id e r m a l  n e r v e s  run from  i t  t o  t h e  e p id e r m is  

on e i t h e r  s i d e  o f  the p os t e r o - l a t e r a l  p a r t  o f  th e  p r o s  tomium. 

In  N ep h ty s  the b r a in  i s  in  c o n t a c t  w i t h  the p ros t o m ia l  

e p id e r m is  and  th e r e  a r e  n o  e p id e r m a l  n e r v e s .  On th e  o t h e r  

h a n d , t h e r e  are no p o s t e r i o r  l o b e s  a t t a c h e d  to  t h e  b r a in  o f  

N e r e i s , As we h a v e  a l r e a d y  shown, , i n  some s p e c i e s  o f  

N e p h t y s , th e  mucus c e l l s  o f  th e  p ro s  tomium a r e  fo u n d  i n  th e

e p id e r m is ,  p r i n c i p a l l y  a lo n g  th e  s i d e s  o f  th e  prostom ium  
pfcfa.

{ e . g ,  N, an o l -a a , f i g , 4 6 A ) .  In o t h e r  s p e c i e s ,  t h e  mucus 

c e l l s  a re  l o c a t e d  i n  two p o s t e r i o r  l o b e s  o f  the s u p r a -  

o e s o p h a g e a l  g a n g l io n  and op en  to  th e  e x t e r i o r  by e x t r e m e ly  

l o n g ,  f i n e  n e c k s  w h ich  run in  a . t r a c t  a lo n g  e i t h e r  s i d e  o f  

th e  b r a in  t o  t h e  l a t e r a l  w a l l s  o f  th e  p ro sto m iu m , w h e r e , 

p r e s u m a b ly ,  the c e l l s  w ere o r i g i n a l l y  s i t u a t e d  ( e , g ,  N, c a e o a , 

f i g . 4 6 B ) ,  The mucus c e l l s  o f  the  p o s t e r i o r  lo b e s  a r e  

c o m p le t e ly  e n c l o s e d  w i t h in  t h e  b r a in  c a p s u le  and a r e  s e p a r a t e d  

from  th e  n e r v e  c e l l s  o n ly  by  n e u r o g l i a l  f i b r e s  w h ich  p e n e t r a t e  

i n t o  the  l o b e s  and i n t o  t h e  l a t e r a l  t r a c t s  o f  c e l l  p r o c e s s e s  

r u n n in g  from  th e  mucus c e l l s  to  t h e  e x t e r i o r .  The mucus 

c e l l s ,  w h e th e r  t h e y  a r e  i n  th e  e p id e r m is  o r  in  th e  p o s t e r i o r  

l o b e s ,  s e c r e t e  an a c i d  m u c o p o ly s a c c h a r id e .  In  one s p e c i e s ,

N , c i r r o s a  ( f i g . 4 6 C ) , a d i f f e r e n t  s i t u a t i o n  p r e v a i l s .  The 

p o s t e r i o r  l o b e s  a r e  f i l l e d  n o t  w ith  mucus c e l l s ,  but w i t h
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n e u r o g l i a l  c e l l s  and f i b r e s ,  l a r g e ,  n o n - s e ere  t o r y  m a tr ix  

c e l l s ,  and s m a l l  s e c r e t o r y  c e l l s  w h ich  a r e  th e  h o m o lo g u es  

o f  th e  p o s t e r i o r  lo b e  c e l l s  o f  o t h e r  s p e c i e  s .  P r o c e s s e s  

from  t h e s e  s e c r e t o r y  c e l l s  i n  th e  p o s t e r i o r  l o b e s  o f  

N, c i r r o s a  run a lo n g  the s i d e s  o f  t h e  b r a in  and end  in  t h e  

e p id e r m is  in  th e  l a t e r a l  w a l l s  o f  t h e  p rostom iu m . A lth o u g h  

th e y  a r e  h o m o lo g u es  o f  th e  mucus c e l l s ,  t h e s e  c e l l s  a re  

m o r p h o lo g i c a l l y  s i m i l a r  in  a p p e a ra n ce  to  t h e  n e u r o s e c r e t o r y  

c e l l s  in  the s u p r a - o e s o p h a g e a l  g a n g l i o n .

The g a n g l io n  c e l l s  from  w h ich  t h e  e p id e r m a l  n e r v e s  

o f  N e r e i s  a r i s e  l i e  im m e d ia te ly  p o s t e r i o r  to  th e  p o s t e r i o r  

group  o f  n e u r o s e c r e t o r y  c e l l s .  The o n ly  c e l l s  l y i n g  

p o s t e r i o r  to  th e  com p arab le  n e u r o s e c r e t o r y  c e l l s  i n  the  

b r a in  o f  N ep h ty s  a r e  t h o s e  o f  the  p o s t e r i o r  l o b e s .  The 

p o s t e r i o r  lo b e  c e l l s  l i e  in  t h e  same p o s i t i o n  a s  th e  e p i ­

derm al n u c l e u s ,  r e l a t i v e  t o  o t h e r  f e a t u r e s  in  the  b r a i n ,  

and p r o c e s s e s  fro m  them run to a p p r o x im a t e ly  t h e  same p o s i ­

t i o n  i n  th e  p ro s  t o m ia l  e p id e r m is  in  the tw o worms. The 

e p id e r m a l  n u c l e u s  o f  N e r e i s  i s  a n e u r o s e c r e t o r y  c e n t r e  

(B ob in  & Durch o n , 1 9 5 3 ) ;  th e  p o s t e r i o r  lo b e  c e l l s  o f  N ep h ty s  

a re  d e r iv e d  from  e p id e r m a l mucus c e l l s .  In  t h i s  c o n t e x t ,  

th e  p o s t e r i o r  l o b e s  o f  N e p h ty s  c i r r o s a  a re  o f  s p e c i a l  im­

p o r t a n c e ,  f o r  th e  s e c r e t o r y  c e l l s  i n  them a re  c e r t a i n l y  

h om ologu es  o f  th e  p o s t e r i o r  lo b e  c e l l s  o f  o t h e r  s p e c i e s  o f  

N e p h t y s , b u t  th e y  h ave the  ap p earan ce  o f  n e u r o s e c r e t o r y
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c e l l s .  The c o n c l u s i o n  t h a t  th e  p o s t e r i o r  lo b e  c e l l s  o f  

N ep h ty s  a r e  h o m o lo g u e s  o f  t h e  e p id e r m a l n u c le u s  o f  N e r e i s  

i s  u n a v o id a b le .

E v id e n c e  t h a t  e p id e r m a l  s e c r e t o r y  s t r u c t u r e s  may b e  

in c o r p o r a t e d  in  th e  b r a in  and t h e r e  becom e n e u r o s e c r e t o r y  

c e n t r e s  i s  m o st  d e t a i l e d  i n  the N e p h ty s - N e r e i s  s e r i e s ,  but  

i t  i s  n o t  u n iq u e ,  A s t r i k i n g l y  s i m i l a r  exam ple o f  e p i ­

derm al s e c r e t o r y  c e l l s  com ing to  have a c l o s e  a s s o c i a t i o n  

w it h  t h e  b r a in  h a s  b een  r e p o r t e d  in  ttie n e m e r te a n s  ( S c h a r r e r ,  

1 9 4 1 ) ,  The c e r e b r a l  organ  i s  com posed o f  b o th  s e n s o r y  and  

g la n d u la r  e l e m e n t s ,  and i s  e p id e r m a l  in  som e^nem erteans and 

c o m p le t e ly  in c o r p o r a t e d  i n t o  t h e  b r a in  o f  o t h e r s .  In t h i s  

c a s e  th e r e  i s  n o  e v id e n c e  t h a t  th e  s e c r e t o r y  c e l l s  have th e  

a p p ea ra n ce  o f  n e u r o s e c r e t o r y  c e l l s  i n  any  s p e c i e s ,  th o u g h  

i n  M a la c o b d e l la , th e  g l a n d u la r  a r e a  a p p e a rs  to be l a c k i n g .

I t  w ould  b e  I n t e r e s t i n g  t o  know i f  t h e  se  e r e  t o r y  component 

o f  t h e  c e r e b r a l  organ  o f  t h i s  g e n u s  i s  r e a l l y  m i s s i n g ,  or  

i f  th e  s e c r e t o r y  c e l l s  h a v e  been m o d i f i e d ,  a s  t h e y  h a v e  b een  

i n  N ep h th y s  c i r r o s a , and h a v e  b een  m is ta k e n  f o r  n e u r o n e s .

The c e r e b r a l  organ  o f  n e m e r te a n s  i s  s u s p e c t e d  o f  

b e in g  s e n s o r y ,  and a p a r a l l e l  h a s  b e e n  drawn b e tw e e n  i t s  

e v o l u t i o n  and t h a t  o f  th e  f r o n t a l  organ  o f  c r u s t a c e a n s  

( S c h a r r e r ,  1 9 4 1 ;  G a te , 1 9 5 4 ) .  In  th e  p h y l lo p o d  c i u s t a -  

c e a n s  and th e  c o p e p o d s ,  th e  f r o n t a l  organ  i s  s e n s o r y ,  b u t  

in  th e  M a la c o s t r a c a  i t  h a s  b ee n  i n c o r p o r a t e d  i n t o  th e  c e n t r a l  

n e r v o u s  s y s te m  t o  fo im  th e  X -o rg a n  (H anstrom , 1 9 4 9 ) .  Thus
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in  th e  M a la c o s t r a c a ,  the p r i n c i p a l  i n c r e t o r y  o rg a n s  h a v e  

b e e n  d e r iv e d  from e p i d e m a l  s e n s o r y  s t r u c t u r e s .  The 

p a r a l l e l  b etw een  t h e  e v o l u t i o n  o f  th e  n em ertea n  c e r e b r a l  

o r g a n s  and the c r u s ta c e a n  f r o n t a l  organ  may b e  e v e n  c l o s e r  

than t h i s ,  f o r  in  some cop ep od s  the f r o n t a l  organ  i s  

a s s o c i a t e d  w i t h  a l a r g e  s e c r e t o r y  c e l l  (D a h l ,  1 9 5 3 ) .  Be­

c a u s e  t h i s  c e l l  i s  n o t  u n i v e r s a l l y  p r e s e n t  in  c o p e p o d s ,  the  

r e l a t i o n s h i p  b etw een  i t  and th e  f r o n t a l  o rg a n  h a s  b een  d i s ­

c o u n te d ,  b u t  p r i m i t i v e  s e n s e  o r g a n s  are  commonly a s s o c i a t e d  

w it h  s e c r e t o r y  c e l l s  ( e . g ,  th e  n em ertea n  c e r e b r a l  o rg a n ,  

th e  o r g a n s  o f  Tomosvary o f  a c a r i n e s ,  th e  l a m e l l i b r a n c h  

osphradium  and th e  n e u r a l  g la n d  o f  a s c i d i a n s ) ,  and f u r t h e r  

i n v e s t i g a t i o n  may r e v e a l  t t ia t  t h e  s e c r e t o r y  c e l l  o f  t h e  

cop ep od  f r o n t a l  o r g a n  i s  n o  mere c o i n c i d e n t a l  o c c u r r e n c e  and 

t h a t  i t  i s  in v o lv e d  in  th e  e v o l u t i o n  o f  th e  X -organ  s in u s  

g la n d  s y s te m  o f  t h e  M a la c o s t r a c a .

S in c e  i t  i s  s u g g e s t e d  t h a t  e p id e r m a l  s e c r e t o r y  c e l l s  

h a v e ,  i n  some cases^  b e e n  in c o r p o r a t e d  i n t o  t h e  c e n t r a l  

n e r v o u s  s y s te m  a s  n e u r o s e c r e t o r y  c e l l s ,  i t  m u st  be e s t a b l i s h e d  

w h e th e r  o r  n o t  th e  p h y l o g e n e t i c  t r a n s f o r m a t io n  o f  a mucus 

c e l l  i n t o  a n eu ro n e  w ould  b e  p o s s i b l e .  A l l  e p id e r m a l  

t i s s u e  h a s  a t  l e a s t  tiie. p o t e n t i a l i t y  o f  b ecom in g  n e r v o u s  

t i s s u e ,  f o r  n e u r a l  tube can  be in d u c e d  t o  form  i n  any p a r t  

o f  t h e  v e r t e b r a t e  ec to d e r m  u n d er  a p p r o p r ia t e  e x p e r im e n ta l  

c o n d i t i o n s .  F u r t h e r ,  n e r v o u s  t i s s u e  can  be r e g e n e r a t e d
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from  e p id e r m is  in  worms ( B e r r i l l ,  1952) and i n s e c t s  ( h i g g l e s -  

w o r th ,  1 9 5 3 ) ,  w h i le  th e  s u p r a -o e s o p h a g e a l  g a n g l io n  i s  

r e g u l a r l y  form ed  from  e p id e r m is  i n  s e v e r a l  p o ly c h a e t e s  and  

o l i g o c h a e t e s  w hich  r e p r o d u c e  by s t o l o n i s a t i o n  (D a w y d o ff ,

1 9 2 8 ;  S te p h e n s o n ,  1 9 3 0 ) .  H ow ever, h e r e  we a re  s u g g e s t i n g  

t h a t  an e p id e r m a l c e l l ,  s p e c i a l i s e d  f o r  s e c r e t i o n ,  h a s  

e v o l v e d  in t o  a n o th e r  s p e c i a l i s e d  c e l l ,  a  n e u r o n e ,  b y  th e  

s e q u e n t i a l  ap p earan ce  o f  n e u r o n a l  c h a r a c t e r i s t i c s ,  r a t h e r  

than  by d e d i f f e r e n t i a t i o n  and r e c o n s t i t u t i o n .  The c e l l s  

o f  th e  p o s t e r i o r  l o b e s  o f  N ep h ty s  are  u n e q u i v o c a l l y  mu e u s -  

s e c r e t i n g ,  b u t  th ey  h a v e  some f e a t u r e s  in  common w ith  

n e u r o n e s .  They h a v e  a c e l l - b o d y  c o n t a in i n g  th e  n u c le u s  

and a c e l l  p r o c e s s  w h ich  i s  many t im e s  l o n g e r  than th e  

g r e a t e s t  d im e n s io n  o f  the c e l l - b o d y ; t h e  c h i e f  d i f f e r e n c e  

i s  t h a t  th ey  a r e  c o n s i d e r a b l y  l a r g e r  than  m o st  n e r v e  c e l l s ,  

th o u g h  n o t  l a r g e r  than  t h e  u n i c e l l u l a r  g i a n t  a x o n s  o f  some 

p o l y c h a e t e s .  Any o f  th e  s p e c i a l  m o r p h o lo g ic a l  and p h y s i o ­

l o g i c a l  p r o p e r t i e s  o f  n e r v e  c e l l s  w h ich  a r e  a t t r i b u t a b l e  t o  

t h e i r  p e c u l i a r  sh a p e ,  a r e  l i k e l y  a l s o  to  be p r o p e r t i e s  o f  any  

o t h e r  c e l l s  w h ich  a p p r o x im a te  t o  them i n  s h a p e .  I t  i s  l i k e ­

l y  t h a t  b o t h  th e  s p e c i a l  e l e c t r i c a l  p r o p e r t i e s  o f  n e u ro n es  

and th e  p r e s e n c e  and c o n f i g u r a t i o n  o f  the n e u r o f i b r i l l a e  

f a l l  i n t o  t h i s  c a t e g o r y .  N i s s l  g r a n u le s  a r e  a l s o  r e g a r d e d  

a s  c h a r a c t e r i s t i c  o f  n e u r o n e s ,  b u t  th ey  a r e  g r a n u le s  o f  

r i b o n u c l e o p r o t e i n  w h ic h  i s  p r e s e n t  i n  th e  c y to p la sm  o f  a l l
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c e l l s  and w h ich  te n d s  to  fo rm  a g g r e g a t i o n s  r e s e m b l in g  

N i s s l  b o d ie s  in  any  a c t i v e  c e l l .  N e u r o s e c r e t o r y  c e l l s  

have t h e  a d d i t i o n a l  p r o p e r ty  th a t  t h e y  s e c r e t e  a s u b s ta n c e  

t h a t  a g g r e g a t e s  in  d r o p l e t s  o r  g r a n u l e s .  E p id erm a l mucus 

c e l l s  s h a r e  t h i s  p r o p e r t y ,  and i t  i s  s i g n i f i c a n t  t h a t  t h e y  

and the  n e u r o s e c r e t o r y  c e l l s  o f  many a n im a ls  s e c r e t e  

m a t e r i a l s  t h a t  c o n t a in  p o l y s a c c h a r i d e s .

There seem s t o  be no o v e r - r i d i n g  o b j e c t i o n ,  a p r i o r i ,  

t o  th e  e v o l u t i o n  o f  n e u r o s e c r e t o r y  c e l l s  from  e p id e r m a l  

s e c r e t o r y  c e l l s .  I n  the N e p h ty id a e  and th e  N e r e id a e  t h i s  

i s  th e  m ost r e a s o n a b le  e x p la n a t i o n  o f  t h e  ch a n g es  i n  d i s ­

t r i b u t i o n  and m orp h o logy  o f  t h e  es^pidermal s e c r e t o r y  c e l l s  

o f  the  p ro s  tomium. I t  seem s t h a t  i n  t h e s e  worms th e

e v o l u t i o n a r y  t e n d e n c y  h a s  b een  f i r s t  f o r  e p id e r m a l  mucus 

c e l l s  t o  m ig r a te  c e n t r i p e t a l l y  and to  become in c o r p o r a te d  

w i t h i n  t h e  s u p r a -o e s o p h a g e a l  g a n g l i o n ,  b u t  t o  r e t a i n  a con ­

n e c t i o n  to  th e  e x t e r i o r ;  and s e c o n d l y ,  f o r  t h e  c e l l s  in  

th e  p o s t e r i o r  l o b e s  t o  u n d ergo  m o d i f i c a t i o n  so  t h a t  t h e y  

r e s e m b le  n e u r o n e s .  In  t h e  N e r e id a e ,  th e  in c o r p o r a t io n  o f  

th e  c e l l s  i n t o  th e  g a n g l io n  i s  co m p le te  and t h e y  are i n d i s ­

t i n g u i s h a b l e  from  any o t h e r  n e u r o n e s .  The same phenomenon  

may a c c o u n t  f o r  t h e  e v o l u t i o n  o f  t h e  c e r e b r a l  organ  o f  

n em er te a n s  and t h e  X -o rg a n  o f  c r u s t a c e a n s .  I t  i s  n o t  s u g ­

g e s t e d  t h a t  a l l  n e u r o s e c r e t o r y  c e l l s  h a v e  b een  e v o l v e d  from  

e p id e r m a l  mucus c e l l s ,  and s t i l l  l e s s  i s  i t  s u g g e s t e d  t h a t
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a l l  n e u r o s e c r e t o r y  c e n t r e s . r e p r e s e n t  s e c o n d a r y  a d d i t i o n s  

to  a p r e - e x i s t i n g  n e r v o u s  s y s t e m ;  i t  w ou ld  be i m p o s s ib l e  

t o  e x te n d  su ch  an a n a l y s i s  to  i n c l u d e  th e  h y p o p h y s e a l -  

h y p o th a la m ic  t r a c t  o f  v e r t e b r a t e s ,  f o r  ex a m p le .  I t  i s  

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

and se c o n d a r y  f u n c t i o n  o f  n e r v e  c e l l s ,  b u t  r a t h e r  t h a t  

s e c r e t i o n  i s  a fu n d a m en ta l p r o p e r ty  o f  e c to d e r m a l  t i s s u e  

w h ic h  h as b een  r e t a i n e d  t o  a marked d e g r e e  b y  c e r t a i n  c e l l s ,  

th e  n e u r o s e c r e t o r y  c e l l s .  In p a r t i c u l a r ,  i t  i s  th o s e  n e r v e  

c e l l s  i n  the  m o st  p r i m i t i v e  p a r t s  o f  t h e  n e r v o u s  s y s te m  t h a t  

e x h i b i t  t h i s  p r i m i t i v e  s e c r e t o r y  a c t i v i t y  to  s u c h  a marked  

d e g r e e .  I t  i s  o n ly  in  a fe w  e x c e p t i o n a l  c a s e s  t h a t  th e  

i n c o r p o r a t i o n  o f  e p id e r m a l  s e c r e t o r y  s t r u c t u r e s  i n t o  th e  

c e n t r a l  n e r v o u s  s y s te m  can be d e t e c t e d ,  b u t  th e  f a c t  t h a t  

th e y  a re  a p p a r e n t ly  t r a n s fo r m e d  i n t o  n e u r o s e c r e t o r y  c e l l s  

in  th e  p r o c e s s  p r o v id e s  a c l u e  t o  th e  fu n d a m e n ta l  n a t u r e  o f  

n e u r o s e c r e t o r y  c e l l s  in  o t h e r  p a r t s  o f  t h e  n e r v o u s  s y s t e m .

T h is  v iew  o f  n e u r o s e c r e t o r y  c e l l s  ru n s  c o m p le t e ly  

c o u n te r  t o  th e  u s u a l  i n t e r p r e t a t i o n  o f  t h e i r  n a t u r e .  The 

c u r r e n t l y  a c c e p t e d  i n t e r p r e t a t i o n  h a s  r e c e n t l y  b een  summar­

i s e d  by Hanstrbm ( 1 9 5 4 ) ,  He e m p h a s is e s  t h a t  n e u r o s e c r e t o r y  

c e l l s  h ave  t h e  e s s e n t i a l  c h a r a c t e r i s t i c s  o f  n e u r o n e s ,

"The f a c t  t h a t  c e l l s  o f  t h i s  t y p e  o r i g i n a l l y  a re  t r u e  n e r v e  

c e l l s  and n o t  g la n d  c e l l s ,  w h ich  i n  some way or  a n o th e r  h ave  

b een  in c o r p o r a t e d  i n t o  t h e  c e n t r a l  n e r v o u s  s y s t e m ,  i s  p ro v ed
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by  t h e i r  g e n e r a l  m orp h o logy  —  l i k e  t r u e  n e r v e  c e l l s  th e y  

p o s s e s s  d e n d r i t e s  and a x o n s  —  and t h e i r  c y t o l o g y  - -  th e y  

p o s s e s s  N i s s l - s u b s t a n c e  and ( a t  l e a s t  som etim es in  v e r t e ­

b r a t e s )  n e u r o f i b r i l s " .  He th e n  g o e s  on to  a r r a n g e  th e  

v a r i o u s  t y p e s  o f  n e u r o s e c r e t o r y  c e l l  t h a t  a r e  known a t  

p r e s e n t  i n t o  o r d e r  and t o  s u g g e s t  an e v o l u t i o n a r y  s e q u e n c e  

o f  them . These a r e ;  1 .  c o n v e n t i o n a l  n e u r o n e s ;  2 ,  n e u r o ­

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

b u t  w i t h  g r a n u l e s ,  d r o p l e t s  and  v a c u o l e s  o f  s e c r e t e d  su b ­

s t a n c e  in  th e  c e l l  body w h ich  d o e s  n o t  m ig r a te  a lo n g  t h e  

a x o n ;  3 ,  tr u e  n e u r o s e c r e t o r y  c e l l s  w hich  have r e t a i n e d  

th e  m o r p h o lo g ic a l  c h a r a c t e r i s t i c s  o f  n e u r o n e s ,  b u t  In w h ich  

th e  s e c r e t i o n  t r a v e l s  a lo n g  th e  a x o n  to  be s t o r e d  i n  

s p e c i a l i s e d  t e r m in a t io n s  -  t h e  axon s no l o n g e r  in n e r v a t e  

e f f e c t o r s ;  4 .  n e u r o s e c r e t o r y  c e l l s  w hich  r e s e m b le  t h o s e  in  

th e  p r e v io u s  c a t e g o r y ,  e x c e p t  t h a t  t h e y  l a c k  d e n d r i t e s .

R e p r e s e n t in g  t h e  t h r e e  c l a s s e s  o f  n e u r o s e c r e t o r y  

c e l l ,  H anstrom  s u g g e s t s  th e  f o l l o w i n g  : c l a s s  2 .  th e  n e u r o ­

s e c r e t o r y  c e l l s  o f  a n n e l i d s ,  on t h e  g ro u n d s  t h a t  t h e r e  i s  

no s ig n  o f  s e c r e t i o n  i n  t h e  a x o n s  and no s t o r a g e  organ  h a s  

b e e n  d e t e c t e d ;  c l a s s  3 ,  th e  n e u r o s e c r e t o r y  c e l l s  o f  th e  

p e r i c a r d i a l  and n eu ro h a em a l o rg a n s  o f  c r u s ta c e a n s ^  some 

e le m e n t s  in  t h e  n u c l e u s  p r e o p t i c u s  o f  f i s h e s  and a m p h ib ia n s ,  

and th e  n u c l e i  s u p r a o p t ic u s  and p a r a v e n t r i c u l a r i s  o f  

r e p t i l e s ,  b i r d s  and mammals; c l a s s  4 .  th e  c e l l s  o f  the  

X -o rg a n  o f  c r u s t a c e a n s ,  th e  m e d ia l  c e l l s  o f  th e  p a r s  i n t e r -
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c e r e b r a l l s  i n  t h e  i n s e c t  b r a i n ,  and some c e l l s  in  th e  

n u c l e i  p r e o p t i c u s ,  s u p r a - o p t i c u s  and p a r a v e n t r i c u l a r i s . 

Added w e i g h t  i s  g iv e n  to  t h i s  i n t e r p r e t a t i o n  o f  t h e  

e v o l u t i o n a r y  s t a t u s  o f  t h e  t h r e e  c l a s s e s  o f  n e u r o s e c r e t o r y  

c e l l s ,  by t h e  f a c t  t h a t  no s i g n  o f  n e u r o s e c r e t o r y  a c t i v i t y  

h a s  s o  f a r  been  d e t e c t e d  in  th e  n e r v e  n e t  o f  c o e l e n t e r a t e s , 

n o r ,  w i t h  c e r t a i n t y ,  i n  th e  p l a t y h e I m i n t h e s . The a n im a ls  

l o w e s t  i n  t h e  e v o l u t i o n a r y  s c a l e  to  p o s s e s s  n e u r o s e c r e t o r y  

c e l l s  a r e  th e  a n n e l i d s ,  and i n  t h e s e  the  c e l l s  a r e  o f  th e  

m o st p r i m i t i v e  s o r t .  In  a d d i t i o n ,  H anstrom  s u g g e s t s  t h a t  

i t  may b e  p o s s i b l e  e v e n t u a l l y  t o  c r e a t e  a f i f t h  ty p e  o f  

c e l l  to  accommodate n e u r o s e c r e t o r y  c e l l s  w i t h o u t  an axon  

w h ic h  a r e  m o r p h o lo g ic a l  c o u n t e r p a r t s  o f  a d r e n a l  m e d u lla  

c e l l s  (he  r e j e c t s  the s u g g e s t i o n  b y  th e  S c h a r r e r s  (19 5 4 b )  

t h a t  t h e  a d r e n a l  m e d u l la  c e l l s  r e p r e s e n t  th e  f i n a l  s t a g e s  

i n  t h e  t r a n s f o r m a t io n  o f  c o n v e n t io n a l  n e u r o n e s  i n t o  n e u r o ­

s e c r e t o r y  c e l l s ) .

As t o  th e  s e c o n d  c l a s s  o f  c e l l s ,  a x o n a l  t r a n s m i s s io n  

o f  th e  n e u r o s e c r e t o r y  s u b s ta n c e  h a s  b e e n  d e m o n s tr a te d  in  

s e d e n t a r y  p o l y c h a e t e s  (A rvy , 1 9 5 4 ) ,  i n  th e  e p id e r m a l  n e r v e  

o f  P e r i n e r e i s  (B ob in  & lu r c h o n ,  1 9 5 3 )  and in  th e  p o s t e r i o r  

p a r t  o f  th e  b r a in  o f  N e p h ty s . A d m it te d ly  i t  i s  u n u s u a l  

and d i f f i c u l t  t o  show n e u r o s e c r e t o r y  m a t e r i a l  in  th e  a x o n s  

o f  p o l y c h a e t e s .  There seem  to be tw o r e a s o n s  f o r  t h i s . 

Much o f  the s e c r e t i o n ,  a t  l e a s t  i n  P e r i n e r e i s  and  N ep h ty s
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a p p e a r s  t o  b e  l a r g e l y  in  t h e  form  o f  a l c o h o l  s o l u b l e  l i p i d s  

and s o ,  u n l e s s  s p e c i a l  p r e c a u t io n s  a r e  t a k e n ,  the c h a n ce  o f  

c o n s e r v in g  and s t a i n i n g  i t  i s  s m a l l .  S e c o n d ly ,  th e  m a j o r i t y  

o f  n e u r o s e c r e t o r y  c e l l s  in  t h e  b r a in  o f  N ep h ty s  s e c r e t e  

a s y n c h r o n o u s ly ,  so  t h a t  o n ly  a few  c e l l s  a r e  a t  t h e  end o f  

t h e i r  s e c r e t o r y  c y c l e  in  any b r a i n  t h a t  i s  ex a m in ed . I t  

i s  l i k e l y  t h a t  a t  t h i s  s t a g e  the s e c r e t i o n  l e a v e s  th e  c e l l  

b o d y , so  t h a t  th e  t o t a l  q u a n t i t y  o f  s e c r e t i o n  in  a x o n s  in  

th e  b r a in  i s  n e v e r  g r e a t .

A s t o r a g e  and r e l e a s e  organ  o f  su ch  a d e g r e e  o f  

o r g a n i s a t i o n  and s p e c i a l i s a t i o n  a s  the s in u s  g la n d  o f  M ala­

c o s t r a c a  o r  t h e  n e u r o h y p o p h y s is  o f  v e r t e b r a t e s  i s  n o t  found  

in  t h e  a n n e l i d  n e r v o u s  s y s te m , b u t  an a n a lo g o u s  s t r u c t u r e  

i s  fo u n d  in  the s u p r a - o e s o p h a g e a l  g a n g l io n  o f  N e r e i s  and  

N e p h t y s . T h is  i s  th e  c e r e b r o v a s c u la r  c o m p lex ,  and w h i le  

i t  may be d i f f i c u l t  t o  d e m o n str a te  n e u r o s e c r e t o r y  m a t e r i a l  

in  axons in  th e  p o l y c h a s t e  b r a i n ,  i t  can n e a r l y  a lw a y s  be 

fo u n d  a c c u m u la te d  a t  t h e  b a s e  o f  th e  axon  t r a c t  i n  t h i s  

co m p lex  i n  immature worms.

Vsfhatever th e  d e g r e e  o f  o r g a n i s a t i o n  o f  the  a n n e l id  . 

n e u r o s e c r e t o r y  s y s t e m ,  o n e ,  a t  l e a s t  o f  H anstrbm ’ s c r i t e r i a  

i s  s a t i s f i e d .  There ca n  be n o  d o u b t  t h a t  the n e u r o s e c r e t o r y  

c e l l s  in  N ep h ty s  f u n c t i o n  a s  c o n v e n t io n a l  n e r v e  c e l l s .  In  

t h i s  worm t h e  g r e a t  m a j o r i t y  o f  n e r v e  c e l l s  in  t h e  b r a in  

show s i g n s  o f  s e c r e t o r y  a c t i v i t y  and i t  i s  i n c o n c e i v a b l e
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t h a t  s e c r e t i o n  s h o u ld  b e  t h e i r  s o l e  f u n c t i o n .  I f  t h i s  

w ere t r u e ,  t h r e e - q u a r t e r s  o f  t h e  g a n g l io n  w ould  be n o n ­

f u n c t i o n a l  a s  a n e r v e  c e n t r e .

But th e  c h i e f  r e a s o n s  f o r  i n c l u d i n g  a n n e l i d  n e u r o ­

s e c r e t o r y  c e l l s  in  c l a s s  2 ,  and w i t h  them t h e  j u s t i f i c a t i o n  

f o r  d e s i g n a t i n g  t h i s  c l a s s  o f  c e l l ,  h as  been  l e s s e n e d  by  

r e c e n t  d i s c o v e r i e s .  I n d e e d ,  on i n s p e c t i o n ,  t h e  w h o le  c o n ­

c e p t  o f  n e u r o s e c r e t o r y  c e l l s  in  w h ich  t h e  s e c r e t i o n  d o e s  

n o t  m ig r a te  a lo n g  t h e  axon , b u t  a c c u m u la te s  i n  th e  c e l l  

body and l a t e r  d i f f u s e s  o u t  o f  t h e  c e l l ,  th r o u g h  the s u r ­

r o u n d in g  t i s s u e s  and i n t o  th e  b lo o d  v e s s e l s ,  i s  u n c e r t a i n .  

A t t e n t i o n  h a s ,  on t h e  w h o le ,  b ee n  d i r e c t e d  tow ard s t h e  

horm ones p ro d u ced  by  n e u r o s e c r e t o r y  c e l l s  and on t h e i r  

b i o l o g i c a l  a f f e c t s ,  r a t h e r  th an  on th e  n a tu r e  o f  t h e  s e c r e t i o n .  

In  many c a s e s  i t  b e h a v e s  a s  a c o l l o i d a l  m a t e r i a l .  In  some 

a n im a ls  i t  i s  v e r y  co m p lex , and t h e r e  i s  e v id e n c e  t h a t  i t  

i s  com posed  o f  a b i o l o g i c a l l y  i n e r t  c a r r i e r - s u b s t a n ce t o ­

g e t h e r  w i t h  th e  hormone o r  horm ones (S c h a r r e r  & S c h a r r e r ,  

1 9 5 4 b ) .  As f a r  a s  i s  known, i t  i s  c o n s t i t u e n t s  o f  t h e  

c a r r i e r - s u b s t a n c e  w h ich  a r e  s t a i n e d  by c o n v e n t i o n a l  t e c h ­

n i q u e s  and o n ly  in  one c a s e  so  f a r  h a s  i t  b een  p o s s i b l e  t o  

s t a i n  a c o n s t i t u e n t  o f  the  hormone i t s e l f  (Adams & S l o p e r ,  

1 9 5 5 ) .  A l l  th e  in f o r m a t io n  we p o s s e s s  about th e  n a tu r e  o f  

th e  s e c r e t i o n  s u g g e s t s  t h a t  i t  i s  n o t  a s u b s ta n c e  w h ich  

d i f f u s e s  r e a d i l y  a c r o s s  c e l l  m em branes, and i t  i s  t h i s  p r o ­
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p e r t y  o f  fo r m in g  c o l l o i d a l  m a sse s  w h ic h  p r o b a b ly  a c c o u n t s  

f o r  th e  m a t e r i a l  b e in g  r e t a i n e d  in  th e  s t o r a g e  and r e l e a s e  

o r g a n s ,  where th e y  e x i s t .  I f  th e  c a r r i e r - s u b s t a n c e  d id  

n o t  s e r v e  t o  r e t a i n  th e  hormone w i t h i n  th e  c e l l s  u n t i l  i t  

was r e q u ir e d  to  be r e l e a s e d  i n t o  th e  b lo o d  s t r e a m , i t  w ould  

be d i f f i c u l t  to  a c c o u n t  f o r  i t s  p r e s e n c e  a t  a l l .  D i f f u s i o n  

o f  th e  n e u r o s e c r e t o r y  m a t e r i a l  from  the p e r ik a r y o n ,  w h ich  

Hanstr'ôm p r o p o s e s  in  c l a s s  2 c e l l s ,  t h e r e f o r e  p r e s e n t s  a  

number o f  d i f f i c u l t i e s  and c a l l s  f o r  some e x p l a n a t i o n .

A s e c o n d  d i f f i c u l t y  a r i s e s  i f  i t  i s  assum ed t h a t  th e  

s e c r e t i o n  a c c u m u la te s  in  th e  c e l l  b od y , b u t  d o es  n o t  m ig r a te  

a lo n g  t h e  axon . The a x o p la sm  i s  i n  c o n s t a n t  p ro x im o -  

d i s t a l  m o t io n ,  n o t  o n ly  d u r in g  t h e  p e r i o d  o f  e l o n g a t i o n  and  

e n la r g e m e n t  o f  th e  a x o n , b u t  th r o u g h o u t  th e  l i f e  o f  the  

m ature n e r v e  f i b r e . W eiss  and H is c o e  (1 9 4 6 )  c o n c lu d e  t h a t  

t h i s  p e r p e t u a l  grow th  o f  n e u r o n e s  s e r v e s  to  r e p la c e  c a t a b o l i c  

p r o t o p la s m ic  s y s t e m s ,  e s p e c i a l l y  p r o t e i n s ,  w h ich  c a n n o t  be  

s y n t h e s i s e d  i n  the p e r i p h e r a l  c y to p la s m . The r a t e  o f  t h i s  

p r o x i m o - d i s t a l  c o n v e c t io n  was e s t i m a t e d  by W eiss  and H is c o e  

t o  b e  o f  th e  o r d e r  o f  1 mm p e r  d a y . T h is  i s  o f  th e  same 

o r d e r  o f  m a g n itu d e  as th e  r a t e  a t  w h ic h  n e u r o s e c r e t o r y  

g r a n u le s  t r a v e l  a lo n g  t h e  x -o r g a n  c o n n e c t iv e  in  th e  c r u s t a ­

c e a n s  Prem ia and Lysmata ( C a r l i s l e ,  1 9 5 3 ) .  I f  th e  o b v io u s  

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

axon t o  i t s  d i s t a l  en d  by t h e  a x o p la s m ic  c u r r e n t s  i s  c o r r e c t .
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i t  i s  v e r y  d i f f i c u l t  t o  a c c o u n t  f o r  th e  s e c r e t i o n  a c c u m u la t ­

in g  i n  th e  c e l l  body  and n o t  p a s s i n g  a lo n g  t h e  a x o n .

In  v ie w  o f  t h e s e  two fu n d a m e n ta l  d i f f i c u l t i e s ,  c l a s s  2 

c e l l s ,  i n s t e a d  o f  b e in g  s im p le  and  r e l a t i v e l y  u n s p e c i a l i s e d ,  

m u st p o s s e s s  rem a rk a b le  p r o p e r t i e s .  Now t h a t  a x o n a l  t r a n s ­

m i s s i o n  h a s  b een  e s t a b l i s h e d  i n  th e  m a j o r i t y  o f  n e u r o s e c r e t ­

o r y  c e l l s  by b o th  d i r e c t  and i n d i r e c t  m e th o d s ,  th e  onus o f  

p r o o f  r e s t s  w ith  t h o s e  who m a in t a in  t h a t  a d i f f e r e n t  m echan­

ism  f o r  th e  r e l e a s e  o f  th e  s e c r e t i o n  e x i s t s  a t  a l l .  N e v e r ­

t h e l e s s ,  n e u r o s e c r e t o r y  c e l l s  h a v e  b een  d e s c r i b e d  in  th r e e  

gro u p s o f  a n im a ls  in  w h ic h  a x o n a l  t r a n s m i s s i o n  o f  the  

s e c r e t i o n  h a s  n e v e r  b een  o b s e r v e d .  T hese  a r e  s i p u n c u l i d s  

(G abe, 1 9 5 3 a ) ,  o l i g o c h a e t e s  ( H e r la n t - M e e w is , 1955) an d  in  

N ep h ty s  ( ty p e  A c e l l s ) .  An e x p l a n a t i o n  o f  how th e  s e c r e t i o n  

f i r s t  a c c u m u la te s  i n  th e  c e l l  body and t h e n ,  l a t e r ,  d i f f u s e s  

o u t  o f  i t  ( i f  i n  f a c t  i t  d o e s  s o )  w i l l  t h e r e f o r e  be o f  v e r y  

g r e a t  i n t e r e s t .

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

from  t h e  o t h e r s  i s  th e  a b s e n c e  o f  a x o n a l  t r a n s m i s s io n  o f  

th e  s e c r e t i o n ;  th e  c r i t e r i o n  f o r  s e p a r a t i n g  th e  o t h e r  tw o  

t y p e s  o f  c e l l  i s  th e  p r e s e n c e  o r  a b s e n c e  o f  d e n d r i t e s .

S in c e  th e  f o u r  c l a s s e s  o f  n e u r o n e  a re  p r o p o se d  a s  an e v o l u ­

t i o n a r y  s e q u e n c e ,  i t  i s  i m p l i e d  t h a t  th e  d i f f e r e n c e s  b e tw e en  

them a r e  due to  some change in  th e  i n h e r e n t  p r o p e r t i e s  o f  

th e  c e l l s .  The g e n e r a l  b urden  o f  r e c e n t  r e s e a r c h  on t h e
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g ro w th  o f  n e r v e  c e l l s  In  r e g e n e r a t i o n ,  w o u n d -h e a l in g  and  

t i s s u e  c u l t u r e  e x p e r im e n t s ,  i s  t h a t  th e  d e v e lo p m e n t  o f  

s i d e  b r a n c h e s  and d e n d r i t e s  i s  a f u n c t i o n  o f  l o c a l  m ech a n i­

c a l  r e q u ir e m e n ts  an d  c o n d i t i o n s ,  r a t h e r  th a n  due t o  

d i r e c t i v e  p r o p e r t i e s  o f  th e  grow in g  c e l l s  t h e m s e lv e s .

Extrem e p l a s t i c i t y  i s  th e  c h i e f  c h a r a c t e r i s t i c  o f  t h e  n e r v o u s  

s y s te m  d u r in g  i t s  em b ryon ic  d e v e lo p m e n t .  I f  t h i s  a t t i t u d e  

i s  c o r r e c t ,  and i t  i s  s u p p o r te d  by a g r e a t  d e a l  o f  e v id e n c e  

( W e is s , 1 9 5 5 ) ,  i t  f o l l o w s  t h a t  the g r o s s  m orp hology  o f  an  

i n d i v i d u a l  n eu ro n e  i s  an u n s a f e  g u id e  t o  i t s  e v o l u t i o n a r y  

s t a t u s  ; i t s  form  i s  d e te r m in e d  by  th e  o r g a n i s a t i o n  o f  the  

n e r v o u s  s y s te m  -  a d i f f e r e n t  m a t t e r  a l t o g e t h e r .  The 

m orp hology  o f  t h e  axons d ep en ds on th e  arran gem ent o f  th e  

n e u r o s e c r e t o r y  s y s te m  and t h i s ,  i n  tu r n ,  d ep en d s  upon t h e  

s i z e  and e l a b o r a t i o n  o f  th e  n e r v o u s  s y s te m , A s m a l l  and 

n o t  h i g h l y  d i f f e r e n t i a t e d  n e r v o u s  sy s tem  l i k e  t h a t  o f  an  

a n n e l i d  i s  u n l i k e l y  t o  c o n t a in  s u f f i c i e n t  n e r v e  c e l l s  f o r  

e l a b o r a t e  s t r u c t u r e s  t o  be form ed w i t h i n  i t .  Only in  

a n im a ls  w i t h  la r g e  and c o m p l ic a t e d  n e r v o u s  sy s te m s  a r e  t h e r e  

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

n e u r o s e c r e t o r y  s y s te m  may w e l l  c o n t a i n  n e u r o n e s  o f  a d i f f e r ­

e n t  m o r p h o lo g ic a l  ty p e  from  th o s e  in  th e  r e s t  o f  t h e  n e r v o u s  

s y s t e m ,  b u t t h i s  i s  n o t  t o  sa y  t h a t  t h e y  h ave  u n d ergon e  any  

change i n  t h e i r  i n h e r e n t  p r o p e r t i e s .
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The a l t e r n a t i v e  I n t e r p r e t a t i o n  o f  th e  n a t u r e  o f  

n e u r o s e c r e t o r y  c e l l s  t h a t  I  h ave  p r o p o s e d ,  t h a t  th ey  a re  

a p r i m i t i v e  s o r t  o f  n e r v e  c e l l  w h ic h  h a s  r e t a i n e d  t o  a  

marked d e g r e e  t h e  s e c r e t o r y  p r o p e r t i e s  o f  t h e  e p id e r m is  

from  w h ic h  i t  was d e r i v e d ,  i s  a t t r a c t i v e  i n  t h a t  i t  con ­

form s w i t h  our v ie w s  o f  th e  p l a s t i c i t y  o f  th e  n e r v o u s  

sy s tem  and p l a c e s  no r e l i a n c e  on th e  m orp hology  o f  th e  

c e l l s ,  b u t  o n ly  on t h e i r  p h y s i o l o g y  and f u n c t i o n .  E v id e n c e  

t h a t  a c h e m ic a l  s i m i l a r i t y  e x i s t s  b e tw e en  s e c r e t i o n s  p r o ­

d uced  b y  n e u r o s e c r e t o r y  c e l l s  and e p id e r m a l  c e l l s  i s  c r u c i a l  

t o  t h i s  h y p o t h e s i s .  But u n f o r t u n a t e l y ,  v e r y  l i t t l e  i s  known 

o f  th e  c o m p o s i t io n  o f  the n e u r o s e c r e t o r y  m a t e r i a l .  O ften

i t  i n c lu d e s  P A S - p o s i t i v e  s u b s t a n c e s  ; th e y  h a v e  b een  demon-
/

8 1 r a t e d  in  a n n e l i d s  (Ar%y, 1 9 5 4 ;  Gabe, 1 9 5 4 ;  D e f r e t i n ,

19 5 5 ;  C la r k ,  a b o v e ) ,  s i p u n c u l i d s  (G abe, 1 9 5 3 a ) ,  m a la -  

c o s t r a c a  (G abe, 1 9 5 2 a ;  Tur c h i n i ,  1 9 5 3 ) ,  c h i lo p o d s  (G abe, 

1952b) and i n s e c t s .  A g r e a t  many s u b s t a n c e s  r e a c t  p o s i t i v e ­

l y  to  t h e  PAS t e s t ,  b u t  i t  may be s i g n i f i c a n t  t h a t  th e  same 

c l a s s  o f  s u b s t a n c e s  i s  s e c r e t e d  b y  n e u r o s e c r e t o r y  c e l l s  and 

e p id e r m a l c e l l s .  Of c o u r s e ,  t h i s  s i m i l a r i t y  may mean n o  

more than t h a t  n e u r o s e c r e t o r y  c e l l s  re se m b le  a g r e a t  many 

s e c r e t o r y  c e l l s  i n  a l l  p a r t s  o f  t h e  b o d y . But a t  a l l  

e v e n t s ,  i t  s u g g e s t s  t h a t  t h e  s e c r e t o r y  a b i l i t y  i s  n o t  a  

s p e c i a l i s e d  o n e ,  b u t  a v e r y  g e n e r a l  and  w id e - s p r e a d  phenomen­

on . N e u r o s e c r e t o r y  c e l l s  a re  s p e c i a l i s e d  i n  t h a t  t h e y
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s e c r e t e  b i o l o g i c a l l y  a c t i v e  s u b s t a n c e s ,  w h ereas  e p id e r m a l  

c e l l s  do n o t ,  b u t  in  t h i s  r e s p e c t  th ey  a r e  no  more 

s p e c i a l i s e d  th a n  o t h e r  n e r v e  c e l l s  w h ich  s e c r e t e  a d r e n a l ­

i n s  an d  a c e t y l c h o l i n e .

F u r th er m o r e , i f  n e u r o s e c r e t i o n  i s  a p r i m i t i v e  

f u n c t i o n  o f  n e r v e  c e l l s ,  i t  w ould  e x p l a i n  why a much h i g h e r  

p r o p o r t io n  o f  n e u r o n e s  i n  th e  s u p r a -o e s o p h a g e a l  g a n g l io n  

o f  a n n e l i d s  a r e  n e u r o s e c r e t o r y  than  in  th e  b r a i n s  o f  h i g h e r  

a n im a l s .  S c h a r r e r  and S c h a r r e r  (1 9 4 5 )  e s t i m a t e d  t h a t  h a l f  

th e  b r a in  o f  A p h r o d ite  was o c c u p ie d  by n e u r o s e c r e t o r y  c e l l s ,  

and i n  N ep h ty s  t h e  p r o p o r t io n  may be ev e n  h i g h e r .  But  

a p a r t  from T u rn er’ s (1 9 4 6 )  r e p o r t  o f  p o s s i b l e  n e u r o s e c r e t o r y  

c e l l s  i n  th e  b r a in  o f  th e  p o l y c l a d  L e p to p l a n a , n e u r o ­

s e c r e t i o n  in  t u r b e l l a r i a n s  i s  unlmown. T h is  s u p p o r t s  

H an strom ’ s i n t e r p r e t a t i o n  r a t h e r  th a n  the p r e s e n t  o n e ,  but  

i t  m ust be remembered t h a t  th e  n e r v o u s  sy s te m s  o f  t u r b e l l a r ­

ia n s  h a s  n o t  r e c e i v e d  much a t t e n t i o n  from  I n v e s t i g a t o r s  and  

t h a t  i t  rem ain s  to a g r e a t  e x t e n t  unknown.

The i n t e r p r e t a t i o n  I  h a v e  a d v a n c ed  i s  o f  c o u r s e  

s p e c u l a t i v e ,  and much more in f o r m a t io n  a b o u t  the c y t o ­

c h e m is t r y  and o n to g e n y  o f  n e u r o s e c r e t o r y  c e l l s  w i l l  be 

n e e d e d  b e f o r e  i t  can  be a d m it t e d  o r  d i s m i s s e d .  H ow ever, i f  

t h i s  i n t e r p r e t a t i o n  i s  v a l i d a t e d ,  i t  m ig h t  p r o v id e  a b a s i s  

f o r  a l e s s  a r b i t r a r y  d e f i n i t i o n  o f  n e u r o s e c r e t o r y  c e l l s  

than  t h a t  c u r r e n t l y  in  u s e .  They a r e  d e f i n e d  a s  c e l l s
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■which have th e  m o r p h o lo g ic a l  c h a r a c t e r i s t i c s  o f  n e u r o n e s  

(a x o n ,  n e u r o f i b r i l l a e  and N i s s l - b o d i e s )  and w h ich  s e c r e t e  

a s u b s t a n c e  th a t  i s  m i c r o s c o p i c a l l y  v i s i b l e  i n  l i v i n g  or  

s u i t a b l y  s t a i n e d  m a t e r i a l  (S c h a r r e r  & S c h a r r e r ,  1 9 5 4 b ) ,

T h is  d e f i n i t i o n  d e l i b e r a t e l y ,  b u t  a r b i t r a r i l y ,  e x c l u d e s  su ch  

s t r u c t u r e s  a s  th e  c h r o m a f f in e  c e l l s  o f  l e e c h e s  and t h e  

e p i s t e l l a r  b o d ie s  o f  o c to p o d  c e p h a lo p o d s ,  a l t h o u g h  th e y  

h ave  some n e u r o n a l  c h a r a c t e r i s t i c s  and a re  a l s o  s e c r e t o r y .  

The 8 c h a r r e r s  (1 9 5 4 b ) have d i s t i n g u i s h e d  them from  n e u r o ­

s e c r e t o r y  c e l l s  and from  o r d in a r y  n e u r o n e s  by g i v i n g  t h e  

g e n e r i c  name ’n e u r o g la n d u la r  c e l l s ’ . But t h e  c h r o m a ff in e  

c e l l s  o f  l e e c h e s  and th e  e p i s t e l l a r  body o f  o c to p o d s  a r e  

c e r t a i n l y  m o d if ie d  n e u r o n e s  and t h e y  p r o b a b ly  s e c r e t e  

a d r e n a l i n s  or  s u b s ta n c e s  r e s e m b l in g  them . I t  may be t h a t  

t h r e e  t y p e s  o f  n eu ron e s h o u ld  b e  d i s t i n g u i s h e d :

1 .  n e u r o s e c r e t o r y  c e l l s  w h ich  a r e  the m ost  p r i m i t i v e  and 

r e t a i n  to a marked d e g r e e  the s e c r e t o r y  p r o p e r t i e s  o f  e p i ­

d erm al c e l l s ,  even  t o  th e  e x t e n t  t h a t  th e y  s e c r e t e  g l y c o ­

p r o t e i n s ,  p o l y s a c c h a r i d e s ,  e t c . ,  w h ich  a r e  a l s o  s e c r e t e d  

by e p id e r m a l  c e l l s ;

2 .  o r d in a r y  n e u r o n e s  in  w hich  th e  s e c r e t o r y  f u n c t i o n  i s  

much more s p e c i a l i s e d ,  so  t h a t  t h e y  p rod uce  o n ly  a d r e n a l i n s ,  

a c e t y l c h o l i n e ,  h y d r o x y tr y p ta m in e  and s i m i l a r  s u b s t a n c e s  t o  

f a c i l i t a t e  s y n a p t i c  t r a n s m i s s i o n ;

3 .  n e u r o g la n d u la r  c e l l s  t h a t  are  s e c o n d a r i l y  m o d i f i e d
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n e u r o n e s  in  w h ich  th e  s e c r e t i o n  o f  a d r e n a l i n s  (and p o s s i b l y  

o t h e r ,  r e l a t e d  s u b s t a n c e s )  h a s  become a h y p e r t r o p h ie d  

a c t i v i t y .
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PERIODIC ACTIVITY

A l t e r n a t i n g  p e r i o d s  o f  r e s t  and a c t i v i t y  p la y  an 

im p o r ta n t  r o l e  i n  tiie g e n e r a l  b e h a v io u r  o f  a number o f  

p o l y c h a e t e s .  In  a l l  th e  v^orms t h a t  h ave b een  s t u d i e d  

so  f a r ,  p e r i o d i c  a c t i v i t y  has been  r e l a t e d  to  f e e d i n g  or  

r e s p i r a t i o n ,  and t h e  worms have b een  t u b i c o l o u s .  The 

m o st  c o m p le t e ly  u n d e r s to o d  m a n i f e s t a t i o n  o f  t h i s  s o r t  o f  

b e h a v io u r  i s  t h a t  o f  A r e n ic o la  i n  w h ich  f e e d i n g ,  d e f a e c a ­

t i o n  and r e s p i r a t o r y  m ovem ents a p p ea r  to  be c o n t r o l l e d  by  

e n d o g e n o u s ,  pacem aker a c t i v i t i e s  o f  t h e  n e r v o u s  s y s te m  

( W e l l s , 1 9 3 7 a ,  1 9 4 9 a ,  1 9 4 9 b , 1 9 5 3 ) .  S im i la r  b e h a v io u r  h a s  

b een  o b s e r v e d  i n  N e r e i s  and C h a e to p te r u s  (W e lls  & D a le s ,  

1 9 5 1 ) ,  G ly c e r a  ( W e l l s ,  1 9 3 7 b ) ,  S a b e l l a  ( W e l l s ,  1951 ) and  

t e r e b e l l i d s  ( D a l e s ,  1 9 5 5 ) .  S in c e  many p o l y c h a e t e s  pump 

r e s p i r a t o r y  c u r r e n t s  o f  w a te r  th r o u g h  t h e i r  t u b e s  in  much 

th e  same way a s  A r e n i c o l a , i t  i s  l i k e l y  t h a t  pacem aker  

a c t i v i t i e s  a re  a common f u n c t i o n  o f  p o ly c h a e t e  n e r v o u s  

s y s t e m s .

N e p h ty s  i s  n o t  a t u b i c o l o u s  worm and i t  d o e s  n o t  p e r ­

form  u n d u la to r y  i r r i g a t i o n  movements even  when i t  can  be 

p e r s u a d e d  to  s t a y  in  a t u b e .  I t  i s  a c a r n iv o r e  and d o e s  

n o t  show r e g u l a r ,  p e r i o d i c  f e e d i n g .  But i t  d o es  show  

p e r i o d i c  a c t i v i t y  i n  th e  form  o f  r e p e a t e d  and f a i r l y  s h o r t  

swimming e x c u r s i o n s  when i t  i s  u n a b le  t o  bury i t s e l f  i n  th e  

s u b s tr a tu m . T h is  b e h a v io u r  can  b e  m o d i f i e d  by a p p ly in g
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s t r e s s e s  o f  one s o r t  o r  a n o t h e r  t o  t h e  worm.

P e r i o d i c  Swimming

I f  t h e  worms a re  p la c e d  i n  a r e c t a n g u l a r  aquarium  

w it h o u t  any s u b s tr a tu m , th e y  im m e d ia te ly  swim and th e y  go  

on swimming a t  i n t e r v a l s .  T h is  b e h a v io u r  c o n t i n u e s  f o r  

a v e r y  lo n g  t i m e ,  p r o b a b ly  u n t i l  th e  worms become m oribund . 

For the f i r s t  two o r  t h r e e  h o u rs  a f t e r  the  worms a r e  i n t r o ­

duced  i n t o  th e  a q u ar iu m , t h e i r  b e h a v io u r  i s  r a t h e r  e r r a t i c ,  

b u t  a f t e r  t h a t  t im e  t h e y  s e t t l e  down t o  swimming e v e r y  one 

o r  two m in u te s  ( f i g . 4 7 ) .  The swimming e x c u r s i o n s  are  

b r i e f ,  u s u a l l y  o f  th e  o r d e r  o f  1 0 -2 0  s e c o n d s ,  and one 

l a s t i n g  more than a m inute  i s  e x c e p t i o n a l  ( f i g . 4 8 ) .  I f  

th e  aquarium  i s  p r o v id e d  w i t h  a l a y e r  o f  sa n d  o r  mud th e  

worms burrow i n t o  i t  and rem ain  b u r ie d  and i n a c t i v e  even  

i f  t h e  s u b s tr a tu m  i s  u n s u i t a b l e  and w i t h i n  a few  d a y s  th e  

worms are  a l l  d e a d .  Worms v a ry  c o n s i d e r a b l y  in  t h e i r  

a c t i v i t y  and one sp e c im e n  may swim o n ly  f i v e  or  s i x  t im e s  

in  an h o u r ,  a n o th e r  t h i r t y  or f o r t y  t im e s .  The p a t t e r n  o f  

p e r i o d i c  a c t i v i t y  can be g r e a t l y  m o d i f ie d  and r e n d e r e d  more 

c o n s p ic u o u s  by c h a n g in g  t h e  e n v ir o n m e n ta l  c o n d i t i o n s .

a .  E f f e c t  o f  l a t e r a l  c u r v a t u r e  on t h e  worm. I f  N ep h ty s  i s  

p la c e d  i n  a c i r c u l a r  v e s s e l ,  i t  u s u a l l y  l i e s  arou n d  th e  

ed ge  o f  th e  d i s h  d u r in g  i t s  q u i e s c e n t  p e r i o d s .  By v a r y in g  

th e  s i z e  o f  th e  v e s s e l  r e l a t i v e  to  th e  worm, th e  c u r v a t u r e
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o f  th e  a r c  i n t o  w h ich  th e  worm i s  c o n s t r a i n e d  can  he ch an ged .

Worms were p la c e d  i n  c i r c u l a r  v e s s e l s  o f  v a r io u s  

s i z e s  c o n t a i n i n g  s e a - w a t e r ,  b u t  no sa n d . E x c e p t  

in  some p r e l im in a r y  e x p e r im e n t s ,  th e  worms w ere  

d a r k -a d a p te d  f o r  two h o u r s  and t h e n  i l l u m i n a t e d .

The t im e s  a t  w h ic h  th e y  swam w ere r e c o r d e d  o v e r  

th e  f o l l o w i n g  two h o u r s . At t h e  end o f  th e  

e x p e r im e n t  th e  worms w ere  r e la x e d  i n  M g -se a -w a te r  

and t h e i r  l e n g t h s  m ea su red . These e x p e r im e n ts  

were c a r r i e d  o u t  a t  12^0 on N. c a e c a  and N. c i r r o s a . 

The mere f a c t  o f  k e e p in g  t h e  worms in  a c i r c u l a r  v e s s e l  

i n s t e a d  o f  a r e c t a n g u l a r  tan k  makes the  p e r i o d i c  a c t i v i t y  

much more r e g u l a r  ( f i g s , 47 and 4 9 ) .  W ith in  h a l f  an h ou r  

o f  p l a c i n g  them i n  th e  v e s s e l s ,  t h e  worms s e t t l e d  down t o  

f r e q u e n t  and r e g u l a r  b u r s t s  o f  swimming a c t i v i t y .  Removal 

o f  the  s u p r a -o e s o p h a g e a l  g a n g l io n  d o e s  n o t  m a t e r i a l l y  a f f e c t  

th e  b e h a v io u r .  W ith in  t h r e e  h o u r s  o f  t h e  o p e r a t i o n ,  th e  

worms o n ce  more s e t t l e  down t o  a f a i r l y  r e g u l a r  p a t t e r n  o f  

a l t e r n a t i n g  p e r i o d s  o f  r e s t  and swimming a c t i v i t y  ( f i g . 5 0 ) .

In  31  e x p e r im e n ts  p er fo rm ed  on 13 sp e c im e n s  o f  N. c a e c a  and  

N. c i r r o s a , a l i n e a r  r e l a t i o n s h i p  c o u ld  be d e m o n str a te d  

b e tw e e n  t h e  f r e q u e n c y  o f  swimming and the a r c  i n t o  w h ic h  th e  

body o f  th e  worm was c o n s t r a i n e d  ( r a d iu s  o f  v e s s e l / l e n g t h  

o f  th e  w o im ). T h is i s  i l l u s t r a t e d  in  f i g , 5 1 .  I f  th e  worm 

i s  p la c e d  i n  a r e l a t i v e l y  la r g e  v e s s e l ,  i t  o f t e n  d o es  n o t
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I l e  around t h e  ed g e  o f  t h e  d i s h  and c o n d i t i o n s  a p p ro x im a te  

t o  th o s e  when t h e  worms a r e  i n  a r e c t a n g u l a r  t a n k .  The 

f a c t  t h a t  the a c t i v i t y  o f  th e  worm i n c r e a s e s  i f  t h e  body  

i s  c o n s t r a in e d  i n t o  an  a r c  o f  s m a l le r  r a d i u s ,  s u g g e s t s  

t h a t  th e  s t i m u l a t i o n  o f  s t r e t c h  r e c e p t o r s  in  th e  l o n g i ­

t u d i n a l  m u s c le s  i s  r e s p o n s i b l e  f o r  an i n c r e a s e d  a f f e r e n t  

f lo w  o f  i m p u l s e s ,  l e a d i n g  t o  a g e n e r a l  in c r e a s e  in  th e  

l e v e l  o f  a c t i v i t y  o f  t h e  worm,

b . Ihe e f f e c t  o f  l i g h t . The p h o t o n e g a t iv e  b e h a v io u r  o f  

a number o f  s p e c i e s  o f  N e p h ty s  has b een  exam in ed  in  d e t a i l  

and i s  d e s c r i b e d  in  a p r e v i o u s  s e c t i o n .  In  some o f  t h o s e  

e x p e r im e n ts  a d v a n ta g e  was ta k e n  o f  t h e  f a c t  t h a t  the  n orm al  

p e r i o d i c  swimming a c t i v i t y  i s  en h a n c ed  when t h e  worms a r e  

k e p t  i n  c i r c u l a r  j a r s .

c .  Measurement o f  th e  swimming a c t i v i t y . In  d e a l in g  w i t h  

th e  m easurem ent o f  t h e  l e v e l  o f  t h e  a c t i v i t y  o f  th e  worms, 

i t  may be a p p r o p r ia te  t o  d e te r m in e  th e  f r e q u e n c y  o f  th e  

a c t i v i t y ,  i t s  d u r a t io n  o r  i t s  r a t e .  The c r i t e r i o n  and t h e  

v a r i a b l e  f a c t o r  m ust depend  upon th e  b i o l o g i c a l  s i g n i f i c a n c e  

o f  th e  a c t i v i t y .  Thus i n  worms in  w hich  t h e  p e r i o d i c  

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

l e n g t h  o f  t h e  a c t i v e  p e r i o d  i s  o f  e q u a l  im p o rta n ce  to i t s  

f r e q u e n c y .  The d i s t a n c e ,  d u r a t io n  and s p e e d ,  a s  w e l l  a s  

th e  f r e q u e n c y  o f  swimming e x c u r s i o n s  o f  N . c i r r o s a  have
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b een  m easu red  a t  a v a r i e t y  o f  l i g h t  i n t e n s i t i e s ,  but o t h e r ­

w is e  u n d er  c o n s t a n t  c o n d i t i o n s ,

TABLE X

A verage  d i s t a n c e ,  d u r a t i o n  and s p e e d  o f  swimming 
e x c u r s i o n s  o f  N . c i r r o s a  a t  d i f f e r e n t  l i g h t  i n t e n s i t i e s

lo g  I 0 .0 0 0 .3 0 0 .6 0 0 .7 5 0 .9 0 1 .5 0

Worm DISTANCE (cm s)

A 4 4 .0 2 3 0 .7 6 3 6 .6 3 2 7 .2 7 2 8 .1 5 3 4 .8 8
B 2 6 .2 8 2 8 .2 2 3 1 .6 0 2 2 .9 6 1 9 .8 0 2 9 .9 0
C 1 5 .3 8 1 6 .9 0 3 3 .6 0 2 2 .4 0 9 1 .6 9 3 5 .3 5

T i m  ( s e c s )

A 1 0 .0 7 7 .4 1 8 .7 0 6 .0 4 6 .2 0 7 .7 0
B 5 .3 8 5 .7 2 5 .5 1 4 .5 5 4 .4 4 5 .8 7
C 3 .3 7 4 .3 2 7 .0 3 4 . 5 8 1 7 .6 1 5 .2 5

SPEED (c m /s e c )

A 4 .5 0 4 . 0 7 4 . 0 0 4 .1 4 4 .0 6 4 . 6 1
B 5 .5 2 4 . 4 1 5 .1 8 4 . 8 0 4 .2 8 4 .5 5
C 3 . 9 8 4 . 0 0 4 . 2 2 2 .1 4 5 .3 2 4 . 1 8

There i s  n o  o b v io u s  r e l a t i o n  b etw een  t h e  a v e r a g e  d i s t a n c e ,  

d u r a t io n  or sp eed  o f  swimming e x c u r s i o n s  and  l i g h t  i n t e n s i t y ,  

a s  t h e r e  i s  w i t h  f r e q u e n c y  o f  swimming (T a b le  X ) .  B oth  

th e  d i s t a n c e  and the d u r a t io n  o f  swimming e x c u r s i o n s  v a r y  

c o n s i d e r a b l y ,  and e v e n  u n d er  c o n s t a n t  c o n d i t i o n s ,  t h e r e  i s  

no c o n s t a n c y  in  th e  l e n g t h  o f  the e x c u r s i o n s  ( f i g . 4 8 ) .
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C o n c lu s io n s

The a lm o s t  t o t a l  l a c k  o f  in f o r m a t io n  a b o u t  t h e  b e ­

h a v io u r  and e c o lo g y  o f  N ep h ty s  makes i t  im p o s s ib le  t o  d i s ­

c u s s  th e  b i o l o g i c a l  s i g n i f i c a n c e  o f  t h i s  p e r i o d i c  a c t i v i t y .  

But w h a te v e r  i t s  s i g n i f i c a n c e ,  th e  p e r i o d i c  a c t i v i t y  and 

th e  e n v ir o n m e n ta l  f a c t o r s  w h ich  i n f l u e n c e  i t  h ave some 

b e a r in g  on th e  d e s i g n  o f  e x p e r im e n t s  i n v o l v i n g  N e p h t y s .

From t h e  o b s e r v a t io n s  t h a t  have b een  d e s c r i b e d  h e r e , i t  i s  

c l e a r  t h a t  i t  i s  im p o r ta n t  t o  s t a n d a r d i s e  m ethods r i g i d l y .  

The v;orms do n o t  s e t t l e  down to  a r e g u l a r  p a t t e r n  o f  

a c t i v i t y  f o r  an hour o r  more a f t e r  t h e y  have b een  p la c e d  

in  an aqu ar ium , and i f  a c i r c u l a r  v e s s e l  i s  u s e d ,  th e  worms 

m ust a l l  be t h e  same l e n g t h  or  d i f f e r e n c e s  i n  th e  l e v e l  o f  

a c t i v i t y  w i l l  be c a u s e d .  The l i g h t  i n t e n s i t y  a l s o  m ust 

be c o n s t a n t ,  or  a t  a n y  r a t e ,  f l u c t u a t i n g  o u t s i d e  t h e  ra n g e  

in  w h ich  i t  a f f e c t s  t h e  worms.



CAPTIONS TO FIGURES

1 7 8 .

F ig u r e  4 8 .  

F ig u r e  4 9 .

F ig u r e  4 7 .  The a c t i v i t y  o f  a s i n g l e  sp ec im e n  o f  N. c i r r o s a  
d u r in g  250  m in u te s  a f t e r  p l a c i n g  i t  in  a 
r e c t a n g u la r  ta n k .

F req u en cy  d i s t r i b u t i o n  o f  th e  d u r a t io n  o f  swimm­
in g  e x c u r s i o n s  o f  N. c i r r o s a .

The a c t i v i t y  o f  a s i n g l e  sp ec im en  o f  N. c i r r o s a , 
90 mm l o n g ,  in  a c i r c u l a r  v e s s e l  100 mm in  
d ia m e te r .  The r e c o r d  s t a r t s  im m e d ia te ly  a f t e r  
p l a c i n g  t h e  worm in  the d i s h .

A c t i v i t y  o f  t h e  same worm as i n  F ig u r e  49 a f t e r  
th e  rem ova l o f  th e  s u p r a - o e s o p h a g e a l  g a n g l i o n .  
The r e c o r d  s t a r t s  15 m in u te s  a f t e r  rem oving  
th e  g a n g l io n  and im m e d ia te ly  a f t e r  p l a c i n g  th e  
worm i n  th e  d i s h .

The e f f e c t  o f  c u r v a t u r e  on t h e  swimming 
a c t i v i t y  o f  N. c i r r o s a  and N. c a e c a . A c t i v i t y  
m easu red  in  swimming e x c u r s i o n s  p er  h o u r .

F ig u r e  5 0 .

F ig u r e  5 1 .
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THE BLOOD VASCÜL/IH SYSTEM
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THE BLOOD VASOJIAR SYSTEM

There has been  no d e t a i l e d  s tu d y  o f  t h e  b lo o d  

v a s c u l a r  s y s te m  o f  N e p h t y s , a l t h o u g h  s e v e r a l  n i n e t e e n t h  

c e n tu r y  z o o l o g i s t s  g iv e  s u p e r f i c i a l ,  and m u t u a l ly  c o n t r a ­

d i c t o r y  a c c o u n t s  o f  i t .  The c i r c u l a t o r y  s y s te m  o f  N . c a e c a  

h a s  b een  d e s c r i b e d  by E h le r s  (1 8 6 4 -8 )  and by Schack  (1 8 8 6 )  

and t h a t  o f  N . h om bergi by M ilne-E dw ards ( 1 8 3 7 ) ,  J a q u e t  

(1 8 8 6 )  and by S a i n t - J o s e p h  ( 1 8 9 4 ) ,  The b lo o d  v a s c u l a r  

s y s te m  o f  N ep h ty s  d o e s  n o t  a f f o r d  a n y  a n a t o m ic a l  s u r p r i s e s ;  

i t  f o l l o w s  th e  g e n e r a l  p a t t e r n  fou n d  i n  o t h e r  e r r a n t  p o l y ­

c h a e t e s .  There a r e  fo u r  m ain l o n g i t u d i n a l  v e s s e l s ,  t h e s e  

a r e  d o r s a l ,  s u b - i n t e s t i n a l ,  and p a i r e d  n e u r a l  v e s s e l s .

E x c e p t  in  th e  a n t e r i o r  s p e c i a l i s e d  s e g m e n ts ,  t h e  f o u r  v e s s e l s  

com m unicate w i t h  e a c h  o t h e r  d i r e c t l y  by way o f  the se g m e n ta l  

v e s s e l s , ,  w h i le  in  d ie  a n t e r i o r  p a r t  o f  t h e  worm, th e  d o r s a l  

v e s s e l  b i f u r c a t e s  t o  form  the  c i r c u m - o r a l  v e s s e l s ,  w h ich  i n  ■ 

tu rn  become th e  n e u r a l  v e s s e l s .  A p a i r  o f  v e s s e l s  fro m  t h e  

d o r s a l  l o n g i t u d i n a l  one com m unicate w i t h  th e  s u b - i n t e s t i n a l  

v e s s e l  by way o f  the p r o b o s c i d i a l  c i r c u l a t i o n .  There i s  

g e n e r a l l y  a c o m p le te  s e g m e n ta l  and a c o m p le te  l o n g i t u d i n a l  

c i r c u l a t i o n .  In th e  a n t e r i o r  t h i r t y  or s o  s e g m e n t s ,  th e  

se g m e n ta l  c i r c u l a t i o n  i s  m o d i f i e d  a s  an a d a p t a t io n  t o  th e  

p r e s e n c e  o f  t h e  l a r g e  m u s c u la r ,  e v e r s i b l e  p h aryn x . The 

f o l l o w i n g  a c c o u n t  i s  b a s e d  m a in ly  on an e x a m in a t io n  o f  

N, c a l i f o r n i e n s i s ,
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The Anatomy o f  th e  V a s c u la r  S ystem

The w h ole  worm, when f u l l y  grow n, i n c l u d e s  some 12 0 -  

150 se g m e n ts .  The p r o b o s c i d i a l  a p p a r a tu s ,  c o n s i s t i n g  o f  

a t h i n - w a l l e d  b u c c a l  r e g i o n ,  a s t o u t ,  m u sc u la r  p h a ry n x ,  

and th e  r e t r a c t o r  and p r o t r a c t o r  m u s c le s ,  o c c u p ie s  th e  a n ­

t e r i o r  35 o f  them. The f i r s t  t e n  se g m e n ts  a r e  somev^hat 

s m a l le r  th a n  t h e  s u c c e e d in g  o n e s ,  s o  t h e  i n v e r t e d  p r o b o s c i s  

o c c u p ie s  o n e - f i f t h  to  o n e - s i x t h  o f  the t o t a l  l e n g t h  o f  t h e  

worm. For c o n v e n ie n c e ,  t h i s  m o d i f i e d  a n t e r i o r  p a r t  o f  th e  

worm w h ich  h o u s e s  the  e x t r o v e r t  w i l l  be r e f e r r e d  t o  a s  t h e  

p r o b o s c i d i a l  r e g i o n .

The d o r s a l  v e s s e l  f o r  m o st  o f  i t s  c o u r s e  l i e s  embedded  

b e n e a t h  t h e  m u sc le  c o a t s  o f  th e  i n t e s t i n e .  I t  i s  ab ou t  

0 . 1  mm in  d ia m e te r  in  a f u l l y  g y own worm and d o es  n o t  t a p e r  

a p p r e c i a b l y  e x c e p t  a t  t h e  e x tr e m e  p o s t e r i o r  en d . As i t  

a p p r o a c h e s  t h e  p r o b o s c i d i a l  r e g i o n  i t  i s  throvm  i n t o  t i g h t  

f o l d s  ( se g m e n ts  XL-XXXV) and t h e n ,  in  segm en t XXXV, i t  

d i l a t e s  t o  form  a b u lb  l y i n g  a t  th e  j u n c t i o n  b etw een  t h e  

i n t e s t i n e  and the p h a ry n x . In  t h e  c o u r s e  o f  t h e  n e x t  

f i f t e e n  se g m en ts  i t  c r o s s e s  from  t h e  g u t  t o  t h e  d o r s a l  body  

w a l l  and  c o m p le te s  i t s  a n t e r i o r  c o u r s e  su sp e n d e d  b e tw e en  th e  

two h a l v e s  o f  t h e  d o r s a l  l o n g i t u d i n a l  m u sc le  by a f i n e  c o n ­

n e c t i v e  t i s s u e  mesentfeVy. In  i t s  p a s s a g e  fro m  i n t e s t i n e  

t o  d o r s a l  body w a l l ,  th e  d o r s a l  v e s s e l  i s  throw n i n t o  a
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g e n e r o u s  lo o p  w h ich  l i e s  f r e e l y  in  t h e  c o e lo m , a t t a c h e d  to  

th e  i n t e s t i n e  a t  one end and t o  the  m e s e n te r y  a t  th e  o t h e r ,  

b u t  u n su p p o r te d  in  b e tw e e n .  B eca u se  o f  i t s  d i s p o s i t i o n ,  

t h e  d o r s a l  v e s s e l  i s  n o t  v i s i b l e  from  t h e  e x t e r i o r ,  a s  i s  

t h a t  o f  N e r e i s , f o r  e x a m p le , e x c e p t  f o r  a fe w  se g m e n ts  

a n t e r i o r  t o  segm ent XX, w here t h e  d o r s a l  l o n g i t u d i n a l  

m u s c le s  do n o t  m eet  c o m p le t e ly  in  t h e  m i d - l i n e  and th e  b lo o d  

v e s s e l  can be se en  i n d i s t i n c t l y  b e tw e en  them by t r a n s p a r e n c y  

In seg m en t I I ,  tw o  b r a n c h e s  o f  much the same d ia m e te r  a s  the  

d o r s a l  v e s s e l  a r i s e  from  i t  and r u n ,  u n a t t a c h e d ,  b ack  

th r o u g h  th e  co e lo m  to  th e  p a p i l l a e  a t  t h e  a n t e r i o r  en d  o f  

th e  p h aryn x  ( f i g s . 52 and 5 3 ) .  V/hen t h e  p r o b o s c i s  i s  

e v e r t e d ,  t h e s e  v e s s e l s  run o u t  th ro u g h  t h e  m outh b etw een  

th e  t h i n  b u c c a l  s h e a t h  o f  th e  p r o b o s c i s  and the m u sc u la r  

p h a ry n x , a s  t h e  d o r s o - l a t e r a l  p r o b o s c i d i a l  v e s s e l s .  In  

segm en t I ,  a t  th e  p o s t e r i o r  m arg in  o f  the  s u p r a - o e s o p h a g e a l  

g a n g l i o n ,  th e  d o r s a l  v e s s e l  b i f u r c a t e s ,  th o u g h  i t s  two 

b r a n c h e s  do n o t  im m e d ia te ly  s e p a r a t e .  I n s t e a d ,  t h e y  run  

s i d e  by s i d e ,  w ith  f r e q u e n t  a n a s to m o se s  b e tw een  them, and 

form  p a r t  o f  th e  c e r e b r o - v a s c u l a r  co m p lex  ( f i g . 5 2 ) .  T h is  

i s  d e s c r ib e d  in  g r e a t e r  d e t a i l  in  a p r e v i o u s  s e c t i o n .  At  

th e  a n t e r i o r  m argin  o f  t h e  g a n g l io n  th e  two b r a n c h e s  d i v e r g e  

and f o r  a s h o r t  d i s t a n c e  f o l l o w  th e  c ir c u m -o e s o p h a g e a l  co n ­

n e c t i v e s ,  b u t  in  se g m e n t  I  th e y  l e a v e  them  t o  s u p p ly  th e  

body w a l l  o f  se g m e n ts  I  and I I ,  The v e s s e l s  r e tu r n  t o
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f o l l o w  th e  c o n n e c t i v e s  in  seg m en t I I  and co n v er g e  on t h e  

s u b - o e s o p h a g e a l  g a n g l i o n ,  w h ic h  l i e s  i n  segm en t V. These  

two c i r c u m - o r a l  b l o o d - v e s s e l s  d o  n o t  m eet v e n t r a l l y ,  b u t  

p u rsu e  s e p a r a t e  c o u r s e s ,  one on e a c h  s i d e  o f  th e  v e n t r a l  

n e r v e  c o r d ,  as th e  n e u r a l  b lo o d  v e s s e l s .

The s u b - i n t e s t i n a l  v e s s e l  i s  a l i t t l e  n a rro w er  than  

th e  d o r s a l  v e s s e l  and i s  a l s o  embedded in  th e  m u sc le  c o a t s  

o f  th e  i n t e s t i n e  f o r  m ost o f  i t s  c o u r s e .  In  th e  p r o ­

b o s c i d i a l  r e g io n  t h i s ,  l i k e  th e  d o r s a l  v e s s e l ,  i s  d e ta c h e d  

and i t  runs f r e e l y  a lo n g  th e  v e n t r a l  s u r f a c e  o f  the  pharynx  

to  th e  t e r m in a l  p a p i l l a e  a s  the v e n t r a l  p r o b o s c i d i a l  v e s s e l .

In th e  a n t e r i o r  p a r t  o f  t h e  worm th e  d o r s a l  and su b -  

i n t e s t i n a l  v e s s e l s  com m unicate w i t h  ea ch  o t h e r  b y  way o f  

the p r o b o s c i d i a l  c i r c u l a t o r y  s y s te m  ( f i g , 5 5 ) ,  They g i v e  

r i s e  t o  th e  p a ir e d  d o r s o - l a t e r a l  and v e n t r a l  p r o b i s c i d i a l  

v e s s e l s  r e s p e c t i v e l y ,  a n d , when the p r o b i s c i s  i s  e v e r t e d ,  

t h e y  l i e  u n a t t a c h e d  b etw e en  t h e  b u c c a l  s h e a t h  and t h e  

m u sc u la r  p h aryn x . A t th e  d i s t a l  end  o f  t h e  p r o b o s c i s  the  

v e n t r a l  v e s s e l  d i v i d e s  and e a c h  b ran ch  ru n s  round the s i d e  

o f  th e  e x t r o v e r t .  There i s  a f i n e  a n a s to m o s is  b etw een  th e  

two d o r s o - l a t e r a l  v e s s e l s  b e f o r e  t h e y  d iv e r g e  t o  ran  t o  th e  

s i d e s  o f  the  p r o b o s c i s ,  J a q u e t  (1 8 8 6 )  d i s p u t e d  t h e  p r e s ­

e n c e  o f  t h i s  a n a s t o m o s i s ,  w h ich  had p r e v i o u s l y  b een  r e p o r te d  

by M ilne-E dw ards (1 8 3 7 )  in  N , h omber g i . I t  i s  r a t h e r  

d i f f i c u l t  t o  s e e  b e c a u s e  i t  f r e q u e n t l y  d r a i n s  o f  b lo o d  and
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becom es i n v i s i b l e  when a t e n s i o n  i s  a p p l i e d  t o  the v e s s e l s  

d u r in g  d i s s e c t i o n .  P o s s i b l y  t h i s  a n a s to m o s is  i s  a r e g u l a r  

f e a t u r e  o f  th e  b lo o d  v a s c u l a r  s y s te m  o f  N e p h ty s  w h ich  J a q u e t  

o v e r lo o k e d .  A t th e  s i d e s  o f  th e  p r o b o s c i s  t h e  v e s s e l s  d i s ­

ap p ear  b e n e a th  th e  b a s e s  o f  t h e  p a p i l l a e  m u s c le s  t o  form  a 

c o m p l ic a t e d  r i n g  w ith  lo o p s  ru n n in g  i n t o  e a c h  o f  th e  e l e v e n  

t e r m in a l  p a p i l l a e  on e a c h  s i d e  o f  th e  p r o b i s c i s .  Nowhere  

d o e s  the  s y s t e m  b r e a k  up i n t o  c a p i l l a r i e s  o r  a f i n e  p le x u s  

su c h  a s  N i c o l l  (1 9 5 4 )  d e s c r ib e d  su r r o u n d in g  th e  m u sc u la r  

e x t r o v e r t  o f  N e r e i s  l im b a t a  and  N e r e i s  v i r o n s . F u r t h e r ­

more , t h e r e  i s  n o t  a s im p le  r in g  v e s s e l  su r r o u n d in g  t h e  

e x t r o v e r t ,  c o n n e c t in g  t h e  d o r s o - l a t e r a l  and  v e n t r a l  p r o ­

b o s c i d i a l  v e s s e l s ,  a s  S chack  (1 8 8 6 )  d e s c r i b e d  in  N e p h ty s  

c a e c a ,  and the p r o b o s c i d i a l  c i r c u l a t i o n  i s  som ewhat more 

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

and f i g u r e d  by E h le r s  ( 1 8 6 4 -8 )  in  th e  same s p e c i e s .

The v a s c u l a r  s y s te m  o f  an u n m o d if ie d  se g m e n t ,  t h a t  

i s  one p o s t e r i o r  t o  th e  p r o b o s c i d i a l  r e g i o n  o f  t h e  worm, i s  

i l l u s t r a t e d  in  f i g . 5 4 .  In  e a c h  segm en t p a ir e d  v e s s e l s  

l e a v e  th e  d o r s a l ,  s u b - i n t e s t i n a l ,  and  i p s i - l a t e r a l  n e u r a l  

v e s s e l s  t o  s u p p ly  t h e  body w a l l  and p a r a p o d ia .  The s e g ­

m e n ta l  v e s s e l s  l e a v e  the d o r s a l  l o n g i t u d i n a l  b lo o d  v e s s e l  

i n  a b o u t  the m id d le  o f  t h e  se g m e n t  and run p o s t e r o - l a t e r a l l y  

to  th e  septum . In  d o in g  so  th e y  h a l f  e n c i r c l e  the  g u t ,  

g i v i n g  o f f  an i n t e s t i n a l  v e s s e l  w h ich  ru n s  t o  t h e  su b -
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i n t e s t i n a l  v e s s e l ,  and  p a ss  u n d er  th e  l a t e r a l  e d g e s  o f  th e  

d o r s a l  l o n g i t u d i n a l  m u s c l e s .  A f i n e  b ran ch  o f  t h e  d o r s a l  

s e g m e n ta l  v e s s e l  p a s s e s  d o r s a l l y  a lo n g  th e  o u t e r  e d g e  o f  

th e  l o n g i t u d i n a l  m u s c le ,  b e tw e e n  i t  and  th e  d o r s a l  p a r a -  

p o d ia l  m u s c le s  w h ich  f l a n k  i t  l a t e r a l l y ,  and en d s where  

th e  d o r s a l  m u sc le  m e e ts  t h e  dorsum o f  t h e  se g m e n t .  A lo n g  

i t s  c o u r s e ,  t h i s  d o r s a l  v e s s e l  a r b o r i s e s  and p r o d u c e s  a 

number o f  f i n e ,  b l i n d - e n d i n g  d i v e r t i c u l a .  These a r e  th e  

o n ly  ty p e  o f  * c a p i l l a r y *  fo u n d  in  Nepht y s . C o n v e n t io n a l  

e n d o t h e l i a l  c a p i l l a r i e s  have b e e n  fo u n d  i n  a number o f  

p o l y c h a e t e s  ( e . g .  N i c o l l  (1 9 5 4 )  d e s c r i b e s  them  in  N e r e i s , 

and Hanson (1 9 4 9 )  r e v ie w s  t h e i r  o c c u r r e n c e  in  o t h e r  p o l y ­

c h a e t e s ) ,  b u t  th e y  a p p e a r  t o  be m is s in g  from  N e p h t y s . The 

b lo o d  v e s s e l s  do  n o t  p e n e t r a t e  i n t o  any o f  the la r g e  m u sc le  

m a s s e s .  A t th e  i n s e r t i o n  o f  t h e  parapodium  i n t o  th e  body  

w a l l ,  t h e  d o r s a l  s e g m e n ta l  v e s s e l  b i f u r c a t e s ,  t h e  main  

b ra n ch  r u n n in g  th r o u g h  the d o r s a l  p a r t  o f  t h e  parapodium  t o  

th e  b r a n c h ia e  and t h e  in t e r - r a m a l  a r e a ;  th e  f i n e r ,  i n t e r -  

s e g m e n ta l  branch  runs v e n t r a l l y ,  f o l l o w i n g  th e  i n s e r t i o n  

o f  th e  parapodium  i n t o  th e  body w a l l  j u s t  in  f r o n t  o f  t h e  

a n t e r i o r  f a c e  o f  the  sep tu m . I t  g i v e s  o f f  a g r e a t  many 

b l i n d  c a p i l l a r i e s  w h ic h  l i e  in  t h e  p o s t e r i o r  w a l l  o f  the  

parapodium  and in  th e  in t e r s e g m e n t a l  p a r t  o f  t h e  body w a l l .  

The in t e r s e g m e n t a l  v e s s e l  f i n a l l y  j o i n s  th e  s u b - i n t e s t i n a l  

v e s s e l .



1 8 8 .

The s u b l n t e s t l n a l  se g m e n ta l  v e s s e l s ,  l i k e  t h o s e  o f  

th e  d o r s a l  v e s s e l ,  a r i s e  m id - s e g m e n t a l ly  and a f t e r  p a r t l y  

e n c i r c l i n g  th e  g u t ,  run p o s t e r i o r l y  and l a t e r a l l y  t o  t h e  

sep tum . They a re  q u i t e  lo n g  and lo o p  down i n t o  th e  

c o e lo m , p resu m ab ly  t o  a l lo v /  f o r  ch an ges  in  th e  sh a p e  o f  

th e  segm ent d u r in g  the lo c o m o t io n  o f  th e  worm. These  

v e s s e l s  p a s s  t o  th e  v e n t r a l ,  p o s t e r i o r ,  l a t e r a l  c o r n e r s  o f  

the  segm en t and t h e r e  com m unicate w i t h  the i n t e r  s e g m e n ta l  

b ra n ch  o f  th e  d o r s a l  v e s s e l .  They g iv e  o f f  a s m a l l  n e p h r i-  

d i a l  b ra n ch  and a l s o  com m unicate w i t h  t h e  t r a n s - s e p t a l  

b ran ch  o f  th e  n e u r a l  se g m e n ta l  v e s s e l .  The main b ra n ch  

runs i n t o  th e  n europodium  where i t  a r b o r i s e s .

The n e u r a l  s e g m e n ta l  v e s s e l s  a r i s e  in  th e  a n t e r i o r  

p a r t  o f  t h e  s e g m e n t .  They run up t h e  s i d e s  o f  th e  n e r v e  

c o r d ,  a r e  c o i l e d  i n t o  a s m a l l  lo o p  l y i n g  on t o p  o f  i t ,  and  

th en  run b etw een  t h e  v e n t r a l  l o n g i t u d i n a l  m u s c le s  and the  

d ia g o n a l  m u s c le s  l y i n g  on to p  o f  them d i r e c t l y  t o  t h e  b a se  

o f  th e  neuropodiu m  a t  i t s  i n s e r t i o n  i n t o  t h e  body w a l l  in  

th e  a n t e r i o r  p a r t  o f  the  se g m e n t .  A f t e r  c o i l i n g  i n t o  a 

se c o n d  l o o p ,  th e  n e u r a l  s e g m e n t a l  v e s s e l  d i s a p p e a r s  'b etw een  

th e  p a r a p o d ia l  m u s c le s .  A t t h i s  p o i n t ,  a t  th e  l a t e r a l  

ed ge  o f  th e  v e n t r a l  l o n g i t u d i n a l  m u s c l e s ,  t h e  b lo o d  v e s s e l  

b i f u r c a t e s .  One b ra n ch  r u n s  a n t e r i o r l y  th r o u g h  th e  septum  

i n t o  t h e  se g m e n t  i n  f r o n t ,  t h e  o t h e r  ru n s p o s t e r i o r l y  a 

s h o r t  d i s t a n c e ,  g i v e s  o f f  a s m a l l  g o n a d ia l  v e s s e l ,  and  runs
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i n t o  th e  neurop odium .

VJhile a s i g n i f i c a n t  p r o p o r t io n  o f  g a s e o u s  exchan ge  

m u st take  p l a c e  a c r o s s  t h e  b o d y  w a l l  o f  the worm, t h e  

p a r a p o d ia  a r e  th e  m ost im p o r ta n t  r e s p i r a t o r y  s u r f a c e s .

The t h i n - w a l l e d  b r a n c h ia e  and t h e  i n t e r - r a m a l  a r e a s  a r e  

h e a v i l y  c i l i a t e d  ( f i g . 55) and t h e  e n t i r e  parapodium  i s  

h i g h l y  v a s c u l a r i s e d .  There a r e ,  as we h ave  s e e n ,  th r e e  

main b lo o d  v e s s e l s  e n t e r i n g  o r  l e a v i n g  th e  p arapodiu m , one  

from  e a c h  o f  t h e  s e g m e n ta l  v e s s e l s .  The n o t o p o d i a l  b r a n c h  

o f  th e  d o r s a l  s e g m e n ta l  v e s s e l  d i v i d e s  t o  form  the b r a n c h ia l  

and i n t e r - r a m a l  v e s s e l s .  A number o f  f i n e  v e s s e l s  from  

b o th  b r a n c h e s  s u p p ly  th e  a n t e r i o r  and  p o s t e r i o r  w a l l s  o f  the  

p arap od iu m , p a r t i c u l a r l y  i n  th e  d o r s a l  h a l f ,  b u t  some e x ­

te n d  i n t o  t h e  n eu rop od iu m . Schack  (1 8 8 6 )  d e s c r i b e s  a 

s m a l l  v e s s e l  i n  t h e  d o r s a l  c i r r u s  o f  M. c a e c a  and I  have  

b een  a b le  t o  c o n f ir m  i t s  p r e s e n c e  i n  t h a t  s p e c i e s  and in  

N. h o m b e r g i, b u t  i t  d oes  n o t  o c c u r  in  N. c a l i f o r n i e n s i s .

The b r a n c h i a l  v e s s e l  b ecom es v e r y  narrow and  c o i l s  w i t h in  

t h e  b r a n c h ia ;  i t  i s  a t t a c h e d  t o  t h e  b r a n c h i a l  e p i t h e l i u m ,  

b u t  a p p a r e n t ly  s u f f i c i e n t l y  l o o s e l y  f o r  th e  c o i l s  t o  s l i d e  

f a i r l y  f r e e l y  o v e r  e a c h  o t h e r .  The r e tu r n  v e s s e l  from  the  

b r a n c h ia  ru n s  v e n t r a l l y  to  t h e  neuropodiu m  a s  t h e  d eep  i n t e r -  

ram al b r a n c h . Both the d e e p  and the s u p e r f i c i a l  v e s s e l  

g i v e  o f f  numerous b l i n d  c a p i l l a r i e s  in  t h e  neuropodium  and  

e v e n t u a l l y  t h e y  com m unicate w i t h  th e  two v e n t r a l  v e s s e l s
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t h o s e  from  t h e  s u b - i n t e s t i n a l  and n e u r a l  s e g m e n t a l  v e s s e l s .  

J a q u in  (1 8 8 6 )  d e s c r i b e d  a v e r y  f i n e  c a p i l l a r y  b e d  l y i n g  in  

th e  n e u r o p o d ia l  p o s t - a c i c u l a r  l a m e l l a  o f  N . h o m b e r g i . He 

s a i d  t h a t  i t  was n o t  e a s y  t o  s e e  and  was f r e q u e n t l y  i n ­

v i s i b l e .  A f t e r  c a r e f u l  e x a m in a t io n ,  I  h ave n o t  b een  a b le  

to  f i n d  any  su ch  p le x u s  in  N. c a l i f o r n i e n s i s . The p a r a ­

p o d ia  in  t h e  m id d le  p a r t  o f  th e  worm a re  h i g h l y  v a s c u l a r i s e d ;  

t h o s e  a t  th e  ex trem e  p o s t e r i o r  and a n t e r i o r  end s a r e  l e s s  

s o .  The v a s c u l a r i s a t i o n  i s  f o r  t h e  m ost p a r t  i n  the form  

o f  num erous b l in d  c a p i l l a r i e s  w h ic h , in  th e  m id d le  s e g m e n ts ,  

o ccu p y  a l l  t h e  sp a c e  n o t  ta k en  up w i t h  m u s c l e s .  Those  

c a p i l l a r i e s  in  th e  p o s t e r i o r  w a l l  o f  th e  parapodium  and in  

th e  in t e r s e g m e n t a l  body w a l l  a r e  drawn from  th e  i n t e r -  

s e g m e n ta l  v e s s e l ,  t h o s e  in  th e  neuropodium  from  the s u b -  

i n t e s t i n a l  and n e u r a l  s e g m e n t a l  v e s s e l s  and  a l s o  from  the  

two i n t e r - r a m a l  v e s s e l s .  There a re  r e l a t i v e l y  few  b lo o d ­

v e s s e l s  i n  the  n o to p o d iu m .

In e v e r y  se g m e n t ,  o t h e r  th a n  th o s e  in  t h e  p r o b o s c i d i a l  

r e g i o n ,  two f i n e  v e s s e l s  fro m  t h e  d o r s a l  b lo o d  v e s s e l  e n ­

c i r c l e  the  i n t e s t i n e  and com m unicate w i t h  th e  s u b - i n t e s t i n a l  

v e s s e l .  These i n t e s t i n a l  v e s s e l s  a r e  s e r p e n t i n e ,  presum ab­

l y  t o  p e r m it  d i l a t i o n  o f  t h e  g u t ,  b u t  th e y  do n o t  b r e a k  up  

i n t o  a p l e x u s .  There i s  no  v a s c u l a r  s u p p ly  to  th e  p harynx  

e x c e p t  f o r  th e  p r o b o s c i d i a l  c i r c u l a t o r y  sy s te m  d e s c r i b e d  

p r e v i o u s l y .



1 9 1 .

The a rr a n g e m e n t  o f  th e  s e g m e n ta l  b lo o d  v e s s e l s  i s  

m o d i f i e d  in  th e  a n t e r i o r  t h i r t y - f i v e  se g m e n ts  w h ic h  c o m p r ise  

th e  p r o b o s c i d i a l  r e g i o n  o f  t h e  worm ( f i g s . 52 and 5 6 ) .  In  

t h e s e  se g m e n ts  t h e r e  a r e  n e i t h e r  d o r s a l  n o r  s u b - i n t e s t i n a l  

s e g m e n ta l  v e s s e l s ,  b u t  th e  m o d i f i c a t i o n s  a p p e a r  ev e n  

p o s t e r i o r  t o  t h i s .  There a r e  no s u b - i n t e s t i n a l  se g m e n ta l  

v e s s e l s  a n t e r i o r  to  seg m en t L , an d  b etw een  se g m e n ts  XL and  

XXXV th e  d o r s a l  s e g m e n ta l  v e s s e l s  a r e  c o n s i d e r a b l y  e l o n g a t e d ,  

s o  much so t h a t  t h o s e  o f  segm ent XXXV a r e  t w i c e  as l o n g  as  

t h o s e  o f  segm ent XLV. The in t e r s e g r a e n t a l  b ra n ch  o f  t h e  

d o r s a l  s e g m e n ta l  v e s s e l  i s  a t y p i c a l  s e g m e n t ,  runs i n t o  

t h e  s u b - i n t e s t I n a l  s e g m e n ta l  v e s s e l ,  b u t  when t h e  l a t t e r  

i s  m i s s in g  (a s  in  se g m e n ts  L-XXXV) th e  i n t e r s e g m e n t a l  

b ra n ch  com m unicates w i t h  t h e  t r a n s - s e p t a l  b ra n ch  o f  t h e  

n e u r a l  s e g m e n t a l  v e s s e l .  T h is  d o e s  n o t  i n v o l v e  th e  d e v e l o p ­

m ent o f  any new c o n n e c t i o n s ,  s i n c e  th e  t r a n s - s e p t a l  v e s s e l  

com m unicates w ith  t h e  s u b - i n t e s t i n a l  v e s s e l  and by way o f  

i t  w i t h  t h e  i n t e r s e g m e n t a l  v e s s e l ,  i n  a n y  c a s e .  In th e  

p r o b o s c i d i a l  s e g m e n t s ,  w here th e r e  i s  n e i t h e r  d o r s a l  n o r  

s u b - i n t e s t i n a l  v e s s e l ,  the in t e r s e g m e n t a l  b r a n c h  a ssu m es  

a new im p o r ta n c e .  A l l  t h e  p e r i p h e r a l  p a r t s  o f  t h e  v a s c u la r  

s y s t e m  in  t h e s e  se g m e n ts  a r e  t h e  same a s  in  more p o s t e r i o r ,  

t y p i c a l  seg m en ts  and t h e  o n ly  way i n  w hich  b l o o d  r e a c h e s  

th e  d o r s a l  m u sc le  and th e  parapodium  i s  by way o f  t h e  n e u r a l  

s e g m e n ta l  an d  i n t e r s e g m e n t a l  v e s s e l s .  T h is  becom es a
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l a r g e  v e s s e l  i n  t h o s e  s e g m e n t s ,  o f  t h e  same d i a m e t e r  as  

th e  n e u r a l  s e g m e n t a l  v e s s e l ,  u n l i k e  t h e  s l e n d e r  i n t e r ­

s e g m e n t a l  v e s s e l  in  more p o s t e r i o r  s e g m e n t s .  The r e s u l t  

I s  t h a t  in  s e g m e n ts  o f  t h e  p r o b o s c i d i a l  r e g i o n ,  t h e  n e u r a l  

s e g m e n t a l  v e s s e l  c r o s s e s  t h e  a n t e r i o r  p a r t  o f  t h e  seg m en t  

b etw een  t h e  v e n t r a l  l o n g i t u d i n a l  and d i a g o n a l  m u s c le s  and  

p a s s e s  i n t o  t h e  seg m en t  i n  f r o n t  ( t h e r e  a r e  no  s e p t a ,  so  

i t  c a n n o t  be d e s c r i b e d  a s  *t r a n s - s e p t a l *  a s  i n  p o s t e r i o r  

s e g m e n t s ) .  There i t  c o i l s  i n t o  a l o o p  b e f o r e  s e n d in g  one  

b ra n ch  i n t o  t h e  n eu ropodium . The main b r a n ch  runs  d o r s a l l y ,  

in  t h e  same p o s i t i o n  a s  t h e  i n t e r s e g m e n t a l  b r a n c h  o f  

p o s t e r i o r  s e g m e n t s ,  t o  t h e  d o r s a l  p a r t  o f  t h e  parapodium ,  

where i t  s e n d s  one b ra n ch  i n t o  t h e  n otopodium  and a n o t h e r  

t o  t h e  d o r s a l  l o n g i t u d i n a l  m u s c l e .  The b l o o d  s u p p l y  t o  

e a c h  parapodium  i s  t h e r e f o r e  f r o m  t h e  n e u r a l  s e g m e n t a l  

v e s s e l  o f  t h e  se g m e n t  b e h in d  and th e r e  are o n l y  two v e s s e l s  

e n t e r i n g  the parapodium , one dor s a l l y  and one v e n t r a l l y .

The f i r s t  f i v e  se g m e n ts  a r e  f u r t h e r  m o d i f i e d  ( f i g . 5 2 ) .  

As i n  o t h e r  a n t e r i o r  s e g m e n t s ,  b l o o d  v e s s e l s  o r i g i n a t i n g  

i n  se g m e n ts  V, IV, I I I ,  and I I  s u p p ly  t h e  i n t e r s e g m e n t a l  

a r e a ,  the p a r a p o d ia  and t h e  l a t e r o - d o r s a l  body  w a l l  o f  s e g ­

m ents  IV, I I I ,  I I ,  and I ,  r e s p e c t i v e l y .  They a l l  take  

t h e i r  o r i g i n  from  t h e  c i r c u m - o r a l  v e s s e l s ,  w h ic h  a r e ,  o f  

c o u r s e ,  c o n t i n u a t i o n s  o f  t h e  n e u r a l  l o n g i t u d i n a l  v e s s e l s .

The n e u r a l  s e g m e n t a l  v e s s e l s  o r i g i n a t i n g  in  segm ents  V and
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IV f i r s t  run back  a l o n g  th e  c i r c u m - o r a l  v e s s e l s  t o  c o i l  

e x t e n s i v e l y  o v e r  th e  s u b - o e s o p h a g e a l  g a n g l i o n  b e f o r e  

r u n n in g  b ack  a l o n g  t h e m s e l v e s  t o  t h e i r  r e s p e c t i v e  s e g m e n t s .  

The s e g m e n t a l  v e s s e l s  a r i s i n g  i n  I I I  and I I  run d i r e c t l y  

t o  s e g m e n ts  I I  and I  and a r e  c o n n e c t e d  by an i n t e r s e g m e n t ­

a l  lo o p  o f  c o n s i d e r a b l e  d ia m e t e r  a t  th e  l e v e l  o f  t h e  n o t o -  

p o d i a .  S in c e  the  f i r s t  and s e c o n d  se g m e n ts  a re  a b r a n c h i a t e ,  

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

m o d i f i e d .  Two v e r y  f i n e  v e s s e l s  l e a v e  t h e  c i r c u m - o r a l  

v e s s e l s  in  segment I  t o  s u p p l y  t h e  l a t e r a l  l i p s .

The A d a p t a t i o n s  o f  th e  A n t e r i o r  V a s c u l a r  System

The m o d i f i c a t i o n s  o f  t h e  a n t e r i o r  4 0 - 5 0  se g m en ts  

can be a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  a l a r g e  m u sc u la r  

pharynx  and t o  t h e  f a c t  th a t  i t  i s  e v e r s i b l e .  There i s  a 

c o n s i d e r a b l e  r e l a t i v e  movement b e tw e e n  i t  an d  t h e  body w a l l  

o f  t h e  seg m en ts  t h r o u g h  w hich  i t  p a s s e s  a s  the  p r o b o s c i s  

i s  e v e r t e d  and ,  in  c o n s e q u e n c e ,  t h e r e  a r e  no d o r s a l  o r  su b -  

i n t e s t i n a l  v e s s e l s  i n  t h e  p r o b o s c i d i a l  r e g i o n .  In  a d d i t i o n ,  

t h o s e  v e s s e l s  w h i c h  a r e  a t t a c h e d  t o  t h e  p h a r y n x ,  t h e  d o r s a l  

v e s s e l  a t  i t s  p o s t e r i o r  end and t h e  d o r s o - l a t e r a l  and  

v e n t r a l  p r o b o s c i d i a l  v e s s e l s  a t  i t s  a n t e r i o r  e n d ,  a l l  l i e  

f r e e l y  i n  th e  coe lom  and a r e  l o n g  en ou gh  to p e r m i t  th e  

c o m p le te  a v e r s i o n  o f  the  pharynx .  The a n t e r i o r  p a r t  o f  

th e  i n t e s t i n e  m ust  a l s o  be s t r e t c h e d  a s  t h e  p r o b o s c i s  i s  

e v e r t e d  and i n  t h i s  r e g i o n  t h e r e  a r e  no s u b - i n t e s t i n a l
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s e g m e n t a l  v e s s e l s  and t h e  d o r s a l  s e g m e n t a l  v e s s e l s  become  

p r o g r e s s i v e l y  l o n g e r  an d  l o n g e r  to a l lo v j  f o r  t h e  d i s p l a c e ­

m ent o f  t h e  i n t e s t i n e  r e l a t i v e  t o  t h e  body w a l l .  The 

p r o b le m s  p o s e d  by t h e  e x i s t e n c e  o f  a l a r g e ,  m u s c u l a r ,  

e v e r s i b l e  pharynx are  n o t  a l l  s o l v e d  by t h e  s e g m e n t a l  

v e s s e l s  r u n n in g  i n  t h e  body w a l l  i n s t e a d  o f  a c r o s s  th e  

c o e lo m ,  h o w e v er .  In  N ep h ty s  t h e  f i r s t  e i g h t  or  t e n  s e g ­

m ents  are  commonly s m a l l e r  i n  d ia m e t e r  th a n  t h e  pharynx  

w h ic h  h a s  t o  p a s s  th r o u g h  them a s  i t  i s  e v e r t e d ;  when r e ­

t r a c t e d  i t  l i e s  p o s t e r i o r  to  them. The f i r s t  f i v e  s e g ­

m en ts  a r e  s p e c i a l l y  m o d i f i e d  t o  p e r m i t  t h e  p a s s a g e  o f  t h e  

p r o b o s c i s .  The v e n t r a l  f l o o r  o f  t h e s e  s e g m e n ts  i s  r e ­

p l a c e d  b y  a m u s c u la r  g u l a r  membrane v h i c h  i s  f o l d e d  and 

n o r m a l l y  t u c k e d  w i t h i n  th e  l a t e r a l  l i p s  form ed  by t h e  e d g e s  

o f  th e  l a t e r a l  w a l l s  o f  t h e s e  s e g m e n t s .  The b u c c a l  p a r t  

o f  th e  g u t ,  w h ic h  form s t h e  t h i n - w a l l e d  s h e a t h  o f  the  e x t r o ­

v e r t ,  i s  a t t a c h e d  to th e  a n t e r i o r  end o f  th e  g u l a r  membrane 

and t o  t h e  l a t e r a l  l i p s .  V/hen t h e  p r o b o s c i s  i s  e v e r t e d ,  

th e  l a t e r a l  l i p s  a re  t h r u s t  a s i d e  and t h e  g u l a r  membrane i s  

t i g h t l y  s t r e t c h e d .  The m ost  e x tr e m e  d i s t o r t i o n  o f  t h e  

a n t e r i o r  f i v e  s e g m e n ts  i s  t h e r e f o r e  r e s t r i c t e d  t o  t h e  g u l a r  

membrane, and t h e  s u b - o e s o p h a g e a l  g a n g l i o n  l i e s  a t  i t s  

p o s t e r i o r  m a r g in ,  i n  segm ent  V, The n e r v e s  and  b lo o d  v e s s e l s  

run in  th e  l a t e r a l  w a l l s  o f  s e g m e n ts  T-V, w h ic h  a re  d i s p l a c e d  

b u t  n o t  im m o d e r a te ly  s t r e t c h e d  when the  p r o b o s c i s  p a s s e s
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b etw een  them.

The se g m e n ts  im m e d i a t e ly  p o s t e r i o r  t o  V have no s u c h  

e l a s t i c  g u s s e t ,  and th e  body  w a l l  w i t h  i t s  b l o o d  v e s s e l s  i s  

c o r r e s p o n d i n g l y  d i s t e n d e d  by t h e  p a s s a g e  o f  t h e  pharynx .

The n e u r a l  s e g m e n t a l  v e s s e l s  a r e  c o i l e d  i n t o  a l o o p  on to p  

o f  the  v e n t r a l  n e r v e  c o r d  and a l s o  a t  th e  base  o f  t h e  

l a t e r a l  b o d y  w a l l ,  p r o x im a l  t o  the o r i g i n  o f  t h e  n e u r o ­

p o d i a l  v e s s e l .  The l a t t e r  i s  c e r t a i n l y  an a d a p t a t i o n  t o  

p e r m i t  t h e  d i s t e n s i o n  o f  t h e  body w a l l .  The b lo o d  v e s s e l s  

a r e  f a i r l y  s t r o n g  and w i l l  r e s i s t  l o n g i t u d i n a l  t e n s i o n ,  b u t  

t h e y  c a n n o t  be s t r e t c h e d ,  a t  l e a s t  n o t  m a c r o s c o p i c a l l y .

I f  t h e  body w a l l  i s  c u t  on each  s i d e ,  im m e d i a te ly  above t h e  

p a r a p o d i a ,  and the dorsum rem oved,  t h e s e  l o o p s  are  c l e a r l y  

v i s i b l e ,  b u t  i f  t h e  body w a l l  i s  s t r e t c h e d  i n  a d i s s e c t i o n ,  

t h e  l o o p s  d i s a p p e a r .  The l o o p s  o v e r  t h e  v e n t r a l  n e r v e  

c o r d  a r e  more d o u b t f u l l y  c o n n e c t e d  w i t h  p e r m i t t i n g  t h e  

s t r e t c h i n g  o f  t h e  f l o o r  o f  th e  s e g m e n t .  The body v /a l l  ca n ­

n o t  be  s t r e t c h e d  i n  s u c h  a way as  t o  e x t e n d  t h e  l o o p s ,  th e  

d i a g o n a l  m u s c le s  t e a r  away b e f o r e  t h i s  s t a g e  i s  r e a c h e d .  

I n d e e d ,  in  one s p ec im e n  o f  H. c a l i f o m i e n s i s , an abnormal  

a n a s t o m o s i s  had been form ed  b e tw e en  th e  tv;o l o o p s  on e a c h  

s i d e  o f  t h e  n e r v e  co rd  i n  one a n t e r i o r  s e g m e n t ,  w h ich  would  

t o t a l l y  h a v e  d e f e a t e d  t h e  p u rp o se  o f  t h e s e  l o o p s  d i d  t h e y  

s e r v e  to  p e r m it  th e  e x t e n s i o n  o f  t h e  v e n t r a l  body w a l l .

I t  i s  more l i k e l y  t h a t  t h e y  s e r v e  t o  p r o v i d e  a g r e a t e r  a r e a



1 9 6 .

o f  c o n t a c t  b e tw e e n  t h e  b l o o d  v e s s e l  and t h e  n e r v e  c o r d  t o  

w h ic h  t h e y  a r e  c l o s e l y  a p p o s e d ,  th o u g h  n o t  a t t a c h e d ,  and 

s o  s e r v e  a r e s p i r a t o r y  f u n c t i o n  a l o n e .  Th is  i d e a  i s  

s t r e n g t h e n e d  b y  t h e  e l a b o r a t i o n  and c o n v o l u t i o n  o f  t h e s e  

l o o p s  i n  the  r e g i o n  o f  t h e  s u b - o e s o p h a g e a l  g a n g l i o n ,  w h ich  

i s  a g ood  d e a l  t h i c k e r  than s u c c e e d i n g  g a n g l i a .

The C erebro-V as  c u l a r  Complex

A n o th e r  m o d i f i e d  p a r t  o f  t h e  v a s c u l a r  s y s t e m  i s  t h e  

p l e x u s  form ed be tv; e en t h e  two b r a n c h e s  o f  t h e  d o r s a l  v e s s e l  

where i t  runs  o v e r  the b a s e  o f  t h e  s u p r a - o e s o p h a g e a l  

g a n g l i o n .  Th is  h a s  b een  d i s c u s s e d  in  d e t a i l  i n  a p r e v i o u s  

s e c t i o n .

C i r c u l a t i o n  a n d  R e s p i r a t i o n

The c h i e f  c o n t r a c t i l e  v e s s e l ,  a s  i n  a l l  p o l y c h a e t e s ,  

i s  th e  d o r s a l  l o n g i t u d i n a l  v e s s e l .  P e r i s t a l t i c  con ­

t r a c t i l e  w aves  p a s s  a l o n g  i t  from  b e h in d  fo r w a r d s  a s  f a r  

a s  the  b u l b  w h ic h  l i e s  a t  j u n c t i o n  b e tw e en  t h e  i n t e s t i n e  

and t h e  pharynx .  S a i n t - J o s e p h  (1 8 9 4 )  d e s c r i b e d  the  b u lb  

a s  a * h e a r t * , p resu m a b ly  i n  the  s e n s e  t h a t  i t  i s  th e  c h i e f  

p r o p u l s i v e  p a r t  o f  th e  v a s c u l a r  s y s t e m .  In  f a c t ,  n e i t h e r  

i t  n o r  t h e  d o r s a l  v e s s e l  a n t e r i o r  to  i t  show an y  b u t  the  

s l i g h t e s t  c o n t r a c t i o n s  and i t  seem s l i k e l y  t h a t  i t  a c t s  a s  

a s o r t  o f  e x p a n s io n  chamber t o  e q u a l i s e  t h e  f l o w  i n t o  the  

th e  a n t e r i o r  v a s c u l a r  s y s t e m .  A l l  t h e  b l o o d  v e s s e l s ,  e v e n
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til© f i n e ,  b l i n d  e n d in g  c a p i l l a r i e s ,  a p p ea r  t o  be c o n t r a c t i l e ,  

though  none o f  them shov; s t r o n g  c o n t r a c t i o n s  a t  a l l  com­

p a r a b le  to  t h o s e  o f  the d o r s a l  v e s s e l .

The w a l l s  o f  p o l y c h a e t e  and o l i g o c h a e t e  b l o o d  v e s s e l s  

a r e  commonly composed o f  t h r e e  l a y e r s  (H anson,  1 9 4 9 ) ;

1 .  an e n d o t h e l i u m  v;hich may o c c a s i o n a l l y  be i n  the  form  o f  

a c o n t in u o u s  l a y e r ,  b u t  i s  o f t e n  r e t i c u l a t e  and p o s s i b l y  

som et im es  composed o f  i s o l a t e d  c e l l s ;  2 .  a c o l l a g e n o u s  

c o n n e c t i v e  t i s s u e ,  or  s k e l e t a l  l a y e r ;  3 .  an o u t e r ,  p e r i t o n ­

e a l  l a y e r  d i f f e r e n t i a t e d  i n t o  a m u s c le  c o a t ,  o r ,  more o f t e n ,  

w i t h  c o n t r a c t i l e  f i b r e s  i n  th e  t a i l s  o f  s t e l l a t e  c e l l s  ; 

no c o n t r a c t i l e  f i b r e s  h ave  b een  d e t e c t e d  i n  t h e  p e r i t o n e a l  

e p i t h e l i u m  o f  some o f  t h e  s m a l l e r  v e s s e l s  o f  c e r t a i n  

a n n e l i d s .  R e t z i u s  (1 8 9 1 )  d e s c r i b e d  s t e l l a t e  m u s c le  c e l l s  

on the  f i n e r  v e s s e l s  o f  N e p h ty s  and by v i t a l  m e t h y le n e  b lu e  

s t a i n i n g ,  I  h ave  been  a b le  t o  r e p e a t  h i s  o b s e r v a t i o n s .  

S t e l l a t e  c e l l s  a l s o  o c c u r  on t h e  w a l l s  o f  t h e  s e g m e n t a l  

v e s s e l s  and th e  b l i n d  c a p i l l a r i e s  o f  N e p h ty s  c a l i f o r n i e n s i s ; 

th e  d o r s a l  l o n g i t u d i n a l  v e s s e l  h a s  a c o m p le t e  m u s c u la r  

c o a t .  Nowhere i n  th e  c i r c u l a t o r y  s y s t e m  a r e  t h e r e  en d o ­

t h e l i a l  c a p i l l a r i e s  s u c h  a s  a re  fo u n d  i n  N e r e i s  (H anson,

1 9 4 9 ;  N i c o l l ,  1 9 5 4 ) .  T h is  i s  s t r o n g  p r e s u m p t iv e  e v i d e n c e  

t h a t  a l l  v e s s e l s  i n  t h e  c i r c u l a t o r y  s y s t e m  a r e  c o n t r a c t i l e ,  

and w h i l e  I  have n o t  b een  a b l e  t o  s e e  c o n t r a c t i o n s  in  t h e  

b l i n d  c a p i l l a r i e s ,  I  have  w a tc h e d  t h e  i r r e g u l a r ,  i n t e r -



1 9 3 .

m i t t e n t  c o n t r a c t i o n s  o f  t h e  b r a n c h i a l  v e s s e l s  i n  p a ra ­

p o d ia  removed from th e  body .

N i c o l l  (1 9 5 4 )  in  h i s  a n a l y s i s  o f  t h e  s e g m e n ta l  c i r ­

c u l a t i o n  o f  N e r e i s  v i r e n s  and N. l i m b a t a , h a s  d e m o n s tr a te d  

t h a t  t h e  f lo w  i s  from  the  s u b - i n t e s t i n a l  v e s s e l ,  th r o u g h  

th e  c a p i l l a r y  b e d s  o f  th e  parapodium , and t h e n  m e d i a l l y  t o  

t h e  d o r s a l  v e s s e l .  The r e t u r n  f l o w  from  t h e  d o r s a l  v e s s e l  

t o  t h e  s u b - i n t e s t i n a l  v e s s e l  i s  b y  way o f  an i n t e s t i n a l  

c a p i l l a r y  p l e x u s  and a b y - p a s s  v e s s e l  w h ic h  s h o r t - c i r c u i t s  

th e  l o w e r  h a l f  o f  t h e  p l e x u s .

At f i r s t  s i g h t  i t  a p p e a rs  fr o m  the  anatomy o f  t h e  

v a s c u l a r  s y s t e m  o f  N e p h ty s  t h a t  e s s e n t i a l l y  the same s e g ­

m e n ta l  c i r c u l a t i o n  may o c c u r  a s  i n  N e r e i s . H ow ever,  t h e  

s y s t e m  i n  N e p h ty s  i s  c o m p l i c a t e d  by two f a c t o r s .  The 

c i r c u m - i n t e s t i n a l  v e s s e l s  and  t h e  i n t e r - s e g m e n t a l  b r a n c h  

o f  t h e  d o r s a l  s e g m e n t a l  v e s s e l  may be h e l d  t o  be  a n a lo g u e s  

o f  t h e  i n t e s t i n a l  p l e x u s  and t h e  b y - p a s s  o f  t h e  i n t e s t i n a l  

p l e x u s ,  w h i c h  i n  N e r e i s  r e t u r n  b l o o d  from t h e  d o r s a l  t o  

t h e  s u b - i n t e s t i n a l  v e s s e l .  These a re  narrow and i n s i g n i f i ­

c a n t  b l o o d  v e s s e l s  i n  N e p h ty s  and t h e  q u a n t i t y  o f  b lo o d  

f l o w i n g  t h r o u g h  them ca n n o t  be g r e a t ,  so t h a t  s e g m e n t a l  

c i r c u l a t i o n ,  w h i l e  n o t  i n t e r r u p t e d ,  must a t  l e a s t  be impeded,  

The s e c o n d  f a c t o r  w h ic h  m ust  c o m p l i c a t e  t h e  s e g m e n t a l  c i r ­

c u l a t i o n ,  i s  t h a t  w h i l e  i n  N e r e i s  t h e r e  i s  no d i r e c t  c o n ­

n e c t i o n  b etw een  th e  d o r s a l  a n d  s u b - i n t e s t i n a l  v e s s e l s  in  the
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a n t e r i o r  p a r t  o f  th e  worm, i n  N ep h ty s  t h e r e  i s  a p a i r  o f  

b lo o d  v e s s e l s  o f  c o n s i d e r a b l e  s i z e  c o n n e c t i n g  them by  

way o f  the p r o b o s c i d i a l  c i r c u l a t i o n .  Even in  N e r e i s , 

where t h e r e  i s  what one w ould  c a l l ,  on m o r p h o l o g i c a l  g r o u n d s ,  

a c o m p le te  and d i r e c t  s e g m e n t a l  c i r c u l a t i o n  and a r e l a t i v e l y  

i m p e r f e c t  l o n g i t u d i n a l  c i r c u l a t i o n ,  th e  s e g m e n t a l  c i r c u l a ­

t i o n  i s  s u b o r d i n a t e  t o  the l o n g i t u d i n a l .  A c c o r d in g  t o  

N i c o l l ,  i f  b o th  d o r s a l  and s u b - i n t e s t i n a l  v e s s e l s  a r e  

l i g a t u r e d ,  a few  s e g m e n t s  a p a r t ,  t h e  i n t e r v e n i n g  se g m e n ts  

a r e  q u i c k l y  d r a i n e d  o f  b l o o d .  In  N e p h t y s , where t h e  s e g ­

m e n ta l  c i r c u l a t i o n  a p p e a r s  to  be  r e l a t i v e l y  I n c o m p le t e  and 

th e  l o n g i t u d i n a l  c i r c u l a t i o n  e x t r e m e l y  w e l l  d e v e l o p e d ,  

se g m e n t a l  c i r c u l a t i o n  must b e  even  more d e p e n d e n t  upon  

l o n g i t u d i n a l .

In  a n t e r i o r  s e g m e n t s ,  where d o r s a l  and s u b - i n t e s t i n a l  

se g m e n t a l  v e s s e l s  a r e  l a c k i n g ,  i t  I s  d i f f i c u l t  t o  e x p l a i n  

s e g m e n t a l  c i r c u l a t i o n  a t  a l l .  The s u b - i n t e s t i n a l  s e g m e n t a l  

v e s s e l  i s  t o  some e x t e n t  d i s p e n s a b l e ,  s i n c e  i t s  f u n c t i o n  i s  

d u p l i c a t e d  by  th e  n e u r a l  s e g m e n t a l  v e s s e l ,  and i n  f a c t  i t  i s  

m i s s i n g  from a b out  15 s e g m e n t s  (XXXV-L). However,  in  a l l  

the  p r o b o s c l a l  s e g m e n t s ,  t h e  n e u r a l  v e s s e l s  a l o n e  e x i s t  

and p r es u m a b ly  m ost  o f  the  b l o o d  r u n s  t o  t h e  neuropodium  

and t h e n  back  i n t o  t h e  same v e s s e l  f ro m  t h e  n otopodium .

U n l e s s  t h e r e  i s  a p e r i o d i c  r e v e r s a l  o f  f l o w  i n  t h e  n e u r a l  

se g m e n ta l  v e s s e l ,  i t  i s  d i f f i c u l t  to  Imagine how p a r a p o d i a l
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b l o o d  o f  t h e s e  se g m e n ts  can be r e s t o r e d  t o  g e n e r a l  c i r c u l a ­

t i o n ,  f o r  t h e r e  a re  no v a l v e s  i n  th e  b l o o d  v e s s e l s ;  b u t  

t h i s  r e v e r s a l  h a s  n e v e r  b een  o b s e r v e d .  E v i d e n t l y  th e  

c i r c u l a t o r y  s y s t e m  o f  t h e s e  seg m en ts  i s  more than t h e o r e t i ­

c a l l y  i n e f f i c i e n t .  The v a s c u l a r i s a t i o n  o f  th e  a n t e r i o r  

p a r a p o d ia  i s  much r e d u c e d  and t h e  b r a n c h ia e  a re  o f t e n  s m a l l  

and f r e q u e n t l y  l o s t  a l t o g e t h e r .  In  N. c a l i f o m i e n s i s  a l l  

b u t  t h e  f i r s t  two se g m e n ts  c a r r y  b r a n c h i a e ,  b u t  In N . 

pun c t a t a  and some o t h e r  s p e c i e s ,  th e y  a r e  m i s s i n g  from  t h e  

f i r s t  t e n  s e g n e n t s .

I t  I s  s u r p r i s i n g  t h a t  i n  N e p h ty s  t h e r e  s h o u l d  be  

s u c h  a p o o r  b l o o d  s u p p l y  t o  the m a s s iv e  d o r s a l  and v e n t r a l  

l o n g i t u d i n a l  m u s c l e s .  In  N e r e i s , b o t h  s e t s  o f  m u s c l e s  

h ave  t h e i r  own b l o o d  s u p p l y  ( N i c o l l ,  1 9 5 4 ) ,  and I n  s e r -  

p u l l d s  and s a b e l l l d s  t h e r e  a r e  b l o o d  v e s s e l s  p e n e t r a t i n g  

t h e  d o r s a l  l o n g i t u d i n a l  m u s c l e s  (Hanson, 1 9 5 0 ) .  Presum ably  

i n  N e p h ty s  t h e r e  i s  a s u f f i c i e n t  a r e a  o f  b l o o d  v e s s e l s  

e x p o s e d  t o  c o e l o m i c  f l u i d  f o r  I t  t o  a c t  a s  an im p o r ta n t  

o x y g en  t r a n s p o r t  s y s t e m .  D i r e c t  g a s e o u s  ex ch a n g e  a c r o s s  

t h e  d o r s a l  and v e n t r a l  b ody  w a l l s ,  o f  w h ic h  t h e s e  m u s c le s  

form  p a r t ,  i s  no  d o u b t  a l s o  o f  g r e a t  i m p o r ta n c e .

The o n l y  s t r u c t u r e s  i n  t h e  body w i t h  a w e l l  d e v e l o p e d  

v a s c u l a r  s u p p ly  a r e  t h e  g o n a d s  and  t h e  n e r v o u s  s y s t e m .  . 

C a p i l l a r i e s  p e n e t r a t e  t h e  o v a ry  and p r o j e c t  from i t  i n  a l l  

d i r e c t i o n s .  Thus, n o t  o n l y  i s  t h e  o v a r y  w e l l  s u p p l i e d  w i t h
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b lo o d  v e s s e l s  w i t h i n ,  b u t  t h e  c o e l o m i c  f l u i d  i m m e d i a t e ly  

s u r r o u n d in g  I t  I s  a l s o  p r o b a b ly  k e p t  w e l l  o x y g e n a t e d .

The g o n a d i a l  v a s c u l a r  s y s t e m  k e e p s  p ace  w i t h  t h e  d ev e lo p m en t  

o f  the  o v a r y  so  t h a t  when t h e  l a t t e r  I s  f u l l y  d e v e l o p e d  and 

f i l l s  p r a c t i c a l l y  th e  w hole  o f  t h e  v e n t r a l  p a r t  o f  t h e  

c o e lo m ,  i t  has  a c o n s i d e r a b l e  b lo o d  s u p p l y ,  drawn n o t  o n l y  

from the  g o n a d i a l  v e s s e l ,  b u t  augm ented  by c a p i l l a r i e s  o f  

the  i n t e r s e g m e n t a l  b ra n ch  o f  t h e  d o r s a l  s e g m e n t a l  v e s s e l  

and from t h e  n e u r o p o d i a l  v e s s e l s .  The v a s c u l a r  s u p p l y  t o  

t h e  v e n t r a l  n e r v e  cord  a p p e a r s  t o  b e  l a r g e l y  i n c i d e n t a l  and  

i t  h as  no c a p i l l a r y  s y s t e m .  In  t h e  m id d le  a n d  p o s t e r i o r  

s e g m e n t s ,  t h e  n e u r a l  s e g m e n t a l  v e s s e l s  run  up t h e  s i d e s  o f  

the  n e r v e  c o r d  from the  n e u r a l  l o n g i t u d i n a l  v e s s e l s ,  and  

where t h e y  a r e  i n  c o n t a c t  w i t h  t h e  n e r v e  c o r d  t h e y  are  

c l o s e l y  f l a t t e n e d  a g a i n s t  i t .  The membrane i n v e s t i n g  t h e  

cord  im m e d i a t e l y  u n d er  t h e  v e s s e l s  i s  e x c e p t i o n a l l y  t h i n .

In th e  a n t e r i o r  s e g m e n ts  the  l o o p s  form ed b y  t h e  n e u r a l  

s e g m e n t a l  v e s s e l s  above  t h e  n e r v e  co rd  become more e l a b o r a t e  

and do n o t  s t i c k  up i n t o  t h e  c o e lo m ,  b u t  a r e  f l a t t e n e d  and  

c o i l e d  on t o p  o f  th e  g a n g l i a .  I t  I s  in  t h e  m ost  a n t e r i o r  

segm ents  t h a t  th e  l o o p s  become m o s t  e l a b o r a t e  and t h e  s u b -  

o e s o p h a g e a l  g a n g l i o n  i s  I n v e s t e d  d o r s a l l y , n o t  o n l y  w i t h  

th e  l o o p s  o f  t h e  s e g m e n t a l  v e s s e l s  o f  seg m en t  V, but  a l s o  

t h o s e  o f  segm ent  IV, w h ich  d o u b le  back  fro m  t h e i r  o r i g i n  

on the  c i r c u m - o r a l  b l o o d  v e s s e l s  b e f o r e  r u n n in g  to  t h e i r



2 0 2 .

a p p r o p r i a t e  s e g m e n t .  These l o o p s  do n o t  appear  to  have  a  

s t r u c t u r a l  f u n c t i o n ,  b u t  seem I n s t e a d  t o  b e  a r e s p i r a t o r y  

d e v i c e .
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CAPTIONS TO FIGURES

F ig u r e  5 2 .  D i s s e c t i o n  o f  th e  a n t e r i o r  s e g m e n t s  o f  N. c a l i ­
f o r n i e n  s i s  t o  show th e  b lo o d  v a s c u l a r  s y s te m .
The worm h a s  been  op en ed  by a m i d - d o r s a l  i n ­
c i s i o n ;  t h e  p h a r y n x ,  and w i t h  i t  t h e  su b -  
i n t e s t i n a l  v e s s e l ,  h a s  b een  rem oved ,  and the  
two h a l v e s  o f  t h e  b o d y - w a l l  r e f l e c t e d  l a t e r a l l y .

F i g u r e  5 3 .  P r o b o s c i d i a l  c i r c u l a t i o n  o f  N. c a l i f o m i e n s i s .
A. l a t e r a l  v i e w ;  B. d o r s a l  v i e w .

F ig u r e  5 4 .  S c h e m a t ic  v ie w  o f  t h e  c i r c u l a t o r y  s y s t e m  o f  a
segm ent  from t h e  m id d le  r e g i o n  o f  N. c a l i f o m i e n s i s , 
Ihe a n t e r i o r  septum h a s  b e e n  rem oved,  th e  p o s t e r i o r  
one i s  s t i p p l e d .  The a n t e r i o r  h a l f  o f  th e  s e g ­
ment and parapodium  h as  b een  removed fro m  t h e  
l e f t - h a n d  s i d e .

F ig u r e  5 5 .  F r o n t a l  s e c t i o n  th r o u g h  t h e  i n t e r - r a m a l  r e g i o n  
o f  t h e  parapdlULm o f  N. c a l i f o m i e n s i s  w h ic h  
p a s s e s  t h r o u g h  t h e  b r a n c h i a .

F i g u r e  5 6 .  S c h e m a t ic  v i e w  o f  the c i r c u l a t o r y  s y s te m  o f  a 
segm ent  from  t h e  a n t e r i o r  r e g i o n  o f  N. c a l i -  
f o r n i e n s i s . The a n t e r i o r  h a l f  o f  t h e  segm ent
and parapodium h a s  been  removed from t h e  l e f t -  
hand s i d e .
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AClülOViXSDGrMlTS

T h is  work h a s  been  c a r r i e d  o u t  p r i n c i p a l l y  i n  t h e  

D ep artm ent  o f  Z o o lo g y  o f  the  U n i v e r s i t y  o f  G la s g o w ,  and  

I  atn g r a t e f u l  t o  P r o f e s s o r  C.M. Y o n g e ,  P . R . S .  f o r  the  

f a c i l i t i e s  and en co u ra g e r a e n t  he h a s  g i v e n  me. P a r t s  o f  

t h i s  r e s e a r c h  h a v e  b e e n  c a r r i e d  o u t  i n  t h e  D epartm ent  o f  

Z o o l o g y ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y ,  t h e  

L a b o r a t o i r e  d ' a n a t o m i e  e t  d ' h i s t o l o g i e  com p arées  a t  t h e  

S o r b o n n e ,  and i n  t h e  m a r in e  s t a t i o n s  a t  M i l l p o r t ,  P ly m o u th ,  

Dapl e s  and  F r i d a y  H a r b o r ,  W a s h in g to n ,  I  am o b l i g e d  t o  

t h e  d i r e c t o r s  o f  a l l  t h e s e  l a b o r a t o r i e s  f o r  t h e  f a c i l i t i e s  

and k i n d n e s s e s  t h e y  h a v e  o f f e r e d  to  me. P r o f e s s o r  V .B .  

W i g g l e s w o r t h ,  F . R . S . ,  P r o f e s s o r  B e r t i l  H anstrbm , Drs.

E r n s t  and  B e r t a  8 c h a r r e r .  Dr M. Gabe and Dr M. Durchon  

h ave  g i v e n  me a d v i c e  and e n c o u r a g e m e n t  a t  v a r i o u s  t i m e s .  

M e s s r s .  M, J o n e s ,  J .  R unner,  A. W einberg  and J .  Andrews  

have g i v e n  me t e c h n i c a l  a s s i s t a n c e .  I  am o b l i g e d  t o  th e  

a d m i n i s t r a t o r s  o f  the  Browne R e s e a r c h  Fund o f  t h e  R o y a l  

S o c i e t y ,  t h e  U . S .  N a t i o n a l  S c i e n c e  F o u n d a t i o n ,  and  t h e  

F u 1 1 b r i g h t  a d m i n i s t r a t o r s  f o r  g r a n t s  o f  money and  t o  t h e  

R o y a l  S o c i e t y  f o r  t h e  u s e  o f  t h e i r  t a b l e  a t  th e  S t a z i o n e  

Z o o l o g i c a ,  N a p l e s .
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pour l a  d i f f é r e n t i a t i o n  de l a  c o l o r a t i o n  
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on human I s l e t s  o f  L a n g e r h a n s . Amer. J .
P a t h . , 1 7 ,  3 9 5 .
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m u c o p o l y s a c c h a r i d e s  i n  a n im a l  t i s s u e s .
N a t u r e , 1 5 7 , 8 0 2 .

H a lm i ,  N . S . ,  1 9 5 2 .  D i f f e r e n t i a t i o n  o f  tw o  t y p e s  o f  b a s o ­
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Z e i t s c h r .  Morph. O e k o l . , 7 ,  5 4 3 .
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A r t e n .  A r c h .  E n t v j i c k l .  , 1 4 5 , 3 3 2 .
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