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ISTRODtTCTI OH.

g e n e r a l  A im s*

♦

The p u rp o s e  o f  t h i s  s tu d y  w as t o  p ro v id e  t h e  h a s i s  f o r  

a  m onograph on th e  T u n ic a te  C iona i n t e s t i n a l i s  ( L in n a e u s ) .  

P r o v i s i o n a l  a r ra n g e m e n ts  h av e  b e e n  made f o r  p u b l i c a t i o n  i n  

t h e  L iv e rp o o l  M arine  B i o lo g i c a l  C o m m ittee ’s  s e r i e s  on t y p i c a l  

B r i t i s h  m a rin e  o rg a n is m s . T h is  s p e c i e s  h a s  a l r e a d y  b e e n  th e  

s u b j e c t  o f  a  m onograph b y  B ou le  (1 8 8 4 ) . The j u s t i f i c a t i o n  

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

f i r s t l y  t h e r e  h av e  b e e n  a d v a n c e s  i n  o u r  know ledge o f  T u n ic a te  

s t r u o t u r e  t h a t  r e n d e r  H o u le 's  w ork i n  some r e s p e c t s  incom 

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

g a t i o n  o f  many f e a t u r e s .  S e c o n d ly  t h e  o l d e r  m onograph i s  

n o t  g e n e r a l l y  a v a i l a b l e  f o r  t h e  u se  o f  s t u d e n t s ,  an d  i t  was 

f e l t  t h a t  a  ty p e  so  commonly u s e d  i n  t e a c h in g  s h o u ld  b e  t h e  

s u b j e c t  o f  a  w ork m ore w id e ly  a c c e s s i b l e .

In  t h i s  r e s e a r c h  t h e  e m p h a sis  h a s  b e e n  on anatom y and  

m ore p a r t i c u l a r l y  on m ic ro s c o p ic  anatom y* Two m ain  co n 

s i d e r a t i o n s  h av e  b e e n  i n  m ind when d e a l in g  w i th  s t r u c t u r e .

The f i r s t  h a s  b e e n  t o  re d u c e  t o  an  u n d e r ly in g  p l a n  t h e  

v a r i a b i l i t y  shown b y  many o f  t h e  o r g a n s ,  o r  a s  H i t t e r  (1 9 0 9 ) 

h a s  e x p re s s e d  i t  t o  e n q u ir e  " a s  t o  t h e  e x t e n t  o f  law  and  

o r d e r  t h a t  p r e v a i l s  i n  a  s i n g l e  s p e c i e s " • The se co n d  

c o n s i d e r a t i o n  h a s  b e e n  t o  th ro w  l i g h t  on some o f  th e  m ore



p e r s i s t e n t  p ro b le m s o f  T u n ic a te  s t r u c t u r e  and  f u n c t i o n .  I n  

t h e s e  l a t t e r  e f f o r t s  t h e  a p p ro a c h  h a s  b e e n  m a in ly  h i s t o l o g i c a l .

T h is  d e s c r i p t i o n  o f  C iona i s  n o t  e x h a u s t iv e  o r  e v e n ly  

b a la n c e d ,  i n  t h a t  some a s p e c t s  have  r e c e iv e d  l e s s  a t t e n t i o n  

th a n  o t h e r s  a b o u t w h ich  g r e a t e r  c o n t r o v e r s y  h a s  c e n t r e d .  The 

fo rm  i n  w h ich  t h e  r e s u l t s  a r e  p r e s e n te d  i s  th u s  n o t  t h a t  o f  an  

L .M .B .C . M em oir. Prom t h i s  i t  d i f f e r s  p r i n c i p a l l y  i n  th e  

f o l lo w in g  p o i n t s .  S e v e r a l  s e c t i o n s  t h a t  w ould be  r e q u i r e d  t o  

c o m p le te  th e  L .M .B .C . Memoir h av e  b e e n  o m it te d .  T hese  in c lu d e :  

The body  c a v i t i e s  ( p e r i b r a n c h i a l ,  a t r i a l ,  e p i e a r d i a e  c a v i t i e s )  

r e p r o d u c t io n ,  em bryo logy  an d  m e ta m o rp h o s is ; g ro w th ; s p e c ie s  

and  fo rm s o f  C io n a . On th e  o th e r  hand  some a s p e c t s  o f  t h e  s u b 

j e c t  h av e  r e c e iv e d  m ore d e t a i l e d  t r e a tm e n t  t h a n  w ould  p ro b a b ly  

be  r e q u i r e d  i n  th e  M emoir. U ndecided  q u e s t io n s  a r e  d i s c u s s e d  

an d  in c o m p le te  e v id e n c e  s t a t e d .  M a te r i a l  h a s  a l s o  b e e n  f r e e l y  

draw n fro m  th e  l i t e r a t u r e  o f  o th e r  T u n ic a te s  w here t h i s  h a s  

a p p e a re d  r e l e v a n t .  F o rm al i n s t r u c t i o n s  f o r  d i s s e c t i o n  h ave  

b e e n  o m it te d .  In  g e n e r a l  o n ly  a  b r i e f  o u t l i n e  h a s  b e e n  g iv e n  

o f  m a c ro sc o p ic  s t r u c t u r e ,  e x c e p t  w here e x i s t i n g  a c c o u n ts  h av e  

a p p e a re d  t o  be  i n a c c u r a te  o r  in c o m p le te  i n  im p o r ta n t  d e t a i l s .

The i l l u s t r a t i o n s  h av e  n o t  b e e n  p u t  i n t o  a  fo rm  w h ich  i s  

n e c e s s a r i l y  s u i t a b l e  f o r  an  L .M .B .C . Memoir*

M a te r i a l  and  M ethods.

M ost o f  t h e  sp ec im en s  u se d  w ere  s u p p l i e d  from  t h e  t a n k s  o f  

th e  S o o t t i s h  M arine  B io lo g i c a l  A s s o c ia t io n ,  M i l lp o r t .  S m a lle r



n u m b ers , f o r  c o m p a riso n  an d  v e r i f i c a t i o n ,w e r e  o b ta in e d  fro m  

th e  C ly d e , P ly m o u th , I s l e  o f  Man and w e s t o f  S c o t la n d  s e a - lo e h  

a re a s *

A cco u n ts  o f  th e  m ethods u se d  w i l l  b e  fo u n d  i n  th e  v a r io u s  

s e c t i o n s ,  i n  c a s e s  d e s e rv in g  n o t i c e ,  b u t  one m ethod  was so  

f r e q u e n t l y  u se d  t h a t  i t  s h o u ld  be  m e n tio n e d  h e re *  T h is  i s  th e  

E s t e r  wax and  M ethy lene  b lu e  t e c h n iq u e  f o r  s e c t io n in g  and  s t a i n 

i n g ,  e v o lv e d  b y  S teedm an  (1947 )*  I  was f o r t u n a t e  i n  h a v in g  

a c c e s s  t o  t h i s  m ethod  b e fo r e  i t s  p u b l i c a t i o n ,  and  a l s o  i n  

r e c e iv in g  much h e lp  i n  u s in g  i t *  fro m  D r. H. P . S teed m an . Even 

when o th e r  s t a i n i n g  m eth o d s w ere  u s e d  t h e  E s t e r  wax em bedding and  

s e c t io n in g  t e c h n iq u e s  w ere i n  g e n e r a l  r e t a i n e d ,  b e c a u s e  o f  

t h e i r  a d v a n ta g e  i n  t h e  m a t t e r  o f  s h r in k a g e ,  o v e r  p a r a f f i n  wax.

The m ost s a t i s f a c t o r y  o f a l l  s e c t i o n in g  m ethods f o r  h i s t o l o g i 

c a l  d e t a i l ,  how ever, p ro v e d  t o  b e  d o u b le  em bedding i n  c e l l o i d i n  

an d  p a r a f f i n  wax. C le a r e s t  p i c t u r e s  w ere a lm o s t i n v a r i a b l y  

o b ta in e d  fro m  H e id e n h a ln 's  i r o n  h a e m a to x y l in ,  e i t h e r  w ith o u t  

c o u n t e r s t a i n  o r  fo l lo w e d  b y  a c id  f u c h s i n .  A num ber o f  o th e r  

r o u t in e  s t a i n i n g  m ethods were em p loyed , in c lu d in g  M a l lo r y 's  

t r i p l e  s t a i n ,  C iem sa , m e th y len e  b l u e ,  s e v e r a l  h a e m a to x y lin  

s t a i n s ,  and f o r  th e  d e t e c t i o n  o f  m ucus, McManus* (1 9 4 6 ) 

m o d i f i c a t io n  o f  S c h i f f ,  a n d  a l s o  m ueicarm ifce . <. I n t r a  v i ta m  

m e th y len e  b lu e  s t a in i n g  w as u s e d  i n  c o n n e c t io n  w i th  th e  n e rv o u s  

sy s te m , a s  was a l s o  B ie lsc h o w sk y * s  m eth o d , th e  l a t t e r  w i th o u t  

s u c c e s s .
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BODY POBM ( P l a t e  1 ) .

The b ody  fo rm  i n  C iona ( P ig s .  1 , 2 , 3 . )  show s a  c o n s id e r a b le  

d e g re e  o f  i n d i v i d u a l  v a r i a t i o n ,  and  i s  much in f lu e n c e d  b y  th e  con

d i t i o n s  o f  g ro w th . The body  i s  s u b - c y l i n d r i c a l , a t t a c h e d  a t  one 

end  and  b e a r in g  a t  t h e  o t h e r  two t u b u l a r  s ip h o n s .  Of t h e s e  th e  

o r a l  s ip h o n  (P ig*  1 , Or* s . ) c o n t in u e s  th e  lo n g  a x i s  o f  th e  b o d y , 

and  th e  a t r i a l  s ip h o n  (P ig *  1 ,  At* s * ) i s  o b l iq u e ,  p o i n t i n g  a n t e r o -  

d o r s a l l y .  The o r i e n t a t i o n  o f  t h e  a d u l t  C iona i s : -

a n t e r i o r  -  o r a l  s ip h o n .
p o s t e r i o r -  b a s a l  a t ta c h m e n t  a r e a .
d o r s a l  -  t h e  lo n g  s i d e  to w a rd s  w h ieh  th e

a t r i a l  s ip h o n  i s  o b l iq u e ly  d i r e c t e d ,  
v e n t r a l  -  t h e  lo n g  s id e  o p p o s i te  t o  t h e  d o r s a l .

O ver t h e  a t ta c h m e n t  a r e a  i s  d e v e lo p e d  a  num ber o f  f i n g e r 

l i k e  p r o j e c t i o n s ,  th e  v i l l i  (P ig*  1 , Vi* ) w h ich  a i d  i n  f i x i n g  th e

a n im a l t o  t h e  s u b s tr a tu m .

The sh ap e  o f  th e  a n im a l ,  a s  m easu red  b y  th e  r a t i o  o f  b r e a d th

t o  l e n g t h ,  ch an g e s  a s  t h e  l e n g th  i n c r e a s e s  d u r in g  g ro w th . When

a p p ro x im a te ly  th e  f u l l  s i z e  h a s  b e e n  r e a c h e d  and  g ro w th  i s  

m in im a l, t h i s  r a t i o  i s  a b o u t 5 /2 8 .  I n  v e ry  young a n im a ls  t h a t  

h av e  o n ly  a t t a i n e d  a  l e n g t h  o f  0*2 cm* th e  r a t i o  i s  l /2 «  The 

n a tu r e  o f  t h i s  change can b e  s e e n  i n  T e x t - f lg *  2 , w here t h e  

lo g a r i th m  o f  th e  l e n g th  o f  i n d i v i d u a l s  a t  d i f f e r e n t  s t a g e s  o f  

g ro w th  p l o t t e d  a g a i n s t  t h e  c o r re s p o n d in g  lo g a r i th m  o f  b r e a d th  

g iv e s  a  s t r a i g h t  l i n e .  The e q u a t io n  d e s c r ib in g  body  fo rm  i n  

te rm s  o f  l e n g th  and  b r e a d t h ,  a s  fo u n d  b y  th e  l e a s t  s q u a r e s  m ethod , 

i s
0*642

B —0*383 L , w here

B - b o d y  w id th  a t  a n a l  l e v e l .

L - b o d y  l e n g th .



Some o f  t h e s e  m easu rem en ts  w ere  made on n o rm a lly  expanded  

l i v i n g  a n im a ls ,  o t h e r s  on sp e c im en s  t h a t  h ad  b e e n  f i x e d  

w h ile  u n d e r  th e  in f lu e n c e  o f  a  n a r c o t i c .  The le n g th  was ta k e n  

fro m  t h e  t i p  o f  th e  o r a l  s ip h o n  t o  t h e  b a s e  o f  th e  a n im a l ,  

e x c lu d in g  an y  i r r e g u l a r i t i e s  due t o  a t ta c h m e n t  v i l l i ,  o r  p o s t 

a b d o m in a l a p p e n d ix  i n  young sp e c im e n s . The b r e a d th  was t a k e n  

a c r o s s  t h e  a n im a l a t  t h e  l e v e l  o f  t h e  a n u s .

The l e n g th s  o f  th e  s ip h o n s  r e l a t i v e  t o  t h e  t o t a l  l e n g th  

show c o n s id e r a b le  v a r i a t i o n  an d  may b e  t o  some e x te n t  i n f lu e n c e d  

b y  e n v iro n m e n ta l  f a c t o r s .  I t  was fo u n d  b y  Pox (1 9 2 4 ) t h a t  an  

ab u n d a n t s u p p ly  o f  a l g a l  fo o d  in d u c e d  g r e a t  e lo n g a t io n  o f  th e  

s ip h o n s  i n  young sp e c im e n s , a l th o u g h  l a t e r  i n v e s t i g a t o r s  have  

n o t  b e e n  a b le  t o  r e p e a t  th e s e  r e s u l t s  (W ermel and  L o p asch o v , 

1 9 3 0 ) . N e v e r th e le s s  P ax*s o b s e r v a t io n s  do seem  t o  e s t a b l i s h  

th e  f a c t  t h a t  th e  e n v iro n m e n t may d e te rm in e  t o  a  l a r g e  e x t e n t  

t h e  r e l a t i v e  s ip h o n a l  l e n g t h s ,  th r o u g h  t h e  am ount o r  n a tu r e  o f  

th e  a v a i l a b l e  fo o d . I t  w i l l  b e  shown l a t e r  ( v id e  p . 16 ) t h a t  

th e  e n d s  o f  t h e  s ip h o n s  a r e  im p o r ta n t  g row th  z o n e s ,  and  i t  i s  

p ro b a b le  t h a t  a  g r e a t l y  in c r e a s e d  s u p p ly  o f  fo o d  m a t e r i a l s  m ig h t 

s t i m u l a te  t h e s e  g ro w th  z o n e s  t o  p ro d u c e  lo n g  s ip h o n s .

B e fo re  c o n s id e r in g  o th e r  a s p e c t s  o f  body  fo rm  i t  m ust be  

s t a t e d  t h a t  th e  a d u l t  C iona e x h i b i t s  p o s i t i v e  p h o to tr o p is m .

The lo n g  a x i s  o f  th e  body i s  o r i e n t a t e d  i n t o  l i n e  w i th  th e  d i r e c 

t i o n  o f  t h e  p r e v a i l i n g  i l l u m i n a t i o n ,  w i th  th e  s ip h o n  o p e n in g s
i

p r e s e n te d  t o  t h e  s o u rc e  o f  l i g h t .  T h is  r e a c t i o n  som etim es 

In v o lv e s  t h e  s ip h o n s  o r  th e  w hole b ody  i n  b e n d s  o f  a s  much a s  a



r i g h t  a n g le .  The c o n to u r  o f  t h e  body  dep en d s p a r t l y  on th e  

e x te n t  o f  i t s  c o n ta c t  w i th  th e  s u b s tr a tu m . O ver th e  s u r f a c e  

o f  c o n ta c t  a t ta c h m e n t  v i l l i  a r e  p ro d u c e d , and  a  lo n g  a t t a c h 

m ent a r e a  r e s u l t s  i n  th e  th ic k e n in g  o f  th e  p o s t e r i o r  p a r t  o f 

th e  b o d y . On a  h o r i z o n t a l  s u b s tr a tu m  u n d e r  v e r t i c a l  l i g h t i n g  

th e  b ody  i s  s t r a i g h t  and  t u b u l a r  w ith  a  s m a ll  a t ta c h m e n t  a r e a  

c o n f in e d  t o  th e  p o s t e r i o r  p a r t  o f  t h e  a n im a l ( P ig .  3 . ) .  On a  

v e r t i c a l  s u b s tr a tu m  w ith  s i m i l a r  l i g h t i n g  c o n d i t io n s  th e  body  

i s  c l o s e l y  a p p l i e d  t o  th e  s u b s tr a tu m  a lo n g  a  g r e a t e r  l e n g th  

and  commonly h a s  an a tta c h m e n t  a r e a  r e a c h in g  more th a n  h a l f  way 

up t h e  b o d y . In  t h e s e  l a t t e r  c o n d i t io n s  t h e  body  i s  th ic k e n e d  

i n  i t s  p o s t e r i o r  h a l f  an d  t a p e r s  t o  th e  s ip h o n s  ( P ig .  2 . ) . 

B etw een  th e s e  tw o e x tre m e s  many in te r m e d ia t e  s t a g e s  c an  be  

fo u n d .

O fte n  a  num ber o f  a n im a ls  grow  so  c l o s e l y  t o g e t h e r  t h a t  

t h e y  a r e  i n  c o n ta c t  o v e r  a  c o n s id e r a b le  p a r t  o f  t h e i r  l e n g th .

I n  su c h  c a s e s  a t ta c h m e n t  v i l l i  d e v e lo p  o v e r t h e  c o n ta c t  a r e a .  

T h is  e f f e c t  was l a r g e l y  r e s p o n s ib l e  f o r  th e  e r ro n e o u s  r e c o g 

n i t i o n  o f  th e  fo rm e r  s p e c i e s  " f a s c i c u l a r i s ” .



PHOTOTROPlSM (P ig s , a ,  b ,  c , d . ).

I t  i s  w e l l  known t h a t  many A s o id ia n  l a r v a e  have  p h o to -  

t a c t i c  r e a c t i o n s .  No r e f e r e n c e  can  be  fo u n d , h o w ev er, t o  

p h o to tro p is m  i n  th e  a d u l t .  T h a t t h i s  phenom enon e x i s t s  i n  

O iona i n t e s t i n a l i s  w i l l  b e  i n d i c a t e d  b y  th e  e v id e n c e  t o  be b ro u g h t 

fo rw a rd . The fo l lo w in g  o b s e r v a t io n s  w ere made i n  1946 on th e  

a n im a ls  i n  t a n k s  a t  M i l lp o r t .  E x p e rim e n ts  made t o  d i s c o v e r  

w h e th e r  th e  o c e l l i  a r e  in v o lv e d  i n  t h e  p h o to t r o p ic  r e a c t i o n  w ere 

in c o n c lu s iv e ,  b u t  t h e  m ethods a d o p te d  w i l l  be  o u t l i n e d .

O b s e rv a tio n s  on sp ec im en s l i v i n g  i n  v a r io u s  t a n k s  s u g g e s te d  

t h a t  t h e r e  w as a  l i g h t - c o n t r o l l e d  o r i e n t a t i o n  o f  t h e  b o d y . A 

t a n k  w as fo u n d  i n  w h ich  th e  l i g h t i n g  c o n d i t io n s  w ere  c r i t i c a l  and  

w h ich  i n  e f f e c t  p ro v id e d  a  read y -m ad e  e x p e r im e n t .  T h is  t a n k  was 

p r o t e c t e d  on a l l  s i d e s  fro m  t h e  l i g h t  e x c e p t  on th e  f r o n t  w hich  

was o f  g l a s s .  The e n t i r e  u p p e r  and  u n d e r  s u r f a c e s  w ere a l s o  

s h ie ld e d  so  t h a t  a l l  l i g h t  e n t e r in g  th e  t a n k  d id  so  th ro u g h  th e  

g l a s s  f r o n t .  A nim als w ere g row ing  on th e  f l o o r ,  t h e  s i d e  w a l l s ,  

th e  b a c k  w a l l  and  th e  g l a s s  f a c e ,  a l l  u n d e r  th e  same c o n d i t io n s  

o f  i l l u m i n a t i o n .  On e a c h  o f  t h e s e  s u r f a c e s  th e  a n im a ls  w ere 

g row ing  to w a rd s  th e  l i g h t .  T h is  in v o lv e d  ch an g es  i n  a lig n m e n t 

i n  many d i r e c t i o n s  r e l a t i v e  t o  t h e  a n im a l ’s  ’’n o rm a l” p o s i t i o n  

w hich  i s  p e r p e n d ic u la r  t o  th e  s u b s tr a tu m . Of a l l  th e  sp ec im en s 

i n  t h e  t a n k  80 t o  90$ showed o r i e n t a t i o n  o f  t h i s  k in d .  The 

e f f e c t s  w ere m ost c l e a r l y  s e e n  i n  t h o s e  a n im a ls  a t t a c h e d  t o  th e  

f r o n t  g l a s s  w a l l .  P h o to t r o p ic  r e s p o n s e  h e re  f o r c e d  th e  a n im a ls



P i g .  a, P i g .  b,



t o  l i e '  f l a t  a lo n g  t h e  g l a s s .  The s ip h o n s  w ere  c u rv e d  ro u n d

t o  f a c e  t h e  l i g h t  ( F ig s .  a ,  b ,  c ,  ) . Uo o th e r  f a c t o r  

c o u ld  r e a s o n a b ly  e x p la in  su c h  a t t i t u d e s .

A p r e l im in a r y  e x p e r im e n t was made t o  f i n d  w h e th e r  su c h  

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

a  s h o r t  p e r io d .  Two a n im a ls  w ere a t t a c h e d  to  w e ig h te d  c o rk  

m ats an d  p la c e d  i n  an  e x p e r im e n ta l  t a n k  p ro v id e d  w ith  u n i l a 

t e r a l  l i g h t i n g .  A f te r  48 h o u rs  o f  c o n s ta n t  i l l u m in a t io n  from  

one 40 w a t t  lamp a t  4 f e e t  d i s t a n c e ,  one o f  t h e  a n im a ls  showed 

m arked , and  th e  o th e r  s l i g h t  change o f  a t t i t u d e * to w a rd s  t h e  

l i g h t  s o u r c e .  From t h i s  i t  was th o u g h t  w o rth  a t te m p t in g  an  

e x p e r im e n t w ith  a  v iew  to  t e s t i n g  i f  th e  o c e l l i  m ig h t b e  i n 

v o lv e d  i n  t h e  r e s p o n s e . T h is  p o s s i b i l i t y  s u g g e s te d  i t s e l f

1 ) from  th e  s t r u c t u r e  o f  t h e  o c e l l i  (v id e  p .  i S .  ) w hich  

re se m b le  known l i g h t  r e c e p t i v e  o rg a n s ,  and  th e  f a c t  t h a t  th e y  

do n o t  a p p e a r  t o  be  r e s p o n s ib le  f o r  th e  r a p i d  l i g h t  r e s p o n s e s .

2 ) fro m  th e  a lig n m e n t o f  th e  s ip h o n s  w hich  b r in g s  th e  

o c e l l i  i n t o  su ch  a  p o s i t i o n  t h a t  th e y  r e c e iv e  e q u a l  i l l u m in a t io n  

( F ig s .  a ,  b ,  o . ) .

Tanks w ere e q u ip p e d  t o  p ro v id e  u n i l a t e r a l  l i g h t i n g ,  a  

c o n s ta n t  re n e w a l o f s e a  w a te r  and a  g r i d  t o  m easu re  th e  o r i e n 

t a t i o n  o f  th e  c o n ta in e d  a n im a ls .  R eco rd s w ere made p h o to g r a p h i 

c a l l y  e v e ry  n ig h t  and m o rn in g . A s in g l e  r e c o r d in g  i s  shown 

( F ig .  d . ) t o  i l l u s t r a t e  th e  m ethod.

In  o rd e r  t o  rem ove th e  o c e l l i  c o m p le te ly  and  a t  th e  same 

tim e  a s  l i t t l e  a s  p o s s ib l e  o f  t h e  su r ro u n d in g  t i s s u e s  i t  was



n e c e s s a r y  t o  n a r c o t i s e  th e  a n im a ls  f o r  a  c o n s id e r a b le  t im e . 

M enthol was u s e d  f o r  t h i s  p u rp o s e , and f o u r  h o u rs  u n d e r  th e  

n a r c o t i e  w ere n e c e s s a r y  to  a l lo w  o f th e  rem o v a l o f  th e  o c e l l i .  

The o p e r a t io n  was fo l lo w e d  b y  an  h o u r ’s  w ash in g  i n  s e a  w a te r .  

The a n im a ls  w ere th e n  s e c u re d  to  w e ig h te d  c o rk  m a ts  b y  means 

o f  s m a ll  p in s  th ro u g h  th e  t e s t  o f  th e  b a s a l  a tta c h m e n t a r e a .  

T hese  m a ts  w ere h e ld  i n  a  p e rs p e x  fram e f i t t e d  w i th in  th e  

ta n k .

C o n tro l  a n im a ls  w ere  s u b je c te d  t o  th e  same n a r c o t i s a t i o n  

and w ere t r e a t e d  i n  e v e ry  r e s p e c t  a s  w ere th e  e x p e r im e n ta l  

a n im a ls ,  e x c e p t  t h a t  t h e i r  o c e l l i  w ere l e f t  i n t a c t .  I n  th e  

e x p e r im e n t 96 a n im a ls  w ere u s e d ,  h a l f  o f  th em  b e in g  u se d  a s  

c o n t r o l s .  Each ta n k  h e ld  8 a n im a ls ,  4 o f  w hich  w ere c o n t r o l s  

( F ig .  d . ) .  The e x p e r im e n t w as ru n  f o r  8 days i n  e a c h  t a n k ,  

t h e r e  b e in g  an o v e r la p  o f  one o r  two d ays b e tw een  th e  s e t t i n g  

up o f  s u c c e s s iv e  t a n k s .  In  s p i t e  o f  p r e c a u t io n s  ta k e n  t o  keep  

th e  a n im a ls  h e a l th y ,  more e s p e c i a l l y  th e  rem o v a l o f  f a e c e s ,  

and  c o n tin u o u s  w a te r  c i r c u l a t i o n ,  t h e r e  w ere s ig n s  o f  p o o r 

c o n d i t io n  am ongst b o th  e x p e r im e n ta l  and  c o n t r o l  a n im a ls  a f t e r  

a b o u t 8 d a y s . P e rh a p s  th e  p ro lo n g e d  s u b j e c t io n  t o  m e n th o l 

was p a r t l y  r e s p o n s ib le  f o r  t h i s .

As a l r e a d y  s t a t e d  th e  r e s u l t s  o f  t h i s  e x p e r im e n t w ere 

in c o n c lu s iv e .  Even th e  c o n t r o l  a n im a ls  d id  n o t  show a  

s u f f i c i e n t l y  m arked  and  u n ifo rm  re s p o n s e  t o  j u s t i f y  any  co n 

c lu s io n s  a s  t o  th e  n a tu r e  o f  t h e  p h o to t r o p ic  r e a c t i o n  o r  th e  

m echanism  in v o lv e d .  F u tu re  e x p e r im e n ts  a lo n g  th e  l i n e s



a d o p te d  h e re  w ould I n  th e  f i r s t  p la c e  have  t o  e l im in a te  th e  

cau se  o f  t h e  p o o r  c o n d i t io n  i n t o  w h ic h  th e  a n im a ls  f e l l  a f t e r  

a b o u t a  w eek. As a  s t e p  i n  t h i s  d i r e c t i o n  t h e  u se  o f  any  

n a r c o t i c  w ould have  t o  b e  a b an d o n ed . T h is  w ould in v o lv e  a  

change i n  t h e  m ethod o f  rem oving  th e  o c e l l i ,  and  th e  o n ly  

s a t i s f a c t o r y  p ro c e d u re  a p p e a rs  t o  b e  t h e  a m p u ta tio n  o f  th e  w hole 

s ip h o n  t i p .

P h o to tro p is m  may be  o f  common o c c u r re n c e  am ongst A s c id ia n s .  

The o n ly  o th e r  o b s e r v a t io n s  t h a t  I  have  made a r e  on A s c id ia  

a s p e r s a . T h is  s p e c ie s  i s  common i n  sh a llo w  w a te r  i n  c e r t a i n  

W est H ig h lan d  s e a  lo c h s ,  an d  was tin d e r  o b s e r v a t io n  d u r in g  th e  

summer o f  1947 . I t  g rew  a b u n d a n t ly  on cem ented  c a rd b o a rd  

c o n ta in e r s  p u t  o u t f o r  o y s te r  s e t t l e m e n t .  C io n a . w h ich  was a l s o  

p r e s e n t ,  b u t  i n  s m a l l e r  num bers , showed p o s i t i v e  p h o to tro p is m .

A. a s p e r s a  i n  th e  g r e a t  m a jo r i t y  o f  c a s e s  was o r i e n t a t e d  i n  th e  

same way a s  C io n a . w i th  t h e  o r a l  s ip h o n  to w a rd s  th e  l i g h t .  I n  

o th e r  s i t u a t i o n s ,  w here A. a s p e r s a  o c c u r re d  a lo n e ,  i t s  o r i e n t a t 

io n  c o u ld  i n  a l l  c a s e s  b e  e x p la in e d  on th e  b a s i s  o f  p h o to tro p is m . 

I t  i s  r e a s o n a b le  t o  oo n o lu d e  t h a t  t h i s  s p e c ie s  a l s o  e x h i b i t s  

p o s i t i v e  p h o to tro p is m .

As t o  t h e  f u n c t i o n a l  s i g n i f i c a n c e  o f  t h i s  r e a c t i o n ,  i t  can  

be s u g g e s te d  t h a t  i t s  v a lu e  i s  p ro b a b ly  t o  c a r r y  t h e  s ip h o n s  

c l e a r  o f  th e  s u b s tr a tu m . T h ereb y  th e  i n h a l a n t  c u r r e n t  i s  k e p t  

f r e e  o f  d e t r i t u s  and  f o u l in g  o rg a n is m s .



COLOUR.

C lo u s  I s  a  s e m i- t r a n s p a r e n t  a n im a l , u s u a l l y  y e l lo w is h  o r  

g r e e n i s h  g re y  and  o f t e n  s u f f u s e d  w i th  some sh a d e  o f  o ra n g e .

T h ree  d i s t i n c t  c o lo u r  p a t t e r n s  h a re  b e e n  fo u n d  i n  th e  sp ec im en s 

ex am ined , and  a r e  c h a r a c t e r i s e d  by  th e  fo l lo w in g  f e a t u r e s :  -

Type 1 ) Body w a l l  w i th  l i t t l e  p ig m e n t; t r a b e c u l a e  and  

t r a n s v e r s e  b a r s  o f  t h e  p h a ry n x  y e l lo w , g iv in g  th e  a n im a l a  

s t r i p e d  a p p e a ra n c e ;  d o r s a l  sep tum  and  some o f  th e  v i s c e r a l  

m e s e n te r ie s  y e l lo w .

Type Z)  Body w a ll  d e e p ly  s u f f u s e d  w ith  r e d d is h  o ra n g e , 

w h ich  IS  o f t e n  m ost i n t e n s e  on  th e  s ip h o n s  and  becom es g r a d u a l ly  

p a l e r  to w a rd s  th e  p o s t e r i o r  end  o f  th e  b o d y ; l i t t l e  o r  no 

y e l lo w  i n  t h e  t r a b e o u l a e ,  t r a n s v e r s e  b a r s  o f  th e  p h a ry n x  o r  th e  

v i s c e r a l  m e s e n te r ie s .

Type 3 ) The w hole body  p a le  t r a n s l u c e n t  g r e y i s h  g r e e n ;  

l i t t l e  o r  no  y e llo w  o r  o ra n g e  i n  an y  p a r t  o f  t h e  b o d y .

T h ese  t h r e e  c o lo u r  fo rm s a r e  how ever c o n n e c te d  b y  a  s e r i e s  

o f  in te r m e d ia te  s t a g e s .  Ho e x p la n a t io n  b a s e d  on e n v iro n m e n ta l  

c o n d i t io n s  h a s  b e e n  fo u n d  to  e x p la in  th e  c o lo u r  p a t t e r n s ,  s in c e  

i n d iv i d u a l s  o f  a l l  t h r e e  ty p e s  a r e  fo u n d  t o  o c c u r  i n  c lo s e  

p ro x im ity  and  a p p a r e n t ly  u n d e r  th e  same c o n d i t io n s  o f  en v iro n m en t 

I t  i s  n o t  known w h e th e r  t h e s e  c o lo u r  p a t t e r n s  a r e  i n h e r i t e d .  

S q u a l ly  s t r i k i n g  o o lo u r  v a r i a t i o n s  a r e  fo u n d  i n  o th e r  A s c id ia n s .  

In  B o t r y l l u s . f o r  ex am p le , w id e ly  d i s s i m i l a r  c o lo u r  p a t t e r n s  a r e



t o  b e  se e n  i n  n e ig h b o u r in g  i n d i v i d u a l s  o f  a  c o lo n y .

A r i n g  o f  o c e l l i  ( S ig s .  1 ,  1 0 , O c . ) o r  p ig m en t s p o t s  ro u n d  

th e  r im  o f  e a c h  s ip h o n  c o n s t i t u t e s  th e  o n ly  c o n s ta n t  c o lo u r  

p a t t e r n  o f  t h e  a n im a l .  E ach  o c e l lu s  h a s  a  s m a ll  r e d  c e n t r e  

su rro u n d e d  b y  a  more d i f f u s e  y e l lo w  a r e a .  An o c e l lu s  l i e s  a t  

th e  b a s e  o f  e a c h  n o tc h  b e tw een  th e  lo b e s  o f  th e  s ip h o n . The 

h i s t o lo g y  o f  t h e s e  s t r u c t u r e s  w i l l  b e  d e a l t  w i th  l a t e r  (v id e  

p .  i s .  ) .

P igm en t i s  l a i d  down i n  th e  b o d y  m a in ly  i n  th e  f o l lo w in g  

s i t e s : -

( a )  i n  th e  w a l ls  o f  th e  b r a n c h i a l  s a c ,  c h i e f l y  i n  t h e

l a r g e  t r a n s v e r s e  b a r s .

(b )  i n  t h e  t r a b e c u l a e  c o n n e c tin g  th e  b r a n c h i a l  s a c  and  th e

bod y  w a l l .

( o )  a lo n g  th e  w a l l s  o f  t h e  o v id u c t .

(d )  a lo n g  t h e  e n d o s ty le ,  and  p a r t i c u l a r l y  a t  i t s  a n t e r i o r

end  w here a  d i s t i n c t  p ig m en t s p o t  i s  o f t e n  fo rm ed .

( e )  g e n e r a l l y  d i s t r i b u t e d  i n  th e  body  w a l l .

( f ) im m e d ia te ly  d o r s a l  t o  th e  g a n g l io n ,  w here  a  d i s t i n c t

r e d  p ig m en t s p o t  may be fo rm ed . T h is  i s ,  h o w ev er,

o f t e n  c o m p le te ly  a b s e n t .

(g )  i n  t h e  d o r s a l  sep tum  and  t o  some e x te n t  i n  th e  v i s c e r a l

m e s e n te r ie s .



13 .

TEST. ( P l a t e  2 . ) .

The body  o f  C iona  i s  c o v e re d  on th e  o u t s id e  by  a  p r o t e c t i v e  

c o a t  o r t e s t  ( P ig .  4 ,  T . ) w hich  i s  t h i n  o v e r  m ost o f  t h e  body 

b u t  i s  th io fc e n e d  on th e  a r e a  o f  a t ta c h m e n t .  The tw o s ip h o n s  

a r e  a l s o  l i n e d  b y  t e s t .  I n  t h e  o r a l  s ip h o n  i t  c o v e rs  t h e  w hole 

i n n e r  s u r f a c e .  I n  th e  a t r i a l  s ip h o n  th e  t e s t  l i n e s  r a t h e r  l e s s  

t h a n  h a l f  o f  i t s  l e n g th  ( P ig .  13 . ) .

The t e s t  i s  a  n e a r l y  t r a n s p a r e n t  g e la t i n o u s  c o a t ,  composed 

o f  two l a y e r s ,  w h ich  g e n e r a l l y  s e p a r a te  i n  d i s s e c t i o n .  Of t h e s e  

t h e  o u te r  i s  m e re ly  t h e  s p e o i a l l y  h a rd e n e d  s u p e r f i c i a l  p a r t  o f  

th e  t e s t ,  w h ile  th e  i n n e r  r e t a i n s  a  s o f t e r  c o n s i s t e n c y .  B o th  

l a y e r s  a r e  fo rm ed  p r i m a r i l y  o f  an  e p id e rm a l  s e c r e t i o n  w hich  i s  

c o n v e r te d  i n t o  a  l i v i n g  t i s s u e  b y  im m ig ra tio n  o f  m esencbyme c e l l s .  

I n  t h e  o u te r  l a y e r  o f  t h e  t e s t  t h e r e  i s  a  f a i r l y  h ig h  c o n c e n tr a 

t i o n  o f  t h e s e  c e l l s  ( P ig .  4 « ) ,  w h ile  i n  th e  i n n e r  l a y e r  t h e r e  i s  

a  much s m a l le r  num ber. T h is  d i s t r i b u t i o n  o f  c e l l s  d i f f e r s  from  

t h a t  g iv e n  by  S t .  H i l a i r e  (1 9 3 1 ) ,  who m a in ta in e d  t h a t  th e  c e l l s  

w ere e v e n ly  s c a t t e r e d  th ro u g h o u t  th e  t e s t .

The g ro u n d  s u b s ta n c e  o f  th e  t e s t  i s  a lm o s t  am orphous b u t  

show s a  la m in a te d  s t r u c t u r e  r e s u l t i n g  p e rh a p s  fro m  ch an g es  i n  

p r e s s u r e .

The f o l lo w in g  c e l l  t y p e s  a r e  fo u n d  i n  t h e  t e s t : -

1 ) am oeboid c e l l s  w i th  g r a n u l a r  cy top lasm *  c l e a r  lo b o s e  o r  

p o in te d  p se u d o p o d ia  and  a  s p h e r i c a l  n u c le u s .  T h ese  c e l l s  a p p e a r  

t o  be  l e s s  s p e c i a l i s e d  th a n  th e  o th e r  t y p e s .  ( P ig .  5 ,  a . ) .



2)  v e s i c u l a r  c e l l s  c h a r a c t e r i s e d  b y  a  s i n g l e  l a r g e  v a c u o le  

o ccupy ing  m ost o f  t h e  c e l l  b o d y , and  f o r c in g  t o  one s id e  th e  

d i s c o id  n u c le u s .  The c o n te n ts  o f  t h e  v a c u o le  a r e  hom ogeneous 

an d  a c i d o p h i l  i n  r e a c t i o n .  ( P ig .  5 ,  b .  ) .

3 )  p h a g o c y t ic  c e l l s  o f  i r r e g u l a r  sh a p e , w i th  c o n to u rs  

ro u n d ed  o r  e x te n d e d  i n t o  lo b o s e  o r  p o in te d  p s e u d o p o d ia . W ith in  

th e s e  p h a g o c y t ic  c e l l s  a r e  one o r  m ore v a c o u le s  c o n ta in in g  

m asses o f  i n g e s te d  p a r t i c l e s ,  w hich  i n  l i v i n g  c e l l s  show B row nian  

movem ent. ( P ig .  5 , c . ).

Many c e l l s  c lo s e  t o  t h e  s u r f a c e  a r e  d e g e n e r a te ,  and  p ro b a b ly  

th e s e  c e l l s  a r e  c o n s t a n t ly  b e in g  l o s t  t o  th e  s u r ro u n d in g  w a te r .  

R ep lacem en t o f  s u r f a c e  c e l l s  i s  e f f e c t e d  by  m ig r a t io n  o f  new 

c e l l s  th ro u g h  t h e  e p id e r m is ,  a  p r o c e s s  t h a t  c o n t in u e s  th ro u g h o u t  

l i f e .

The f u n c t io n s  o f  t h e  d i f f e r e n t  ty p e s  o f  c e l l s  i n  th e  t e s t  

a r e  n o t  w e l l  e s t a b l i s h e d .  I t  h a s  b e e n  shown (M e ts c h n ik o f f  1883 , 

L u b arsch  1891 an d  S t .  H i l a i r e  1931) t h a t  t h e  p h a g o c y t ic  c e l l s  

m ig ra te  t o  a n d  su r ro u n d  an  in t r u d in g  b o d y . They t h e r e f o r e  

p r o t e c t  th e  a n im a l from  th e  e n t r y  th ro u g h  th e  t e s t  o f  h a rm fu l 

o rg a n ism s .

The r o l e  o f th e  o th e r  two c e l l  ty p e s  re m a in s  o b s c u re .

The t e s t  s u b s t a n c e ,a t  l e a s t  when new ly  s e c r e t e d , i s  a d h e s iv e ,  

a  p r o p e r ty  t h a t  e n a b le s  th e  a n im a l t o  s e c u re  and  m a in ta in  a  f i r m  

h o ld  on t h e  s u b s tr a tu m . The a b i l i t y  o f  t h e  a n im a l t o  become 

a t t a c h e d  i s  n o t  l o s t  a s  m ig h t be  e x p e c te d  once t h e  l a r v a  h a s  

s e t t l e d  and m etam orphosed . T h is  f a c t ,  m e n tio n ed  by  S e e l i g e r



( i n  B ro n n ),w a s  v e r i f i e d  b y  rem ov ing  12 aq u ariu m  sp ec im en s  t o  

s e p a r a te  g l a s s  v e s s e l s  and  le a v in g  them  u n d i s tu r b e d .  A f t e r  

3 w eeks 8 o f  t h e s e  a n im a ls  had  th ro w n  o u t lo n g  v i l l i  and  

r e a t t a c h e d  th e m s e lv e s  f i r m ly  t o  t h e  g l a s s .  The re m a in in g  4 

had  d e v e lo p e d  v i l l i  b u t  had  f a i l e d  t o  become f i x e d .

One o f  t h e  b e s t  known and  m ost re m a rk a b le  f e a t u r e s  o f  th e  

T u n ic a te  t e s t  i s  i t s  c h e m ic a l a f f i n i t y  t o  p l a n t  c e l l u l o s e ,  b u t  

th e  s p e c i a l  s i g n i f i c a n c e  o f  t h i s  i s  q u i t e  unknown.

Ho n e rv e  f i b r e s  have  b e e n  fo u n d  i n  t h e  t e s t  o f  C iona  su ch  

a s  th o s e  d e s c r ib e d  by  Das (1 9 3 6 ) f o r  H erdm an ia .

T h ree  f u n c t io n s  may be  a s c r ib e d  t o  t h e  t e s t : -

1 ) i t  i s  a  p r o t e c t i v e  c o v e r in g  a c t i n g  n o t  o n ly  a s  a  

m e c h a n ic a l b u t  a l s o  a s  a  p h a g o c y t ic  s h i e l d .

2 ) t h e  t e s t  i s  r e s p o n s ib le  f o r  th e  a t ta c h m e n t  o f  t h e  

a n im a l t o  th e  s u b s tr a tu m .

3 ) i t  i s  an  e x o s k e le to n  im p o r ta n t  i n  r e s t o r i n g  t h e  body  t o  

i t s  e x te n d e d  sh a p e  a f t e r  c o n t r a c t i o n ,  and  p r o b a b ly  i n  k e e p in g  

open th e  body  c a v i t i e s .



EPIDERMIS ( P l a t e  2 . )

The e p id e rm is  l i e s  im m e d ia te ly  u n d e r  t h e  t e s t  and  l i k e  i t  

e x te n d s  i n t o  t h e  s ip h o n s .  I t  c o n s i s t s  o f  a  s i n g l e  la y e r e d  

e p i th e l iu m  com posed o f  tw o ty p e s  o f  o e l l s  d i f f e r e n t i a t e d  b y  

t h e i r  h e i g h t s .  In  t r a n s v e r s e  s e c t i o n  th e  c e l l s  o f  t h e  t e r m in a l  

q u a r t e r  o f  t h e  o u te r  and  in n e r  s u r f a c e s  o f  e a c h  s ip h o n  a r e  t a l l ,  

and  n a rro w ed  a t  th e  b a s e  w ith  a  f r e e l y  p r o j e c t i n g  body . ( P ig .  7 , 

a .  )• I n  s u r f a c e  v iew  t h e s e  c e l l s  a r e  h e x a g o n a l.  T h e ir  c y to 

p lasm  i s  w eak ly  s t a i n i n g  and  t h e i r  n u c le u s  h a s  d i s t r i b u t e d  

c h ro m a tin  b lo c k s .  ( P ig .  6 , C j . ).  Hot i n f r e q u e n t l y  tw o d a u g h te r  

n u c le i  a r e  fo u n d  i n  one c e l l  b e f o r e  c e l l  d i v i s i o n  h a s  o c c u r r e d .

The t e r m in a l  e p i th e l iu m ,  whose c h a r a c t e r s  have  j u s t  b e e n  d e s c r ib e d ,  

c o n s t i t u t e s  a  g ro w th  r i n g  ro u n d  th e  t i p  o f  e a c h  s ip h o n .

The c e l l s  o f  t h e  r e s t  o f  t h e  e p id e rm is  h a v e , i n  t r a n s v e r s e  

s e c t i o n ,  a  low f l a t t e n e d  fo rm . I n  s u r f a c e  v iew  th e y  a l s o  a r e  

h e x a g o n a l. T h ese  o e l l s  a r e  c h a r a c t e r i s e d  b y  t h e i r  d e e p ly  

s t a i n i n g  c y to p la sm  and  r e s t i n g  n u c l e i .  ( P ig .  6 ,  C g . )• A v a c u o le  

u s u a l ly  o c c u p ie s  p a r t  o f  t h e  c e l l .

I n  t h e  o c e l l a r  a r e a s  b e tw e e n  t h e  b a s e s  o f  th e  lo b e s  t h e  

e p id e rm a l c e l l s  a r e  o f  t h e  f l a t  ty p e  w i th  r e s t i n g  n u c l e i .  I t  i s  

t o  b e  e x p e c te d  t h a t  a  r e g io n  w i th  su c h  a  w e l l  d e f in e d  and  c o n s ta n t  

s t r u c t u r e  a s  t h e  o c e l lu s  w ould t a k e  l i t t l e  o r  no p a r t  i n  g ro w th .

The o c e l lu s  m ust be c a r r i e d  fo rw a rd  a s  a  s t a t i c  s t r u c t u r e  b y  th e  

n e ig h b o u r in g  g ro w th  a r e a s .

O th e r l o c a l  v a r i e t i e s  o f  e p id e z m a l o e l l s  a r e  fo u n d  a t  th e  

b a s e  o f  t h e  a n im a l an d  on t h e  t e s t  v e s s e l s ,  w here  th e  c e l l s



(P ig*  8 7 . )  a r e  t a l l  and  n a rro w , and  somewhat re se m b le  th o s e  

o f  th e  s ip h o n a l  g ro w th  z o n e s . Over th e  t e s t  v e s s e l s ,  how ever, 

t h e  n u c le u s  o f  t h e  e p id e rm a l  c e l l s  o f t e n  a p p e a rs  t o  b e  i n  a  

r e s t i n g  c o n d i t io n .  T h e re  i s ,  n e v e r t h e l e s s ,  much c e l l  d i v i s i o n  

and  m i t o t i c  f i g u r e s  a r e  s e e n .  The s i g n i f i c a n c e  o f  t h i s  h ig h  

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

th e  t e s t  v e s s e l s  ( v id e  p .  / o r . ) .

The e p id e rm is  o v e r  th e  t e s t  v e s s e l s  shows i n  c e r t a i n  p a r t s  

ev en  m ore re m a rk a b le  sh a p e s  th a n  t h o s e  fo u n d  i n  t h e  s ip h o n a l  

g ro w th  z o n e s . A t i n t e r v a l s  i n  t h i s  a r e a  t h e r e  a r e  p a tc h e s  o f  

o e l l s  i n  w h ich  t h e  e lo n g a t io n  o f  th e  c e l l  body  h a s  b e e n  c a r r i e d  

t o  su c h  a n  e x t e n t  t h a t  p a r t  o f  t h e  c y to p la sm  p e n e t r a t e s  t h e  t e s t  

f o r  some d i s t a n c e  a s  a  lo n g  f i n e  s t r a n d  th e  end  o f  w h ich  i s  

expanded  i n t o  a  s m a ll  b u lb  ( P ig .  7 , b .  )• T h ese  p r o c e s s e s  may 

r e p r e s e n t  t h e  s e c r e t o r y  t h r e a d s  d e s c r ib e d  i n  D i s t a p l i a  b y  D e l la  

V a lle  (1 8 8 1 ) , i n  P r a g a r o id e s  b y  M aurice  (1 8 8 8 ) an d  i n  C la v e l in a  

b y  S e e l l g e r  (1 8 9 3 ) .

The s e n s o ry  s t r u c t u r e s  o f  th e  e p id e rm is  w i l l  b e  d e s c r ib e d  

i n  t h e  s e c t i o n  d e a l in g  w i th  t h e  n e rv o u s  sy s te m  ( v id e  p .  16 .  )•



OCELLI ( P l a t e s  2 , 3 . )

Round th e  t i p  o f  e a c h  s ip h o n  t h e r e  a r e  a  num ber o f  p igm en t 

s p o ts  o r  o c e l l i  ( P ig .  1 ,  Oo. ) w hich  a r e  s i t u a t e d  on th e  o u t e r  

s u r f a c e  i n  t h e  n o tc h e s  b e tw ee n  th e  lo b e s .  An o c e l lu s  c o n s i s t s  

o f  a  s m a ll  a r e a  o f  d i f f e r e n t i a t e d  e p id e rm a l  t i s s u e  and  im m e d ia te ly  

u n d e r ly in g  t h i s  an  a c c u m u la t io n  o f  p ig m en t c e l l s  t o  w h ich  th e  

o c e l lu s  owes i t s  c o lo u r .  The e p id e rm is  o f  th e  o c e l lu s  fo rm s 

a  m o d e ra te ly  deep p i t  and i t s  o e l l s  a r e  t a l l  and  co lum nar (P ig .

8 , O c .c . ) . The n u c le i  l i e  b a s a l l y  i n  t h e s e  c e l l s ,  b u t  u n l ik e  

S e e l i g e r  ( i n  B ronn) and  von  H a f fn e r  (1 9 3 3 ) I  am u n a b le  t o  s e e  any  

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

s u r ro u n d in g  e p id e rm a l c e l l s .  A v a c u o le  i s  s i t u a t e d  b e tw ee n  th e  

n u c le u s  and  th e  o u te r  edge o f  th e  c e l l ,  b u t  s i m i l a r  v a c u o le s  a r e  

p r e s e n t  i n  n o rm al e p id e rm a l c e l l s .  B o th  S e e l i g e r  ( i n  B ronn) 

and  von  H a f fn e r  have d e s c r ib e d  and  f i g u r e d  f i n e  h a i r - l i k e  p ro c e s s e s  

p r o j e c t i n g  from  t h e  o u te r  b o r d e r  o f  t h e s e  c e l l s .  S e e l i g e r  was 

u n w i l l in g  t o  make a  d e c i s io n  a s  t o  th e  n a tu r e  o f  th e  p r o c e s s e s  b u t  

von H a f fn e r  re g a rd e d  them  a s  s e n s o r y .  I  have  s e e n  no s t r u c t u r e s  

re s e m b lin g  t h e s e  h a i r - l i k e  p r o c e s s e s  on th e  c e l l s  o f  th e  o c e l lu s .  

Lying im m e d ia te ly  b e h in d  th e  p i t  i s  a  l a y e r  o f  o ra n g e - re d  p igm en t 

c e l l s  ( P ig .  8 , O. c .  ).  T hese  c o n s t i t u t e  th e  r e d  c e n t r e  o f th e  

o c e l lu s  a s  s e e n  i n  s u r f a c e  v ie w . Y ellow  p ig m e n t c e l l s  ( P ig .  8 , 

Y . c . )  a r e  s i t u a t e d  on e ac h  s i d e  o f  th e  r e d  c e n t r e  and  t o  a  l e s s  

e x te n t  b e h in d  i t .  Ho s p e c i a l  in n e r v a t io n  was se e n  i n  c o n n e c tio n  

w ith  th e  o c e l l i .
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The o c e l l i  a r e  som etim es r e g a rd e d ,  on r a t h e r  s l i g h t  e v id e n c e , 

a s  s e n s o ry  s t r u c t u r e s .  The h i s t o l o g i c a l  b a s i s  f o r  su c h  a  

b e l i e f  c o n s i s t s  o f  th e  o b s e r v a t io n s  o f  S e e l i g e r  and von H a f fn e r  

a l r e a d y  q u o te d , b u t  from  an  e x p e r im e n ta l  p o in t  o f  v iew  no s u p p o r t  

h a s  b e e n  fo u n d  f o r  th e  s e n s o ry  th e o r y .  H ech t (1 918 ) show ed t h a t  

i n  A s o id ia  a t r a  no l i g h t  s e n s i t i v i t y  c o u ld  be a t t r i b u t e d  t o  t h e  

o c e l l i .  I t  i s  p o s s i b l e ,  a s  s u g g e s te d  by  Huus ( i n  K u k e n th a l) ,  

t h a t  th e y  a r e  v e s t i g e a l  o rg a n s .  One f u r t h e r  p o s s i b i l i t y ,  

a l th o u g h  a  rem o te  o n e , I  have  m e n tio n e d  i n  th e  s e c t i o n  on p h o to 

t r o p is m  ( v id e  p .  8 . ) .

T here  a r e  c h a r a c t e r i s t i c a l l y  8 and  6 o c e l l i  on th e  o r a l  and  

th e  a t r i a l  s ip h o n s  r e s p e c t i v e l y ,  and  t h e s e  num bers have  b e e n  

re g a rd e d  a s  t y p i c a l  f o r  th e  g e n u s . A c o n s id e r a b le  d e g re e  o f  

v a r i a t i o n  i s  fo u n d , h o w ev er, i n  t h e  num ber o f  o r a l  o c e l l i ,  and a  

v e ry  s m a ll  d e g re e  o f  v a r i a t i o n  i n  th e  num ber o f  a t r i a l  o c e l l i .  

M easurem ents o f  th e s e  v a r i a t i o n s  w ere made i n  t h e  fo l lo w in g  

p o p u la t io n s  o f  C io n a : -

(1 )  t h a t  fo u n d  i n  Loch Sw een.

(2 )  t h a t  o f  one aq u ariu m  ta n k  i n  th e  M i l lp o r t  S t a t i o n .

The r e s u l t s ,  f o r  t h e  o r a l  o c e l lu s  n u m b ers , a r e  shown i n  

T e x t - f i g s .  4 a  and 4 b ,  w h ich  r e f e r  r e s p e c t i v e l y  t o  th e  Loch Sween 

and th e  M i l lp o r t  t a n k  p o p u la t io n s .  The r e l a t i v e  c o n s ta n c y  o f 

t h e  a t r i a l  o c e l lu s  num ber i n  b o th  p o p u la t io n s  r e n d e re d  a  h is to g ra m  

u n n e c e s s a ry . M ost, a l th o u g h  n o t  a l l ,  c a s e s  i n  w h ich  t h e  a t r i a l



o c e l lu s  num ber d i f f e r e d  fro m  6 c o u ld  be c o r r e l a t e d  w ith  an  

a b n o rm a li ty  i n  th e  s ip h o n  i t s e l f .  T h is  u s u a l l y  to o k  th e  fo rm  

e i t h e r  o f  a  d e f i n i t e  m a lfo rm a tio n , o r  o f  a n  e x c e p t i o n a l l y  w ide 

s ip h o n .

I t  w i l l  be  s e e n  from  T e x t - f i g .  4a  t h a t  i n  th e  Loch Sween 

p o p u la t io n  8 i s  th e  m odal num ber and t h a t  t h e r e  i s  a  s l i g h t  skew . 

A v a r i a t i o n  from  th e  m odal num ber o c c u rs  i n  7 .6 $  o f  t h e  a n im a ls  

exam ined . Von H a f fn e r  (1 9 3 3 ) fo u n d  a  v a r i a t i o n  i n  o n ly  3$ o f  

th e  sp ec im en s t h a t  he ex am in ed . In  th e  M i l lp o r t  t a n k  p o p u la t io n  

th e  m odal num ber i s  7 ( T e x t - f i g .  4 b ) ,  and  71$ o f  th e  p o p u la t io n  

v a ry  f r o m th e  g e n e r ic  num ber o f  8 .

T here  a r e  tw o p o s s ib l e  e x p la n a t io n s  o f  th e  low  num ber o f  o r a l  

o c e l l i : -

(1 )  The p o p u la t io n  i n  th e  t a n k  may b e  a n  a p p ro x im a te ly  c lo s e d  

one and  may have  b e e n  so  f o r  some t im e .  I t  i s  t h e r e f o r e  p o s s ib l e  

t h a t  a  m u ta t io n  in v o lv in g  s ip h o n  w id th  c o u ld  s p re a d  i n  t h i s  

p o p u la t io n .  T h is  i s  r e n d e re d  more l i k e l y  b y  th e  f a c t  t h a t  th e  

v a r i a t i o n  i s  p r a c t i c a l l y  c o n f in e d  t o  one s ip h o n .

(2 )  S ip h o n  w id th  may how ever be  th e  c o n t r o l l i n g  f a c t o r  i n  

o c e l lu s  num ber, a s  i n d ic a t e d  by  th e  r e g e n e r a t io n  e x p e r im e n ts  o f  

Von H a f fn e r  (1 9 3 3 ) . The a v a i l a b i l i t y  o f  fo o d  m ig h t a f f e c t  th e  

s ip h o n  w id th  and  t h e r e f o r e  th e  o c e l lu s  num ber, F o x (1 9 2 4 ) showed 

t h a t  th e  p r o p o r t io n s  o f  th e  s ip h o n s  c o u ld  be  a l t e r e d  b y  ch an g in g



th e  c o n c e n t r a t io n  o f  fo o d  m a t e r i a l s  i n  th e  w a te r .  A lth o u g h  

he o n ly  o b se rv e d  a l t e r a t i o n s  i n  th e  l e n g th  o f  th e  s ip h o n s  i t  

seem s p o s s ib l e  t h a t  th e  r e l a t i v e  w id th  m ig h t a l s o  have  ch an g ed , 

o r  t h a t  i t  o o u ld  be changed  b y  o th e r  n u t r i t i o n a l  f a c t o r s .  The 

a n im a ls  whose o c e l lu s  num bers a r e  r e p r e s e n te d  i n  T e x t - f i g .  4b 

w ere  l i v i n g  i n  a  r a t h e r  d a rk  a q u a riu m  ta n k  i n  w h ich  th e  fo o d  

s u p p ly  p ro b a b ly  d i f f e r e d  c o n s id e r a b ly  from  t h a t  o f  th e  open s e a .  

T h is  l i n e  o f  a rgum en t how ever d o es n o t  r e a d i l y  e x p la in  th e  

c o n s ta n c y  o f  t h e  a t r i a l  o c e l lu s  num ber.



H is to lo g y  o f  th e  Body W all

A h i s t o l o g i c a l  d e s c r i p t i o n  o f  th e  body  w a l l  w i l l  b e  g iv e n . 

F o r t h i s  p u rp o se  t h a t  p a r t  o f  t h e  body  w a l l  h a s  b e e n  c h o sen  

t h a t  o v e r l i e s  th e  p h a ry n x . The t e s t ,  w h ich  h a s  a l r e a d y  b e e n  

d e s c r ib e d ,  w i l l  n o t  be  r e g a r d e d  h e re  a s  p a r t  o f  th e  body  w a l l ,  

w h ich  w i l l  t h e r e f o r e  be  d iv id e d  i n t o  th e  f o l lo w in g  s e c t i o n s : -

E p id e rm is .

C o n n e c tiv e  t i s s u e .

M uscle .

A t r i a l  e p i th e l iu m .

The e p id e rm is  and  i t s  v a r i e t i e s  have  a l r e a d y  r e c e iv e d  

a t t e n t i o n  ( v id e  p p . / 6 , i “7. ).  Below t h e  e p id e rm is  ( F ig .  4 , Bp#.) 

t h e r e  i s  a  r e l a t i v e l y  t h i c k  l a y e r  o f  c o n n e c tiv e  t i s s u e  ( F ig .  4 , 

Cn. t i . ) ,  bounded  on i t s  in n e r  s id e  b y  th e  a t r i a l  e p i th e l iu m  

( F ig .  4 ,  A t. e .  ) . The l o n g i t u d i n a l  m u sc le s  ( F ig .  4 ,  Lon. m u . ) 

and  c i r c u l a r  m u sc le s  ( F ig .  4 , C i r .  mu. ) a r e  embedded i n  t h i s  

c o n n e c tiv e  t i s s u e  w hich  a l s o  c o n ta in s  b lo o d  v e s s e l s  and  la c u n a e .  

C o n n e c tiv e  t i s s u e . The c o n n e c t iv e  t i s s u e  ( F ig s .  4 ,  9 , Cn. t i . ) 

* e o n s i s t s  o f  a  c l e a r  e x t r a - c e l l u l a r  g ro u n d  s u b s ta n c e  i n  w hich  

c o n n e c tiv e  t i s s u e  f i b r e s  a r e  d e v e lo p e d  t o  a  v a r i a b l e  e x t e n t .  In  

many c a s e s  t h e s e  f i b r e s  c a n  b e  t r a c e d  t o  a  c o n n e c tiv e  t i s s u e  c e l l  

( F ig .  9 , Cn. t i .  o . ) .  The c o n n e c tiv e  t i s s u e  f i b r e s  may b e  

r e g a rd e d  a s  s t r e n g th e n in g  s t r u c t u r e s ,  and  a t t a i n  a  h ig h  d e v e lo p 

m ent i n  c e r t a i n  p a r t s  o f  th e  body  w here m e c h a n ic a l  s u p p o r t  may be  

r e q u i r e d .  The c o n n e c tiv e  t i s s u e  c e l l s  a r e  mesenchyme e le m e n ts



y o f  v a r io u s  sh a p e s  h u t  w i th  a lm o s t c o n s ta n t  n u c le a r  c h a r a c t e r s .

* Most o f t e n  th e  c e l l  i s  s p in d le  sh ap ed  and  draw n o u t i n t o  a  

/  t a p e r in g  p ro c e s s  a t  e ac h  e n d . E ach  p ro c e s s  may g iv e  r i s e  t o  

one o r more f i b r e s .  O th er sh a p e s  a r e  fo u n d  am ongst c o n n e c tiv e  

t i s s u e  c e l l s .  T hese a r e  som etim es i r r e g u l a r l y  ro u n d ed  w ith  no 

f i b r o u s  p r o c e s s e s ,  som etim es s t e l l a t e  and g iv in g  r i s e  t o  a g roup  

o f  o u tw a rd ly  r a d i a t i n g  f i b r e s .  The n u c le u s  i s  t y p i c a l l y  

s p h e r i c a l ,  w ith  a  ro u n d ed  n u c le o lu s  u s u a l l y  a p p l ie d  t o  t h e  n u c le a r  

membrane. S m a ll c h ro m a tin  b lo c k s  a r e  s c a t t e r e d  i n  th e  n u c le u s ,  

b u t  o c c u r  m a in ly  a t  t h e  p e r ip h e r y .  The im p o rta n c e  o f  r e c o g n is in g  

c o n n e c tiv e  t i s s u e  c e l l s  a s  su c h  l i e s  i n  t h e i r  re se m b la n c e  to  

g a n g l io n  c e l l s .  The n u o le u s  p r o v id e s  th e  b e s t  d i a g n o s t i c  f e a t u r e ,  

and  more e s p e c i a l l y  th e  p o s i t i o n  o f  t h e  n u c le o lu s .

M uscle (F ig*  9 ,  Lon. mu. and  C i r .  m u .) .  The r e l a t i v e  p o s i 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 sc le s  w i l l  b e  m e n tio n e d  e l s e 

w here (v id e  p .  27 . )• A m u sc le  c o n s i s t s  o f  a  c lo s e  a g g r e g a t io n  o f  

s m a ll  m u sc le  s t r a n d s .  Each s t r a n d  i s  composed o f  many n o n -  

s t r i a t e d  m u sc le  f i b r e s .  The f i b r e s  o f  a  s t r a n d  u s u a l ly  num ber 6 

t o  15 i n  a  t r a n s v e r s e  s e c t i o n  th ro u g h  t h e  s t r a n d ,  and  a r e  a r ra n g e d  

ro u n d  a  common c e n t r e .  Each m u sc le  f i b r e  i s  a  lo n g  n a rro w  ro d , 

t a p e r in g  a t  e a c h  end  t o  a  p o in t  w hich  i n  s e c t i o n s  a p p e a rs  g e n t ly  

c u rv e d . U n d i f f e r e n t i a t e d  p ro to p la s m  o c c u p ie s  th e  c e n t r e  o f  th e  

m u sc le  s t r a n d ,  and  w i th in  t h i s  p ro to p la s m  a r e  embedded th e  m usc le  

n u c l e i .  The n u c le u s  i s  e lo n g a te d  i n  th e  d i r e c t i o n  o f  th e  f i b r e ,  

and  c o n ta in s  a  s m a ll  n u c le o lu s  an d  f i n e l y  d iv id e d  c h ro m a tin .

Since' ocii^etlngythe* work, ont which. thePabnve description is . bised,
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F“ig.9 a.
R . p m .

R.pm. ^

F ig .  9 a . T ra n s v e rs e  s e c t i o n  th ro u g h  a  m u sc le  s t r a n d ,

w ith  f i v e  f i b r e s *  E ach f i b r e  show s c o n s t i t u e n t  

f i b r i l s *

F ig*  9b* From  a  l o n g i t u d i n a l  s e c t i o n  th ro u g h  a  m u sc le  

s t r a n d ,  show ing p a r t  o f  one f i b r e ,  a  n u c le u s  

and r e s i d u a l  p ro to p la s m .

Mu. f i .  = K un c le  f i b r e .
N. * M uscle  n u c l e u s .
R. pm* = R e s i d u a l  , u n d i f f e r e n t i a t e d  p r o to p la s m .
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I  have made f u r t h e r  i n v e s t i g a t i o n s  on th e  h i s t o lo g y  o f  th e  "body 

m u sc le . B e s t r e s u l t s  have h een  o b ta in e d  b y  s t a i n i n g  w ith  i r o n  

h a e m a to x y lin  and v a n  O ie so n , a f t e r  b r i e f  f i x a t i o n  (45 m in u te s )  

i n  B o u in . E s t e r  wax s e c t io n s  w ere c u t  a t  5 /a . Each m usc le  

f i b r e  was s e e n  t o  be  n o t  hom ogeneous, a s  h a s  b e e n  th o u g h t ,  b u t  

t o  c o n s i s t  o f  a  num ber (p ro b a b ly  3 0 -5 0 )  o f  f i n e  l o n g i t u d i n a l  

f i b r i l s  c lo s e l y  p ack ed  w i th in  th e  f i b r e  and  ru n n in g  i t s  e n t i r e  

l e n g th .  T h ere  was s t i l l  no e v id e n c e  o f  c r o s s  s t r i a t i o n .  

A d d i t io n a l  f i g u r e s  ( E ig s .  9a  and  9b) have  b e e n  i n s e r t e d  t o  

i l l u s t r a t e  th e s e  d e t a i l s .

A t r i a l  e p i th e l iu m  (i* ig . 9 , A t. e .  ) . T h is  i s  a  s i n g l e  la y e r e d  

s h e e t  o f  f l a t t e n e d  c e l l s ,  e a c h  o f  w h ich  g e n e r a l l y  h a s  a  v a c u o le  

b e s id e  th e  n u c le u s .  The o v o id  n u c le u s  somewhat re s e m b le s  t h a t  

o f  th e  e p id e rm a l c e l l s ,  b u t  w ith  r a t h e r  m ore o h ro m a tin  i n  a  

d i s p e r s e d  fo rm . The e x i s te n c e  o f  e u p u la  s e n s e  o rg a n s  i n  t h e  

a t r i a l  e p i th e l iu m  w i l l  b e  r e f e r r e d  t o  i n  t h e  s e c t i o n  d e a l in g  

w ith  th e  n e rv o u s  sy s te m  (v id e  p .  77 . ) .



BOOT WALL MUSCPLATIJHB ( P l a t e  3 . )

The body w a l l  m u sc u la tu re  i s  d iv id e d  i n t o  two s y s te m s : -

a )  L o n g itu d in a l  sy s te m .

b ) C i r c u l a r  sy s te m .

The l o n g i t u d i n a l  sy s te m ,w h ic h  o v e r  m ost o f th e  body  l i e s  

e x t e r n a l  t o  th e  c i r c u l a r  sy s te m , i s  o rg a n is e d  i n t o  a  s m a ll  

num ber o f  w e l l  d e f in e d  b a n d s . The c i r c u l a r  sy s te m  i s  r e l a t i v e l y  

d i f f u s e  and c o n s i s t s  o f  s l e n d e r  t r a n s v e r s e  an d  o b l iq u e  s t r a n d s  

w hich b y  a n a s to m o sin g  fo rm  a  n e tw o rk  e n c i r c l i n g  th e  b o d y .

a )  L o n g itu d in a l  sy s te m . T here  a r e  two s i m i l a r  g ro u p s  o f 

l o n g i t u d i n a l  m u sc le s  one ly in g  on e a c h  s id e  o f  th e  b o d y , and  

ru n n in g  th e  e n t i r e  le n g th  o f  th e  a n im a l from  th e  b a s a l  a tta c h m e n t  

a r e a  t o  th e  t i p s  o f th e  s ip h o n s .  A l l  th e  l o n g i t u d i n a l  m u sc le s  

o f  e ach  s id e  o f  th e  body have a  common o r i g i n  i n  t h e  s m a ll  p r o 

lo n g a t io n  o f  th e  body w a l l  b y  m eans o f  w hich  th e  t e s t  v e s s e l s  

e n t e r  th e  t e s t .  T h is  body w a l l  p r o lo n g a t io n  h a s  b e e n  c a l l e d  th e  

" p o s t-a b d o m in a l  a p p en d ix "  ( P ig s .  1 1 , 1 2 , T . v e .  r o . ) b y  i r a b l c k -  

C h r i s t ie - L in d e  and B r ie n  (1 9 3 2 ) . Prom t h i s  a p p e n d ix  f i v e  m u sc le s  

(P ig .  1 2 .)  ru n  fo rw a rd s  a lo n g  e ac h  s id e  o f  t h e  body  d iv e r g in g  a s  

th e y  p a s s  to w a rd s  th e  s ip h o n s .  T hese  m u sc le s  w i l l  b e  d e n o te d  by  

th e  l e t t e r s  L I t o  L5. L I i s  th e  m ost v e n t r a l  and  L5 th e  m ost 

d o r s a l  m u sc le . The o r a l  s ip h o n  i s  s u p p l ie d  b y  m u sc le s  L I t o  

L3. L3 i s  a  d o u b le  m u sc le , i t s  d i v i s i o n  t a k in g  p la c e  a t  a  

v a r i a b l e  p o s i t i o n  a lo n g  i t s  l e n g t h .  The m ost u s u a l  p o s i t i o n  f o r
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t h i s  d i v i s i o n  i s  ab o u t h a l f  way from  th e  a p p e n d ix  t o  t h e  

b a se  o f  th e  o r a l  s ip h o n . E ach  o f  th e  m u sc le  b an d s  L I , L2,

L3a and  L3b i s  f i n a l l y  d i s t r i b u t e d  t o  a  s i n g l e  lo b e  o f th e  

o r a l  s ip h o n .

The a t r i a l  s ip h o n  i s  s u p p l ie d  b y  th e  m u sc le s  L4 and  L5 

on b o th  th e  r i g h t  and th e  l e f t  s i d e s .  The two v e n t r a l  lo b e s  

on e ac h  s id e  o f  th e  s ip h o n  a r e  s u p p l ie d  by  L4, w h ile  s t r a n d s  

from  L5 c o v e r th e  re m a in in g  lo b e  on e a c h  s i d e .

I  do n o t  a g re e  w ith  R oule  (1884 ) t h a t  th e  m ost c o n s ta n t  

m u sc le  i s  one p a s s in g  t o  th e  i n t e r s i p h o n a l  r e g io n  and t h e r e  

d iv id in g  t o  sen d  a  b ra n c h  t o  e ac h  s ip h o n . A lth o u g h  I  have se e n  

su ch  a  d i s p o s i t i o n  i t  was c e r t a i n l y  e x c e p t io n a l .  The i n t e r 

s ip h o n a l  r e g io n  i s  s u p p l ie d  b y  b o th  L3b and L4 b u t  t y p i c a l l y  

n e i t h e r  d iv id e s  t o  send  b ra n c h e s  t o  b o th  s ip h o n s ,  n o r  a r e  th e  

two m u sc le s  o f t e n  u n i te d .

In  a d d i t i o n  t o  th e  l o n g i t u d i n a l  m u sc le s  a l r e a d y  d e s c r ib e d  

th e r e  i s  a  p a i r  o f  weak v e n t r a l  l o n g i t u d i n a l  m u sc le s  ( F ig s .  10 ,

11 , 27 , V. Io n . mu. )u n d er th e  e n d o s ty le .  T hese  d i f f e r  i n  

d i s t r i b u t i o n  from  th e  m u sc le s  L I t o  L5 d e s c r ib e d  above and o r i g i 

n a te  s l i g h t l y  f u r t h e r  fo rw a rd  i n  th e  same a p p e n d ix  a r e a  o f  th e  

body . They p a s s  fo rw a rd  to  t h e  a n t e r i o r  end  o f  t h e  e n d o s ty le  

w here th e y  d iv e rg e  s h a r p ly  from  e a c h  o th e r  and  a r e  soon  i n d i s t i n 

g u is h a b le  from  th e  a d ja c e n t  c i r c u l a r  m usc le  s t r a n d s  ( F ig .  1 0 ) . 

R oule (1 8 8 4 ) s t a t e d  t h a t  th e  v e n t r a l  l o n g i t u d i n a l  m u sc le s  l i e  

d e e p e r  i n  th e  body w a l l  th a n  th e  o th e r  l o n g i t u d i n a l  m u s c le s , b u t  

I  h ave  fo u n d  no d i f f e r e n c e  i n  t h e i r  d e p th  from  t h a t  o f  th e  m u sc le s  

L I t o  L5.



On re a c h in g  th e  b a s e s  o f  th e  s ip h o n s  t h e  l o n g i t u d i n a l  

m u sc le s  show f e a t u r e s  t h a t  r e q u i r e  more d e t a i l e d  d e s c r i p t i o n .  

L I , L2, L3a and L3b becom e c o n s id e r a b ly  c o n s t r i c t e d  a t  th e  

l e v e l  o f  th e  a n t e r i o r  end o f  th e  e n d o s ty le  and rem a in  so 

a lm o st up t o  th e  t e n t a c l e  r in g  ( F ig .  1 0 ) .  At t h a t  p o s i t i o n  

th e y  s t a r t  t o  d iv id e  r e p e a t e d ly  i n t o  s m a ll  s t r a n d s  w h ich  f a n  

o u t a s  th e y  p a s s  up to w a rd s  th e  lo b e s  o f  th e  o r a l  s ip h o n .

E ach o f  t h e s e  m u sc le s  L 1 t o  L3b d i s t r i b u t e s  i t s  s u b d iv i s io n s  

t o  one o f  th e  lo b e s ,  and th e  a rra n g e m e n t i s  su c h  t h a t  b e tw een  

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

a r e  no  l o n g i t u d i n a l  m u sc le s .

1A and  L5 a r e  s i m i l a r l y  d i s t r i b u t e d  t o  th e  a t r i a l  s ip h o n  

lo b e s ,  e x c e p t  t h a t  t h e r e  i s  no c o n s t r i c t i o n  o f  th e  m u sc le s  a t  

th e  b a s e  o f  th e  s ip h o n . T h is  d i f f e r e n c e  may b e  c o n n e c te d  w ith  

th e  f a c t  t h a t  i n  th e  c ase  o f  th e  a t r i a l  s ip h o n  t h e r e  i s  no 

u n io n  o f  th e  body w a l l  and th e  p h a ry n x . I n  th e  o r a l  s ip h o n , 

on th e  o t h e r  h a n d , t h e  bod y  w a l l  and th e  a n t e r i o r  end  o f  th e  

p h a ry n x  a r e  fu s e d  a t  th e  b a s e  o f  th e  s ip h o n . I t  i s  o v e r  t h i s  

a r e a  o f  f u s i o n  t h a t  th e  l o n g i t u d i n a l  m u sc le s  a r e  c o n s t r i c t e d .

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

s ip h o n , and  a t  a  c o r re s p o n d in g  l e v e l  i n  th e  a t r i a l  s ip h o n  th e  

l o n g i t u d i n a l  s t r a n d s  p a s s  more d e e p ly  i n t o  th e  body  w a l l .

They now come t o  l i e  i n t e r n a l  t o  t h e  c i r c u l a r  m u sc le s  so  r e 

v e r s in g  t h e  a rra n g e m e n t fo u n d  i n  th e  r e s t  o f  th e  b o d y . The 

o u te rm o s t s t r a n d s  o f  e ac h  l o n g i t u d i n a l  m u sc le , how ever, r e t a i n  

t h e i r  e x t e r n a l  p o s i t i o n .

From t h e  f o r e g o in g  d e s c r i p t i o n ,  t h e r e f o r e ,  i f  t h e r e  a r e



e ig h t  lo b e s ,  each  r e c e iv e s  one o f  th e  b ra n c h e s  L I t o  L3b o f  

th e  l o n g i t u d i n a l  sy s te m . Where th e  o r a l  lo b e  num ber i s  l e s s  

th a n  e i g h t ,  t h e  num ber o f  m u sc le s  i s  n o t  re d u o e d  t o  e q u a l  t h a t  

o f  th e  l o b e s .  A s i n g l e  m u sc le  o f t e n  s p re a d s  o v e r  tw o , o r  

p a r t s  o f  tw o , lo b e s .

The a rra n g e m e n t o f  th e  l o n g i t u d i n a l  m u sc le s  u s u a l ly  conform s 

t o  t h e  p l a n  o u t l i n e d  a b o v e , b u t  w here t h e r e  i s  i n d iv i d u a l  

v a r i a t i o n ,  th e  m ost common d e p a r tu r e s  from  n o rm al a r e : -

1 ) L3 i s  f r e q u e n t l y  s p l i t  t o  th e  b a s e ,  so  t h a t  L3a and

L3b a p p e a r  a s  s e p a r a te  m u s c le s , ra n k in g  e q u a l ly  w ith  L I and

L2.

2 ) T here  may b e  p a r t i a l  o r ev en  co m p le te  f u s io n  o f a d ja c e n t

m u s c le s , som etim es re d u c in g  th e  num ber t o  t h r e e  on e a c h  s id e  o f

th e  o r a l  s ip h o n .

3 )  O c c a s io n a l ly  one o f  th e  m u sc le s  d o e s  n o t  e x te n d  down t o  

th e  b a s e  o f  th e  a n im a l , b u t  o r i g i n a t e s  a t  some l e v e l  h ig h e r  th a n  

t h i s .

b ) C i r o u la r  S y s tem . The g e n e r a l  c h a r a c t e r s  o f  th e  c i r c u l a r  

m u s c u la tu re  have  a l r e a d y  b e e n  d e s c r ib e d .  The i n d i v i d u a l  s t r a n d s  

o f  w hich  i t  i s  composed a r e  much more s l e n d e r  th a n  th o s e  o f  th e  

l o n g i t u d i n a l  sy s te m . The f r e q u e n t  b ra n c h in g  and  f u s io n  o f  t h e  

s t r a n d s  p ro d u c e s  a  w ide-m eshed  r e t i c u lu m , b u t  i n  t h i s  t h e  

c i r c u l a r  d i r e c t i o n  p re d o m in a te d .

I n  th e  p o s t e r o - d o r s a l^ a r e a  th e  i r r e g u l a r i t y  o f  t h e  sy s tem  

i s  m ost p ronounoed  ( F ig .  11 . )• H ere s t r a n d s  fro m  th e  c i r o u l a r  

sy s te m  t u r n  and  ru n  l o n g i t u d i n a l l y ,  fo rm in g  l in k a g e s  w i th  t h e



l o n g i t u d i n a l  sy s te m .

The s ip h o n s  on th e  o th e r  h a n d , and  p a r t i c u l a r l y  t h e  o r a l  

s ip h o n , a r e  c h a r a c t e r i s e d  b y  th e  more s t r i c t l y  c i r c u l a r  c o u rse  

o f th e  m u sc le s  ( F ig .  1 0 ) .  Even h e r e ,  ho w ev er, th e y  a r e  n o t  

i s o l a t e d  hoops p a s s in g  ro u n d  t h e  s ip h o n s ,  b u t  a r e  l in k e d  t o  

one a n o th e r  b y  c o n n e o tin g  b r a n c h e s .  The m u sc le s  become p r o g r e s 

s i v e ly  t h i n n e r  and  more c lo s e l y  sp a c e d  a s  th e y  a p p ro a c h  th e  

s ip h o n  e n d s . C i r o u la r  m u sc le s  a r e  p r e s e n t  i n  th e  o o e l l a r  a r e a s  

and l i e  i n t e r n a l  t o  t h e  o c e l l i .  One c o n s p ic u o u s ly  l a r g e  

c i r o u l a r  m u sc le  a t  th e  b a s e  o f  th e  o r a l  s ip h o n  l i e s  u n d e r  th e  

r in g  o f  t e n t a c l e s  (F ig .  1 0 , T en . m u .) .  Ho s i m i l a r  m u sc le  m arks 

th e  b a s e  o f  th e  a t r i a l  s ip h o n .

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

m u s c u la tu re  o f  th e  r e s t  o f  th e  b o d y , t h a t  on th e  s ip h o n s  i s  n o t 

s e p a r a te d  from  i t .  A nastom oses j o i n  t h e  m u sc le s  o f  th e  two 

r e g io n s .

Over m ost o f th e  body  t h e r e  i s  l i t t l e  c r o s s  c o n n e c tio n  

b e tw een  t h e  c i r c u l a r  and l o n g i t u d i n a l  m u sc le  sy s te m s e x c e p t i n  

th e  p o s t e r o - d o r s a l  r e g io n .  The a n t e r i o r  d i s t r i b u t i o n  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 sc le s  c o n s t i t u t e s  a n o th e r  l i n k  b e tw ee n  

them .



TESTACIES ( P l a t e  4 . )

The b a s e  o f  th e  o r a l  s ip h o n  i s  m arked  b y  a  r in g  o f  t e n t a c l e s  

(F ig* 13 , T e n * ). T hese  p r o j e c t  from  th e  in n e r  s u r f a c e  o f  t h e  

body  w a l l  a c r o s s  th e  o p e n in g  t o  th e  pharynx* They s ta n d  on a  

f la n g e  ru n n in g  round  th e  b a s e  o f  th e  i n s i d e  o f  th e  o r a l  s ip h o n . 

W ith in  t h i s  f l a n g e  i s  a  w e l l  d e v e lo p e d  r i n g  m u sc le  ( F ig s .  1 0 , 14 , 

Ten. mu. )•

The t e n t a c l e s ,  w h ich  a r e  s i c k l e  sh a p ed  w ith  th e  c o n c a v ity  

f a c in g  fo rw a rd  to w a rd s  th e  o r a l  o p e n in g , t a p e r  t o  a  b lu n t  p o in t  

(F ig .  1 4 , T e n . ) .  In  t r a n s v e r s e  s e c t i o n  t h e  t e n t a c l e  i s  s e e n  t o  

have th e  p o s t e r i o r  f a c e  ro u n d ed  and  th e  a n t e r i o r  f a c e  sh ap ed  l i k e  

a  k e e l  ( F ig .  1 5 , K . ) ,  th e  s id e s  o f  w h ich  a r e  c o n ca v e . A sm ooth 

f l a t  e p i th e l iu m  c o v e rs  th e  p o s t e r i o r  s u r f a c e  o f  th e  t e n t a c l e  

(F ig .  1 6 ) .  On th e  a n t e r i o r  s u r f a c e  t h e r e  a r e  t h r e e  b a n d s  o f  

c i l i a t e d  c e l l s  ru n n in g  th e  w hole  le n g th  o f  th e  t e n t a c l e  ( F ig .  15 , 

O i l .  b d . ) . One i s  s i t u a t e d  on th e  r id g e  o f  th e . k e e l  and  th e  two 

o th e r s  a r e  s i t u a t e d  l a t e r a l l y  on t h e  s h o u ld e r s  w here th e  k e e l  

m ee ts  th e  p o s t e r i o r  f a c e .  A l l  t h r e e  c i l i a t e d  b an d s  a r e  th u s  

p r e s e n te d  t o  th e  o r a l  o p en in g  and in h a l e n t  c u r r e n t .  The s id e s  

o f  th e  k e e l ,  b e tw een  th e  m edian  and  th e  l a t e r a l  c i l i a t e d  b a n d s , 

a r e  c o v e re d  w ith  a  s p a r s e  c i l i a t i o n .  Ho s e n s o ry  c e l l s  have  

b e e n  s e e n ,  a lth o u g h  t h e s e  w ere m e n tio n ed  and i l l u s t r a t e d  by  

S e e l i g e r  (B ro n n ) . M ech an ica l su p p o r t  t o  th e  t e n t a c l e  i s  p r o 

v id e d  by  th e  c o n n e c tiv e  t i s s u e  t h a t  o c c u p ie s  i t s  i n t e r i o r .  At 

r e g u la r  i n t e r v a l s  a lo n g  i t s  l e n g th  t r a n s v e r s e  s h e e t - l i k e



th ic k e n in g s  ( F ig .  15 , Lam. t h . ) in c r e a s e  th e  r i g i d i t y  o f  th e  

c o n n e c tiv e  t i s s u e .  A p a i r  o f  t e n t a c u l a r  b lo o d  v e s s e l s  ( F ig .

15 , Ten. v e . ) ru n  w i th in  th e  s h o u ld e r s  and in te r -c o m m u n ic a te  

d i s t a l l y  t o  fo rm  th e  tw o lim b s  o f a  d o u b le  v e s s e l .  Ho m u sc le  

f i b r e s  have b een  fo u n d  i n  th e  t e n t a c l e s  o f C io n a . a l th o u g h  th e s e  

have b e en  d e s c r ib e d  f o r  o th e r  A s c id ia n s .

The t e n t a c l e s  a r e  o f  d i f f e r e n t  l e n g th s  and th e  lo n g e s t  

a lm o s t r e a c h  t o  th e  c e n t r e  o f  th e  s ip h o n . A l t e r n a t in g  w ith  

th e s e  a r e  somewhat s h o r t e r  o n e s , w h ile  a  t h i r d ,  f o u r t h  and some

t im e s  a  f i f t h  s e r i e s ,  may be d i s t i n g u i s h e d .  The l a r g e s t  

t e n t a c l e s  a r e  d e s ig n a te d  t e n t a c l e s  o f th e  f i r s t  o rd e r  and th e  

su c c e e d in g  g ro u p s  o f  t e n t a c l e s  a r e  th e  se c o n d , t h i r d  and f o u r t h  

o r d e r s .  The a rra n g e m e n t, w hich  r e s u l t s  from  a  p r o c e s s  o f 

i n t e r c a l a t i o n ,  i s  s e t  o u t i n  F ig .  1 7 , I d e a l l y  th e  f i r s t  o rd e r  

t e n t a c l e s  num ber 8 , one c o rre s p o n d in g  i n  p o s i t i o n  to  e a c h  o f th e  

l o n g i t u d i n a l  m u sc le s  L I t o  L3b. The t h e o r e t i c a l  a rra n g e m e n t 

and num ber o f  t h e  t e n t a c l e s  i s  t h e r e f o r e : -

O rd e r .

1 .

2 .
3 .

4 .

(+  r a r e l y  5 .  64 )
Total 128 )

The t o t a l  i s  o n ly  a t t a i n e d  w ith  a  c e r t a i n  minimum body s i z e

Ho. o f  t e n t a c l e s . 

8 .
8.

16 .

32 .

T o ta l  64 .
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and  ev en  th e n  t h e r e  i s  c o n s id e r a b le  i n d iv i d u a l  v a r i a t i o n  from  

th e  i d e a l  f u l l  com plem ent o f  64 . The c o rre sp o n d e n c e  b e tw een  

t e n t a c l e  num ber and  body s i z e  i s  shown i n  T ex t-3?ig . 5 ,  and  t h i s  

f i g u r e  s u g g e s ts  t h e  f o l lo w in g  c o n c lu s io n s :  -

1 ) T h is  i s  a c a se  o f h e te r o g o n ic  g ro w th , a s  th e  p o i n t s  

a p p e a r  t o  l i e  a ro u n d  a n  a p p ro x im a te ly  lo g a r i th m ic  c u rv e . T h is  

fo rm  o f in c r e a s e  i s  r a t h e r  o b sc u re d  by  th e  amount o f  n u m e r ic a l  

v a r i a t i o n  and p ro b a b ly  a l s o  by th e  * d is c o n t in u o u s  n a tu r e  o f  th e  

in c r e a s e  i n  num ber, a s  a l l  th e  members o f  a  new o rd e r  w i l l  

a p p e a r  n e a r l y  s im u lta n e o u s ly .

2 ) T here  i s  q u i t e  a  h ig h  d e g re e  o f  i n d iv i d u a l  v a r i a t i o n .

I t  w ould a p p e a r  t h a t  th e  t e n t a c l e  num ber a s  a  tax o n o m ic  

f e a t u r e  h a s  c e r t a i n  l i m i t a t i o n s .  I n  th e  f i r s t  p la c e  i t  i s  

n e c e s s a ry  t o  u s e  th e  t e n t a c l e  num ber w ith  r e f e r e n c e  t o  th e  

c o rre sp o n d in g  body  d im e n s io n s . S e c o n d ly  t h e  w ide v a r i a t i o n  

w i th in  a  s p e c ie s  n e c e s s i t a t e s  th e  s tu d y  o f  l a r g e  num bers o f  

in d iv id u a l s  b e f o r e  a s s e s s in g  th e  t e n t a c l e  num ber o f  th e  p o p u 

l a t i o n  u n d e r  c o n s id e r a t i o n .

H i t t e r  (1 909 ) who s tu d ie d  t h e  d e g re e  o f  v a r i a t i o n  i n  

H a lo c v n th ia . gave  f i g u r e s  f o r  t e n t a c l e  num ber and body  l e n g th .

He was n o t ,  h o w ev er, p r i m a r i l y  c o n c e rn e d  w ith  th e  fo rm  ta k e n  

by  th e  in c r e a s e  i n  num ber, and  so  d id  n o t  p l o t  h i s  r e s u l t s .

When t h i s  i s  done a  w ide  s c a t t e r  i s  fo u n d  and  no c u rv e  can  be 

draw n am ongst th e  p o i n t s .  As no s m a ll  sp ec im en s w ere  m easu red  

th e  d i f f i c u l t y  o f  s u g g e s t in g  su c h  a  c u rv e  i s  in c r e a s e d .  L in d say  

and  Thomson (1 9 3 0 ) w ork ing  a lo n g  th e  same l i n e s  made t e n t a c l e



c o u n ts  i n  th e  two c lo s e l y  r e l a t e d  fo rm s A s c id ia  a s p e r s a  and  

A. s c a b r a . b u t  o n ly  w ith  a  v iew  t o  d is c o v e r in g  s p e c i f i c  d i f f e r e n 

c e s .  The c u rv e s  drawn by  t h e s e  w o rk e rs  a l s o  show c o n s id e r a b le  

s c a t t e r .  B h fo r tu n a te ly  th e  sp ec im en s m easu red  b y  L in d sa y  and  

Thomson w ere  r a r e l y  l e s s  th e n  10 cms. i n  l e n g th .  N e v e r th e le s s  

th e  same te n d e n c y  to w a rd s  a  lo g a r i th m ic  c u rv e  a s  was s u g g e s te d  

^ o r  C io n a . i s  d i s c e r n a b le .

No g e n e r a l  ag reem en t h a s  b e en  re a c h e d  a s  t o  th e  f u n c t i o n a l  

s i g n i f i c a n c e  o f th e  t e n t a c l e s .  A lm ost c e r t a i n l y  th e y  a r e  u s e f u l  

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

i t  r e a c h e s  th e  p h a ry n x . The e f f i c i e n c y  o f  th e  f i l t e r  i s  

p ro b a b ly  g r e a t e r  w ith  an  a rra n g em e n t o f  a l t e r n a t i n g  s i z e s  th a n  

w ith  e q u a l  t e n t a c l e  s i z e ,  a s  t h e  fo rm e r  g iv e s  a  more even  

n e t t i n g  e f f e c t .  The t e n t a c l e s  may a l s o  be  s e n s o ry  s t r u c t u r e s  

w hich  t e s t  th e  i n c u r r e n t  w a te r ,  and c e r t a i n l y  f o r  t h i s  f u n c t io n  

t h e i r  p o s i t i o n  i s  s u i t a b l e .  The h i s t o l o g i c a l  e v id e n c e  f o r  a  

s e n s o ry  f u n c t io n  i s ,  h o w ev er, n o t  v e ry  s t r o n g .  S e e l i g e r  ( i n  

B ronn) c la im e d  t o  have d e m o n s tra te d  s e n s o ry  c e l l s  in  th e  t e n t a c l e  

e p i th e l iu m  o f  C iona . H u n te r (1898)  a ls o  m a in ta in e d ’ th a t  t h e  

t e n t a c l e s  i n  M olgula  m a n h a tte n s js  a r e  s e n s o ry .  On th e  o th e r  

hand R oule (1884)  fo u n d  t h a t  i n  C iona th e y  a r e  l e s s  s e n s i t i v e  

t o  m e c h a n ic a l s t im u la t io n  th a n  th e  n e ig h b o u r in g  p a r t s  o f  th e  

s ip h o n . In  A s c id ia  a t r a . how ever, H echt (1918)  d e s c r ib e d  th e  

t e n t a c l e s  a s  s e n s i t i v e  t o  m e c h a n ic a l and p ro b a b ly  to  th e rm a l  

s t i m u l i ,  and Bay (1919)  showed t h a t  in  A s c id ia  m e n tu la  th e y  a re  

s e n s i t i v e  t o  c h em ic a l s t im u la t io n .



In  my e x p e r ie n c e  th e  s e n s i t i v i t y  o f  th e  t e n t a c l e s  t o  

m ec h an ica l s t im u la t io n  i s  lo w , and I  have s e e n  no s e n s o ry  

c e l l s  i n  t h e i r  e p i th e l iu m . I n  a d d i t i o n  t o  any s e n s i t i v i t y  

t h a t  th e  t e n t a c l e s  th e m se lv e s  m igh t p o s s e s s ,  t h e r e  i s  th e  

p o s s i b i l i t y  o f  t h e i r  t r a n s m i t t i n g  t o  th e  body w a l l  any  sh o ck s 

r e c e iv e d  fro m  th e  im p act o f  l a r g e  p a r t i c l e s .

A r e s p i r a t o r y  f u n c t io n  h a s  b een  a s c r ib e d  t o  th e  t e n t a c l e s  

o f  A s o id ia n s . T h is  i s  l i k e l y  to  be  o f  im p o rta n c e  o n ly  i n  

th o s e  fo rm s w ith  l a r g e  b ra n c h e d  t e n t a c l e s .  In  C iona th e  

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

t o  t h a t  o f th e  b r a n c h ia l  s a c .

The r o l e  o f th e  c i l i a t e d  b a n d s  i s  o b s c u re . As th e  c i l i a  

b e a t  from  th e  b a s e  t o  th e  t i p  o f  th e  t e n t a c l e s ,  th e y  m ig h t 

convey lo d g e d  p a r t i c l e s  to  th e  c e n t r e  o f  th e  s ip h o n  from  w hich  

p o s i t i o n  t h e y  a re  more e a s i l y  b low n c l e a r  i n  th e  w a te r  c u r r e n t  

o f  th e  e j e c t i o n  r e f l e x .
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PHAHYEE ( P l a t e s  4 , 5 , 6 . )

The p h a ry n x  e x te n d s  from  th e  r in g  o f  t e n t a c l e s  t o  th e  

m outh o f  th e  o e so p h ag u s , and  o c c u p ie s  r a t h e r  more th a n  t h r e e  

q u a r t e r s  o f th e  t o t a l  body l e n g th .  T h is  p r o p o r t io n  i s  

re m a rk a b ly  c o n s ta n t  th ro u g h o u t  th e  l i f e  o f  th e  a n im a l (T e x t-  

f i g .  3 ) .

The p h a ry n x  i s  d iv id e d  i n t o  a  na rrow  a n t e r i o r  p r e b r a n c h ia l  

zone ( P ig .  13 , P r e .  z . ) and a  w ide p o s t e r i o r  b r a n c h i a l  zo n e .

The b r a n c h i a l  zone i s  c h a r a c t e r i s e d  by  th e  p re s e n c e  o f  c l e f t s  

( s t ig m a ta )  i n  t h e  w a l l s ,  t h e  e n d o s ty le  m id - v e n t r a l ly  on t h e  

f l o o r  and  th e  l i n e  o f  l a n g u e ts  m id - d o r s a l ly  on t h e  r o o f .

P r e b r a n c h ia l  z o n e . The p r e b r a n c h ia l  zone o c c u p ie s  a  

r e l a t i v e l y  sm a ll  p a r t  o f  th e  p h a ry n x . I t s  w a l l s  c o n s i s t  o f  a  

f l a t  n o n - c i l i a t e d  e p i th e l iu m  o f  p o ly g o n a l  c e l l s ,  many o f  w hich  

a r e  i n  d i v i s i o n .

C lose  t o  th e  p o s t e r i o r  end  o f  th e  p r e b r a n c h ia l  zone l i e s  

th e  p e r ip h a r y n g e a l  band  (P ig .  13 , P e r .  b d . ) , w h ich  e n c i r c l e s  

th e  p h a ry n x . The r i g h t  and  l e f t  h a lv e s  o f  t h i s  ban d  m eet 

v e n t r a l l y  i n  th e  a n t e r i o r  end o f  th e  e n d o s ty le ,  and  d o r s a l l y  

b e n e a th  th e  n e u r a l  g la n d .  The w hole band  c o n s i s t s  o f  a  n a rro w  

n o n - c i l i a t e d  a n t e r i o r  l i p  ( P ig .  1 9 , A n t. I p . ) a rc h in g  b ack  

o v e r  a  w ide c i l i a t e d  p o s t e r i o r  l i p  ( P ig .  1 9 , P o s . I p .  ). The 

p o s t e r i o r  l i p  b e a r s  a  s e r i e s  o f  s m a ll  tw o - lo b e d  p a p i l l a e  

c i l i a t e d  a t  t h e i r  t i p s .  T hese may b e  hom ologous w i th  th e

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



i s  p a r t  o f  th e  f e e d in g  raeohanism , w i l l  h e  r e f e r r e d  t o  l a t e r  

( v id e  p .  i s o . ) .

B ra n o h ia l  z o n e . T hat p o r t io n  o f  th e  p h a ry n x  w h ich  co n 

s t i t u t e s  th e  b r a n o h ia l  zone o o o u p ie s  a  g r e a t  p a r t  o f  th e  t o t a l  

volum e o f th e  a n im a l, and  i s  g e n e r a l l y  r e f e r r e d  t o  a s  th e  

b r a n c h i a l  s a c .

The w a l ls  o f  th e  b r a n c h i a l  s a c  a r e  p e r f o r a t e d  b y  v e ry  l a r g e  

num bers o f  c l e f t s ,  t h e  s t ig m a ta  ( P ig .  20 , S t i . ) .  T hese  a r e  

a r ra n g e d  i n  t r a n s v e r s e  row s t h a t  p a s s  round  e a c h  l a t e r a l  w a l l  

o f  th e  p h a ry n x , from  th e  e n d o s ty le  to  th e  l i n e  o f  l a n g u e t s .  

B etw een th e  row s o f s t ig m a ta  th e  w a l l  o f  t h e  b r a n c h i a l  s a c  h a s  

in w ard  p r o j e c t i o n s ,  t h e  i n t e r s t i g m a t i o  t r a n s v e r s e  b a r s  ( P ig .

8 0 , T r . b a .  ) . B etw een th e  i n t e r s t i g m a t i c  b a r s  and  p a s s in g  

a c r o s s  th e  c e n t r e  o f  th e  row s o f  s t ig m a ta ,  a r e  th e  p a r a s t i g m a t i c  

t r a n s v e r s e  b a r s .  T hese s l e n d e r  b a r s  a r e  su sp en d ed  i n t e r n a l l y  

c l e a r  o f  th e  s t ig m a ta  w h ich  th e y  t h e r e f o r e  c ro s s  b u t  do n o t  

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

b a r s  ( P ig .  2 0 , Lon. b a . ) w h ich  ru n  a lo n g  th e  w hole l e n g th  o f  

th e  b r a n c h ia l  s a c .  The w a l l  o f  th e  b r a n c h i a l  s a c  i s  t h e r e f o r e  

d iv id e d  i n t o  a  num ber o f  m eshes w i th in  e ach  o f  w hich  l i e s  a  

g roup  o f  s t ig m a ta .  Each l o n g i t u d i n a l  b a r  b e a r s  a  p a p i l l a  

( P ig s .  2 0 , 24 , P p .)  a t  e a c h  p o in t  o f  i n t e r s e c t i o n  w ith  an  

i n t e r s t i g m a t i c  b a r  and  a l s o  som etim es w ith  a  p a r a s t i g m a t i c  b a r .

The t r a n s v e r s e  b a r s  v a ry  i n  s i z e  a c c o rd in g  t o  t h e i r  age 

i n  much th e  same way a s  do th e  t e n t a c l e s .  The a rra n g e m e n t o f 

th e  d i f f e r e n t  o rd e r s  o f  t r a n s v e r s e  b a r s  i n  th e  p h a ry n x  h a s  b een



a n a ly s e d  b y  Damas (1 9 0 1 ) , and i t  i s  on h i s  r e s u l t s  t h a t  th e  

fo l lo w in g  o u t l i n e  i s  b a se d .

Naming th e  l a r g e s t  t r a n s v e r s e  b a r s ,  b a r s  o f  th e  f i r s t  

o r d e r ,  we h ave  a  d e sc e n d in g  s e r i e s  o f  o r d e r s .  T here  a r e  f i v e  

b a r s  o f th e  f i r s t  o rd e r  d iv id in g  th e  b r a n c h i a l  s a c  i n t o  s i x  

f i e l d s  t h a t  a r e  o f  g r a d u a l ly  d e c r e a s in g  le n g th  to w a rd s  t h e  

p o s t e r i o r  end o f th e  b r a n c h ia l  s a c .  The m id d le  o f  th e  f i r s t  

( a n t e r i o r )  f i e l d  i s  m arked by  th e  end o f th e  g e n i t a l  d u c ts .

The p o s t e r i o r  end o f th e  second  f i e l d  i s  l e v e l  w ith  th e  a n u s , 

f o r  th e  re m a in in g  f i e l d s  th e r e  a re  no c o n v e n ie n t  la n d m a rk s . 

B i^ s e c t in g  e ac h  f i e l d  j u s t  d e s c r ib e d ,  and c o n s e q u e n tly  a l t e r n a t 

in g  w ith  th e  f i r s t  o rd e r  b a r s ,  t h e r e  i s  a  second  o rd e r  b a r .

By a  p ro c e s s  o f  i n t e r c a l a r y  g row th  new b a r s  a r e  added  b e tw een  

p r e - e x i s t i n g  ones and i n  a  l a r g e  i n d iv i d u a l  t h e r e  may b e  9 o rd e r s  

o f  t r a n s v e r s e  b a r s .  In  th e  t h i r d  and h ig h e r  o rd e r s  th e  num ber 

o f  b a r s  i n  any o rd e r  i s  tw ic e  t h a t  i n  th e  p re c e d in g  o r d e r .  O nly 

i n  th e  h ig h e s t  o rd e r s  i s  t h i s  law  o f d o u b lin g  n o t  a p p l i c a b l e  

( o r d e r s  8 and 9 ) ,  and h e re  b e c a u se  o f th e  e x is te n c e  o f an  a n t e r o 

p o s t e r i o r  g ro w th  g r a d ie n t  i n  th e  b r a n c h i a l  s a c ,  th e  a n t e r i o r  end  

o f w hich  i s  i n  a  more ad v an ced  s ta g e  o f  developm en t th a n  th e  

p o s t e r i o r  end . The m a jo r i ty  o f th e  l a r g e  b a r s  -  i n  a l a r g e  

a n im a l o rd e r s  one to  s i x  -  a r e  i n t e r s t i g m a t i c ,  and o n ly  th e  

s m a l le s t  a r e  p a r a s t i g m a t i c .

The p h a ry n g e a l  w a l l  i s  a  t h i n  s h e e t  o f  t i s s u e  bounded  on th e  

o u te r  s id e  by  th e  f l a t  n o n - c i l i a t e d  a t r i a l  e p i th e l iu m . The



endoderm al e p i th e l iu m  o f  t h e  i n n e r ,  p h a ry n g e a l s u r f a c e  i s  

s i m i l a r  and  a l s o  i s  n o n - c i l i a t e d .  The c o n n e c tiv e  t i s s u e  

b e tw een  th e s e  two e p i t h e l i a  i s  p ro v id e d  w ith  a  r i c h  sy s tem  

o f b lo o d  v e s s e l s .  I t  h a s  a l r e a d y  b e en  n o te d  (v id e  p . ) 

t h a t  th e  p h a ry n g e a l  w a l l s  may have a  deep y e llo w  c o lo u r  due 

to  t h e  p re s e n c e  o f  many p igm ent c e l l s  i n  th e  c o n n e c tiv e  t i s s u e  

o f  t h i s  r e g io n .

The s t ig m a ta  ( P ig .  20 , S t i . ) ,  t y p i c a l l y  lo n g  and n a rro w , 

have  t h e i r  m a jo r  a x i s  a lo n g  th e  p h a ry n x . C i l i a t e d  c e l l s  

num bering  6 t o  8 a c r o s s  th e  t h ic k n e s s  o f th e  b r a n o h ia l  w a l l  

l i n e  th e  m arg in s  o f th e  s t ig m a ta  (P ig .  2 3 ) .  Each c e l l ,  

e lo n g a te d  i n  th e  le n g th  o f th e  s t ig m a , b e a r s  a  row o f 15 t o  20 

c i l i a .  T hese c i l i a  a r e  long  enough to  r e a c h  th e  c e n t r e  o f  th e  

s t ig m a . The c e l l s  o f  th e  n a rro w  a n t e r i o r  and p o s t e r i o r  ends 

o f  th e  s t ig m a ta  a r e  more crow ded to g e t h e r  and assum e a  t a l l  

n a rro w  fo rm . The c i l i a  o f  th e  s t ig m a ta ,  l a s h in g  a c r o s s  th e  

s t ig m a ta  from  th e  b r a n c h ia l  c a v i ty  to w a rd s  th e  p e r i b r a n c h i a l  

c a v i t y ,  a r e  r e s p o n s ib le  f o r  th e  f e e d in g  c u r r e n t .

A num ber o f s t ig m a ta  a r e  e n c lo s e d  i n  th e  mesh fo rm ed  b y  

th e  i n t e r s e c t i o n  o f  t r a n s v e r s e  and  l o n g i t u d i n a l  b a r s .  T h is  

num ber u n d e rg o e s  a  g r a d u a l  i n c r e a s e  a s  th e  a n im a l g ro w s. Use 

h a s  b e e n  made o f th e  s t ig m a t ic  num ber i n  s e p a r a t in g  s p e c i e s ,  

b u t  h e r e ,  a s  i n  th e  c a se  o f  th e  t e n t a c l e s ,  th e  num ber sh o u ld  

b e  c o r r e l a t e d  w ith  th e  s i z e  o f  th e  sp ec im en .

M u l t ip l i c a t i o n  o f s t ig m a ta  t a k e s  p la c e  by  th e  d i v i s i o n  

o f  p r e - e x i s t i n g  ones and  n o t  b y  new p e r f o r a t i o n  o f t h e  b r a n c h ia l  

w a l l s .  Betw een two lo n g  s t ig m a ta  two s h o r t e r  ones a r e  o f te n



t o  be  s e e n ,  and  th e s e  a r e  t h e  p ro d u c ts  o f  d i v i s i o n  o f  a  s i n g l e  

long  s t ig m a .

S m all s t ig m a ta  (P ig .  25) may a l s o  be s e e n  i n  th e  p h a ry n x  

o f  a n im a ls  t h a t  a r e  s e n i l e ,  s t a r v e d  o r  f o r  some o th e r  re a s o n  i n  

p o o r  c o n d i t io n .  I n  t h i s  e a se  how ever th e  s m a ll  ro und  s t ig m a ta  

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

S e ly s  Longchamps and Damas (1900) fo u n d  a  s i m i l a r  a p p e a ra n c e  i n  

th e  p h a ry n x  o f M o lg u la . and Damas (1901 ) s u g g e s te d  t h a t  t h i s  

*n  was due t o  u n fa v o u ra b le  c o n d i t i o n s .  I t  h a s  b e e n

p o s s ib l e  t o  v e r i f y  t h i s  e x p e r im e n ta l ly  i n  th e  c a se  o f  s t a r v a t i o n ,  

and  t o  make o b s e r v a t io n s  on s e n i l e  a n im a ls .  I n  C iona  t h e r e  

a p p e a rs  t o  b e  no doub t t h a t  t h i s  c o n d i t io n  o f  th e  b r a n c h i a l  

w a l l  i s  c h a r a c t e r i s t i c  o f  m a l n u t r i t i o n  o r  s e n i l i t y .  S im u l

ta n e o u s ly  w ith  th e  r e d u c t io n  i n  s i z e  o f  th e  s t ig m a ta  o th e r  changes 

t a k e  p l a c e .  The t r a n s v e r s e  and l o n g i t u d i n a l  b a r s  d e g e n e ra te  and 

d i s a p p e a r .  L arge a r e a s  may th e n  b e  fo u n d  w ith  no b a r s  and  o n ly  

a  few  s m a ll  round  i r r e g u l a r l y  p la c e d  p e r f o r a t i o n s .

The i n t e r s t i g m a t i c  t r a n s v e r s e  b a r s  a r e  i n  t h e i r  f i n a l  fo rm  

m e re ly  r i d g e - l i k e  d i l a t a t i o n s  o f  th e  b r a n c h ia l  w a l l .  The 

p a r a s t i g m a t i c  b a r s  on th e  o th e r  hand a r e  s lu n g  b e tw een  t h e  in n e r  

l o n g i t u d i n a l  b a r s  and o n ly  c o n n e c t w ith  t h e  w a l l  by  o c c a s io n a l  

p i l l a r s .  The w hole e p i th e l iu m  o f  th e  t r a n s v e r s e  b a r s  i s  sm ooth 

and f l a t .  B lood v e s s e l s  a r e  p r e s e n t  i n  a l l  th e  b a r s .

The in n e r  l o n g i t u d i n a l  b a r s  a r e  s u p p o r te d  b y  th e  t r a n s v e r s e  

b a r s  b y  f u s io n  a t  e a c h  c r o s s in g  p o i n t .  The l o n g i t u d i n a l  b a r s  

a r e  s l i g h t l y  f l a t t e n e d  d o r s o - v e n t r a l l y  so  t h a t  i n  a  t r a n s v e r s e  

s e c t i o n  th e y  p r o j e c t  in w a rd s  a t  r i g h t  a n g le s  t o  th e  b r a n c h i a l



w a l l  ( P i g s .  21 , 2 4 ) .  A d o r s a l  and a v e n t r a l  g ro o v e  ru n  

a lo n g  t h e  b a r  fo rm in g  a  p a r t i a l  c o n s t r i c t i o n  w hich  s e p a r a t e s  

an I n n e r  r o d - l i k e  from  an  o tf te r  u n d i f f e r e n t i a t e d  p o r t i o n .  T h is  

r o d ,  t h e  h i s t o l o g y  o f  w h ich  d oes  n o t  a p p e a r  t o  have  b e e n  

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

c i l i a t e d  and g l a n d u l a r  p a r t s .  The u p p e r  2 /3  o f  t h e  e p i t h e l i u m  

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

g l a n d u l a r  ( F i g s .  £ 1 , 24 , C l.  c . ) . The c i l i a  o f  t h e  d o r s a l  

c e l l s  a r e  p resu m ab ly  what O rton (1 91 3 )  r e f e r s  t o  a s  t h e  'ff r o n t a l  

c i l i a ’1.

The s t r i p  o f  g la n d  c e l l s  i s  f u r t h e r  d iv id e d  i n t o  two z o n e s .

Of t h e s e  t h e  more d o r s a l  c o n s i s t s  o f  two o r  t h r e e  t a l l  c e l l s  

which a f t e r  h a e m a to x y l in  o r  m e th y len e  b l u e  s t a i n i n g  a r e  c h a r a c t e r 

i s e d  by t h e  deep c o lo u r  o f  t h e  c y to p la sm  d i s t a l  t o  t h e  n u c l e u s .

The ex trem e  t i p  o f  t h e  c e l l  i s  l i g h t l y  c o lo u r e d .  The more 

v e n t r a l  o f  th e  two g l a n d u l a r  z o n es  c o n t a i n s  one o r  two c e l l s  

( F i g .  22) o f  a  s q u a t  sh a p e .  T hese  a r e  v a c u o l a t e d ,  e a c h  v a c u o le  

h a v in g  a  s i n g l e  s e c r e t o r y  b o d y . v/ith S c h i f f  *s s t a i n ,  u sed  

a c c o rd in g  t o  t h e  method o f  McManus (194 6 )  t h e  d i s t a l  ends  o f  

t h e  t a l l  c e l l s  and t h e  v a c u o le  i n c l u s i o n s  o f  t h e  s h o r t e r  c e l l s  

g iv e  a  p o s i t i v e  r e a c t i o n  f o r  m ucus. I t  i s  c u r io u s  t h a t  two 

c e l l  t y p e s  sh o u ld  e x i s t  s i d e  by  s i d e ,  p e r fo rm  th e  same f u n c t i o n  

and y e t  d i f f e r  c o n s i d e r a b ly  i n  t h e i r  h i s t o l o g i c a l  a p p e a ra n c e .

The p r e s e n c e  o f  t h i s  s t r i p  o f mucus p ro d u c in g  t i s s u e  on 

e v e ry  l o n g i t u d i n a l  b a r  i s  a  h i t h e r t o  u n re c o g n is e d  f a c t o r  p e rh a p s  

o f  some im p o r ta n c e  i n  t h e  f e e d in g  mechanism o f  Ciona ( v id e  p . / 4 8 .  ).



The s h o r t  b r o a d  p a p i l l a  ( F i g .  24 , P p . ) t h a t  s p r i n g s  from  

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

i s  f l a t t e n e d  i n  t h e  t r a n s v e r s e  p la n e  and cu rv ed  d o r s a l l y .  The 

d o r s a l  edge i s  n o tc h e d  t o  a  v a r i a b l e  d e p th ,  and t h e  v e n t r a l  

edge b e a r s  a  g roove  ( F ig .  2 4 ,  C i l .  g r .  ) ru n n in g  fro m  t i p  t o  

b a s e .  W ith in  t h i s  g ro o v e  i s  a  ban d  o f  s h o r t  c i l i a  t h a t  b e a t  

from  t h e  b a s e  t o  t h e  t i p  o f  th e  p a p i l l a ,  t h a t  i s  to w a rd s  t h e  

r o o f  o f  th e  p h a ry n x .  The s t r i p  o f  g la n d  c e l l s  o f  t h e  l o n g i t u d 

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

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

c e l l s .

In  many A s c id i s n s  t h e  r o o f  o f  t h e  b r a n c h i a l  s a c  i s  p r o v id e d  

w i th  a  d o r s a l  la m in a  h an g in g  down i n t o  th e  c a v i t y .  In  C iona 

t h i s  i s  r e p l a c e d  b y  a  s e r i e s  o f  l a n g u e t s  ( F i g .  8 0 , La. ). E ach  

la n g u e t  c o r r e s p o n d s  i n  p o s i t i o n  t o  one of t h e  t r a n s v e r s e  b a r s .  

T here  i s  an a l t e r n a t i o n  i n  s i z e  i n  t h e  l a n g u e t s  o f  t h e  s e r i e s  

b u t  t h i s  t e n d s  t o  become o b s c u re d .  The l a n g u e t s  a r e  lo n g  

f i n g e r - s h a p e d  s t r u c t u r e s  c u rv e d  round  t o  t h e  r i g h t  i n t o  a  s i c k l e 

sh ap ed  form . Each la n g u e t  i s  f l a t t e n e d  a n t e r o - p o s t e r i o r l y  and 

i s  t a p e r e d  from  a  b ro a d  b a s e  t o  a  p o i n t e d  t i p .  A f l a t  n o n -  

c i l i a t e d  e p i t h e l i u m  c o v e rs  t h e  a n t e r i o r  and p o s t e r i o r  f a c e s ,  b u t  

t h e  l a t e r a l  m arg in s  a r e  c i l i a t e d  ( F ig .  26. ). T h is  c i l i a t i o n  

e x te n d s  t h e  whole l e n g t h  o f  th e  l a n g u e t  and n o t  a s  Damas (1901) 

i m p l i e s  o n ly  over  t h e  b a s e .  The c i l i a  b e a t  to w a rd s  t h e  t i p  o f  

t h e  l a n g u e t .

The f u n c t i o n  of th e  l a i g u e t s  w i l l  be  d i s c u s s e d  w i th  t h e



f e e d in g  m echanism  ( r i d e  p .  1+9. ) .

B r i e f  m en tio n  m ust be  made o f  th e  e x is te n c e  o f  m u sc le s  i n  

th e  p h a ry n x . A long  th e  w hole  l e n g th  o f  th e  ro o f  o f  th e  

b r a n c h i a l  sa c  t h e r e  i s  a  band  o f  l o n g i t u d i n a l  m u sc le  ( F ig .  5 7 , 

Lon. p h . m u .) . T h is  band  acco m p an ies  t h e  d o r s a l  s t r a n d ,  th e  

v i s c e r a l  n e rv e  and th e  g e n i t a l  d u c ts .  M uscles l i e  a l s o  i n  

th e  l a r g e r  t r a n s v e r s e  b a r s  and l i n k  up d o r s a l l y  w ith  th e  l o n g i 

t u d i n a l  m u sc le . The t r a n s v e r s e  m u sc le s  a r e  h o r s e - s h o e  sh ap ed  

w i th  th e  open ends p o in t in g  V e n t r a l ly .  M uscle s t r a n d s  i n  t h e  

d e rm a to b ra n c h ia l  t r a b e c u la e  u n i t e  th e  t r a n s v e r s e  m u sc le s  o f  th e  

p h a ry n x  w ith  th e  m u sc le s  o f  th e  body  w a l l .

The f u n c t io n  o f th e  p h a ry n g e a l  m u s c u la tu re  i s  n o t  known.

I t  may how ever be  c o n n e c te d  w ith  f e e d in g ,  a s  O rto n  (1 9 1 3 ) and  

E e c h t (1918 ) r e c o rd e d  movements o f  th e  p h a ry n g e a l  w a l l  d u r in g  

f e e d in g •



EUDOSTYLE (P la t e s  4 ,  6 . )

The e n d o s ty le  ( E ig .  13 , I s .  ) o c c u p ie s  t h e  m id - v e n t r a l  s t r i p  

o f  th e  p h a ry n g e a l  w a l l ,  and u n d e r  i t  th e  p h a ry n g e a l w a l l  and th e  

body  w a l l  a r e  u n ite d *  The e n d o s ty le  h a s  a  deep n a rro w  g ro o v e  

w hich  opens d o r s a l ly  t o  th e  c a v i ty  o f  th e  b r a n c h i a l  s a c .  I t  i s  

b i l a t e r a l l y  sy m m e tr ic a l ab o u t t h i s  g ro o v e .

E ach h a l f  h as  t h r e e  s t r i p s  o f  g la n d  c e l l s  s e p a r a te d  from  one 

a n o th e r  b y  two b an d s o f  c i l i a t e d  c e l l s .  T here  i s  a l s o  a  m id - 

v e n t r a l  b an d  o f  c i l i a t e d  c e l l s  o ccu p y in g  th e  f l o o r  o f  th e  endo

s t y l e .  The s t r i p s  o f  g la n d  c e l l s  a r e  named d o r s a l  (E ig .  27 , D. 

g l . ) ,  m id d le  (M. g l . ) and v e n t r a l  (V. g l .  ) s t r i p s .  S e p a r a t in g  

th e  d o r s a l  s t r i p  o f  g la n d  c e l l s  from  th e  w a l ls  o f  th e  b r a n c h i a l  

s a c  i s  th e  d o r s a l  c i l i a t e d  band  (D. c i l . ) . B etw een t h e  d o r s a l  

and  th e  m id d le  g la n d  s t r i p s  i s  th e  m id d le  c i l i a t e d  band, (M. c i l . )  

B etw een th e  m id d le  and th e  v e n t r a l  g la n d  s t r i p s  i s  th e  v e n t r a l  

c i l i a t e d  band  (V. c i l .  ) . A f l a t  n o n - c i l i a t e d  e p i th e l iu m  c o v e r in g  

th e  o u te r  s u r f a c e s  o f  t h e  e n d o s ty le  j o i n s  th e  d o r s a l  c i l i a t e d  

band and th e  p e r f o r a te d  w a l l s  o f th e  p h a ry n x . The c e l l s  o f t h e  

d o r s a l  c i l i a t e d  band  a r e  t a l l  and e ach  b e a r s  a  s in g l e  row o f  c i l i a .  

These c i l i a  b e a t  from  th e  g ro o v e  to w a rd s  th e  b r a n c h ia l  w a l l s .

The d o r s a l  c i l i a t e d  c e l l s  a r e  s e p a r a te d  from  th e  d o r s a l  g la n d  

c e l l s  b y  a  t r a c t  o f  n o n - c i l i a t e d  e p i th e l iu m . A n a rro w  s t r i p  o f  

t h i s  e p i th e l iu m  im m e d ia te ly  a d ja c e n t  t o  t h e  d o r s a l  c i l i a t e d  

c e l l s  a p p e a rs  t o  be  g la n d u la r .  T hese g la n d  c e l l s ,  w h ich  a r e  n o n - 

c i l i a t e d ,  have a  b a s a l  n u c le u s  and a  d i s t a lv a c u o le  c o n ta in in g  a  

rou n d ed  b o d y . The u s e  o f  McManus' S c h i f f  s t a i n i n g  m ethod s u g g e s ts



44.

t h a t  t h e s e  g la n d  c e l l s  a r e  mucus c e l l s .  B ecause  o f  t h e i r  

s m a ll  num bers i t  i s  u n l ik e l y  t h a t  t h e s e  g la n d  c e l l s  a r e  o f  

much im p o rtan ce*

The d o r s a l  g la n d  s t r i p  i s  t h e  m ost m a ss iv e  o f th e  t h r e e .

As i t  t a p e r s  o u t d o r s a l l y  and  v e n t r a l l y  t o  th e  t h ic k n e s s  o f  

th e  a d ja c e n t  e p i t h e l i a ,  t h e  d o r s a l  g la n d  s t r i p  c o n ta in s  c e l l s  

o f  v a ry in g  h e ig h ts *  A l l  o f  th e  c e l l s  (F ig*  29) have c e r t a i n  

common c h a r a c t e r i s t i c s *  T here  i s  a  b a s a l  s p h e r i o a l  n u c le u s  

w ith  l a r g e  n u c le o lu s .  The c y to p la sm  i s  d e e p ly  s t a i n i n g  and  

b a s o p h i l  e x c e p t f o r  a  c l e a r  a r e a  i n  th e  c e n t r e  o f  th e  c e l l*

Muous d ro p s  (F ig*  29 , Sec* d r* )  a r e  s t a in e d  b y  i r o n  h a e m a to x y lin  

d u r in g  c e r t a i n  p h a se s  o f  c e l l  s e c r e to r y  a c t i v i t y .  H oule (1884 ) 

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

an  o p in io n  n o t s h a re d  by  S e e l i g e r  (B ro n n ) . I  am i n  ag reem en t 

w ith  H oule on t h i s  p o i n t ,  a l th o u g h  th e  c i l i a t i o n  i s  s p a r s e  and  

r e q u i r e s  h e av y  s t a i n i n g  t o  show i t  c l e a r l y .  I t  may be  t h a t  e a c h  

c e l l  b e a r s  o n ly  a  s i n g l e  p ro c e ss*  T hese s t r u c t u r e s  a r e  n o t  co n 

s id e r e d  t o  be th e  same a s  th e  " S e c r e t - f a d e n "  f i g u r e d  by  

S o k o lsk a  (1931} .

The m id d le  c i l i a t e d  band  i s  s i m i l a r  t o  th e  d o r s a l  c i l i a t e d  

b an d  b u t  o c c u p ie s  a  n a rro w e r  a re a *

The m idd le  and  v e n t r a l  g la n d u la r  s t r i p s  a l th o u g h  s i m i l a r  

t o  one a n o th e r  d i f f e r  fro m  t h e  d o r s a l  g l a n d u la r  s t r i p  i n  t h a t  

th e y  b o th  have  a  v e ry  r e s t r i c t e d  open ing  t o  th e  e n d o s ty la r  

g ro o v e . No e v id e n c e  h a s  b e e n  fo u n d  o f  any c i l i a r y  m echanism  

i n  th e s e  c e l l s .  They a l s o  d i f f e r  from  th e  c e l l s  o f  th e  d o r s a l  

g l a n d u la r  s t r i p  i n  show ing a  somewhat f i b r i l l a r  c y to p la s m ic  

s t r u c t u r e  (F ig*  2 8 , G l. o . ) .  S e c r e to r y  d ro p s  a r e  a l s o  l e s s



edmmon and  l e s s  d i s t i n c t  t h a n  i n  t h e  c e l l s  o f  th e  d o r s a l  g la n d  

s t r i p .

The v e n t r a l  c i l i a t e d  hand  d i f f e r s  i n  s e v e r a l  r e s p e c t s  

from  t h e  d o r s a l  and m id d le  c i l i a t e d  hands* I n  t h e  fo r m a t io n  . 

o f  th e  v e n t r a l  c i l i a t e d  hand th e  w a l l  o f  t h e  e n d o s t y l e  does 

n o t  t h i n  o u t  t o  a  f l a t  e p i t h e l i u m .  The hand  c o n s i s t s  o f  a 

l a r g e  number o f c l o s e l y  p ack ed  c e l l s  and  th e  n u c l e i  i n s t e a d  

o f  o ccupy ing  a  s i n g l e  row a r e  7 t o  10 d eep . In  s p i t e  o f  t h i s ,  

ho w ever, i t  a p p e a rs  t o  he  a s i n g l e  l a y e r e d  e p i t h e l i u m ,  i n  t h a t  

e ach  c e l l  e x te n d s  a c r o s s  t h e  w hole  w id th  of t h e  e p i t h e l i u m ,  

f h i s  i s  p o s s i b l e  o n ly  by  v i r t u e  o f  th e  fo rm  o f  t h e  c e l l ,  which 

i s  s p in d le - s h a p e d  w i th  lo n g  narrow  t a p e r i n g  ends and a  t h i c k e n i n g  

j u s t  w ide enough t o  h o ld  t h e  n u c l e u s .  These t h i c k e n i n g s  i n  

d i f f e r e n t  c e l l s  l i e  a t  d i f f e r e n t  l e v e l s  and a r e  i n  t h i s  way 

accommodated i n  t h e  w id th  o f  t h e  e p i t h e l i u m .

The m edian  c i l i a t e d  c e l l s  a r e  s i t u a t e d  on t h e  f l o o r  o f  

t h e  g ro o v e .  They have  e x tre m e ly  lo n g  c i l i a  h u t  a r e  o th e r w is e  

more l i k e  th e  c e l l s  o f t h e  v e n t r a l  t h a n  t h o s e  o f  t h e  o t h e r  

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

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

( F i g .  28 , C i l .  c . ) a r e  f u s i f o r m ,  w i th  t h e  s w e l l in g  c o n ta in in g  

t h e  n u c le u s  c lo s e  to  t h e  s u r f a c e .  The c e l l s  have t h u s  a  s h o r t  

t a p e r e d  end h e a r i n g  t h e  c i l i a  and a  lo n g  na rro w  t a p e r e d  end 

p a s s in g  down t o  th e  basem ent membrane. The lo n g  t a p e r e d  end 

i s  o f t e n  se en  to  p a s s  u n d e r  t h e  b a s e s  o f  t h e  a d j a c e n t  g la n d

c e l l s  a s  a n  a lm o s t  f i b r o u s  p r o o e s s .
At t h e  m e e t in g  p l a c e  o f  t h e  p e r i p h a r y n g e a l  h a n d s  w i th  t h e



e n d o s ty le  t h e  l a t t e r  form s a  s m a l l  hood ( F i g .  3 0 , H . ).  T h is  

c o v e rs  t h e  a n t e r i o r  end o f  t h e  e n d o s t y l a r  g r o o v e ,  and no doub t 

p r e v e n t s  a  p o w e r fu l  w a te r  c u r r e n t  from  e n t e r i n g  th e  g ro o v e  a t  

t h e  f r o n t ,  a  c i r c u m s ta n c e  t h a t  m ig h t  i n t e r f e r e  w i th  t h e  p r o p e r  

f u n c t i o n i n g  o f  t h e  e n d o s ty le .

The d o r s a l  c i l i a t e d  hands o f  r i g h t  and l e f t  s i d e s  d iv e r g e  

b e f o r e  r e a c h in g  th e  hood . They a r e  c o n t in u o u s  w i th  t h e  

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

The p a r t  p la y e d  by  t h e  e n d o s ty le  i n  t h e  c o l l e c t i o n  o f  fo o d  

i s  d i s c u s s e d  l a t e r  ( v id e  p .  1+ 7. ).

The E n d o s ty la r  A ppendix .

The e n d o s ty le  p r o j e c t s  i n  a  m o d if ie d  fo rm  beyond t h e  

p o s t e r i o r  end o f  th e  p h a iy n x  a s  a  s h o r t  e n d o s t y l a r  a p p e n d ix  

( F ig .  31 , E s .  a p . ) .  In  t h e  a p p e n d ix  t h e  d o r s a l ,  m id d le  and  

v e n t r a l  g la n d  s t r i p s ,  and t h e  m id d le ,  v e n t r a l  and m edian c i l i a t e d  

h ands  a re  p r e s e n t .  The d o r s a l  c i l i a t e d  hand  of th e  r i g h t  s i d e  

( F ig .  32 , R. d . c i l . ) i s  dev e lo p ed  i n t o  a  wide b e l t  t h a t  fo rm s 

one w a l l  o f  t h e  a rc h e d  r o o f  w hich  c l o s e s  o v e r  th e  g ro o v e .  The 

o p p o s i t e  w a l l  i s  d e r iv e d  from  t h e  n o n - c i l i a t e d  e p i t h e l i u m  

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

e n d o s t y l e .  T h is  r o o f  c o n s i s t i n g  o f  one h a l f  c i l i a t e d  and one 

h a l f  n o n - c i l i a t e d  e p i t h e l i u m  i s  c o n t in u o u s  w i th  t h e  r e t r o p h a r y n g e a l  

h an d  o f  t h e  p o s t e r i o r  w a l l  o f  t h e  p h a iy n x .  The h i s t o l o g i c a l  

f e a t u r e s  o f  t h e  e n d o s ty la r  a p p e n d ix  r o o f  and th e  r e t r o p h a r y n g e a l  

hand a r e  c a r r i e d  a c r o s s  th e  mouth o f  t h e  oesophagus and i n t o  t h e  

v e n t r a l  g roove  o f  t h e  o eso p h ag u s .



The R e tro p h a ry n g e a l  Band.

The n a rro w  r e t r o p h a ry n g e a l  hand  l i e s  i n  th e  p o s t e r i o r  w a l l  

o f  th e  b r a n c h i a l  s a c .  I t  ru n s  from  t h e  e n d o s ty la r  a p p en d ix  

up t o  th e  v e n t r a l  s id e  o f  th e  o e so p h a g e a l m outh . The h an d  i s  

composed o f  a  c i l i a t e d  r i g h t  and a  n o n - c i l i a t e d  l e f t  h a l f .  As 

i n d i c a t e d  above th e  c i l i a t e d  r i g h t  l i p  i s  d e r iv e d  from  th e  r i g h t  

h a l f  o f  th e  ro o f  o f th e  e n d o s ty la r  a p p e n d ix , and th e  n o n - c i l i a t e d  

l e f t  l i p  from  th e  l e f t  h a l f  o f th e  r o o f  o f  th e  e n d o s ty la r  

append ix*



OSSOPHAGDS ( P l a t e s  7 ,  8 ) .

The m outh o f th e  oesophagus ( F ig .  3 3 , Oe. ) l i e s  i n  th e  

p o s t e r o - d o r s a l  c o rn e r  o f th e  b r a n c h i a l  s a c .  From h e re  t h e  

oesophagus p a s s e s  b a c k  t o  th e  stom ach  w i th  a  s l i g h t  v e n t r a l  

c u rv a tu re  and  w ith  a  d i s t i n c t  t a p e r .  The w a l l  i s  m arked by  

two g ro o v e s , one o f w hich i s  p ro m in e n t and t h e  o th e r  o b s c u re .

The more d i s t i n c t  g ro o v e  i s  a  c o n t in u a t io n  o f  t h e  r e t r o p h a r y n g e a l  

band  w hich  c r o s s e s  th e  v e n t r a l  l i p  o f th e  o e so p h a g e a l m outh .

T h is  g roove  w i l l  t h e r e f o r e  be  c a l l e d  th e  v e n t r a l  g ro o v e  ( F ig s .

33 , 3 5 , 4 4 , V. g r . ) o f  th e  o e so p h ag u s . The d o r s a l  g ro o v e  ( F ig .  

35 , D. g r . ) o r i g i n a t e s  a t  th e  o e so p h a g e a l m outh i n  l i n e  w ith  t h e  

p o s t e r i o r  end  o f th e  s e r i e s  o f  l a n g u e ts .  B o th  o f  t h e s e  g ro o v e s  

p u rsu e  a  s p i r a l  c o u rs e .  The v e n t r a l  g ro o v e  c u rv e s  up th e  l e f t  

s id e  w a l l  o f t h e  oesophagus a s  i t  p a s s e s  b a c k h a n d  o c c u p ie s  a  

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

d o r s a l  g ro o v e  h a s  a  l e s s  p ro n o u n ced  s p i r a l  and o n ly  r e a c h e s  th e  

r i g h t  s id e  o f th e  oesophagus a t  i t s  p o s t e r i o r  e n d .

H is to lo g y  o f th e  O esophagus.

H i s t o l o g i c a l l y  th e  oeso p h ag u s shows m arked d i f f e r e n t i a t i o n  

i n to  t h r e e  t r a c t s .

1) The v e n t r a l  g ro o v e  i s  r e c o g n is e d  i n  a  t r a n s v e r s e  s e c t i o n  

by  th e  th in n in g  o u t o f  th e  e p i th e l iu m  t o  v e ry  low f l a t t e n e d  

g la n d  c e l l s  ( F ig .  3 6 , 61 . o . ) .  T hese c e l l s  a r e  s e p a r a te d  from  

a n o th e r  t r a c t  o f  g la n d  c e l l s  b y  a  n a rro w  s t r i p  o f  c i l i a t e d  n o n -  

g la n d u la r  t i s s u e  ( F ig .  3 6 , Ng. c . ) .  T h is  l a t t e r  i s  t h e



c o n t in u a t io n  o f t h e  r i g h t  h a l f  o f t h e  r e t r o p h a r y n g e a l  hand  w hich  

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

e n d o s ty la r  a p p en d ix  (v id e  p . 4 6 . ) .

2 )  The d o r s a l  g roove  c o n s i s t s  o f  g la n d  c e l l s  s i m i l a r  t o  

th o s e  o f  th e  v e n t r a l  g ro o v e .

3 )  The re m a in d e r  o f  th e  o e so p h a g e a l w a l l  i s  com posed e n t i r e l y  

o f  co lum nar c i l i a t e d  e p i th e l iu m  ( F ig .  3 5 , L a t .  w . , F ig .  3 8 ) .

A few  s t r u c t u r a l  d e t a i l s  o f  th e  g l a n d u la r  and c i l i a t e d  c e l l s  

a r e  w o rth  f u r t h e r  m e n tio n .

Grland C e l l s  ( F ig .  3 6 , 61. o . ) .

T here  can  he no doub t a s  t o  th e  g l a n d u la r  n a tu r e  o f  th e  c e l l s  

fo u n d  i n  th e  two g ro o v e s . S e c r e to r y  d ro p s  ( F ig .  3 7 , S e c . d r .  ) 

a r e  w e l l  shown b y  i r o n  h a e m a to x y lin  s t a i n s .  Only one k in d  o f  

c e l l  i s  p r e s e n t  i n  t h i s  g la n d u la r  t i s s u e ,  b u t  th e  e p i th e l iu m  i s  

u n ifo rm ly  c i l i a t e d .  An a rra n g em e n t o f  c i l i a  m ust e x i s t  t h a t  i s  

c o m p a tib le  w i th  th e  d is c h a rg e  o f s e c r e to r y  d ro p s  in v o lv in g ,  a s  i t  

d o e s , m ost o f th e  f r e e  s u r f a c e  o f  t h e  c e l l .  In  s e c t i o n s  p a r a l l e l  

t o  th e  s u r f a c e  o f  th e  e p i th e l iu m  c i l i a  a r e  s e e n  to  be a r r a n g e d  

n o t  i n  row s b u t i n  a p a t t e r n  t h a t  conform s ro u g h ly  t o  t h a t  o f  th e  

i n t e r c e l l u l a r  b o u n d a r ie s .  I t  a p p e a rs  t h a t  th e  c i l i a  b o rn e  on a  

c e l l  a r e  a r ra n g e d  c lo s e  and p a r a l l e l  t o  two o r  t h r e e  o f  th e  s i x  

c e l l  w a l ls  ( F ig .  3 7 ) .  T hat t h e  c i l i a  do n o t  f o l lo w  a l l  th e  w a l ls  

o f each  c e l l  i s  i n d ic a t e d  by  th e  a b se n c e  o f c lo s e ly  p la c e d  p a r a l l e l  

rows w hich  would r e s u l t  from  su c h  an a rra n g e m e n t.

N o n -6 1 a n d u la r C i l i a t e d  C e l l s  ( F ig .  3 8 ) .
T hese t a l l  n a rro w  c i l i a t e d  c e l l s  have  a  w e l l  d e f in e d



s u p p o r t in g  sy s tem  f o r  t h e  c i l i a .  The u p p e r  end o f  t h e  c e l l  

h e a r s  a  num ber o f  b a s a l  ro d s  w hich  a r e  c o n tin u e d  down i n t o  th e  

c e l l  a s  f i b r o u s  p r o c e s s e s .  M ethy lene  b lu e  s t a i n i n g  r e v e a l s  

t h e  p re s e n c e  i n  th e  u p p e r  p a r t  o f th e  c e l l  o f  a  m ass o f  

g r a n u le s .  T hese t a k e  on a  mauve sh ad e  and may be t h e  same 

g r a n u le s  t h a t  Yonge (1925) found  t o  s t a i n  w ith  osm ic a c id .

T hese g r a n u le s  a r e  n o t  d is c h a rg e d  from  th e  c e l l .  S im i la r  b o d ie s  

a r e  fo u n d  i n  t a l l  co lum nar c i l i a t e d  e p i th e l iu m  a t  th e  e n tr a n c e  

t o  th e  i n t e s t i n e  (v id e  p . 5 3 . ).

The d e s c r i p t i o n  j u s t  g iv e n  o f th e  o esophagus i s  d i f f i c u l t  

t o  r e c o n c i l e  w ith  th e  r e s u l t s  o f  p re v io u s  w o rk e rs . Yonge (1 9 2 5 ) 

i n  h i s  h i s t o l o g i c a l  d e s c r i p t i o n  fo l lo w e d , w ith  m o d i f i c a t io n s ,  

th e  e a r l i e r  a c c o u n t o f Roule (1 8 8 4 ) . Yonge d e s c r ib e s  t a l l  

c i l i a t e d  c e l l s  in  th e  d o r s a l  g ro o v e , s h o r t e r  c e l l s  am ongst w hich  

a r e  mucus c e l l s  i n  th e  l a t e r a l  w a l l s ,  and r e l a t i v e l y  low c e l l s ,  

n o n - c i l i a t e d  and u n ifo rm ly  m u c u s-p ro d u c in g , i n  th e  v e n t r a l  g ro o v e . 

A c e r t a i n  amount o f c o n fu s io n  c o u ld  be  c a u se d  by  any  f a i l u r e  t o  

r e c o g n is e  th e  s p i r a l  t w i s t  o f  th e  g ro o v e s  and c o n se q u e n t r e v e r s a l  

o f  o r i e n t a t i o n  a lo n g  th e  le n g th  o f  th e  o eso p h ag u s .

The oesophagus h a s  two f u n c t i o n s : - ( 1 )  I t  a c t i v e l y  t r a n s p o r t s  

th e  m ucus-food  c h a in  from  th e  p h a ry n x  t o  th e  stom ach . I t  a p p e a rs  

to  me t h a t  t h i s  i s  n o t  m e re ly  t h e  onward t r a n s m is s io n  o f  a  c h a in  

w ith  w hich  i t  i s  s u p p l ie d  by  th e  b r a n c h ia l  s a c .  The o e so p h a g e a l 

c i l i a t i o n  h a s  t o  p u l l  th e  c h a in  th e  w hole l e n g th  o f th e  b r a n c h ia l  

sa c  w hich  i s  p ro v id e d  w ith  no m echanism  a d e q u a te  f o r  t h i s  t a s k .

(2 )  The oesophagus ad d s more mucus t o  th e  m ucus-food  c h a in .



STOMACH ( P l a t e s  7 ,  8 . )

The stom ach  (F ig s .  33 , 39 , 4 4 , S t . )  i s  an  o v o id  sa c  w hich 

l i e s  a  l i t t l e  on th e  r i g h t  s id e  o f  th e  m id - l i n e ,  and makes an 

o b tu se  a n g le  w ith  th e  oesophagus so  t h a t  th e  p o s t e r i o r  end i s  

v e n t r a l  to  th e  a n t e r i o r  end. I t  i s  much more v o lum inous th a n  

th e  oesophagus o r th e  i n t e s t i n e .  A s e r i e s  o f  l o n g i t u d i n a l  

r id g e s  (F ig .  4 4 , S t .  f l .  ) and fu r ro w s ,  v i s i b l e  from  th e  o u t s id e ,  

i n c r e a s e  i t s  s u r f a c e  a r e a .  P a r t  of th e  t e s t i s  i s  d ev e lo p ed  

w i th in  th e  h ig h ly  v a s c u la r  c o n n e c tiv e  t i s s u e  t h a t  s u r ro u n d s  

th e  s tom ach . T h is  may t o  some e x te n t  mask th e  f o ld in g  o f th e  

s to m a c h a l e p i th e l iu m .

H is to lo g y  o f  th e  S tom ach .

Two ty p e s  o f c e l l  a r e  found  i n  th e  w a l l  o f th e  s to m ach .

(1 )  A b so rp tiv e  c e l l s  ( F ig s .  40 , 4 1 , A bs. c . ) make up th e  

m ain p a r t  o f  th e  e p i th e l iu m  on th e  in w a rd ly  p r o j e c t i n g  f o l d s .  

T hese  c e l l s  a re  t a l l  and  narrow  w ith  a  f r i n g e  o f s h o r t  c i l i a .

A s e r i e s  o f v a c u o le s  occupy th e  c y to p la sm  b e tw een  th e  b a s a l  

n u c le u s  an d  th e  c i l i a t e d  b o r d e r .  Around th e  p e r ip h e r y  o f  th e  

v a c u o le s  num erous g r a n u le s  a re  a r r a n g e d , and th e s e  a re  m ost 

c l e a r l y  shown by m ethy lene  b lu e  s t a i n i n g .  The s i g n i f i c a n c e  o f  

th e s e  b o d ie s  i s  n o t  u n d e rs to o d .

(2 )  Gland c e l l s  ( F ig s .  4 0 , 4 1 , G l. c . ) ,  s e c r e t in g  d ig e s t i v e  

enzym es a r e  s c a t t e r e d  am ongst th e  a b s o r p t iv e  c e l l s  o f th e  f o l d s  

and c o n s t i t u t e  th e  g r e a t e r  p a r t  of th e  e p i th e l iu m  o f th e  fu r ro w s .



In  th e s e  fu r ro w s , how ever, a  few  a b s o r p t iv e  c e l l s  a r e  p r e s e n t .

The g la n d  c e l l s  a r e  d i s t in g u i s h e d  by  th e  n u c le u s  w ith  i t s  

m ass iv e  n u c le o lu s ,  and by th e  p re s e n c e  o f  s e c r e t o r y  d ro p s  ( F ig .  

4 1 , S ec . d r .  ) i n  th e  c y to p la sm . A num ber o f  c e l l s  a r e  i n  

a c t i v e  d i v i s i o n  a t  th e  b a s e s  o f  th e  fu r ro w s  and th e s e  a r e  

a p p a r e n t ly  o f  th e  g la n d  c e l l  ty p e .  T hese d iv id in g  c e l l s  have 

a l r e a d y  been  n o te d  by Yonge (1 9 2 5 ) .

The p ro d u c t io n  o f f e rm e n ts  an d  t h e  a b s o r p t io n  o f  some a t  

l e a s t  o f  th e  p ro d u c ts  o f d ig e s t i o n  a re  t h e  f u n c t io n s  o f th e  

stom ach .

B e r r i l l  (1947) was th e  f i r s t  p e rs o n  t o  o b se rv e  th e  p re s e n c e  

o f  a  g a s t r i c  caecum i n  C io n a . He p o in te d  o u t t h a t  t h i s  i s  fo u n d  

i n  young i n d i v i d u a l s .  In  o ld e r  specim ens i t  a p p e a rs  t o  a t r o p h y .  

B e r r i l l  gave no h i s t o l o g i c a l  d e t a i l s  o f th e  caecum . I t  i s  a  

s h o r t  b l i n d l y  en d in g  pouch  a r i s i n g  from  th e  j u n c t io n  o f  th e  

stom ach  and th e  i n t e s t i n e ,  on th e  p o s t e r i o r  s i d e ,  and  p r o j e c t i n g  

i n  a  d o r s a l  d i r e c t i o n .  H i s t o l o g ic a l l y  i t  s h a r e s  th e  c h a r a c t e r s  

o f  th e  stom ach  and th e  i n t e s t i n e .  I t s  d o r s a l  h a l f  c o n s i s t s  o f 

c e l l s  o f  th e  g la n d u la r  ty p e  fo und  i n  th e  fu rro w s  o f  t h e  s to m ach , 

and  i t s  v e n t r a l  ( i n t e s t i n a l )  h a l f  i s  composed o f  c e l l s  i d e n t i c a l  

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

p .  S3- ) .  As i t  h a s  no h i s t o l o g i c a l  c h a r a c t e r s  n o t  fo und  a ls o  i n  

th e  stom ach  o r  th e  i n t e s t i n e ,  i t  i s  d o u b t f u l  i f  any s p e c i f i c  

f u n c t io n  can  be  a s c r ib e d  to  th e  caecum.



INTESTINE ( P l a t e s  7 ,  8 . )

The i n t e s t i n e  (F ig s#  3 3 , 3 9 , 4 4 , I . )  and  rec tu m  t o g e t h e r  

fo rm  a  tu b e  o f  n e a r ly  u n ifo rm  d ia m e te r  w hich  i s  much l e s s  th a n  

t h a t  o f  th e  s tom ach . The i n t e s t i n e  and  rec tum  c an n o t be  

d i s t in g u i s h e d  e x t e r n a l l y  a lth o u g h  h i s t o l o g i c a l l y  th e  d i v i s io n  

i s  q u i t e  c l e a r .  The two make a  s ig m o id  c u rv e  from  th e  stom ach  

to  th e  r o o f  o f th e  p h a ry n x . The ju n c t io n  o f th e  i n t e s t i n e  and 

th e  rec tu m  l i e s  to  th e  l e f t  o f th e  o eso p h ag u s . A long th e  w hole 

l e n g th  o f th e  i n t e s t i n e  and rec tu m  th e r e  i s  a  w e l l  m arked g roove  

o r  t y p h lo s o le  ( F ig s .  3 3 , 34 , T y . ) form ed by an in p u s h in g  o f  one 

w a l l .  In  t r a n s v e r s e  s e c t i o n  th e  i n t e s t i n e  i s  t h e r e f o r e  c r e s c e n t i c  

Round th e  i n t e s t i n e  t h e r e  i s  a  r i c h  developm ent o f  t e s t i c u l a r  

t u b u le s ,  and a  few  p y l o r i c  g la n d  t u b u le s .

H is to lo g y  o f th e  I n t e s t i n e .

A n arro w  r in g  (F ig .  48 , C i l .  r g . ) o f  th e  i n t e s t i n e  t h a t  

a d jo in s  th e  stom ach  i s  d i f f e r e n t i a t e d  fro m  th e  re m a in d e r . T h is  

r in g  i s  o f  a  u n ifo rm  c i l i a t e d  e p i th e l iu m , w hich a s  n o te d  p r e 

v io u s ly  (v id e  p .  3"0 . ) re s e m b le s  th e  e p i th e l iu m  o f  th e  l a t e r a l  

w a l l s  o f  t h e  o e so p h ag u s . I t  i s  p resu m ab ly  th e  f u n c t io n  o f t h i s  

c i l i a t e d  r i n g  t o  p u l l  th e  m ucus-food  c h a in  from  th e  stom ach  i n to  

th e  i n t e s t i n e .

Two k in d s  o f  c e l l s  i n  a b o u t e q u a l  num bers fo rm  th e  r e s t  o f 

th e  i n t e s t i n a l  e p i th e l iu m . B oth  o f  th e s e  c e l l  ty p e s  a re  

c i l i a t e d  and  a re  e v e n ly  s c a t t e r e d  th ro u g h o u t th e  e p i th e l iu m .

1) G land c e l l s  (F ig .  4 2 , G l. c . ) w i th  th e  s p h e r i c a l  n u c le u s



and l a r g e  n u c le o lu s  common t o  o th e r  s e c r e t o r y  c e l l s ,  a r e  

a p p a r e n t ly  engaged  i n  mucus p r o d u c t io n .

2 ) A b s o rp tiv e  c e l l s  (F ig .  4 2 , Abs. c .  ) w ith  a  l e s s  con

s p ic u o u s  n u c le u s  d i f f e r  from  th e  a b s o r p t iv e  c e l l s  o f  th e  

stom ach  i n  h a v in g  no s p h e r i c a l l y  a r ra n g e d  g r a n u le s  i n  v a c u o le s .

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

c o n t r a s t i n g  i n  t h i s  r e s p e c t  w ith  t h a t  o f  th e  g la n d  c e l l s .

T here  a r e  c e r t a i n  l a r g e  c e l l s  i n  th e  i n t e s t i n e  w hich  m igh t 

b e  m is ta k e n  f o r  g ly co g en  c e l l s  (Yonge, 1 9 2 5 ). T hese a r e  i n  

f a c t  G re g a rin e  p a r a s i t e s  ( F ig .  4 2 , G re g .)  p ro b a b ly  o f th e  s p e c ie s  

L a n k e s te r ia  c io n a e . w hich a lm o s t i n v a r i a b l y  i n f e c t s  ^Ciona,som e

t im e s  i n  g r e a t  num bers. T hese G re g a r in e s  i n h a b i t  th e  i n t e s t i n e  

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



RECTTJM ( P l a t e s  7 , 8 . )

The rec tu m  ( F ig s .  33 , 34 , Re. ) i s  t h e  s t r a i g h t  t e r m in a l  

p a r t  o f  th e  g u t  w hich i s  s i t u a t e d  d o r s a l  t o  th e  p h a ry n x . The

ty p h lo s o le  (v id e  p .  53 . ) w hich  a t  th e  p o s t e r i o r  end o f  th e

rec tu m  i s  d o rs a l*  moves down t h e  r i g h t  s id e  a s  i t  a p p ro a c h e s  

t h e  a n u s . I t  i s  p a r t l y  o c cu p ied  by  th e  g e n i t a l  d u c t s .  The

anus h a s  an expanded and lo b e d  r im , and i s  p ro v id e d  w ith  a

s p h i n c te r  m uscle c o n s i s t in g  o f  a  few  s t r a n d s  fo rm in g  a  r in g  

ro u n d  th e  rec tu m  c lo s e  t o  th e  a n a l  lo b e s .

The rec tu m  i s  e n c lo s e d  i n  a n  e n v e lo p in g  r e t i c u lu m  o f  

t u b u l e s ,  w hich b e lo n g  t o  t h e  p y l o r i c  g la n d  (v id e  p .  5*7. ) .

The e p i th e l iu m  t h a t  su rro u n d s  th e  rec tu m  and  p y l o r i c  g la n d  

t u b u le s  i s  p a r t  o f  th e  a t r i a l  e p i th e l iu m . In  t h i s  r e s p e c t  

th e  re c tu m  d i f f e r s  fro m  th e  r e s t  o f th e  d i g e s t i v e  t r a c t  w hich  

i s  e n c lo s e d  i n  f o l d s  o f  th e  e p ic a r d ia c  e p i th e l iu m .

H is to lo g y  o f th e  Rectum .

The e n t i r e  w a l l  o f  th e  re o tu m , w ith  th e  e x c e p tio n  o f  a  

s m a ll  p a r t  c lo s e  t o  th e  a n u s , c o n s i s t s  o f  one c e l l  t y p e .  T h is  

i s  a  r a t h e r  sq u a t  c e l l  p ro v id e d  w ith  a  p o w e rfu l c i l i a t i o n  (F ig .  

4 3 ) .  The l a r g e  s p h e r i c a l  n u c le u s  w i th  i t s  c o n sp ic u o u s  n u c le o lu s  

l i e s  a t  t h e  b a s e  o f th e  c e l l  b o d y , t h e  d i s t a l  p a r t  o f  w hich  i s  

o c c u p ie d  by  a  v a c u o le .  W ith in  t h i s  v a c u o le  one o r  a  few  

s e c r e t o r y  b o d ie s  a r e  s i t u a t e d .  The o c c a s io n a l  l a r g e  e p i t h e l i a l  

c e l l s  w i th  v e ry  d e e p ly  s t a i n i n g  m ass , d e s c r ib e d  b y  Yonge (1 9 2 5 ) , 

p ro b a b ly  r e p r e s e n t  a  p h a se  i n  s e c r e t o r y  a c t i v i t y  o f  t h e s e  c e l l s .



I n  a  v e ry  s h o r t  t e r m in a l  p a r t  o f th e  rec tu m  th e  mucus 

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

The re c tu m , a l th o u g h  p e rh a p s  s l i g h t l y  c o n c e rn e d  i n  a b s o r p t io n  

i s  c h i e f l y  engaged  i n  th e  fo rm a t io n  o f  f a e c e s ,  and  i n  t h e i r  

t r a n s p o r t  and  e l im in a t io n .  I t  h a s  b e e n  s u g g e s te d  by  Yonge 

(1 9 3 5 ) t h a t  th e  h ig h  pH o f th e  rec tu m  i s  r e s p o n s ib le  f o r  i n 

c r e a s in g  th e  v i s c o s i t y  o f  th e  f a e c e s .



PYLORIC GLAND ( P l a t e  8 . )

The p y lo r i c  g la n d  h a s  lo n g  “been  known t o  e x i s t  i n  A s c id ia n s  

and i s  now re c o g n is e d  t o  he  o f  g e n e r a l  o c c u rre n c e  i n  th e  

T u n ic a te s  w ith  th e  e x c e p tio n  o f  th e  L a rv a c e a .

G rea t d i v e r s i t y  o f O p in ion  h a s  b e e n  e x p re s s e d  on th e  f u n c t io n  

and even  on th e  fo rm  o f  t h i s  o rg a n . Thus i t s  t r u e  n a tu r e  a s  a  

d iv e r t ic u lu m  o f  th e  g u t was n o t  a lw ays r e c o g n is e d .  I t  h a s  b e en  

d e s c r ib e d  a s  p a r t  o f  th e  b lo o d  sy s te m  by K u p ffe r  (1872)*  R. 

H ertw ig  (1873 ) and R oule (1 8 8 4 ) . R o u le , i n  h i s  m onograph on 

C io n a , d e s c r ib e d  th e  p y l o r i c  g la n d  a s  p a r t l y  b lo o d  v e s s e l s  and 

p a r t l y  t e s t i s  t u b u le s .

Vogt (1854 ) saw th e  g la n d  b u t  th o u g h t i t  t o  be  m u sc u la r  

t i s s u e .

Of th o s e  r e c o g n is in g  i t s  c o n n e c tio n  w ith  th e  g u t  some have 

re g a rd e d  th e  p y lo r i c  g la n d  a s  a b s o r p t iv e  i n  f u n c t io n .  P iz o n  

(1893 ) and L e fe v re  (1898) w ere o f t h i s  o p in io n , w hich  th e y  s h a re d  

w ith  some o ld e r  w r i t e r s .  T h is  v iew  may be  r e j e c t e d  a s  th e  f lo w  

o f  th e  l i q u i d  c o n te n ts  i s  to w a rd s  th e  g u t lumen n o t  away from  i t .

The two m ost w id e ly  h;eld o p in io n s  rem ain  t o  be  m en tio n e d , 

and  s u f f i c i e n t l y  s t r o n g  e v id e n c e  h a s  n o t  y e t  b een  p ro d u ced  to  

s e t t l e  th e  q u e s t io n  beyond d o u b t.

Of th e s e  two v iew s one i s  t h a t  th e  p y lo r i c  g la n d  i s  a  t r u e  

d i g e s t i v e  g la n d  c o n t r ib u t in g  fe rm e n ts  t o  th e  i n t e s t i n a l  c o n te n ts .  

S u p p o r tin g  t h i s  th e o r y  have b een  M ilne Edwards (1 8 4 2 ) , G ia rd  (1872 ) 

Hancock (1 8 6 8 ) , C handelon  (1 8 7 5 ) , M aurice  (1 8 8 8 ) , L acaze D u th ie r s  

and P e la g e  (1 8 8 9 ) , S e e l i g e r  (B ro n n ) , I s e r t  (1 9 0 3 ) and S o k o lsk a



(1 9 3 1 ) . Of th e s e  woafcers C handelon , I s e r t  and  S o k o lsk a  have 

p ro v id e d  th e  s t r o n g e s t  and m ost d e t a i l e d  e v id e n c e .

On th e  o th e r  hand th e  p y l o r i c  g la n d  h a s  b een  re g a rd e d  a s  

an  e x c r e to r y  o rg a n . Amongst th e  a d v o c a te s  o f  t h i s  view  w ere 

K rohn (1 8 5 2 ) , K ow alevsky (1 8 7 4 ) , R oule (1 8 8 6 ) , Todaro  (1 9 0 1 -0 2 ) 

and C o lto n  (1 9 1 0 ) . R ou le*s e v id e n c e  can  be d is c o u n te d  a s  he 

b e l i e v e d  th e  g la n d  to  be a  c lo s e d  sy s te m . C o lto n  was a lm o st 

a lo n e  i n  b r in g in g  fo rw a rd  any  e x p e r im e n ta l  e v id e n c e .

In  C iona th e  p y l o r i c  g la n d  i s  a  system  o f  a n as to m o sin g  and  

b l i n d l y  e n d in g  tu b u le s  s p re a d  o v e r  th e  s u r f a c e  o f  th e  rec tu m  

and a  s m a ll  p a r t  o f  th e  i n t e s t i n e  ( F ig .  4 5 ) .  The num erous 

c o l l e c t i n g  tu b e s  com bine and  open by  a  s in g l e  d u c t  i n t o  th e  

a l im e n ta ry  c a n a l  ( F ig .  4 9 , P y l .  g l .  d u . ).

The sm a ll  ro u n d  o p en in g  o f  t h e  d u c t i s  p la c e d  i n  th e  a n t e r i o r  

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

s to m ach . I t  l i e s  on th e  l e f t  s i d e  o f  t h e  i n t e s t i n e .  From t h i s  

p o in t  th e  d u c t (F ig .  4 5 , P y l .  g l .  d u . ) p a s s e s  fo rw a rd  a lo n g  th e  

l e f t  w a l l  o f  th e  stom ach f o r  a  s h o r t  d i s t a n c e .  On le a v in g  th e  

stom ach  w a l l  t h e  duc t d iv id e s  i n t o  tw o and th e  b ra n c h e s  p a s s  

o b l iq u e ly  fo rw a rd  i n  a  s h e e t  o f  m e s e n te ry , t o  m eet th e  a s c e n d in g  

lim b o f  th e  i n t e s t i n e .  D ichotom ous b ra n c h in g  now p ro d u c e s  a  

sy s te m  o f  f i n e  tu b u le s  o v e r t h e  a n t e r i o r  p a r t  of th e  i n t e s t i n e .  

L a t e r a l  b ra n c h e s  co n n ec t a d ja c e n t  tu b u le s  and th e  g la n d  becom es 

a  sy stem  o f  in te rc o m m u n ic a tin g  v e s s e l s .  The g la n d  w hich  e n v e lo 

p e s  th e  w hole c irc u m fe re n c e  o f  t h e  i n t e s t i n e  and rec tu m  on w hich 

i t  i s  p r e s e n t ,  p a s s e s  r i g h t  t o  th e  a n u s .



S l i g h t l y  sw o lle n  am p u llae  (F ig .  48) a r e  found  a t  th e  ends 

o f th e  t u b u le s .  At f r e q u e n t  i n t e r v a l s  a lo n g  th e  tu b u le s ,  b o th  

a t  p o i n t s  o f  f o rk in g  and i n  u n b ran ch ed  p a r t s ,  t h e r e  a re  con

s p ic u o u s  d i l a t a t i o n s  (F ig s .  4 6 , 4 7 ) .  T hese g iv e  to  th e  g la n d  

a s  a  w hole  a v a r i c o s e  a p p e a ra n c e . W ith in  th e  d i l a t a t i o n s  

c o n c r e t io n s  (F ig . 47 , C on .) a re  l a i d  down, w hich w i l l  be d is c u s s e d  

l a t e r .

The p y l o r i c  g la n d  tu b u le s  a re  embedded i n  th e  c o n n e c tiv e  

t i s s u e  su rro u n d in g  th e  re c tu m , and a re  c lo s e ly  a s s o c i a t e d  w ith  

b lo o d  v e s s e l s  and la c u n a e .

The w a l l  o f  th e  p y lo r ic  g la n d  c o n s i s t s  everyw here  o f  a 

s in g l e  la y e r e d  e p i th e l iu m  t h a t  b e a r s  a t h i n  c lo th in g  o f lo n g  

c i l i a .  The c e l l s  o f t h i s  e p i th e l iu m  a re  r a t h e r  f l a t  a lo n g  

th e  w hole c o u rs e  o f th e  tu b u le s  and become even  more f l a t t e n e d  

i n  th e  w a l ls  o f th e  v a r ic o s e  s w e l l in g s  and o f th e  t e r m in a l  

a m p u lla e . I n  a l l  o f  th e s e  r e g io n s  a p a r t  o f  th e  c e l l  i s  o c cu p ied  

by  a  v a c u o le .  The n u c le u s  i n  consequence  l i e s  c lo s e  t o  one 

s id e  o f  th e  c e l l .  The e x a c t  a rra n g em e n t o f th e  c i l i a  h a s  n o t 

b e en  d is c o v e re d  b u t  t h e i r  s c a r c i t y  s u g g e s ts  t h a t  t h e r e  i s  o n ly  

one c i l iu m  t o  e a c h  c e l l .  They l i e  w ith  t h e i r  f r e e  ends to w a rd s  

th e  i n t e s t i n e .

In  th e  c o l l e c t i n g  d u c ts  th e  c e l l s  a r e  t a l l e r ,  w i th  rounded  

o r somewhat p o in te d  ends p r o j e c t i n g  i n t o  th e  lum en. T hese c e l l s  

a re  a l s o  p ro v id e d  w ith  c i l i a .  At th e  open ing  o f th e  d u c t i n to  

th e  a l im e n ta r y  c a n a l  t h e s e  c i l i a  c an  be se en  a s  a t u f t  p ro t ru d in g  

fr-om th e  d u c t ( F ig .  4 9 ) .



F i g .  5 .  P h o t o m i c r o g r a p h ,  
u s i n g  p o l a r i s e d  l i g h t ,  o f  
p a r t  o f  r e c t u m ,  sh o w in g  
p y l o r i c  g l a n d  c o n c r e t i o n s .  
F r e s h  m a t e r i a l ,  x  60.

F i g .  i .

F i g s .  f - i .  P h o t o m i c r o g r a p h y  u s i n g  
p o l a r i s e d  l i g h t ,  o f  p a r t  o f  r e c t u m ,  
sh o w in g  p y l o r i c  g l a n d  c o n c r e t i o n s .  

F r e s h  m a t e r i a l .  -y ? / i n



I  have  n o t  b e e n  a b le  t o  s e e  s e c r e t o r y  d ro p s  i n  th e  c e l l s  

o f  t h e  p y l o r i c  g la n d  a lth o u g h  th e s e  have  b e en  d e s c r ib e d  by  

Iserfc  (1 9 0 3 ) i n  M iorocosmus v u l g a r i s .  The p re s e n c e  o f  v a c u o le s  

h a s  a l r e a d y  b e en  m en tioned  b u t  th e  d is c h a rg e  o f  t h e i r  c o n te n ts  

h a s  n o t  b e e n  v e r i f i e d .  S o k o lsk s  (1931) h a s ,  how ever, d e s c r ib e d  

such  a  d is c h a r g e  i n  th e  p y l o r i c  g la n d  o f  C la v e l in a .

No t h i n  a r e a s  i n  th e  end am p u llae  a r e  s e e n  i n  th e  g la n d  o f  

C iona l i k e  th o s e  o b se rv ed  by  C olton  (1910 ) i n  B o t r y l l u s .

A v e r y  c h a r a c t e r i s t i c  f e a t u r e  o f  th e  g la n d  i n  C iona i s  th e  

p re s e n c e  o f  c o n c r e t io n s .  These do n o t  a p p e a r  t o  have b e en  

r e c o g n is e d  i n  th e  p a s t ,  a lth o u g h  s o l i d  and s e m i- s o l id  b o d ie s  

have b e e n  n o te d  i n  th e  p y l o r i c  g la n d  o f a  few  A s c id ia n s .  Thus 

i n  P e ro p h o ra . C handelon (1875 ) h a s  d e s c r ib e d  a  r e f r i n g e n t  rounded  

body ly in g  i n  th e  end a m p u llae . The s u r f a c e  o f  t h i s  body was 

m arked by  i n c i s i o n s  t h a t  su g g e s te d  t o  him  a  p ro c e s s  o f  d i v i s i o n  

of th e  b o d y . I s e r t  (1903) d e s c r ib e d ,  i n  th e  g la n d  o f  M iorooosm us. 

m asses o f  m a t te r  form ed by  th e  a c c u m u la tio n  o f  s e c r e t io n  w i th in  

v a r i c o s i t i e s  o f  th e  t u b u l e s .  The b o d ie s  found  i n  C io n a . how ever, 

a re  no m ere a c c u m u la tio n s  o f  s e c r e to r y  p ro d u c ts .  They a r e  

c r y s t a l l i n e  c o n c r e t io n s  b u i l t  up i n  c o n c e n tr ic  l a y e r s .  T h is  i s  

d e a r l y  d e m o n s tra te d  b y  th e  u se  of p o l a r i s e d  l i g h t  in  w hich  th e  

c o n c r e t io n s  a r e  b r i g h t  a g a in s t  t h e  d a rk  background  (F ig s .  e -  i ) .  

They show , m o reo v e r, th e  m s l te s e  c ro s s  t y p i c a l  o f  c o n c e n t r i c a l ly  

a r ra n g e d  s h e l l s  o f  c r y s t a l s  when v iew ed  th ro u g h  c ro s se d  N ic o l 

p r is m s . The s u b s ta n c e  o f  w hich  th e y  a r e  fo rm ed , i t  a p p e a rs ,  

c r y s t a l l i s e s  o u t from  th e  l i q u i d  c o n te n ts  o f  th e  t u b u le s .



G e n e ra lly  t h e  c o n c re t io n  i s  a  compound s t r u c t u r e  c o n s i s t in g  

o f  a  f u s e d  g ro u p  o f  l a r g e r  and s m a l le r  b o d ie s .  The s m a l le r  

o f  t h e s e  a r e  a lm o s t s o l i d  b u t  th e  l a r g e r  a p p e a r  t o  be l i t t l e  

m ore th a n  h o llo w  s h e l l s .  E ach e lem en t o f th e  compound con

c r e t i o n  shows th e  b la c k  m a lte s e  c ro s s  i n  p o l a r i s e d  l i g h t .  

T y p ic a l ly  t h e  c o n c re t io n s  a re  lo c a te d  i n  th e  d i l a t a t i o n s  o f  

th e  g la n d ,  b u t  th e y  a l s o  fo rm  a lo n g  th e  le n g th  o f  th e  t u b u le s ,  

o f  w h ich  th e y  may occupy a lm o st th e  w hole d ia m e te r .

In  o ld  a n im a ls  th e  cone r e t  i  oils a r e  l a r g e r  and more 

num erous th a n  i n  young o n e s . T h is  s u g g e s ts  t h a t  th e y  a r e  p e r 

m anent s t r u c t u r e s  # i i c h  in c r e a s e  th ro u g h o u t th e  l i f e  o f  t h e  

an im a l •

F u n c t io n  o f  th e  P y lo r ic  G land.

E v id e n ce  a s  to  th e  f u n c t io n  o f  th e  p y l o r i c  g la n d  i s  v e ry

s c a r c e .  The h i s t o l o g i c a l  e v id e n c e  i n  fa v o u r  o f  a  d i g e s t i v e

r o l e  i s  o f  th e  k in d  advanced  b y  I s e r t  (1 9 0 3 ) . He re g a rd e d

th e  p re s e n c e  o f  y e llo w  s e c r e t o r y  b o d ie s  i n  th e  v a c u o le s  o f  th e

e p i t h e l i a l  c e l l s  a s  a  s u f f i c i e n t l y  s t ro n g  argum ent t o  e s t a b l i s h

a  d i g e s t i v e  f u n c t io n .  S o k o lsk a  (1931) e s t a b l i s h e d  t h a t  th e

v a c u o le s  d is c h a r g e  i n t o  th e  lum en. The mere f a c t  t h a t  t h e r e

a r e  v a c u o le s  and t h a t  th e y  d is c h a rg e  t h e i r  c o n te n ts  i n to  th e

tu b u le  c a n n o t be re g a rd e d  a s  i n d ic a t in g  th e  n a tu r e  o f th e

s e c r e t o r y  p r o d u c t .  I n  th e  M a lp ig h ian  tu b e s  o f i n s e c t s ,  f o r

exam ple , t h e  e p i t h e l i a l  c e l l s  d is c h a r g e  c o lo u re d  d ro p s  from

t h e i r  v a c u o le s ,  a s  p a r t  o f th e  e x c r e to r y  p ro c e s s .  No e x p e r i -  
m ents Have t e e n  c a r r i e d  o a t t o  t e s t  th e  p o s s i b i l i t y  o f



614.

d i g e s t i v e  a c t io n  by  th e  g la n d  c o n te n ts .  The work o f  H enri 

(1 9 0 3 ) e s t a b l i s h e d  th e  p re s e n c e  o f  am ylase  i n  th e  11 g a n g lio n  

p y lo r iq u e "  o f  S a lp s ,  n o t  as s t a t e d  by  C o lto n  (1910 ) i n  th e  

" g la n d e  p y lo r iq u e ” .

A g row ing  c o n c r e t io n a r y  body  i n  th e  lumen o f an  o rgan  i s  

from  th e  s t a r t  l i k e l y  to  be  an e x c r e to r y  p ro d u c t .  C o l to n 's  

v i t a l  s t a in i n g  t e s t s  w ith  n e u t r a l  r e d ,  B ism arck  brown and in d ig o  

carm in e  gave p o s i t i v e  r e s u l t s ,  i n d i c a t i n g  e x c r e to r y  p ro c e ss e s *

In  t h i s  c o n n e c tio n  I  have fo u n d  t h a t  n e u t r a l  re d  u se d  a s  a  v i t a l  

s t a i n  c o lo u r s  th e  c o n c r e t io n  more i n t e n s e l y  th a n  i t  does any 

o th e r  s t r u c t u r e  i n  th e  b o d y .

On t h e  o th e r  hand S e e l ig e r  (B ronn) th o u g h t t h a t  th e  p re s e n c e  

o f a n o th e r  e x c r e to r y  o rg an  a rg u e s  a g a in s t  an e x c r e to ry  f u n c t io n  

f o r  th e  p y l o r i c  g la n d . The o th e r  o rg an  r e f e r r e d  to  i s  th e  r e n a l  

v e s i c l e  o r  v e s i c l e s  found i n  s e v e r a l  A s c id ia n s ,  a lth o u g h  a b s e n t  

from  C io n a . C iona a ls o  h a s  a n o th e r  m ethod o f  e x c r e t i n g ,  how ever, 

b y  m eans o f c e r t a i n  b lo o d  c e l l s  ( n e p h r o c y te s ) t o  w h ich  r e f e r e n c e  

w i l l  be made l a t e r  (v id e  p . ) . George (1 9 3 6 ) , how ever, i s  

o f  th e  o p in io n  t h a t  b lo o d  c e l l  e x c r e t io n  goes on b o th  i n  A s c id ia n s  

w ith  and  w ith o u t  o th e r  e x c r e to r y  o rg a n s , th e  m ethods n o t b e in g  

m u tu a l ly  e x c lu s iv e .

The o n ly  o th e r  l i k e l y  f u n c t io n  o f th e  c o n c re t io n s  i s  to  

a c t  a s  r e s e r v e  m a t e r i a l , b u t  on t h i s  p o s s i b i l i t y  no e v id e n ce  

e x i s t s .

The q u e s t io n  o f  t h e  f u n c t io n  o f  th e  p y lo r ic  g la n d  m ust 

rem ain  o p e n , b u t  th e  b a la n c e  o f  t h e  e v id e n ce  seems to  l i e  in  

fa v o u r  o f an  e x c r e to r y  f u n c t io n .  C e r ta in ly  one o f th e  most



p r o f i t a b l e  l i n e s  o f i n v e s t i g a t i o n  f o r  t h e  f u t u r e  w i l l  be  a  

c h e m ic a l a n a l y s i s  of th e  c o n c r e t io n s .  A f te r  a  few  p r e l im in a r y  

t e s t s  i t  w as d e c id e d  t h a t  t h i s  programme was beyond  th e  sco p e  o f 

th e  p r e s e n t  s tu d y .



NERVOUS SYSTEM ( P l a t e s  9 ,  10. )

The n e rv o u s  system  w i l l  be  c o n s id e re d  u n d e r f o u r  h e a d in g s :—

a )  G ang lion .

b )  Body w a l l  n e rv e s .

c )  V is c e r a l  n e rv e .

d ) S ense  o rg a n s .

a )  The g a n g lio n  ( F ig s .  1 , 5 0 , G a .) i s  th e  c e n t r a l  n e rv o u s

sy s te m  o f  t h e  a d u l t .  I t  l i e s  embedded i n  th e  body w a l l  o f t h e

s a d d le - s h a p e d  i n t e r - s i p h o n a l  r e g io n .  The g a n g lio n  i s  ro u g h ly  

s p in d le - s h a p e d  and i s  fo rk e d  a t  th e  a n t e r i o r  and  p o s t e r i o r  ends* 

w here p a i r e d  n e rv e s  o r i g i n a t e .  The g a n g lio n  l i e s  o v e r , and  

p a r t l y  s in k s  i n t o ,  t h e  d o r s a l  s u r f a c e  o f t h e  n e u r a l  g la n d  ( F ig .  

5 1 ) .  A t h i n  l a y e r  of c o n n e c tiv e  t i s s u e  s e p a r a t e s  th e  g a n g lio n  

from  t h e  o v e r ly in g  e p id e rm is .

H is to lo g y  o f  t h e  g a n g l io n .

On th e  o u ts id e  of th e  g a n g l io n  th e r e  i s  a  r e l a t i v e l y  t h i n  

c o r t i c a l  l a y e r  (F ig . 5 1 , C o r .)  and w i th in  t h i s  l i e s  £ n » ss

o f n e rv e  f i b r e s ,  w hich w i l l  b e  c a l l e d  th e  m e d u lla ry  c o re  (F ig .

51 , M ed .). The c o r t i c a l  l a y e r  c o n s i s t s  m ain ly  o f c lo s e ly  

packed  g a n g l io n  c e l l s  ( F ig .  5 2 , Ga. c . ) o f  two ty p e s .  T hese 

d i f f e r  i n  s i z e  b u t  o th e rw is e  a p p e a r  s i m i l a r .  T here  seems t o  be  

no j u s t i f i c a t i o n  f o r  t h e  o p in io n  h e ld  by  L o r le b e rg  (1907) t h a t



th e  l a r g e  c e l l s  a r e  n o t  i n  f a c t  g a n g lio n  c e l l s  b u t  n e u r o g l ia  

c e l l s *  The o n ly  e s s e n t i a l  d i f f e r e n c e  i n  s t r u c t u r e  betw een  

th e s e  l a r g e  c e l l s  and t h e  rem a in in g  c e l l s  o f th e  g a n g lio n  i s  t h e i r  

s iz e *  The g a n g lio n  c e l l s  of th e  c o r t i c a l  l a y e r  l i e  t h r e e  o r 

f o u r  d e e p , and th e  num ber v a r i e s  somewhat from  p la c e  t o  p la c e  i n  

th e  g a n g l io n ,  d ep en d in g  t o  some e x te n t  on th e  p r o p o r t io n s  o f la r g e  

t o  s m a ll  c e l l s .  The la r g e  g a n g lio n  c e l l s  make up o n ly  ab o u t l / 5  

o f th e  c o r t i c a l  c e l l s .  They m easure a b o u t 9 n  by  18 p ,  and have 

a n u c le u s  o f  5*25 p. t o  6 p  i n  d ia m e te r .  The sm a ll  g a n g lio n  c e l l s  

have a n  a v e ra g e  d ia m e te r  o f 5 p  t o  7 p., and a  n u c le u s  o f  3 .5  p  

i n  d ia m e te r .  B o th  c e l l  ty p e s  a r e  u n ip o la r  and have a t a p e r in g  

p r o c e s s  u s u a l ly  d i r e c te d  in w ard s  t o  th e  m e d u lla ry  c o re .  The 

c h a r a c t e r i s t i c  n u o le u s  i s  s p h e r i c a l  w ith  a  p ro m in en t n u c le o lu s .  

P e r ip h e r a l  c h ro m a tin  b lo c k s  a r e  co n n ec ted  to  th e  n u c le o lu s  b y  

f i n e  a c h ro m a tic  th r e a d s .  Even w i th  h a e m a to x y lin  s t a i n s  a 

f i b r i l l a r  s t r u c t u r e  can be se e n  i n  th e  cy to p lasm  o f th e  c e l l .

The f i b r i l l a e  e x te n d  i n t o  t h e  axon from  th e  a d ja c e n t  p a r t  o f th e  

c e l l  body and  may be i n t e r p r e t e d  a s  n e u r o f i b r i l l a e .  S im i la r  

p i c t u r e s  t o  t h i s  have b een  o b ta in e d  by  H u n te r (1898) i n  C y n th ia .

The o n ly  o th e r  s t r u c t u r e  v i s i b l e  w i th in  th e  c e l l  i s  a  c l e a r  a re a  

u s u a l ly  o ccu p y in g  p a r t  o f th e  c y to p la sm  betw een  th e  n u c le u s  and 

th e  axon  r o o t .  W ith in  t h i s  a r e a  t h e r e  i s  o f te n  an  i n d e f i n i t e  

body w hich  s t a i n s  more d e e p ly . The w hole s t r u c tu r e  may c o rre sp o n d  

to  th e  c e n tro so m e  and  s p h e re  i d e n t i f i e d  by  H un te r i n  C y n th ia .

In  C iona t h e  p re s e n c e  o f  t h i s  s t r u c t u r e  i s  n o t a s s o c ia te d  w ith  any 

d i s t o r t i o n  o f th e  n u c le u s  a s  i s  th e  c a se  in  C y n th ia * In  m ost



65.

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

m e d u lla ry  c o re .  Not i n f r e q u e n t l y ,  how ever, i t  b ends on re a c h in g  

th e  b o u n d a ry  be tw een  th e  c o r t i c a l  and t h e  m e d u lla ry  r e g io n s ,  

and  ru n s  a lo n g  t h i s  b o u n d a ry  f o r  some d i s t a n c e  b e fo re  tu r n in g  

a g a in  an d  p e n e t r a t i n g  th e  m e d u lla ry  c o re .

The m e d u lla ry  c o re  o f  th e  g a n g l io n  c o n s i s t s  o f  a  d en se  

a g g r e g a t io n  o f  n e rv e  f i b r e s  ru n n in g  f o r  th e  m ost p a r t  a lo n g  th e  

l e n g th  o f  t h e  g a n g lio n .  A few  c e l l s  a r e  s c a t t e r e d  am ongst th e  

f i b r e s ,  and  c o n s i s t  o f  sm a ll  g a n g lio n  c e l l s ,  d o u b tfu l  m u l t ip o la r  

c e l l s  and  b lo o d  c e l l s .  The b lo o d  c e l l s  a r e  o f te n  fo und  a g g re 

g a te d  i n  s m a ll  p o c k e ts  ( F ig .  5 2 , B l. c . ) . The g r e a t  num ber and 

s in u o u s  c o u rs e  o f  th e  n e rv e  f i b r e s  i n  th e  m e d u lla ry  c o re  make 

i t  v e ry  h a rd  t o  fo rm  any  id e a  o f  t h e i r  i n t e r - r e l a t i o n s .  No 

a t te m p t  was made by  th e  u se  o f  s p e c i a l  s t a in i n g  m ethods t o  

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

b )  Body w a l l  n e r v e s .

The p r i n c i p a l  n e rv e s  g iv e n  o f f  b y  th e  g a n g lio n  a r e  1 )  th e  

p a i r e d  a n t e r i o r ,  2 ) th e  p a i r e d  p o s t e r i o r  and  3 ) th e  u n p a ire d  

v i s c e r a l .  The v i s c e r a l  n e rv e  d oes n o t  come i n t o  r e l a t i o n  w ith  

th e  body  w a l l  and  i s  d e a l t  w i th  i n  a n o th e r  s e c t i o n  (v id e  p . 6 8 ) .

The p a i r e d  a n t e r i o r  n e rv e s  ( F ig .  5 0 , A n t. n . ) a r i s e  from  

w hat a p p e a rs  t o  be a  b i f u r c a t i o n  o f  th e  a n t e r i o r  end o f  th e  

g a n g l io n .  A f te r  ru n n in g  fo rw a rd  f o r  a  s h o r t  b u t  v a r i a b le  d i s -  

s ta n c e  e ac h  o f  th e s e  g iv e s  o f f  two a n t e r i o r  s ip h o n a l  n e rv e s  (F ig . 

5 3 , Ant* n* s . )  t o  th e  o r a l  s ip h o n . The more d o r s a l  o f  th e s e  

two n e rv e s  t r a v e l s  a lo n g  th e  d o r s a l  s id e  o f th e  o r a l  s ip h o n , 

g e n e r a l l y  i n  t h e  v i c i n i t y  o f  m u sc le s  L3a and L3b, b u t  i s  v e ry



v a r i a b l e  i n  p o s i t io n *  I t  mey ev en  be a b s e n t  on one o r  t h e  

o th e r  s id e *  When t h i s  a n t e r i o r  b ra n c h  i s  m is s in g  from  one 

s i d e  t h a t  o f  t h e  o th e r  s i d e  o f te n  assum es a  more m edian p o s i t i o n  

and th e n  g iv e s  t h e  e f f e c t  o f a  s in g l e  m edian nerve*  The second  

and  m ore v e n t r a l  o f  th e  tw o  a n t e r i o r  s ip h o n a l  n e rv e s  l i e s  f o r  

m ost o f  i t s  l e n g th  n e a r  th e  m u sc le s  LI and LE, be tw een  w hich  i t  

u s u a l ly  p a s s e s  fo rw a rd  to w a rd s  th e  t i p  o f  t h e  o r a l  siphon*

The a n t e r i o r  t r u n k  n e rv e s  (P ig . 5 3 , Ant* n .  t r . ) a r i s e  by  th e  

d i v i s i o n  Of th e  rem a in in g  p a r t  o f each  o f  th e  p a i r e d  a n t e r i o r  

n e r v e s .  The more a n t e r i o r  o f th e s e  t r u n k  n e rv e s  c ro s s e s  th e  

p e r ip h a r y n g e a l  band (P ig . 5 3 , P e r .  b d . ) and ru n s  p o s t e r i o r l y  

a lo n g  t h e  v e n t r a l  body w a l l  n e a r  th e  v e n t r a l  l o n g i t u d i n a l  m uscle  

and  m u sc le  L I . The more p o s t e r io r  o f  t h e  two a n t e r i o r  t r u n k  

n e rv e s  a l s o  c ro s s e s  t h e  p e r ip h a ry n g e a l  b an d . I t  th e n  ru n s  b ack  

o v e r  m u sc le s  L3a and LS t o  l i e  a lo n g  m uscle L I.

The p a i r e d  p o s t e r i o r  n e rv e s  ( P ig .  5 0 , P o s . n .  ) a r i s e  from  

w hat a p p e a rs  t o  be  a  b i f u r c a t i o n  o f  t h e  p o s t e r io r  end o f th e  

g a n g l io n .  L ike each o f  t h e  p a i r e d  a n t e r i o r  n e rv e s ,  e ac h  o f th e  

p a i r e d  p o s t e r i o r  n e rv e s  s u p p l i e s  two n e rv e s  (P ig . 5 3 , P o s . n . s . )  

t o  th e  s ip h o n , i n  t h i s  c ase  t h e  a t r i a l  s ip h o n , w h ile  two b ra n c h e s  

p a s s  t o  t h e  t r u n k  reg io n *  A s h o r t  d i s ta n c e  from  i t s  r o o t  e ach  

p a i r e d  p o s t e r i o r  n e rv e  g iv e s  o f f  a  s m a ll  n e rv e  t h a t  ru n s  up th e  

a n t e r i o r  s id e  o f  t h e  a t r i a l  s ip h o n , w i th in  m uscle L4. T h is 

n e rv e  i n  many c a s e s  f o r k s ,  i t s  p o s t e r io r  b ra n c h  u s u a l ly  p a s s in g  

a c r o s s  i n t o  m u sc le  L5. The second  n e rv e  t o  th e  a t r i a l  s ip h o n  

re a c h e s  i t s  p o s t e r o - d o r s a l  s u r f a c e .  At ab o u t th e  l e v e l  o f



o r i g i n  o f  t h i s  se co n d  n e rv e  t o  t h e  a t r i a l  s ip h o n  th e  m ain 

p o s t e r i o r  n e rv e  "b ifu rc a te s*  The two. p o s t e r io r  t r u n k  n e rv e s  

(P ig* 5 3 , Pos* n* t r *  ) th u s  fo rm ed  su p p ly  th e  d o r s a l  p a r t  o f t h e  

body  w a l l  p o s t e r io r  t o  t h e  a t r i a l  s ip h o n . The more d o r s a l  

t r u n k  n e rv e  comes to  l i e  c lo s e  to  o r  w i th in  m usc le  L5. The 

more v e n t r a l  n e rv e  ru n s  b a ck  i n  th e  g e n e r a l  v i c i n i t y  o f m u sc les  

L 3a, L3b and  L4. P u r th e r  s u b d iv is io n  o f t h i s  seco n d  t r u n k  

n e rv e  may o c c u r  b e fo re  i t  i s  l o s t  to  v iew .

T here  i s  a  g r e a t  d e a l  o f  v a r i a t i o n  from  th e  b a s i c  p a t t e r n  

d e s c r ib e d  above and th e  am ount o f  v a r i a b i l i t y  o n ly  a llo w s  th e  

fo l lo w in g  g e n e r a l i s a t i o n s  t o  be made. The o r a l  s ip h o n  i s  

s u p p l ie d  e x c lu s iv e ly  by  th e  a n t e r i o r  n e rv e s ,  and  th e  a t r i a l  

e x c lu s iv e ly  by  th e  p o s t e r i o r  n e r v e s .  The body w a l l  o f  th e  

p h a ry n g e a l  r e g io n  i s  in n e rv a te d  p a r t l y  from  th e  a n t e r i o r  and 

p a r t l y  from  th e  p o s t e r i o r  n e rv e s ;  i n  g e n e r a l  th e  v e n t r a l  p a r t  

t a k e s  b ra n c h e s  from  t h e  a n t e r i o r ,  and th e  d o r s a l  p a r t  from  th e  

p o s t e r i o r  n e r v e s .  The l i n e  o f d e m ark a tio n  betw een  th e  d o r s a l  

and th e  v e n t r a l  r e g io n s  in  t h i s  r e s p e c t  i s  n o t c l e a r  and p o s s ib ly  

n o t c o n s t a n t .

In  a d d i t i o n  t o  th e  m ain n e rv e s  whose d i s t r i b u t i o n  h a s  b een  

d e s c r ib e d  a b o v e , t h e r e  i s  a  s m a ll  number o f f i n e  l a t e r a l  n e rv e s .  

These c o n s i s t  o f  r e l a t i v e l y  few  f i b r e s ,  and a p p e a r t o  b re a k  up 

q u i te  c lo s e  t o  t h e  g a n g lio n .  They a r e  i n  p a r t  a t  l e a s t  re s p o n 

s i b l e  f o r  t h e  f a c t  t h a t  a round  th e  g a n g lio n  th e  c o n n e c tiv e  t i s s u e  

c o n ta in s  many more n e rv e  f i b r e s  th a n  in  o th e r  p a r t s  o f  th e  body .

The r o o t s  o f a l l  o f  th e  n e rv e s  c o n ta in  a s h o r t  e x te n s io n



o f  c o r t i c a l  t i s s u e  i n  th e  fo rm  o f l a r g e  and s m a ll  g a n g lio n  c e l l s .  

A f te r  a  s h o r t  d i s t a n c e ,  how ever, c e l l s  d is a p p e a r  from  th e  n e rv e s ,  

w hich now c o n s i s t  of n e rv e  f i b r e s  and  some k in d  o f s u p p o r t in g  

s u b s ta n c e ,  th e  fo rm  o f  t f i i c h  i s  d i f f i c u l t  t o  d e te rm in e . In  

t r a n s v e r s e  s e c t io n s  t h i s  s u p p o r t in g  su b s ta n c e  lo o k s  l i k e  a 

r e t i c u lu m  i n  th e  m eshes o f inhich th e  n e rv e  f i b r e s  a r e  c o n ta in e d . 

L o n g i tu d in a l  s e c t io n s  show t h a t  t h e  m a t e r i a l  o f t h i s  s u p p o r t in g  

s u b s ta n c e  h as th e  same a lig n m en t a s  th e  n e rv e  f i b r e s ,  and w ould 

t h e r e f o r e  seem to  c o n s i s t  o f a  s e r i e s  o f c lo s e ly  packed  tu b e s  

w i th in  w hich  th e  n e rv e  f i b r e s  a r e  s i t u a t e d .  H u n te r (1898 ) 

i n t e r p r e t a t e d  s im i l a r  s t r u c t u r e s  i n  C y n th ia  a s  g a n g lio n  c e l l  

p ro c e s s  sh e a th s *  w i th in  w hich  n e rv e  f i b r i l s  a r e  s e e n .

c )  The v i s c e r a l  n e rv e  and d o r s a l  s t r a n d .

The v i s c e r a l  n e rv e  and t h e  d o r s a l  s t r a n d  a re  m ost c o n v e n ie n t ly  

c o n s id e re d  to g e th e r  i n  t h i s  s e c t i o n .  They a re  c lo s e ly  c o n n e c te d  

w ith  one a n o th e r  and have g e n e r a l ly  b e en  l in k e d  to g e th e r  by  th o s e  

a u th o r s  co n ce rn e d  w ith  e i t h e r .  These s t r u c t u r e s  have b een  th e  

o b j e c t s  o f  many s t u d i e s ,  b u t  ev en  t h a t  o f  Huus (1 9 2 4 ) , w hich  i s  

th e  m ost co m p le te  on th e  d o r s a l  s t r a n d ,  h a s  l e f t  a  number o f 

q u e s t io n s  u n s e t t l e d .

The v i s c e r a l  n e rv e .

The v i s c e r a l  n e rv e  (P ig .  5 0 , V is . n . ) t a k e s  i t s  o r ig in  from  

th e  g a n g lio n  be tw een  t h e  r o o t s  o f  th e  tw o p o s t e r io r  n e rv e s . I t

a lm ost im m e d ia te ly  p a s s e s  i n t o  t h e  ro o f  o f th e  b r a n c h ia l  sa c  where
4-4 +■? Qanp above th e  d o r s a l  v e s s e l ,  i t  l i e s  i n  th e  c o n n e c tiv e  t i s s u e  aoov



When th e  g e n i t a l  d u c ts  a re  re a c h e d  th e  v i s c e r a l  n e rv e  i s  i n s e r t e d  

b e tw een  th e  g e n i t a l  d u c ts  and t h e  d o r s a l  v e s s e l  (P ig .  5 7 , V is . n . 

The p o s i t i o n  o f  t h e  v i s c e r a l  n e rv e  b e tw een  th e  g e n i t a l  d u c ts  and 

th e  d o r s a l  v e s s e l  v a r i e s  a s  i t s  p a th  i s  s in u o u s . By th e  tim e  i t  

h a s  r e a c h e d  th e  a n t e r i o r  end o f th e  i n t e s t i n e  t h e  v i s c e r a l  n e rv e  

i s  m ore d i f f i c u l t  t o  d i s t i i ^ u i s h  a s  i t  h a s  become v e ry  s le n d e r .

A s h o r t  d i s t a n c e  f u r t h e r  b ack  t h e  n e rv e  i s  no lo n g e r  v i s i b l e .  

A long i t s  c o u rs e  th e  v i s c e r a l  n e rv e  g iv e s  o f f  f i b r e s  t o  th e  w a l ls  

o f  th e  b r a n c h ia l  s a c ,  th e  rectum  and th e  o v id u c t .  The r e l a t i o n s  

o f  t h e  v i s c e r a l  n e rv e  w ith  t h e  d o r s a l  s t r a n d  w i l l  be  d e s c r ib e d  

when t h e  d o r s a l  s t r a n d  i s  c o n s id e re d .

N erve su p p ly  to  th e  v i s c e r a .

I t  h a s  b e en  c la im ed  b y  P e d e le  (1923) t h a t  a  v i s c e r a l  n e rv e  

p le x u s  e x i s t s  i n  m ere th a n  one g roup  o f  T u n ic a te s .  He b r i e f l y

m en tio n ed  t h a t  a  g a n g lio n a te d  n e rv e  p le x u s  i s  found  i n  C io n a .

I n  t h e  c o u rse  o f t h i s  s tu d y  an  i n v e s t i g a t i o n  was u n d e rta k e n  

w ith  a  v iew  t o  f in d in g  i f  P e d e le * s  s ta te m e n t  co u ld  be v e r i f i e d .  

S t r i p  p r e p a r a t i o n s  w ere made and s t a in e d  w ith  H e id e n h a in 's  

h a e m a to x y lin . In  th e s e  t h e  g u t  e p i th e l iu m  was s t r i p p e d  o f f  

le a v in g  t h e  a t r i a l  o r  e p ic a r d ia c  e p i th e l iu m , a c c o rd in g  t o  th e  p a r t  

o f t h e  g u t  b e in g  d e a l t  w i th ,  a lo n g  w i th  a  t h i n  l a y e r  o f c o n n e c tiv e  

t i s s u e .  The rem oval o f  th e  g u t  e p i th e l iu m , w hich s t a i n s  v e ry  

i n t e n s e l y ,  a l lo w s  o f  s u f f i c i e n t  l i g h t  t r a n s m is s io n  f o r  th e  u se  o f

o i l  im m ersion  o b je c t iv e .  T h is  te c h n iq u e  was found much more



u s e f u l  t h a n  s e c t i o n in g .  B ie lsch o w sk y  s i l v e r  im p re g n a tio n s  

f a i l e d  t o  g iv e  any  u s e f u l  r e s u l t s .

The o e so p h ag u s , s to m ach , i n t e s t i n e  and rec tu m  w ere a l l  

t r e a t e d  i n  t h i s  w ay. Each showed th e  p re s e n c e  o f  a  sy s tem  o f  

b ra n c h in g  and  o c c a s io n a l ly  a n a s to m o sin g  n e rv e s  { P ig . 6 1 ) .  In  

a d d i t i o n  a  s i m i l a r  d i s p o s i t i o n  was- found  i n  some a t  l e a s t  o f  t h e  

a d ja c e n t  m e s e n te r ie s .

I  h av e  s e e n  no g a n g lio n  c e l l s  am ongst t h e  n e rv e  f i b r e s  

round  t h e  g u t  o f  C io n a . C onnective  t i s s u e  c e l l s  (F ig*  6 1 , Cn. 

t i .  c* ) and b lo o d  c e l l s  do o c c a s io n a l ly  come i n t o  c o n ta c t  w ith  

th e  f i b r e s  b u t  th e y  a r e  t  o be  d i s t in g u i s h e d  from  g a n g lio n  c e l l s  

by  t h e i r  n u c le a r  c h a r a c t e r i s t i c s  as w e l l  a s  by o th e r  f e a t u r e s .

The n e rv e  p le x u s  l i e s  c lo s e  to  o r  i n  c o n ta c t  w ith  th e  a t r i a l  

o r  e p i c a r d i a c  e p i th e l iu m .  I t  was r a r e l y  fo llo w e d  f a r  th ro u g h  

th e  c o n n e c t iv e  t i s s u e  to w a rd s  th e  g u t  e p i th e l iu m . N erve e n d in g s  

have  n o t  b e en  s e e n ,  b u t  a r e  n o t  to  be  e x p ec ted  in  p r e p a r a t i o n s  

from  w hich  th e  g u t  e p i th e l iu m  had b e en  rem oved. V is c e r a l  n e rv e  

f i b r e s  a r e  more ab u n d an t o v e r th e  s u r f a c e  o f t h e  o v id u c t  ( P ig .  6 1 , 

Od# ) th a n  i n  any  o f th e  o th e r  r e g io n s  exam ined.

The d o r s a l  s t r a n d .

The d o r s a l  s t r a n d  was f i r s t  d e s c r ib e d  by  Eow alevsky (1874) 

who found  i n  Pidemnum a s t r a n d  o f  c e l l s  ru n n in g  from  th e  g a n g lio n  

back  a lo n g  th e  ro o f  o f th e  p h a ry n x  and  en d in g  in  a  v i s c e r a l  

g a n g l io n .  A cco rd ing  t o  Z ow alevsky t h i s  s t r a n d  gave o f f  n e rv e s  

t o  th e  b r a n c h i a l  s a c ,  and t h e  v i s c e r a l  g a n g lio n  p ro v id e d  b ra n c h e s  

to  t h e  s to m ac h , h e a r t  and ovary* K ow alevsky in d ic a te d  t h a t



71.

s i m i l a r  s t r u c t u r e s  w ere found  i n  young specim ens o f  P h a l lu s i a  

m a n m illa ta  and A s o id ia  c a n in a  ( C iona i n t e s t i n a l i s ) . a l th o u g h  

he gave  no h i s t o l o g i c a l  d e t a i l s .

S in c e  th e n  th e  d o r s a l  s t r a n d  h a s  b e en  i d e n t i f i e d  and 

d e s c r ib e d  i n  d e t a i l  i n  a  l a r g e  num ber o f  A s c id ia n s .  Van 

B eneden and J u l i n  (1 8 8 4 , 1886) i n v e s t i g a t e d  i t  i n  M o lg u la . 

C la v e l in a . P e ro p h o ra . P o ly c a rp a . S t y e l o p s i s . M icrocosm us.

C y n th ia  and P h a l l u s i a . M aurice (1 8 8 6 , 1888) fo und  i t  i n  

Amarouoium and f f r a g a ro id e s . J u l i n  (1892 ) f u r t h e r  i n v e s t i g a t e d  

S t y e l o p s i s . and Damas (1902) s tu d ie d  A n u re l la .  L o r le b e rg  (1907)
^  r .

w orked on P e ro p h o ra  and M e tc a lf  (1 9 0 0 ) made a  su rv e y  o f  54 s p e c i e s ,  

i n  a l l  o f  w h ich  th e  d o r s a l  s t r a n d  was i d e n t i f i e d .  W ille y  (1893) 

s u p p l ie d  a n  e m b ry o lo g ic a l s tu d y  i n  O iona. The m ost co m p le te  

i n v e s t i g a t i o n  i n t o  t h e  developm ent o f t h e  s t r a n d  was made by  Huus 

(19 24) i n  C o r e l l a .

I n  o r d e r  to  a v o id  a  lo n g  and l a r g e l y  h i s t o r i c a l  a c c o u n t o f 

t h i s  c o n s id e r a b le  m ass o f w ork , th e  m ain f in d in g s  o f th e s e  w o rk e rs  

have  b e e n  co n d en sed  i n t o  th e  fo l lo w in g  summary.

1 ) The d o r s a l  s t r a n d  o r i g i n a t e s  from  th e  p o s t e r i o r  end  o f  th e  

n e u r a l  g la n d  d u c t .  I t  ru n s  a lo n g  th e  ro o f  o f th e  p h a ry n x  and 

a f t e r  p a s s in g  b e tw een  th e  oesophagus and th e  re c tu m , ends somewhere 

i n  th e  v i s c e r a l  r e g io n .  I t s  p o s t e r i o r  end h a s  i n  many c a s e s  n o t  

b een  s e e n .



2 ) I t  i s  a  narrow  c y l i n d r i c a l  ro d  u s u a l ly  o f  n o t  more 

th a n  s ix  c e l l s  i n  s e c t i o n .  T hese a r e  a r ra n g e d  p e r i p h e r a l l y  

and have  a  c o n sp ic u o u s  b u t  no t v e ry  l a r g e  n u c le u s .  By many 

t h e y  h ave  b e e n  re g a rd e d  a s  g a n g lio n  c e l l s .  T h is  i s fh o w ev erf 

d e n ie d  by  H uus.

3 ) T h ere  i s  p e rh a p s  n e rv o u s  c o n n e c t io n ,  b u t  c e r t a i n l y  

a n a to m ic a l  p ro x im i ty ,  b e tw ee n  t h e  d o r s a l  s t r a n d  and th e  v i s c e r a l  

n e rv e .

4 )  Embryo l o g i c a l l y  t h e  d o r s a l  s t r a n d  i s  d e r iv e d  from  t h a t  

p a r t  o f th e  l a r v a l  n e rv o u s  sy s tem  w hich a l s o  p r o l i f e r a t e s  t o  

fo rm  t h e  n e u r a l  g la n d  d u c t.

Huus a r r i v e d  a t  th e  f o l lo w in g  c o n c lu s io n s  a f t e r  h i s  work 

on C ore11a p a ra lle lo g ra m m a .

a )  The d o r s a l  s t r a n d  i s  th e  p e r s i s t i n g  p a r t  o f  a  s t r a n d  o f 

t i s s u e  t h a t  d u r in g  e a r ly  a d u l t  l i f e  i s  r e s p o n s ib le  f o r  th e  

f o rm a t io n  o f th e  g e n i t a l  d u c ts .  I t s  p e r s i s t a n c e  i n  th e  m atu re  

a d u l t  a p p e a rs  to  have no f u n c t io n a l  s i g n i f i c a n c e .

b ) The s t r a n d  c o n ta in s  n e i t h e r  n e rv e  c e l l s  n o r  n e rv e  f i b r e s  

and  h a s  no c o n n e c tio n  w i th  th e  v i s c e r a l  n e rv e .

The d o r s a l  s t r a n d  i n  C io n a .

The d o r s a l  s t r a n d  (P ig .  5 0 , D. s t r . ) o r i g in a t e s  u n d e r th e  

g a n g lio n  a s  a  p o s t e r i o r  e x te n s io n  o f th e  n e u r a l  g la n d  d u c t .

I t  a r i s e s  a n t e r i o r  t o  th e  fo rk in g  o f t h e  two p o s t e r i o r  n e rv e s ,



and a t  f i r s t  l i e s  be tw een  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 lio n ,  

w i th  w h ich  i t  i s  in  c o n ta c t ,  and th e  d o r s a l  s u r f a c e  o f th e  

n e u r a l  g la n d . At th e  l e v e l  o f  th e  p o s t e r i o r  end o f th e  g a n g lio n  

th e  d o r s a l  s t r a n d  t w i s t s  from  s id e  t o  s id e  and u s u a l ly ,  p e rh a p s  

a lw a y s , m akes a  com plete  lo o p  a round  th e  r i g h t  p o s t e r i o r  n e rv e  

( P ig .  5 0 ) .  Prom t h i s  p o in t  t h e  d o r s a l  s t r a n d  accom pan ies th e  

v i s c e r a l  n e rv e  a lo n g  th e  ro o f  o f th e  b r a n c h ia l  s a c  ( P ig s .  5 7 ,

5 8 , D. s t r .  ) . At th e  a n t e r i o r  end o f  th e  i n t e s t i n a l  lo o p , 

how ever, t h e  d o r s a l  s t r a n d  p a s s e s  d o r s a l l y  t o  l i e  a lo n g  th e  r o o f  

o f  t h e  o v id u c t .  I t  e n te r s  th e  d o r s a l  body w a l l  f o r  a  s h o r t  

d i s t a n c e  and r e t u r n s  to  t h e  m e se n te ry  t h a t  u n i t e s  th e  o v a ry  and 

body  w a l l .  I n  t h i s  m e se n te ry  i t  p a s s e s  b a ck  to  th e  a n t e r i o r  

end o f  th e  o v a ry  ( P ig .  60 , A n t. ov. ) , w here i t  t e r m in a te s  

r a t h e r  a b r u p t ly  a f t e r  a  s l i g h t  s w e l l in g  (P ig .  6 0 , P o s . sw. ) 

i n  some sp e c im e n s .

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

th ro u g h o u t  i t s  l e n g th .  I t  i s  a  c y l i n d r i c a l  ro d  o f a b o u t 10 ju 

t o  15 ja i n  d ia m e te r ,  and somewhat f l a t t e n e d  to  an  e l l i p t i c a l  

s e c t i o n  i n  p la c e s  (P ig .  5 7 , D. s t r . ) .  The c e l l s  a r e  co n cen 

t r i c a l l y  a r ra n g e d  in  a  s i n g l e  l a y e r ,  a s  seen  i n  t r a n s v e r s e  

s e c t i o n ,  w i th  th e  n u c le i  ly in g  c lo s e  t o  th e  o u te r  membrane 

w h ich  bounds th e  d o r s a l  s t r a n d .  In  t r a n s v e r s e  s e c t io n  t h e  

n u c le i  a r e  round  o r  s l i g h t l y  f l a t t e n e d  and have a c o n sp icu o u s  

n u c le o lu s .  The n u c le o lu s  i s  u s u a l ly  a p p l ie d  to  th e  n u c le a r  

membrane and  n o t  c e n t r a l l y  p la c e d  a s  i n  t y p i c a l  g a n g lio n  c e l l  

n u c l e i .  I n  l o n g i tu d in a l  s e c t io n  th e  d o r s a l  s t r a n d  n u c le i



a p p e a r  e lo n g a te d .  The c e l l s  a r e  q u i te  s m a ll  and s p in d le -  

sh a p e d , b e in g  somewhat e lo n g a te d  a lo n g  t h e  d o r s a l  s t r a n d .  In  

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

sem b lan ce  t o  n e rv e  t i s s u e  a s  seen  i n  s e c t io n s  a c r o s s  th e  body 

w a l l  o r  v i s c e r a l  n e rv e s .  I t  i s  n o t  p o s s ib l e  how ever t o  say  

w h e th e r  th e  c e n t r e  o f th e  d o r s a l  s t r a n d  i s  o ccu p ied  by  n e rv e  

f i b r e s .  I f  t h e r e  a r e  n e rv e  f i b r e s  th e y  a r e  few  i n  num ber. 

M oreover th e  p i c t u r e s  o b ta in e d  from  th e  c e n tr e  o f th e  d o r s a l  

s t r a n d  a re  u s u a l ly  i n d i s t i n c t  and l i t t l e  r e l i a n c e  can  be  p la c e d  

on th em .

Up to  now no m en tio n  h as b e en  made o f a  lo o s e  s h e a th  o f  

g a n g lio n  c e l l s  ( P ig .  5 8 , Ga. c . ) w hich accompany th e  d o r s a l  

s t r a n d  a lo n g  m ost o f i t s  l e n g th .  In  t r a n s v e r s e  s e c t io n s  i t  

was d i f f i c u l t  to  d e te rm in e  th e  n a tu r e  o f th e s e  c e l l s ,  and i t  

was fo u n d  b e s t  t o  d i s s e c t  o u t th e  d o r s a l  s t r a n d  and su r ro u n d in g  

t i s s u e s  and  make s h e e t  p r e p a r a t io n s  o f th e s e .  The p r e p a r a t io n s  

w ere  s t a in e d  i n  i r o n  h a e m a to x y lin . I t  now became c l e a r  t h a t  

th e  c e l l s  fo rm in g  th e  lo o s e  s h e a th  round  th e  d o r s a l  s t r a n d  w ere 

g a n g l io n  c e l l s .  The n e rv e  f i b r e s  (P ig . 5 8 , U. f i .  ) from  th e s e  

c e l l s  l i e  a lo n g  th e  d o r s a l  s t r a n d  o r c ro s s  to  th e  a d ja c e n t  

v i s c e r a l  n e r v e .  A lth o u g h  th e  s b e a th  o f g a n g lio n  c e l l s  i s  

p r e s e n t  a t  a l l  l e v e l s  o f  t h e  d o r s a l  s t r a n d  i t  i s  much d e n se r  a t  

th e  p o s t e r i o r  end  o f  th e  d o r s a l  s t r a n d .  At th e  a n t e r i o r  end o f 

th e  o v a ry  th e  g a n g l io n ic  s h e a th  s w e l ls  c o n s id e ra b ly  and h e re  

form s a  t r u e  a l th o u g h  d i f f u s e  v i s c e r a l  g a n g lio n  ( P ig .  5 9 ) .

Prom t h i s  gang lilion  t h e r e  i s  c o n s id e r a b le  ou tw ard  p a ssa g e  o f n e rv e



f i b r e s  ( P ig .  5 9 , N. f i .  ) i n t o  th e  m e s e n te ry . T h is  i s  p r e 

sum ably  th e  v i s c e r a l  g a n g lio n  m en tio n ed  by K ow alevsky (1 8 7 4 ) .

The h i s t o l o g i c a l  c h a r a c t e r i s t i c s  o f  th e  g a n g lio n  c e l l s  

( P ig .  5 9 , Ga. o . ) o f  th e  s h e a th  w i l l  now b e  b r i e f l y  d e s c r ib e d .  

T here  i s  a  l a r g e  s p h e r i c a l  n u c le u s  w ith  c o n sp ic u o u s  round  

n u c le o lu s .  The n u c le u s  re se m b le s  t h a t  fo und  i n  th e  g a n g lio n  

c e l l s  o f th e  c e n t r a l  g a n g lio n .  In  a lm o st a l l  c a s e s  a  c l e a r  

a r e a  l i e s  be tw een  th e  n u c le u s  and  one end o f  t h e  c e l l .  T h is  

may be t h e  cen tro so m e  and s p h e re .  The g a n g lio n  c e l l s  a re  

e i t h e r  u n ip o la r  o r  b i p o l a r .

U n ip o la r  g a n g lio n  c e l l s  -  T hese a r e  c lu b -s h a p e d  w ith  t h e  

n u c le u s  occu p y in g  th e  rounded  en d . A t a p e r in g  axon le a d s  

o f f  fro m  th e  o p p o s i te  end .

B ip o la r  g a n g lio n  c e l l s  -  T hese c e l l s  a r e  f u s i f o r m ,  

sy m m e tr ic a l and t a p e r in g  t o  a  n e rv e  p ro c e s s  a t  e ach  en d . The 

n u c le u s  i s  c e n t r a l .

The n e rv e  f i b r e s  a r i s i n g  from  th e s e  u n ip o la r  and  b i p o la r  

g a n g l io n  c e l l s  s t r e t c h  back  o r  fo rw a rd s  a lo n g  th e  d o r s a l  s t r a n d  

and a r e  in te rw o v e n  am ongst th e  s h e a th  g a n g lio n  c e l l s .  I t  h a s  

a l r e a d y  b e e n  m en tio n ed  t h a t  t h e r e  i s  c o n s id e r a b le  exchange o f 

n e rv e  f i b r e s  be tw een  t h e  d o r s a l  s t r a n d  n e rv e  s h e a th  and th e  

v i s c e r a l  n e r v e .  U n ip o la r  and b i p o l a r  g a n g lio n  c e l l s  e x i s t  

i n  a b o u t e q u a l  num bers i n  th e  d o r s a l  s t r a n d  s h e a th .  In  th e  

c a se  o f  th e  u n ip o la r  c e l l s  th e  n e rv e  f i b r e  p a s s e s  e i t h e r  a n t e r i o r 

ly  o r  p o s t e r i o r l y  a lo n g  t h e  s h e a th .  The r e l a t i o n s  betw een  one



g a n g l io n  c e l l  and  th e  n e rv e  f i b r e  from  a n o th e r  a r e  d i f  f i c u l t  

t o  e s t a b l i s h .  In  s e v e r a l  i n s t a n c e s  i t  h a s  a p p e a re d  t h a t  a  

f i n e  n e rv e  f i b r e  e x te n d in g  a lo n g  t h e  s h e a th  l ia s ,  on re a c h in g  

a  u n ip o la r  g a n g lio n  c e l l ,  c o n ta c te d  i t  and ended on i t s  s u r 

f a c e .

d ) S ense  o rg a n s .

In  s p i t e  o f  t h e  w e l l  known s e n s i t i v i t y  o f  C iona t o  to u c h ,  

p r a c t i c a l l y  n o th in g  was known o f t h e  s e n so ry  s t r u c t u r e s  r e s 

p o n s ib le  b e f o r e  t h e  work of P e d e le  (1 9 2 3 ) . He d e s c r ib e d  

b r i e f l y  t h e  a p p e a ra n c e  o f  se n so ry  c e l l s  i n  th e  e p id e rm is ,  

e s p e c i a l l y  o f  th e  s ip h o n s . A ccord ing  t o  P e d e le  th e s e  c e l l s  

a r e  p e a r - s h a p e d  w ith  a  s e n s o ry  p r o c e s s ,  and o c cu r e i t h e r  

s i n g l y  o r  in  sm a ll  g ro u p s . C e lls  ( P ig .  5 4 , S en . c .  ) c o r r e s 

p o n d in g  c lo s e l y  t o  t h i s  d e s c r i p t i o n  a r e  fo und  i n  c o n s id e r a b le  

num bers i n  th e  e p id e rm is  o f  C iona. They a r e  b e s t  se e n  i n  

w hole p r e p a r a t i o n s  o f th e  body  w a l l ,  and i n  s t r i p s  o f  e p id e rm is  

s t a in e d  i n  i r o n  h a e m a to x y lin . W ith lo n g  s t a i n i n g  and o n ly  

s l i g h t  d i f f e r e n t i a t i o n  th e s e  p r e p a r a t i o n s  show n o t o n ly  th e  

s e n s o ry  c e l l s ,  b u t  t h e i r  c o n n e c tio n s  w ith  n e rv e  f i b r e s  (P ig .  5 4 , 

H. f i . ) .

The s e n s o ry  c e l l s  o f t h e  e p id e rm is  o c c u r s in g ly  o r  i n  p a i r s .  

They a r e  su r ro u n d e d  by  a  g roup  o f  from  fo u r  t o  sev en  s u p p o r t in g  

c e l l s  ( P ig .  5 4 , Sup. c .  ) o f  th e  e p id e rm is .  The e x a c t  r e 

l a t i o n s  o f th e  s e n s o ry  c e l l s  w ith  th e  s u p p o r t in g  c e l l s  a re  

d i f f i c u l t  t o  d e te rm in e ;  th e y  a p p e a r  t o  be  wedged i n t o  th e



c e n t r e  o f  th e  g ro u p  of s u p p o r t in g  c e l l s .  The s u p p o r t in g  

c e l l s  a r e  d i s t in g u i s h e d  by  t h e i r  d e e p ly  s t a in i n g  c y to p la sm  

t h a t  c o n ta in s  a  number o f ro u n d ed  b o d ie s  w hich  become a lm o s t 

b la c k  i n  h a e m a to x y lin . The s e n so ry  c e l l  i s  p e a r - s h a p e d  w ith  

th e  n arro w ed  end c o n tin u e d  i n t o  th e  n e rv e  f i b r e .  The n u c le u s  

h a s  a  c o n sp ic u o u s  n u c le o lu s ,  and  i s  o f t e n  com pressed  by  th e  

p re s e n c e  o f  a  l a r g e  v a c u o le  i n  th e  c y to p la sm . T here  i s  

u s u a l ly  a l s o  a n o th e r  v a c u o le  c o n ta in in g  a  r a t h e r  i n d i s t i n c t  

b o d y . I n  a  few  c a s e s  i t  i s  p o s s ib l e  t o  d i s t i n g u i s h  a  p ro c e s s  

from  th e  c e l l  p r o j e c t i n g  above th e  s u r f a c e  o f  t h e  e p id e rm is  

and t h e r e f o r e  i n t o  th e  t e s t  (P ig .  5 4 , th e  l e f t  o f  th e  two 

s e n s o iy  c e l l s ) .

P e d e le  a l s o  d e s c r ib e d  p h o to r e c e p t iv e  c e l l s  i n  th e  e p id e rm is  

o f  th e  s ip h o n s .  T h ese ,h e  m a in ta in e d , a r e  d i s t in g u i s h e d  by  th e

p re s e n c e  o f  p igm en t g r a n u le s ,  and a p p a r e n t ly  i n  o th e r  r e s p e c t s  

re se m b le  t h e  t a c t i l e  c e l l s  a l r e a d y  d e s c r ib e d .  No c e l l s  an sw er

in g  t o  t h i s  d e s c r i p t io n  were seen  am ongst th e  o th e r  s e n s o ry  

c e l l s  i n  my p r e p a r a t i o n s .

The p re s e n c e  o f  a t r i a l  s e n s e  o rg an s o f  a  v e ry  c h a r a c t e r i s t i c  

k in d  was n o te d  b y  P e d e le .  T hese he c a l l e d  c u p u la  o rg a n s . In  

C iona th e  c u p u la  o rg a n s  ( P ig .  5 6 ) a r e  fo u n d  i n  th e  i n t e r i o r  o f 

th e  a t r i a l  s ip h o n  b e h in d  th e  l i m i t  o f  t e s t ,  and i n  th e  e p i th e l iu m  

o f  th e  a n t e r i o r  p a r t  o f  t h e  a t r i a l  o a v i ty ,  in c lu d in g  t h a t  p a r t  

o f  th e  e p i th e l iu m  t h a t  c o v e rs  t h e  a n t e r i o r  p h a ry n g e a l r o o f .

The c u p u la  o rg a n  i s  a  sm a ll  dom e-shaped  e v a g in a t io n  o f th e  

a t r i a l  e p i th e l iu m  c o v e re d  w ith  a  l a y e r  o f  t e s t .  I t  a p p e a rs



t h a t  o n ly  on t h e s e  s p e c i a l i s e d  a r e a s  h a s  th e  a t r i a l  e p i th e l iu m  

r e t a i n e d  i t s  pow er o f  s e c r e t i n g  t u n i c i n .  At th e  apex  o f  th e  

dome th e  t e s t  i s  drawn o u t in to  a  lo n g  s tr e a m e r  o r f l a g  ( P ig .

5 6 , P g . ) p r o j e c t i n g  o u t in to  t h e  c a v i ty  o f  th e  a tr iu m . The 

e p i th e l iu m  o f  t h e  dome c o n s i s t s  o f  th e  same tw o e le m e n ts  t h a t  

w ere r e c o g n is e d  i n  th e  e p id e rm a l  s e n s o ry  buds -  s e n so ry  c e l l s  

( P ig .  5 6 , S en . c . ) and  s u p p o r t in g  c e l l s  ( P ig .  5 6 , Sup. c . ) .

The s u r f a c e  o f  t h e  c u p u la  c o n s i s t s  o f a  fram ew ork o f  s u p p o r t in g  

c e l l s  And i h t d  t h i s  fram ew ork  a r e  s e t  t h e  s e n s o ry  c e l l s  i n  a 

r e g u l a r  p a t t e r n  ( P ig .  . . 5 5 ) .  A few  u n s p e c i a l i s e d  l i g h t l y  

s t a i n i n g  c e l l s  of t h e  a t r i a l  e p i th e l iu m  may rem a in  am ongst th e  

s u p p o r t in g  c e l l s .  The se n so ry  c e l l s  a r e  r a t h e r  s i m i l a r  t o  

t h o s e  o f  t h e  e p id e rm a l s e n s o ry  b u d s , e x c e p t t h a t  th e  s e n s o ry  

p ro c e s s  i n  t h e  c e l l s  o f  th e  c u p u la  o rg an s  i s  p ro b a b ly  v e ry  

much lo n g e r .  In  th e  few  c a s e s  w here i t  h a s  b een  se e n  c l e a r l y

t h i s  p r o c e s s  e x te n d e d  some way i n t o  th e  t e s t  s t r e a m e r .  I t  i s  

u s u a l  t o  f i n d  15 to  20 s e n so ry  c e l l s  o v e r t h e  s u r f a c e  o f t h e  

dome. N erve b ra n c h e s  and f i b r e s  ( P ig .  5 6 , N. f i . ) co n v erg e  

on th e  c u p u la  o rg a n  fro m  th e  s u r ro u n d in g  p a r t s  o f th e  e p i th e l iu m . 

They p a s s  up i n t o  th e  c a v i ty  o f  th e  dome, w here t h e  f i n e  b ra n c h e s  

d iv id e .  The f i b r e s  a re  th e n  d i s t r i b u t e d  to  th e  in d iv id u a l  

s e n s o ry  c e l l s .

I t  h a s  b e e n  su g g e s te d  (P e d e le  1923) t h a t  th e  c u p u la  o rg an s  

a r e  r e c e p t o r s  o f  s t i m u l i  p ro d u ce d  by t h e  w a te r  c u r r e n t  i n  th e  

a t r i a l  c a v i ty .



NEURAL GLAND (P la te  1 1 ) .

The n e u r a l  g la n d  p r e s e n t s  one o f  th e  m ost p e r s i s t e n t  

p ro b lem s i n  T u n ic a te  h i s to lo g y  and p h y s io lo g y . Of a lm o s t 

u n i v e r s a l  o c c u rre n c e  th ro u g h o u t  th e  g ro u p  i t  i s  up t o  now 

an  o rg an  o f  q u i te  unknown f u n c t i o n ,  a l th o u g h  i t  h a s  been  

th e  s u b j e c t  o f  many i n v e s t i g a t i o n s .

I t s  g e n e r a l l y  r e c o g n is e d  c h a r a c t e r i s t i c s  a r e  b e s t  d e s 

c r ib e d  i n  th e  words o f M e tc a lf  (1900) -  " I t s  d u c t i s  th e  

a n t e r i o r  p o r t io n  o f t h e  n e u r a l  tu b e  and t h i s  s t i l l  opens by 

th e  (m o d if ie d )  n e u ro p o re  to  th e  p h a ry n x . I t s  s e c r e t i o n  i s  

fo rm ed by  t h e  d i s i n t e g r a t i o n  o f  c e l l s  p r o l i f e r a t e d  from  th e  

e n d o th e liu m  o f  i t s  w a l l . ” I t  may a l s o  be p o in te d  o u t t h a t  

th e  g la n d  a r i s e s  a s  a  l o c a l  o u tg ro w th  o f one w a l l  o f  t h e  d u e t .  

I n  s e v e r a l  A s c id ia n s  t h e  c e l l s  t h a t  a r e  shed  in to  th e  lumen 

o f  th e  g la n d  a re  v a c u o la te d .  T here  i s  g e n e r a l ly  a s in g l e  

v a c u o le  and t h i s  c o n d i t io n  i s  som etim es a l s o  found  i n  th e  

c e l l s  o f th e  g la n d  w a l l .

The f u n c t io n s  t h a t  h av e  b een  commonly a s c r ib e d  t o  t h e  

n e u r a l  g la n d  a r e : -

(1 )  e x c r e to r y .

(2 )  mucus p ro d u c in g .

(3 )  ly m p h a tic .

As e v id e n c e  h a s  n e v e r  b e e n  p ro d u ced  i n  su p p o r t  o f any o f  

th e s e  v iew s i t  i s  n o t  n e c e s s a ry  to  l i s t  t h e i r  s u p p o r te r s .  Of 

th e  more r e c e n t  r e s e a r c h e s  th o s e  o f B u tc h e r  (1930) and o f 

Bacq and  E lo rK ia  (1935 ) a re  th e  most s i g n i f i c a n t .  These



w o rk e rs  h ave  shown t h a t  t h e  n e u r a l  g la n d  c o n ta in s  s u b s ta n c e s  

g iv in g  th e  c h a r a c t e r i s t i c  r e a c t i o n s  o f  V e r t e b r a t e J  p o s t e r i o r  

lo b e  e x t r a c t .  T h is  f a c t  has le d  Huus ( i n  H flk en th a l)  to  

su p p o se  t h a t  th e  g la n d  h a s  an e n d o c r in a l  f u n c t io n .  Upon 

r e c e i p t  o f  a  c h e m ic a l s t im u lu s  due t o  th e  p re s e n c e  o f  sh e d  

s e x u a l  p r o d u e ts  i n  th e  s u r ro u n d in g  w a te r ,  an  a n im a l may l i b e r a t e  

g la n d  horm one i n t o  i t s  b lo o d  s tre a m . T h is ,  Huus th o u g h t ,  c o u ld  

in d u c e  sp aw n in g . The e f f e c t  o f su ch  a  m echanism  w ould  be  t o  

c o - o r d in a te  t h e  spaw ning o f  m a tu re  a n im a ls  i n  any  l o c a l i t y .

Hogg (1 9 3 7 ) p ro d u c e d  f u r t h e r  e v id e n c e  i n d ic a t i n g  th e  p re s e n c e  o f  

h o rm onal p r i n c i p l e s  i n  th e  g la n d ,  and p o in t in g  t o  a  r e l a t i o n s h i p  

w ith  t h e  p i t u i t a r y .  An e x p e r im e n ta l  a p p ro ach  t o  th e  p ro b lem  i s  

r e q u i r e d  b u t  h a s  n o t  b een  found  p o s s ib le  in  th e  p r e s e n t  w ork.

I t  was th o u g h t d e s i r a b l e  n e v e r t h e l e s s ,  t o  make a  c a r e f u l  h i s t o 

l o g i c a l  s tu d y  o f th e  n e u ra l  g la n d  i n  C iona .

M ethods -  f i x a t i o n  was s a t i s f a c t o r y  i n  B ouin and a ls o  i n  1055 

f o r m a l in  i n  s e a  w a te r .  A dvantage was ta k e n  o f  th e  low sh r in k a g e  

p r o p e r t i e s  o f  e s t e r  wax i n  em bedding and s e c t io n in g ,  and  s e c t io n s  

w ere c u t r a n g in g  from  2 jx to  15 p.. H e id e n h a in 's  i r o n  h a e m a to x y lin  

c o u n te r s t a in e d  w ith  a c id  f u c h s in  was t h e  m ost s a t i s f a c t o r y  s t a i n 

in g  m ethod . To su p p lem en t p i c t u r e s  o b ta in e d  from  s e c t i o n s ,  

g la n d s  w ere  s t a in e d  i n  t o t o  w ith  i r o n  h a e m a to x y lin  and sm a ll  

p ie c e s  t e a s e d  o r  b ro k e n  up b e fo r e  m o u n tin g . F re sh  t i s s u e  was
/

a l s o  exam ined . 7
\J

H is to lo g y  o f  th e  n e u r a l  g la n d .

The h i s t o l o g i c a l  p i c t u r e  o f  th e  n e u r a l  g la n d  form ed from  a



s tu d y  o f  m a t e r i a l  t r e a t e d  b y  th e  m ethods m en tio n ed  above d i f f e r s  

s h a r p ly  fro m  t h a t  g e n e r a l l y  a c c e p te d  and  b a se d  on th e  work o f  

M e tc a lf  (1 9 0 0 ) .

The n e u r a l  g la n d  ( F ig s .  5 0 , 5 1 , 6 2 , Neu. g l .  ) i n  C io n a . 

a s  i n  m ost A s c id ia n s ,  l i e s  im m e d ia te ly  v e n t r a l  t o  th e  g a n g l io n .

I t  i s  an o v o id  lo b ed  body o f  spongy t e x t u r e .  A lthough  n o t  so 

lo n g  a s  th e  g a n g lio n  i t  i s  much w id e r  and d e e p e r .  S u rro u n d in g  

th e  g la n d  i s  a  r i c h  p le x u s  o f b lo o d  la c u n a e  d e r iv e d  from  th e  

d o r s a l  v e s s e l .  The s u r f a c e  o f  th e  g la n d  i s  f o ld e d  in w a rd s  a s  

many b l i n d  tu b e s  and f i s s u r e s  i n t o  w h ich  th e  sm a ll  b lo o d  la c u n a e  

p e n e t r a t e .

The w a l l  o f th e  g la n d  ( F ig s .  63 , 64 , Neu. g l .  w. ) i s  form ed

o f a  s i n g l e  s h e e t  o f c e l l s  o f ro u g h ly  c u b o id a l  fo rm . In  many

o f  t h e s e  c e l l s  th e  i n n e r ,  f r e e  end i s  drawn out i n t o  a  p ro c e s s  

t h a t  p r o j e c t s  i n t o  t h e  lumen o f t h e  g la n d .  T h is  i s  th e  f i r s t  

s ta g e  i n  th e  in w ard  m ig ra tio n  o f  th e  c e l l s .  I t  i s  a l r e a d y  known 

t h a t  t h e  c e l l s  of t h e  g la n d  w a l l  d iv id e  and t h a t  p ro d u c ts  o f  

d i v i s io n  p a s s  i n t o  t h e  lum en. M e tc a lf  found  no m i to s i s  d u r in g  

d i v i s io n  and co n c lu d ed  t h a t  t h e  p ro c e s s  was a m i to t i c .  I  can  

o n ly  c o n f irm  t h i s  f i n d in g .

I t  i s  on th e  f a t e  o f th e s e  c e l l s  a f t e r  le a v in g  th e  g la n d

w a l l  t h a t  t h e  f i r s t  p o in t  o f  d isa g re e m e n t a r i s e s .  J u l i n  (1 8 8 1 ),

R oule (1 8 8 4 ) , M e tc a lf  (1900 ) and B u tc h e r (1930) a g re e  t h a t  th e  

c e l l s  p r o l i f e r a t e d  b y  th e  w a l l  p a s s  i n t o  th e  lumen where th e y  

round  o f f  and d i s i n t e g r a t e ,  and t h a t  d u rin g  th e  p ro c e s s  th e y
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liberate a secretion, which finds it s  way to the pharynx via 
the neural gland duct and ciliated  funnel. In Ciona I find 
that the ce lls  derived from the wall move into the lumen and in 
so doing assume a ste lla te  form. This shape results from the 
outgrowth of several long tapering cytoplasmic processes. These 
cytoplasmic processes from adjaoent ce lls  meet and fuse or at 
least adhere. In th is way the oavity of the neural gland 
becomes f i l le d  with a loose spongy parenchymatous tissue (Pig/.
■ >, 64, Weu. g l. s a .) which w ill be called the stroma. A 
similar appearance was described by Maurice (1888) in the gland 
°* ffragaroiaes. Metcalf however, commenting on this description 
ascribed the spongy appearance to the presence of closely packed 
vacuolated c e lls . Without examining the gland of Pragaroides 
i t  is  not possible to decide which of these interpretations is  
right, but i t  may well be that Maurice's view, Which agrees with 
the facts in Ciona. is  the correct one. Herdman (1888) has a 
very similar description of the neural gland in a large species 
°* Asoidia from the Kerguelen. In th is , he states, small 
ste lla te  ce lls  divide the lumen of the gland into a number of 
incomplete compartments, in which lie  masses of rounded oells  

with granular contents.
The gland of Ciona has, lying within the meshwork of stroma

ce lls , other ce lls  of Afferent appearance and origin. These
are blood ce lls  (Pigs. 63, 64, Pg.). Typioally they have one
large vacuole that occupies most of the ce ll. One or more
small vacuoles may however be found in place of the s*. la ^agib ly a ll  of them, are pTiagocyses. one. Most of these o e lls , pos s i xy



This is  made dear by the presenee within their vacuole, of 
ingested bodies (Pig. 64, Ing. o . ), which are often s t i l l  
recognisable as ce lls . These ingested bodies are often the 
remains of orange pigment cells; in other cases ce lls , 
although s t i l l  showing a nucleus, are no longer recognisable 
as any particular blood cell type. Phagocytes have not 
previously been recognised as such in the gland. In several 
species of Asoldian Metcalf described and figured round 
vacuolated ce lls  in the neural gland, with an inclusion in the 
vacuole. This inclusion he considered to be a coagulated 
mass of intracellular secretion. His figures agree quite well 
with the phagocytes in Ciona. except that he has not distinguished 
ingested c e lls . He therefore failed to recognise the nature of 
the process. Hot a ll  of the ce lls  lying within the meshes of 
the stroma contain ingested ce lls , but those which have not are 
in other respects quite similar to those with ingested ce lls .
They are to be regarded, I think, as phagocytes in a different 

stage of activ ity .
Prom the neural gland ... lumen the cells  pass down the 

neural gland duct and escape to the pharynx through the 
ciliated  funnel (Pig. 62). During their passage from the 
neural gland to the ciliated  funnel the phagocytes and their 
contents undergo degenerative changes. Bven when they have* 
reached the mouth of the ciliated  funnel, however, they are s t i l l  
recognisable as ce lls  or ce ll remains (Pig. 65). It is  th is  
disintegration that has been generally thought to liberate



secretory products.
It appears most probable that the phagocytes migrate 

from the surrounding blood spaces, in  which they are numerous, 
through the wall of the gland. In these blood lacunae (Pig.
63, Bl. lo . ) they are found both with and without ingested 
c e lls , Just as they are within the gland. Presumably then, 
phagocytosis takes place in the blood spaces of the body rather 
than in the gland. The occasional presence in the tissues of 
the gland of free blood oells leaves the possib ility  that oells  
are ingested within the neural gland as well as in the blood 
system of the body in general.

Glands differ considerably in the amount of space occupied 
by the phagocytes. When these are many and closely massed 
(Fig. 63) i t  i s  d ifficu lt to distinguish between them and the 
stroma c e lls . This has led, I believe, to the view'-that the 
cells  of the gland wall become vacuolated in passing into the 

lumen.
In Ciona then no secretory activity has been identified.

It cannot be ascribed to the phagocytes, and the stroma cells  
show no signs of secretory activ ity . It must be remembered, 
however, that oxytocic properties have been recognised in the 
neural gland, and these are presumably localised in the stroma 

ce lls .
There is  another possible interpretation of the histological 

facts. This is  that the blood cells in the gland have originated 
there. This possib ility  was examined by Metcalf, who detected



blood cells  in the gland of only two of the 54 species that he 
studied* He concluded that the neural gland took no part in 
the formation of blood elements. I agree with his conclusion, 
but disagree with the evidence from Which he drew i t ,  namely 
the ab sence of blood cells within the gland. The presence of 
blood forming tissues in other parts of the body (vide p. 733*. ) 
renders unlikely the existence of a second and very different 
centre of blood c e ll formation in the neural gland. Moreover 
no transition stages have been seen linking the stroma cells  
with the phagocytes. It is  also generally accepted that a ll  
blood c e lls  are derivatives, either direct or indirect, of the 
lymphocytes, and lymphocytes have not been found in the neural 
gland.

Phagocytosis also takes place in other parts of the body, 
but apparently with much less  frequency than in and near the 
neural gland. It appears that th is organ is  the main centre 
of such activ ity , and may exert an attractive influence on 

phagocytes.
Cells pass out of the tissues by paths other than the 

neural gland. The test receives immigrant ce lls  through 
the epidermis, and there may possibly be an outward passage 
through a l l  the epithelia exposed to the water. Indications



of this are common in sections. nevertheless the abundance 
of ce lls  making their way through the neural gland suggests 
that th is is  an important channel of escape for effete blood 
ce lls . It i s  d ifficu lt to estimate the speed with which the 
ce lls  pass through the gland, and therefore the relative im
portance of th is  as an ex it. The probable significance of the 
position of the neural gland is  that ce lls  of no further use 
are liberated into the front of the branchial sac and can scarcely 
f a i l  to  reach the food chain. They w ill be digested on reaching 
the stomach and intestine. Thus although the ce lls ,a s such, are 
lost to the animal, their chemical constituents are recovered.
This argument does not hold for the small number of species in 
which the gland communicates with the atrial cavity instead of 
the pharynx.

Finally i t  should be recognised that the functions suggested 
above do not conflict with the endocrinal activity envisaged by 

Huus.



THB CILIATED FPM35L (P la te  11).

The cilia ted  funnel (Figs. 50, 62, 67, Cil. f u .) is  
situated in the roof of the prehranchial zone of the pharynx.
It projects as a small tubercle that l ie s  slightly  anterior to 
the neural gland. The opening of the funnel is  on the ventral 
side of th is  tubercle, and leads hack into the neural gland 
duct which opens to the lumen of the neural gland. The 
opening to the pharynx is  a horse-shoe shaped s l i t  with the 
ends curved inwards (Fig. 67). A rich ciliation  covers the 
external and internal lips of the funnel and extends some way 
into the neural gland duct.

The grm a  anatomy of the funnel is  well known. The 
histology has however received rather superficial attention, 
and shows some points of interest. Seeliger (in Bronn) states 
that each ciliated  ce ll of the funnel hears only a single Gillum. 
Helther he nor any of the other workers has drawn a distinction  
between the ciliation  of the external lips and that lining the 
funnel. There is ,  however, a difference and one that appears 
to be related to a difference in function. What may be called 
the l i $  f i l ia t io n  (Fig. 68, Cil. Ip .) covers the external 
border of the s l i t  and penetrates a very short way into it s  
interior. Beyond th is point the internal ciliation  (Fig. 68, 
Cil. in .)  is  quite clearly marked off in character from the lip  
cilia tion . In both these epithelia the ce lls  bear not a single 
cl Hum but a group of about a dozen c ilia . The c ilia  of the 
lip  are fine structures and show no tendency to fuse with one



another* On the other hand the c ilia  of the interior are 
fused into groups, or at least adhere in th is fashion.
Bach group consists of the c i l ia  from one ce ll. These retain 
their Individuality near their base, but run together in their 
d ista l half to form a pointed conical structure. This bends 
towards the interior of the funnel. Further back th is c i l ia t 
ion disappears and i t s  place is  taken by a much more sparse 
cilia tion  on the epithelium of the neural gland duct.

If the funnel is  taken from a live animal and examined at 
once the aetion of the c ilia  and the direction of the currents 
produced can be studied with the aid of a fine coloured sus
pension to act as an indicator. It is  then seen that the fine 
c ilia  of the external lip  are vexy active. The grouped c ilia  
of the interior show only a slight undulating action, and can 
therefore be responsible for comparatively l i t t le  water movement. 
Powerful local currents are produced by the lip  c ilia . The 
main directions of these currents are represented in Flg.67, 
which shows the ventral side of the funnel. The ciliation  
round the peripheral border of the opening draws water in  
towards the funnel. On reaching the funnel the water stream 
makes a shallow penetration into the opening but is  quickly 
diverted out again by the c ilia  of the median border. These 
latter beat outwards and drive water away from the tubercle in 
an antero-ventral direction. The whole process is  thus a 
washing out of the opening to the funnel. Any substance 
lying within the cilia ted  funnel must presumably be removed 
into the pharynx by th is turbulence. In such a way the



discharged ce lls  of the neural gland are carried out of the 
ciliated  funnel. As these currents are of a local nature 
the discharged ce lls  w ill soon come under the influence of 
the main inhalent current of the oral siphon, and he swept 
hack into the branchial sac.

A sensory function has been attributed to the ciliated  
funnel. It was claimed by Metcalf (1900) that In Ciona 
a small group of ganglion ce lls  is  situated on the dorsal side 
of the neural gland du&t, and connected with the ganglion by 
nerve fibres. This innervation of the duct or the funnel is  
shown more dearly  in other Aseidians, according to ifetoalf, 
and Hunter (1898), at Metcalf's suggestion, undertook an investi
gation of the funnel to check on the question of innervation. 
Hunter claimed to have demonstrated the presenoe of sensory 
ce lls  amongst the ciliated cells of the funnel, in Molgula.
I have made no exhaustive study of th is aspect of the funnel 
histology, and have failed with less specialised techniques to 
find any nerve cells or fibres. The close proximity of ganglion 
and neural gland duct renders d ifficu lt the detection of any 
passage of fibres between the two. One or two cells in every 
section through the ciliated  funnel stain much more deeply 
than the rest. These dark cells also differ in being only 
about half the width of the normal ciliated ce lls . Ho sensory 
process or nerve fibre could be detected in connection with 
these ce lls , however, and their nature remains obscure. One 
ce ll of th is  kind is  seen in Fig. 68 near the upper limit of 

the internal c ilia tion  depicted.
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Metcalffs group of ganglion cells  on the neural gland duct, 
was not seen in my sections.



BLOOD SYSTEM ( P la t e s  1 2 , 1 3 , 14 , 1 5 ) .

The anatomy of the blood system in Ciona has been des
cribed in detail by Houle (1884) in his monograph. Since then 
however some mistakes have been found in his work, and the 
present investigation has made changes not only in detail but 
in a few major points. This applies particularly to the supply 
and circulation of the body wall. A revised account of the 
circulation as a whole has therefore become necessary.

In studying the lay-out of the blood vessels injections 
were made using rubber latex suitably coloured with monastral
blue fast dye. The latex can be diluted with water to any
required viscosity , and penetrated the smallest lacunae. The 
latex was set by immersing the specimen in dilute acetic acid 
for a few minutes. Injections cannot be made with any certainty
into the heart, the walls of which do not give sufficient support
and do not f i t  tightly enough round the injecting canula. The 
main dorsal and ventral vessels are, however, sufficiently well 
supported and are of suitable diameter for injections to be made 

into them.
The blood system can conveniently be divided into the 

following parts:-

Heart.
Pharyngeal system.
Visceral system.
Body wall system.
Test vessels.
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This division w ill he largely ignored in the following 
detailed anatomical account hut i t s  significance w ill become
apparent in the description of the circulation*

The detailed structure of the heart w ill he described later
(vide p. 111). At present i t  is  sufficient to say that i t  is  an
inverted V-shaped tube situated behind the pharynx with i t s  axis 
slightly  t ilte d  forward so that the anterior limb of the V ends 
near the endostylar appendix, and the posterior limb on the right 
of the lower border of the stomach (Fig* 69, Ht*). The antero- 
ventral end of the heart w ill be called the pharyngeal end and 
the opposite end the visceral end*

From the pharyngeal end a short wide trunk arises that gives 
off the following branches:-

(a) the ventral vessel which lie s  under the endostyle.
(Fig. 69, V. ve*).

(b) & (e) a large vessel to the anterior wall of each 
epioardiac cavity* These w ill be called the le ft  and 
right anterior epicardiac vessels. (Fig. 70, L. ant. 
epe* ve; Fig* 69, R* ant* epe. ve*)•

(d) a few small vessels following the course of the retro
pharyngeal band to the mouth of the oesophagus. (Fig*
70, Ret* bd* ve*)•

(e) small vessels forming a plexus over the endostylar 
appendix* (Fig* 70, Es. ap* ve*).

(f) the pericardiac vessels. (Fig. 70, Pc* ve*).
(g) a large trunk in the median inter-epicardiac septum 

passing back under the heart. This w ill be called



th e  m edian e p ic a r d ia c  v e s s e l .

Prom the visceral end of the heart a single short, wide 
trunk, the cardio-stomachal vessel (Pig. 72, Car.-st. v e .), 
arises which lie s  on the right wall of the stomach. This 
branch soon bifurcates into the anterior and posterior stomachal 
vessels. (Pig. 72, Ant. st. ve.; Pos. s t . v e .) .

The most convenient method of description w ill be to follow 
the oourse of these vessels in the order in which they are set 
out above.
(a) The Ventral Vessel (Pig. 69, V. v e .).

This runs forward from the heart, gives off a series of short 
vessels to the ventral body wall, and comes to lie  in the tissue  
uniting the endostyle and the ventral body wall. It accompanies 
the endostyle along it s  whole length. Along i t s  course i t  gives 
o ff:-

1) paired branches to the walls of the branchial sac. These 
ocoupy the transverse bars of the pharynx. (Pigs. 69, 71, Ph. tr . 
ve. ).

2) small irregular branches to the ventral body wall and to 
the side walls of the endostyle. (Pig. 71).

On reaching the anterior end of the endostyle the ventral
vessel gives off to the right and the le ft  single vessels that
follow the right and le ft  halves of the peripharyngeal band
round to the dorsal side of the pharynx. These peripharyngeal
vessels (Pigs. 19, 69, Per. ve.) l ie  in the posterior lip  of 
the peripharyngeal band. They unite under the neural gland and



are Joined by the large dorsal vessel. After giving off 
these peripharyngeal vessels the ventral vessel continues 
forward in the ventral wall of the oral siphon to which i t  
provides a rich network of vessels. To th is siphonal part of 
the ventral vessel are united the halves of the ring vessel 
beneath the tentacles. (Pig. 69, Ten. rg. v e .).

The system of irregular and anastomosing vessels of the 
siphonal walls leads eventually to th is part of the ventral 
vessel and to a corresponding part of the dorsal vessel.

(b) The Left Anterior gplcardlao Vessel. (Pig. 70, L. ant. epe. ve

This large trunk runs up in the anterior wall of the le ft  
epicardiac cavity, rather close to it s  right (median) border.
It gives off to the le ft  a series of stout parallel branches 
that pass out to the line of fusion of the epi cardiac wall and 
the body wall. Here the branches unite with the main longitud
inal vessels (Pig. 70, Lon. b. w. v e .) of the body wall. To 
the right (median) side the le ft  epicardiao vessel gives off a 
number of finer branches to the retropharyngeal and the anterior 

oesophageal vessels.

(o) The Right Anterior Spicardiac Vessel (Pig. 69, R. ant. epo.ve.

This corresponds on the right to the vessel just described.
It d iffers, however, in being more slender and in it s  branching 
whibh is  less regular and less parallel. The branches to the 
right pass to the body wall, and those to the le ft  to the



retropharyngeal and anterior oesophageal vessels.

(d) The Retropharyngeal Band Vessels (Pig. 70, Ret. bd. v e .).

To the right of the endostylar appendix a vessel 3eads 
from the point of origin of the epieardlac vessels, dorsally 
along the retropharyngeal band. Branches from th is vessel, 
as previously mentioned, link with the two anterior epi cardiac 
vessels. Other branches pass posteriorly in the inter- 
epicardiac septum to the anterior part of the stomach and the 
ventral part of the oesophagus. These branches to the 
stomach and oesophagus hare been omitted from Pig. 70, for 
the sake of olearness.

(e) The Endostylar Appendix Vessels (Pig. 70, Es. ap. v e .) .

A small vessel arising close to the pharyngeal end of 
the heart l ie s  on the endostylar appendix over the walls of 
whidh i t  breaks up to form a rich plexus.

(f)  The Pericardiac Vessels (Pigs. 70, 72, Po. v e .) .

The pericardiac vessels arise, some from the common 
point of origin of the epi cardiac vessels, and some from the 
dorsal branch of the median epicardiac vessel. They spread 
over the ventral edge of the pericardium and up over it s  

lateral walls.

(g) The Median Epicardiac Vessel.

Originating at the same level as the anterior epicardiac



vessels, th is passes hack in the ventral part of the median 
inter-epicardiac septum. Below the heart i t  divides into 
two branches. Of these the ventral branch is  the cardio- 
test vessel (Pig. 70, Car-t(*. v e . ). This enters the body 
wall and passing back to the poster©-ventral part of the body, 
becomes one of the two supply vessels of the test vessel 
system. This is  Houle's "tunico-cardiac sinus.”

The dorsal branch, which in th is work w ill be called the 
Posterior epicardiac vessel (Pig. 70, Pos. v e .) continues in 
the median septum and reaches the body wall almost at i t s  
extreme posterior end. This branch and it s  subdivisions 
unite with the body wall vessels in the postero-dorsal part 
of the right side of the body. It i s  principally those 
vessels that lie  dorsal to the muscle L4 which core supplied 
by th is branch, although links are formed with the more ventral 
vessels. It has already been pointed out that the right 
anterior epicardiac vessel is  smaller than the le f t .  This is  
now seen to be related to the additional supply that the body 
wall of the right side receives from the dorsal branch of the 
median epicardiac vessel. In turn this is  explained by the 
small sise  of the right epicardiac cavity which brings the 
"median" septum obliquely across to the right side at it s  
posterior end. In th is position the posterior epicardiac 
vessel takes a large share in supplying the body wall vessels 
of the right posterior area. It may be that the "median" septum



was originally central in the body, and that at that time 
i t s  vessels made an equal contribution to both sides of the 
body. In that stage of evolution the anterior epicardiac 
vessels may be assumed to hare been symmetrical. Subsequent 
ohanges in the course of which the viscera came to occupy 
the le f t  cavity exclusively* would involve a shifting of the 
median septum to the right side. This would entail a greater 
proportion of the "median septum blood" going to the right 
side of the body, with con sequent increase in size of the le ft  
anterior epicardiac vessel.

The visceral end of the heart leads directly into the 
short wide cardio-stomachal vessel (Pig. 72, Car-st. ve. ) on 
the right side of the stomach. Two main branches are formed 
from th is vessel: -

(a) The Anterior Stomachal Vessel (Pig. 72, Ant. s t . v e .). 
This is  a wide vessel that runs obliquely forward over the 
right side of the stomach, to rfiioh i t  gives lateral branches. 
Its  terminal branches are continuous with the longitudinal 
vessels of the oesophagus, especially those of the ventral side 
of the oesophagus. The main stem of the anterior stomachal 
vessel continues round the antero-ventral end of the stomach, 
ventral to the oesophagus, and finally  l ie s  on the le ft  side
of the stomach, the anterior part of which i t  supplies.

(b) The Posterior Stomachal Vessel (Pig. 72, Pos. st. v e .). 
This broad vessel runs dorsally from it s  root and soon divides 
into two branches. Of these the more dorsal leaves the stomach



and passes across to the body wall in which i t  runs back to 
the root of the test vessels* This forms the stomacho-test 
vessel (Fig* 72, S t.-t .v e . ) and is the seoond supply vessel 
for the test. This is  Route fs "stomacho-tunical sinus".

The ventral branch supplies the posterior part of the 
stomaeh and also the intestine over which i t  breaks up.

The Oesophageal Vessels.

The longitudinal oesophageal vessels (Figs. 70, 72, Oe. v e .) 
have been mentioned before. They surround the oesophagus in a 
plexus whose main direction is  along it s  length. Anteriorly 
they communicate with the network of vessels round the mouth of 
the oesophagus. With this network the upper branches of the 
retropharyngeal vessels are also joined. The posterior 
continuation of the oesophageal vessels into the anterior branches 
of the stomachal system has already been described.

The Intestinal Vessels (Fig. 70, I. v e .).

The vessels that cover the surface of the intestine are 
joined to two main vessels of the blood system. At their
stomachal end they lead off from the ventral limb of the posterior 
stomachal vessel, which was noted above. At their opposite or 
rectal end they unite to take part in the formation of the main 
dorsal vessel. A number of small vessels l ie  in the intestino- 
body wall mesentery. They pass from the le ft  side of the



in testinal loop to the dorsal body wall. (Fig. 70, I.-b . w. ve.

The Ovarian Vessels.

The connective tissue within the ovary is  vascular.
The chief supply vessel i s  a branch of the posterior part of 
the dorsal vessel which follows the path of the oviduct. In 
addition to this there are several vessels passing between the 
ovary and the body wall (Fig. 70, Ov.-b. w. v e .), and a few 
between the ovary and the stomach.

The Dorsal Vessel (Figs. 69, 73, 75, D. ve. ).

This is  one of the main vessels of the pharyngeal system. 
As far as the branchial sac is  ooncemed the dorsal vessel 
corresponds in function to the ventral vessel. It has similar 
relations with the transverse bars of the branchial sae, with 
the peripharyngeal band vessel, with the ring vessel under the 
tentacles and with the dorsal side of the oral siphon. Around 
the ganglion and neural glmd and in the walls of the ciliated  
funnel branches from the dorsal vessel constitute a complex 
of intercommunicating sinuses. Immediately posterior to this 
neural complex the dorsal vessel gives off an important branch 
to the anterior face of the atrial siphon.

In the anterior part of the branchial sac the dorsal 
vessel is  a single simple channel. On reaching the genital 
ducts part of i t  is  sp lit  off and forms the genital duct 
plexus (Fig. 73, Gen* du. px. ), an almost square meshed



re tic u lu m  over th e  ducts*

The dorsal vessel also supplies the rectum with a plexus 
of small vessels encircling i t .  Towards the hind end of the 
rectum th is plexus develops into a few larger longitudinal 
vessels. Of these the largest continue down the intestine and 
break up into i t s  system of small sinuses. Another rectal 
vessel becomes that described above as following the oviduct 
to the ovary. Other vessels pass across from the anterior end 
of the intestinal loop to the dorsal body wall. In addition 
to these there is  a large branch vessel originating from the 
posterior dorsal complex, somewhat posterior to the oesophageal 
mouth, and passing into the body wall. From this branch three 
or four smaller vessels diverge as a group, towards the median 
( le ft)  side of the oesophagus. They join the ventral longitud
inal vessels of the oesophagus. Posterior to th is group of 
branches the vessel breaks up, i t s  components going to the body 
wall, the intestine and the cvary.

The dorsal septum (mesentery) uniting the rectum and body
wall carries important branches from the dorsal vessel to the
body wall. The largest of these septal vessels lie  just
posterior to the anus. On reaching the body wall these
vessels form a single trunk passing forward in the roof of the 
atrium as a mid-dorsal vessel-the Dorsal body wall vessel 
(Fig. 69, D.b*.w# v e .). This continues along the dorsal wall

of the a tria l siphon.



The Branchial Sao Vessels.

These are a completely inter oommunieating system of 
vessels taking their main supply from the dorsal and ventral 
vessels.

The transverse vessels (Fig. 69, 7*1, Ph. tr . ve. ) 
correspond in size to the transverse bars within which they 
l ie .  Each leads directly to both dorsal and ventral vessel. 
Joining these transverse vessels at right angles are the 
smaller lnterstigmatic vessels. Each inner longitudinal bar 
also contains a single blood vessel (Fig. 71, Ph. Ion. ve. ). 
These communicate with the transverse vessels at each crossing 
point. In the prebranchial zone the longitudinal vessels 
sp lit into a number of branches some of which merge with the 
peripharyngeal vessel, and others continue into the oral siphon.

The Trabecular Vessels (Fig. 73, Tb. v e .).

The trabeculae that run between the branchial sac and the 
body wall carry across blood vessels. At their Inner ends 
these vessels arise from the transverse vessels of the branchial 
sac. At their outer ends they fan out over the body wall to 

join i t s  vessels.

The Body Wall System.

The principal channels by which blood is  conveyed to and 
from the body wall have a ll been described but i t  w ill be useful

to bring them together here. They are:-
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1) The le ft  and right anterior epicardiac vessels.
2) The posterior epicardiac vessel.
3) The dorsal vessel, hy i t s  oral siphon, i t s  anterior 

atria l siphon and it s  dorsal septal branches.
4) The trabecular vessels.
5) The ventral vessel, partly along it s  branchial extent, 

but mainly in the floor of the oral siphon.
6) The vlsoero-body wall vessels, in which are included 

a ll  those small vessels that are found in any mesentery 
binding one of the visceral organs to the body wall.

The Body Wall Vessels.

The blood system in the body wall is  much less indetermin
ate than has been generally supposed. It is  true that the 
whole structure is  supplied with a diffuse and richly anastomos
ing system of blood sinuses. Within this there are, however, 
definite vessels of greater s ize , following well defined paths. 
These are longitudinal vessels (Figs* 70 , 75, Lon. b. w. v e .) 
parallel and close to the longitudinal muscles. As a general 
rule there are two of these vessels between each two longitud
inal muscles* but this is  not a constant condition. Each of 
these longitudinal vessels communicates near it s  posterior end 
with one of the side branches of the anterior epicardiac vessels, 
or with a branch of the posterior epicardiac vessel. Anteriorly 
the longitudinal vessels break up at the level of the peripharyn
geal vessels (Fig. 74). A median branch of each continues into



the oral siphon wal} and the lateral branches join the peri
pharyngeal vessels*

The more dorsal longitudinal vessels pass instead to the 
atrial siphon, and break up over i t s  lateral walls* In both 
siphoneth© narrow channels resulting from the splitting of 
the longitudinals, tend to run round instead of along the 
siphons* They link up wilh the median dorsal and ventral 
vessels of the siphons*



TEST VESSELS (Figs* 86, 87.)

The test vessels in Ciona are restricted to a small part 
of the test on and round the attachment area and they extend 
into the attachment v i l l i .  The peculiarity of the vessels 
i s  their double nature. Two channels l ie  side by side within 
a v illu s  and intercommunicate at i t s  tip . Each limb of the 
double vessel takes it s  origin from either the cardio-test or 
the stomacho-test vessel (Fig* 69,C a r v e ,  and St. t .  ve. ).

Some of the peculiarities of the epidermis of the v i l l i  
have already been referred to (Vide pp* /6 , 17. ). The septum
between the limbs of the double vessel also deserves attention, 
and has been the subject of some controversy. Damas (1900) 
believed the septum to be epicardiac in origin. Irnback- 

Christie-Linde and Brien (1932) maintain, however, that i t  is  
mesenchymatous. Seeliger studied the method by which the two 
vessels arise. He found that the vessel is  originally single 
and later becomes constricted longitudinally, and finally  
separated into two channels.

Although the method of development was not studied in Ciona. 
sectioned material did provide some features of interest. The 
contention of Irnbaok-Christie-Linde and Brien as to the 
mesenchymatous nature of the lamina is  confirmed* Ho epithelium 
exists between the two limbs of the test vessel, and the septum 
consists of a connective tissue matrix. In th is ground substance, 
however, there are ce lls  which appear to be immigrant from the



epidermis (Figs* 86, 87, Ep* o .) . The nuclear 
character and staining reactions of these ce lls  suggest 
that they originate from epidermal tissue* Stages in 
the process of migration are also readily identified* 
The high mitotic rate in the epidermis of the v i l l i  
(vide p* n , ) is  now seen to he related to the budding 
off of epidermal ce lls , and their inward passage to the 
septum* The process may be regarded as a survival of 
the developmental stages seen by Seeliger*
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THE COUBSE OP THE CIRCULATION (Pig. 75).

The main course of the circulation has been long known, 
and l i t t l e  has been found in th is investigation necessitating 
change or amplification as far as the branchial and visceral 
streams are concerned. With regard to the body vail this is  
not so.

The heart periodically reverses the direction of i t s  
beat. When blood flows directly from the heart to the 
viscera the heart is  said to be in the ad-visceral phase.
In the ab-visceral phase the blood flows in the opposite 
direction.

During the ab-visceral phase blood moves anteriorly along 
the ventral vessel, and passes out into the transverse vessels 
of the branchial sac from which i t  enters the dorsal vessel.
In the dorsal vessel the flow is  bach towards the viscera.
At the same time blood passes forward in the ventral side of 
the oral siphon and tip within the peripharyngeal and tentacle 
ring vessels. In this way i t  reaches the anterior part of the 
dorsal vessel. The flow in the lateral wall sinuses of the 
oral siphon is  also from the ventral to the dorsal surface.

Simultaneously blood has been flowing back in the dorsal 
vessel towards the viscera. Some goes from the dorsal vessel 
to the in testinal, some to the oesophageal and some to the 
ovarian vessels. Prom these regions, and from the stomach 
Which has been supplied largely by the oesophageal vessels, 
the blood finds i t s  way directly or indirectly to the visceral



end of the  h e a r t .

During this phase blood has been returning from the test 
vessels to the heart by the "stomacho-test" vessel. There is  
a flow in the "cardio-testn vessel into the test vessels.

Some of the blood which at this time is  passing back along 
the oesophageal vessels arrives there via the retropharyngeal 
vessels.

Although Roule figured the epicardiac vessels their signi- j 

f i  canoe appears to have escaped him. During the ab-visceral 
phase these vessels carry blood directly from the heart to the 
body wall. It simultaneously flows out in the median epicardiac 
vessel. Having reached the longitudinal body wall vessels near 
their posterior end the blood is  forced in the body wall forward 
towards the siphons. The stream divides at the peripharyngeal 
band sinuses. Some blood enters these sinuses and reaches the 
dorsal vessel; the rest proceeds forward into the oral siphon.
In the atria l siphon the stream spreads over the side walls to 
be collected in the anterior and the mid-dorsal vessels. Both
of these return the blood to the dorsal vessel, the former
direotly, the latter by way of the dorsal septal vessels.

There is  thus a striking difference in the direction of 
blood flow in the two siphons. In the oral siphon, the flow 
in the ventral part is  forwards, in the sides it  is  largely
dor sa lly , and in the dorsal part i t  is  backwards. In the atrial
siphon, on the other hand, the side walls have a forward flow 
while the dorsal and ventral parts have a backward flow.



Roule states that the tentacles have as a rule only one 
vessel, or at the base two. Generally, I have found, there 
are two vessels even In the smaller tentacles. This arrange
ment is  seen both in sections and in injected specimens. It 
i s ,  however, only the larger tentacles in which the blood 
circulates. During the ab-visceral phase for example some 
of the blood that is running dorsally in the tentacle ring 
vessel enters the more ventral of the two limbs in the 
tentacle. It rejoins the main stream by the more dorsal 
limb.

Much attention has been paid to the test vessel circu
lation. In fact, however, i t  often happens that the circu
lation is  somewhat sluggish through the test vessels. Its  
course, as is well known, is out along one limb and in along 
the other, sinee the two intercommunicate at the end of the 
v illu s .

During the ab-visoeral phase some blood flows Inwards 
from the body wall to the branchial sac by way of the trabeculae. 
The reverse direction is  followed in the ad>-visceral phase.

It was shown by von Skramlik (1929) that there is  a true 
circulation of the blood. Particles injected into the blood 
stream arrived back at their starting point in about one 
minute, after completing a tour of the body. The exact path 
followed was not indicated by von Skramlik, and presumably the 
time taken depends on the vessels traversed. His findings 
accord well with my observations on the course of blood



circulation and assertion that throughout the body this 
follows quite definite paths*



THE PERICARDIUM 1HD HEART (P la te  14 ) .

The Pericardium.

The pericardium is  a triangular sac with it s  apex below 
the oesophagus and it s  base lying between the endostylar 
appendix and the stomach. It i s  enclosed by the two closely 
adhering median walls of the epicardiac cavities. Along its  
two dorsal sides the wall of the pericardium is  united to that 
of the heart, giving rise to a differentiated line in the heart 
wall called the cardiac raphe or suture (Pig. 76, Gar. rh. ).

The wall of the pericardium consists of a single sheet of 
hexagonal cells having a large vesicular nucleus. Prom the 
pericardiac wall the adjacent epicardiac wall is  distinguished 
by i t s  smaller, paler nuclei with more scattered chromatin.

The blood system over the walls of the pericardium has 
already received attention (vide p. -95. ).

A few strands of smooth muscle run across the wall of the 
pericardium from base to apex and down the opposite side. I 
do not know whether these muscle strands ever contract or what 
their function may be. It i s  interesting to note, however, 
that aoeording to von Skramlik (1929) the pressure of the peri
cardiac liquid is  of importance in the correct functioning of 
the heart. Possibly the pericardiac muscles exert some control 
over this pressure.

Connective tissue f i l l s  the space between the pericardiac 
and epicardiac walls. This becomes very fibrous in the



vicin ity  of the cardiac raphe, the fibres lying at right 
angles to the raphe. The connective tissue ce lls  in this 
region have a similar orientation*

The Heart.

The heart (Pigs. 69, 72, Ht. ) is  a tube bent into the shape
of a V or more str ictly  an opened-out U. Since i t  i s  an
invagination of the pericardium the heart retains contact with 
the pericardiac wall along i t s  outer or convex margin* A& 
explained in the description of the pericardium th is line of 
contact is  the cardiac raphe (Pig. 76, Car. rh* )•

The heart wall consists of a single sheet of cells  which
are the transversely striated muscle fibres (Pig. 77). Each 
fibre i s  differentiated into an inner contractile part facing 
the heart lumen, and an outer sarcoplasmic part containing the 
nucleus. The fibre is  a long narrow ribbon-like ce ll , about 
100 jx. in length, and pointed at both ends. These fibres are 
parallel to one another and pass in a tight spiral round the 
heart (Pig. 76, Mu. d ir .) . That is  they are almost perpen
dicular to the long axis of the heart* It is  curious that both 
Roule (1864) and Heine (1902) described the fibres as running 
along the length of the heart. As pointed out by Pernandez 
(1904) the true relations had already been shown by R. Hertwig 
(1873). The tight nature of the spiral may be judged by the



fact that the fibres make with the raphe, and therefore with 
the long axis of the heart, an angle of 60 to 70 degrees*

There has been in the past considerable difference of 
opinion on the finer structure of the muscle fibre* The cross 
striation presented by the alternation of dark anisotropic and 
light isotropic bands is  clear* It i s  less obvious that each 
dark band (Fig* 78, QQ. ) has a light one (Fig* 78, Qh.) across 
i t s  centre, and each light band (Fig. 78, I  .)  is  divided by 
a narrow dark line (Fig* 78, Z.). The formula as given by 
Fernandez (1905) is  therefore - Z-I-Q-Qh-Q-I-Z.

Heine (1902) pointed out that the fibre has the appearance 
of being divided longitudinally into two lamellae each made up 
of a series of bands, and he believed th is to be the real nature 
of the fibre* He also thought that each of these two lamellae 
was composed of a vertical series of blocks making up the 
transverse bands* Hunter (1902) also noticed the apparent 
longitudinal sp lit of the fibre. Fernandez (1905) .however, 
regarded th is as an optical effect* By careful focussing he 
maintained that he could distinguish within the fibre a number 
of fine f ib r ils . The optical fusion of the outer members of 
th is bundle of f ib r ils  would presumably give an effect similar 
to that produced by a genuine median fission  of the fibre* As 
pointed out by Fernandez the eplayed out ends of the fibres 
where they are seen, do in fact show a number of fib r ils  (Fig* 

81).
Examinations have been made of sheet preparations and of



sectioned material with a view to clarifying the position.
In many eases fibres have been seen with four constituent 
f ib r ils  (Fig. 81). This picture could result, of course, 
from the spreading out of a fibre of the kind envisaged by 
Heine. At no matter ntfist level the fibre is  fooussed, 
provided that i t  remains in sharp focus, two distinct lamellae 
are v isib le . It appears to me that Heine's view is  correct, 
in so far as i t  maintained the existence of two lamellae.

On the other hand, although it  may be true that the fibre 
is  composed also of a vertical series of layers, as Heine 
thought, two facts oppose th is conclusion.

1) Any such vertical division of the fibre lamellae is  
too fine to have been seen by the methods used by me, although 
these methods were adequate to resolve a ll  other details noted 
by Heine.

8) The justification  for Heine's diagramatie representat
ion of the fibre structure (his Fig. 37, ta f. XXXI) rests, as 
far as Ciona is  concerned, on the appearance in his Figs. 18,
19 and SO, ta f. XXX. These figures show transverse and lon
gitudinal sections of the myocardium. I have found that 
images of th is kind are invariably due to one of two causes. 
Sections may be slightly  oblique, or points at different levels 
of focus can be included in one picture. In my view, in the 
case of the **transverse" section Heine's vertical series 
within the fibre is  merely the series of cross striations



presented by an oblique section of a short length of fibre.
In the longitudinal section i t  is  the inclusion of a few 
fibres side by side that gives the picture.

The sarcoplasmic part of the muscle fibre bulges slightly  
into the pericardiac cavity. It contains the nucleus on each 
side of which i t  tapers off into a fine layer over the con
tra ctile  portion. As Seeliger (in Bronn) pointed out there 
may be two nuclei in one sarcoplasmic body; typically there 
is,however, only one.

The inner surface of the myocardium is  covered with a very 
thin sheet of non-cellular connective tissue which is  continuous 
with that of the blood vessels.

Fibre Degeneration.

The l i f e  of the cardiac ce lls  may be relatively short.
It was suggested by Roule (1884) that cells of the heart wall 
and of the pericardium drop off into the pericardiac cavity, 
where they are aggregated to form the pericardiac body. A 
detailed account of the pericardiac body w ill be supplied later 
(vide pp. 121-123). The movement of the heart wall in contract
ion was thought by Roule to be the cause of the aggregation.
He found evidence amongst the cells  of the pericardiac body 
that these were of cardiac origin. Heine (1902) confirmed 
th is finding, but neither of these investigators described the 
processes involved in this casting off of the cardiac ce lls .

A histological study of the heart confirms that the



pericardiac body is  the product of cast off fibres. Sheet 
preparations of the heart wall in Ciona show very consistently 
the presence of spindle-shaped pockets of degenerating fibres 
(Pig# 79, a, b, o* )• Each pocket when fu lly  developed con
tains from 8 to 16 c e lls , usually about a dozen. La the early 
stages of formation th is pocket projects only a l i t t le  way 
into the pericardiac cavity. Later i t  bulges conspicuously 
and is  fin a lly  either constricted off, or ruptures, into the 
lumen of the pericardium.

The ce lls  in the pocket are of various sizes. The largest 
are generally near the centre and the smallest in the tapering 
end portions. The size range of these ce lls  is  from about 
twice the diameter of normal fibre nuclei up to four or five  
times th is . Whole muscle cells  are involved in the degeneration, 
which starts by a shortening of the fibre (Pig. 79, a. )• The 
process seems to be in itiated  in several neighbouring cells  
almost simultaneously. Further changes produce a rounding 
off of the ce ll accompanied by a swelling (Fig. 79, b . ).
During th is time the nuclei lose their previous characteristics, 
and with the disappearance of the nuolear membrane the. chromatin 
is  spread out in the c e ll . By now the fibre banding has lost 
much of i t s  staining property, and can only be recognised with 
difficu lty . This condition of the degenerating cells is  
characteristic of the fu lly  developed pocket (Fig. 79, c . ) f 
and i t  i s  in th is form that they are shed into the pericardiac

cavity.



In spite of the frequency of the degenerating pockets 
and the relative clearness of the stages in the proeess, Saver 
and Stephan (1907) state that they have never seen a fibre in 
situ  showing signs of degeneration although admitting the 
presence in the pericardiac body of cast off fibres. Further 
reference w ill be made to their work when the pericardiac body 
is  dealt with (vide p. 123 ).

The Undifferentiated Line (Ul).

Parallel to the cardiac raphe there is  a narrow band of 
undifferentiated ce lls  running the whole length of the heart. 
This band has no English name and w ill be referred to as the 
undifferentiated lin e, or more briefly as the Ul.fFigs. 76,
81, Ul . ).

This band was first noticed in Perophora by Kef erst ein 
(1865). Herrmann (1882) briefly mentioned i t  in Ciona. but 
i t  was not until Fernandez (1904) investigated i t  in a 
number of Asoidians that any details of i t s  structure were 
known. According to Fernandez i t  consists in Ciona of a strip  
of tissue two to five ce lls  in width, of an undifferentiated 
nature, and serving probably as a mechanical support for the 
insertion of the fibres. This interpretation of its  function 
was supported by the fact that in certain other Asoidians the 
connective tissue under the 01 is  thickened. He found no 
connection with the nervous system or any evidence of nervous 

structure in the line i t s e l f .



L ittle requires to be added to the description given by 
Fernandez, except that the line varies in width along it s  
length from two - sometimes one - to five ce lls , and that the 
ce lls  are in active division. This division is  responsible 
for the local thickenings to four or five cells in width (Fig. 81). 
How the products of cell division must find some outlet and the 
only path open to them is  the heart wall. I suggest that the 
cells  resulting from the divisions in the Ul may pass out into 
the wall of the heart and become muscle fibres. It must be 
admitted, however, that no transition stages of a kind supporting 
th is suggestion have been definitely identified. Fernandez 
also states that the nuclei of the Ul ce lls  are the same size  
as those of the muscle c e lls . They are in fact slightly but 
distinctly  smaller, and also d iffer from the muscle nuclei in 
the more even distribution of their chromatin blocks.

There is  some indirect evidence to support the suggestion 
made above that the products of Ul ce ll division become muscle cells  
of the heart wall.

(1) The Ul is  continuous at each end of the heart with the 
growth ring (vide p. II9. ) and i t s  cells  are very similar to 
those of the growth ring.

(2) The local swellings might well give rise to short 
strings of cells  which on migration would result in bands of 
muside ce lls  with nuclei ari&nged in straight lines. This 
linear arrangement of the nuclei (Fig. 76, Mu. nu. ), with the



lines slightly  oblique to  the Ul, is  typical of the Ciona 
heart. This obliquity of the lines of nuclei results in 
different lengths of fibre between the nucleus and the point 
of insertion on the Ul. for ce lls  at different positions 
along the Ul. How the fibres do not, so far as I can discover* 
continue acros s the Ul. If thi s is true it  is  not clear how 
such an arrangement of fibre nuclei as that described above 
could originate and be preserved, except by the budding activity  
of the Ul.

Growth Zones of the Heart.

The existence of much degeneration in the heart raises the 
question of fibre replacement. It has been seen that fibres 
are sometimes found with two nuclei, which indicates that 
fibres themselves effect replacement by division. Apart from 
th is , tissue replacement and heart growth are carried out by 
a ring of cells  at each end of the heart. Reference to these 
growth zones has not been found in the literature.

Eaoh growth zone consists of a ring of undifferentiated 
hexagonal ce lls  (Fig. 80, Pro. c . ) the nuclei of which are in 
division. This ring leads to the fu lly  developed fibres of 
the cardiac wall by a narrow transition area (Fig. 80, Dif. c . ) 
in which differentiation tsfces place. This involves elongation 
of the c e ll and the appearance of striations.

These terminal growth zones are certainly responsible for 
the elongation of the heart during the growth of the animal.



It i s  more d ifficu lt to say whether they are capable of re
placing tissue that is  more or less  uniformly removed from 
the whole of the heart wall, as i t  is  by the degeneration 
pockets.

The Question of Heart Ganglia.

It is  not necessary to discuss here the questions involved 
in the physiology of the heart beat and it s  periodic reversal.
It is  sufficient to mention that the suggestion has been made 
that nerve ce lls  and fibres take some part in in itiating and 
controlling the beat.

negative results for various Tunicates have been obtained 
in histological investigations by Hanson (1884), van Beneden 
and Julin (1886), Knoll (1893), Schultse (1901) and Heine (1902). 
Hunter (1902), however, claimed by the use of methylene blue 
v ita l staining to have demonstrated the presence in the heart 
of Molgula manhattensis of a pair of ganglia, one at each end 
of the heart.

Investigations were carried out on the heart of Ciona to 
find whether Hunter's results could be verified in this genus. 
Ifethylene blue v ita l staining, and Heidenhain's haematoxylin 
on strip and section preparations consistently gave negative 
results. Greater reliance has been placed on the latter method, 
which well shows the typical ganglion ce ll nucleus i f  this is  
present. In addition it  provides a reasonably good stain for 
nerve fibres. Ho nerve ce lls  or fibres were found in any part



of the heart, although a particularly close search was made 
at the two ends of the heart, where Hunter depicted the 
ganglia in Molgula.

It is  perhaps significant that connective tissue ce lls  
are present at the ends of the heart in the form of a loose 
ring (Fig* 80, Cn« t i .  rg*). This l ie s , at each end, at the 
extremity of the cardiac tube level with the non-cardiac end 
of the growth zone* The orientation of these ce lls  is  very 
like that of the ce lls  figured by Hunter as ganglion cells#
These ce lls  are fusiform and have short fibrous processes that 
spin round the heart ostia# They are the end members of a 
sheet of ce lls  (Fig# 82) that lines for a short distance the 
large blood vessels at their cardaic origins# The rest of 
the sheet consists of irregular ce lls  with several processes.
The processes contact those of adjacent ce lls  and give to the 
whole sheet a reticular appearance. This seems to represent 
the "endothelium” lining the blood vessels, described by Houle 
(1884) and othe rs•

These observations suggest that the connective tissue cells  
might have been mistaken for gcnglion ce lls . The present find
ings refer only to Ciona. of course, but the presence of a nerve 
mechanism in one Ascidian heart and not in another is  unlikely.

Hunter himself was unable to satisfactorily correlate the 
appearanoes that he obtained with methylene blue and iron 
haematoxylin. Heine, moreover#has objected that the position 
of the ce lls  located by Hunter is  d ifficu lt to explain onto- 

genetically.



PERICARDIAC BODY (P la te  14)

This is  a rounded white body lying free within the 
pericardium. Its position is  not constant amongst individuals, 
as i t  is  sometimes near the apex and at other times close to 
the base of the pericardium. As i t  is  unattached to either 
the heart or the pericardiac walls i t  can be moved about 
during the contractions of the heart. It increases with the 
size of the animal.

The pericardiac body is  a compacted accumulation of 
degenerate cardiac fibres (Fig. 83). Histologically i t s  
elements are the same as the effete fibres shed from the pockets 
of degenerating cells (vide pp. IH--/I6.) in the wall of the heart. 
As in these pockets, a l l  stages in the process of degeneration 
can be found. Slightly transformed fibres can be seen in which 
the striation is  being lost and the nucleus is  pale. These 
early stages are however shorter and thicker than normal fibres. 
Subsequent changes involve further rounding off of the fibre, 
the complete loss of cross striation , and the dissolution of the 
nuoleus. The protoplasm becomes vacuolated and within i t  
appear the deeply staining bodies typical of the fin a l stages in 
this process.

Since these various stages are to be found in the peri
cardiac body i t  is  evident that some almost normal muscle ce lls  
are shed from the heart wall and undergo degeneration in the 
pericardiac body i t s e l f  instead of in the cardiac pockets of



c e lls . Nevertheless i t  seems likely that the majority arrive 
in the pericardiac body already in an advanced stage of de
generation.

The degenerating cells are embedded in an amorphous matrix 
which is  probably the final product of decay. There are 
usually also a few blood ce lls  in the pericardiac body.

Houle (1884) recognised the origin of the cells  in the 
pericardiac body, and traced some of the changes through which 
they pass. Heine (1902) also paid some attention to the 
structure and possible function of the body. He described 
some very curious canals in the pericardiac body, which, he 
said, have distinct epithelial walls. On the strength of th is  
evidence he postulated a glandular function for the pericardiac 
body, without specifying the nature of the secretion. I have 
been quite unable to detect any trace of such canals, and on 
the basis of my own observations would regard the pericardiac 
body essentially as an accumulation of degenerate cardiac 
muscle fibres. Nor could Fernandez (1906) find any ju s t if i
cation for Heine's canals and concluded that he had been 
mistaken. Fernandez, however, regarded the majority of the 
ce lls  of the pericardiac body as degenerate blood c e lls , with 
only a few cardiac fibres amongst them. Although he describes 
and figures stages in the degeneration of the ce lls  of- the 
pericardiac body, I think that these are less convincing as 
derivatives of blood cells  than of cardiac fibres. This is  
more striking in view of the similarity between stages in the



degenerating pockets of the heart and in the pericardiac body. 
Gaver and Stephan (1907) interpret the large cells  of the 
pericardiac body with their deeply staining granules as stages 
in the division of a sporozoon parasite, to which they propose 
to give the name Cardiosporidlum cionae. This claim appears 
to want rather more substantiation, in view of the evidence 
that the ce lls  are derivatives of cardiac muscle fibres.

The liquid that f i l l s  the pericardiac cavity has floating  
in i t  ce lls  of the degenerate fibre type. These occur either 
singly or in small groups.

Why the oells of the myocardium have th is special means 
of disposal is  hard to say. It may be that phagocytosis for 
some reason cannot deal with the fibres in situ .



THE BLOOD QBLIS (P la t e  1 5 ) .

The blood of Ciona. like that of other Aseidians^is 
remarkable for the variety of i t s  c e ll types* Several detailed 
accounts of the blood histology have been given in the past for 
a number of Asoidians* The most useful accounts are those of 
Kollmann(1908), Fulton (1920), Ohuye (1936), George (1939) and 
Webb (1939).

The Blood Cells of Oiona (Fig. 84).

(1) Small lymphocytes(Fig. 84, a). Body rounded, about 
3.5 jx in diameter; cytoplasm basophil and slightly granular; 
nucleus spherical with scattered chromatin and sometimes also 
a large nucleolus; nucleus 2*2 jx. in diameter.

(2) Large lymphocytes (Fig* 84, b). Body and cytoplasmic 
characteristics as in the small lymphocyte, but the ce ll is  
about 4*4 ji in diameter; nucleus spherical, with a single large 
rounded and usually centrally placed nucleolus, and also some 
scattered chromatin.

The lymphocytes are the most primitive of a ll the oell
types, and are probably the only ones to retain the power of
mitotic division. They give rise either directly or indirectly
to a ll  the other blood c e ll types, and may possibly have no
other function than th is. Kollmann however describes as
p h a g o c y tic  h i s  " h y a l in e  le u c o c y te s ” w hich  a p p e a r  t o  be  th e  same 
a s  th e  ly m p h o c y tes  o f o th e r  a u th o r s .  A cco rd ing  t o  George



the lymphocytes produce not only the other hlood ce lls  but 
a ll  other cells of the body.

Mitotic figures and c e l l  divisions are not infrequently 
seen in both large and small lymphocytes. These divisions 
occur in the lymphocytes of the blood-forming regions (vide 
p* 134*.) but have not been found in the circulating blood.

(3) Vesicular ce lls  (Fig. 84, c, d, e . ). These ce lls  
show a considerable range of size and appearance, according 
to their stage of development. They pass through a cycle, 
originating from lymphocytes and ending as large signet 
ring ce lls .

In the earliest stage of i t s  development the vesicular 
ce ll is  distinguished from the large lymphocyte only by a 
slight increase in size and by the presence in it s  cytoplasm 
of an area containing acidophil substance. At this phase of 
development the ce ll is  about 5 p. in diameter. The c e ll now 
enlarges and a distinct vacuole appears in which the acidophil 
substance is  apparently concentrated (Fig. 84, c. ). The 
cytoplasm remains basophil. The increasing vacuole compresses 
the nucleus against one side of the c e ll, which now begins to 
assume the signet ring form (Fig. 84, d. ). Up to this point 
the c e ll seems to have been engaged in taking up and concen
trating within i t s  vacuole, some substance from the blood plasma. 
There is  something like a reversal of these processes during 
the later phases of the cycle through which the vesicular ce ll



p a s s e s .  T h is  i s  in d ic a t e d  b y  th e  d e c r e a s in g  s i z e  o f  t h e  

v a c u o la r  i n c l u s i o n ,  i t s  l e s s  d e e p ly  s t a in i n g  p r o p e r t i e s  

an d  th e  a ssu m p tio n  o f a c id o p h i l  p r o p e r t i e s  by  th e  c y to p la sm . 

T h is  p h a se  seem s t o  in v o lv e  th e  out;ward d i f f u s i o n  o f  t h e  

v a c u o le  c o n te n ts  th ro u g h  t h e  su rro u n d in g  c y to p la sm . At th e  

end o f  t h e  p r o c e s s  t h e  c e l l  i s  a b o u t 7 p. i n  d ia m e te r ,  s p h e r i 

c a l  and  a lm o s t c o m p le te ly  o c cu p ied  b y  an a p p a r e n t ly  em pty 

v a c u o le  ( F ig .  8 4 , e .  ) . O c c a s io n a l ly  t h e  p r o c e s s  le a v e s  th e  

c e l l  n o t  w ith  one l a r g e  b u t  w ith  s e v e r a l  s m a ll  v a c u o le s .

In  t h i s  fo rm  th e  c e l l  i s  l i k e  th e  c o m p artm en ta l c e l l  d e s 

c r ib e d  b y  G eorge, i n  o th e r  A s o id ia n s .

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

am oeboid c h a r a c t e r .

C e l ls  o f  t h i s  ty p e  have b e e n  w id e ly  r e c o g n is e d  i n  

A s c id is n s  b u t  t h e i r  f u n c t io n  i s  s t i l l  u n c e r t a in .  K ollm ann 

d e s c r ib e d  v a o u o la te d  c e l l s ,  w h ich  may be  t h e  same a s  th o s e  

c a l l e d  v e s i c u l a r s  i n  t h i s  a c c o u n t.  To th e s e  c e l l s  he a s c r ib e d  

p h a g o c y t ic  p r o p e r t i e s ,  as th e y  were fo u n d  to  ta k e  up p a r t i c l e s  

o f  C h in ese  in k .  He a l s o  o b se rv ed  th e  b la c k e n in g  o f  g r a n u le s  

i n  t h e  v a c u o le  a f t e r  osm ic t r e a tm e n t ,  and t h i s  a g re e s  w ith  t h e  

r e s u l t s  o b ta in e d  b y  G eorge. On th e  o th e r  hand c e l l s  w hich  a r e  

a p p a r e n t ly  o f  th e  sane  ty p e  a r e  d e s c r ib e d  by  F u l to n ,  and 

r e g a rd e d  b y  him  a s  e x c r e to r y .  T h is  i s  F u l t o n 's  b lo o d  c e l l  

ty p e  Q l, f o r  A s o id ia  a t r a . I t  may w e l l  be t h a t  i f  t h i s  c e l l  

i s  e x c r e to r y  th e  s i m i l a r i t y  be tw een  i t  and th e  v e s i c u l a r  o f  

C iona i s  o n ly  one o f a p p e a ra n c e . C e r ta in ly  th e  v e s i c u l a r s  o f



C ione g iv e  no g round  f o r  a  b e l i e f  t h a t  th e y  a r e  e x c re to ry #

The s u g g e s t io n  made b y  George t h a t  th e s e  c e l l s  a r e  n u t r i t i v e  

i s  more i n  k eep in g  w i th  t h e  c y c le  o f  changes th ro u g h  w hich  

th e y  pass#

W hile a c c e p t in g  G eo rge’s  th e o ry  o f  a  n u t r i t i v e  f u n c t io n  

f o r  th e s e  c e l l s  i t  i s  n e c e s s a ry  to  make a  few  o b s e r v a t io n s  

a r i s i n g  fro m  th e  s tu d y  o f  C io n a . George assum es t h a t  t h e  

v e s i c u l a r s  a r e  b ro u g h t c lo s e  to  t h e  i n t e s t i n a l  e p i th e l iu m , i n  

th e  b lo o d  s tre a m . H e re , he su p p o s e s , th e y  " ta k e  up th e  fo o d  

m o le c u le s  i n  t h e  w a l l  o f  th e  g u t  and  s u b je c t  them  to  f u r t h e r  

enzyme a c t i v i t y  ( p o s s ib ly  b o th  h y d r o ly t i c  and  s y n t h e t i c ) ,  and  

th e n  p a s s  them  on t o  th e  t i s s u e s . . . . " .  I t  a p p e a r s ,  how ever, 

fro m  a  s tu d y  o f  C iona t h a t  th e  v e s i c u l a r s  do n o t  have  t h e i r  

a c t i v i t i e s  c o r r e l a t e d  to  t h e i r  p o s i t i o n  in  th e  b o d y . In  

o th e r  w ords th e y  do n o t  p a s s  o v e r  th e  i n t e s t i n a l  e p i th e l iu m  

w here th e y  ta k e  up s u b s ta n c e s ,  th e n  on to  th e  o th e r  body  

t i s s u e s  t o  w hich  th e y  d e l i v e r  up t h e  f u r t h e r  d ig e s te d  su b 

s t a n c e s .  The g r e a t  m asses  o f  b lo o d  c e l l s  s e e n  a ro u n d  th e  

g u t ,  i n  s e c t i o n s ,  a r e  i n  f a c t  s t a t i c .  They a re  embedded i n  

c o n n e c tiv e  t i s s u e ,  o r  h e ld  f i r m ly  a round  th e  m arg in s  o f  t h e  

b lo o d  la c u n a e .  T hese m asses  o f  s t a t i c  b lo o d  c e l l s  a r e ,  a s  

w i l l  a p p e a r  l a t e r ,  ly m p h a tic  t i s s u e .  W hile i n  t h i s  t i s s u e  

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

d i g e s t i o n  ( ? )  and  d is c h a r g e .  C e l ls  a r e  l i a b l e  to  be l i b e r a t e d  

i n t o  t h e  s tre a m  a t  any  s ta g e  o f  t h e  p r o c e s s .  They th e n

p ro b a b ly  c o n tin u e  t h e i r  c y c le  o f  ch an g es a s  th e y  w ould have done 
i n  t h e  s t a t i c  c o n d i t io n .  I n  th e  b lo o a - fo rm in g  t i s s u e s  o f  th e



b r a n c h i a l  sa c  e x a c t ly  s i m i l a r  ch an g es o c c u r  i n  th e  developm ent 

o f  th e  v e s i c u l a r s .  I t  w ould  seem th e n  t h a t  th e  a c t i v i t i e s

ta k e  p la c e  in d e p e n d e n tly  o f  p o s i t i o n .  T here  w ould a p p e a r  

r a t h e r  t o  b e  u p ta k e  from , and f i n a l  d is c h a rg e  t o ,  th e  b lo o d  

p la sm a . T h is  id e a  i s  p e rh a p s  n o t  in c o m p a tib le  w ith  th e  r e s u l t s  

o f  K ru k en b erg  (1882) and  Henze (1912 ) who fo und  t h a t  th e  g r e a t e r  

p a r t  o f  th e  n u t r i t i v e  s u b s ta n c e s  i s  c o n ta in e d  i n  b lo o d  c e l l s  and  

n o t  i n  th e  p la sm a .

The f a t e  o f  th e  v e s i c u l a r s  a f t e r  th e  d is c h a rg e  o f  t h e i r  

o o n te n ts  i s  n o t  c l e a r ,  b u t  t h e r e  i s  some re a s o n  t o  b e l i e v e  t h a t  

th e y  may t a k e  on p h a g o c y tic  d u t i e s  i n  t h e i r  l a t e r  l i f e .

(4 )  A c id o p h il  G ra n u lo c y te s  ( F ig .  84 , f .  ) .

Body a lm o s t s p h e r i c a l ,  5 .2 5  to  6 .2 5  jx  i n  d ia m b te r , n u c le u s  

w ith  d i s t r i b u t e d  c h ro m a tin . The c h a r a c t e r i s t i c  f e a t u r e s  o f 

t h i s  c e l l  a r e  i t s  m o d e ra te ly  a c id o p h i l  c y to p la sm  and s t r o n g l y  

a c id o p h i l  c o a r s e  g r a n u l a t i o n s .  T hese g r a n u la t io n s  t a k e  th e  

fo rm  o f  many o v o id  b o d ie s  t h a t  a p p e a r  t o  l i e  n e a r  th e  s u r f a c e  

o f  t h e  c e l l .  Ho s u g g e s t io n  can  be  made a s  t o  th e  p ro b a b le  r o l e  

o f  t h i s  c e l l  ty p e .

( 5 )  H e p h ro c y te s ( F jg .  84 , g . ) .

C e l l  body  o f  ro u n d ed  o r  r a t h e r  i r r e g u l a r  sh a p e , 5 .2 5  t o  

6 .2 5  jl i n  a v e ra g e  d ia m e te r ;  n u c le u s  w ith  s c a t t e r e d  c h ro m a tin  

m asse s ; c y to p la sm  b a s o p h i l  w i th  sm a ll  round  g r a n u la t io n s .  In



some p a r t  o f th e  c e l l ,  and g e n e r a l l y  c lo s e  t o  th e  s u r f a c e ,  

t h e r e  i s  a  s m a ll  v a c u o le .  T h is  c o n ta in s  one o r a  few  

g r a n u le s  ( F ig .  84.g.35x. h . )  o f v a r i a b l e  s i a e .  T hese a re  

s p h e r i c a l  an d  s t a i n  w ith  h a e m a to x y lin  a s  d e e p ly  a s  does 

c h ro m a tin . T h e re  may a ls o  be  a  few  sm a ll  g r a n u le s  o f t h i s  

k in d  a p p a r e n t ly  s c a t t e r e d  i n  th e  c y to p la sm , b u t  i t  i s  n o t 

c l e a r  w h e th e r e a c h  o f t h e s e  i s  c o n ta in e d  in  a  s m a ll  v a c u o le .

I t  h a s  g e n e r a l l y  b e en  a c c e p te d  t h a t  e x c r e t io n  i n  C iona 

t a k e s  p l a c e ,  i n  p a r t  a t  l e a s t ,  th ro u g h  th e  agency  o f  s p e c i a l  

b lo o d  c e l l s ,  th e  n e p h ro c y te s .  D ahlgrfin  (1901) d e s c r ib e d  

and  i l l u s t r a t e d  n e p h ro c y te s  in  th e  c o n n e c tiv e  t i s s u e  s u r ro u n d 

in g  th e  g u t ,  i n  C io n a . D ah lg r& a’s i l l u s t r a t i o n ,  i t  m ust b e  

a d m i t te d ,  b e a r s  l i t t l e  re sem b lan c e  t o  th e  c e l l s  d e s c r ib e d  

above a s  n e p h ro c y te s ,  and  in d e e d  a re  more like t h e  a c id o p h i l  

g r a n u lo c y te s .  Webb (1 939 ) and George (1939) a r e  b o th  a g re e d  

t h a t  s p e c i a l  c e l l s  e x i s t  i n  t h e  b lo o d  whose f u n c t io n  i t  i s  

t o  e l im in a te  p u r in e  s u b s ta n o e s .

Ho h is to c h e m ic a l  e v id e n c e  i s  h e re  b ro u g h t fo rw a rd  t o  

s u p p o r t  th e  s ta te m e n t  t h a t  t h e  c e l l s  u n d e r c o n s id e r a t io n  a r e  

i n  f a c t  e x o r e to r y .  The p re s e n c e  of th e  g r a n u le s ,  t h e i r  

a p p a re n t  i n c r e a s e  i n  s i z e  and t h e i r  a c id  s t a in i n g  r e a c t i o n  

a r e  c o n s id e re d  t o  be s u f f i c i e n t  g ro u n d s f o r  t h i s  i n t e r p r e t a t i o n .

(6 )  P igm ent C e l ls  (F ig .  84, h . ).

Shape i r r e g u l a r  b u t  o f t e n  ro u n d e d , a v e ra g e  d ia m e te r  5 .5



t o  6 j i;  n u c le u s ,  w hich  i s  o f t e n  in c o n s p ic u o u s  o r  h id d e n , 

w ith  s c a t t e r e d  c h ro m a tin  g r a n u le s .  The c y to p la sm  i s  p ack ed  

w ith  s m a ll  round  c o lo u re d  g ra n u le s *  so  t h a t  u s u a l ly  no 

c y to p la sm  rem a in s  v i s i b l e .

A cco rd ing  t o  th e  c o lo u r  o f  th e s e  g r a n u le s  th e  p igm ent 

c e l l s  a r e : -

( a )  o ra n g e - re d .

( b ) o ra n g e .

( c )  y e llo w .

The d i s t r i b u t i o n  o f  th e  d i f f e r e n t  ty p e s  o f  p igm en t c e l l s  

i s  a s  f o l lo w s : -

( a )  o ra n g e - re d  c e l l s .  The c e n t r e  o f  th e  o c e l lu s ;  

t h e  p igm en t s p o t  o v e r t h e  g a n g lio n ,  when p r e s e n t .

(b )  o ran g e  c e l l s .  P r i n c i p a l l y  th e  body w a l l  and  

th e  w a l l s  o f  t h e  b r a n c h i a l  s a c ;  a lo n g  th e  e n d o s ty le  and  t h e  

o v id u c t .

(o )  y e llo w  c e l l s .  T ra n s v e rs e  b a r s  o f th e  b r a n c h i a l  

s a o ;  t r a b e c u l a e ;  m e s e n te r ie s ;  p e r i p h e r a l  p a r t s  o f th e  o c e l l i .

The o ran g e  p igm en t i s  g e n e r a l l y  s t a t e d  t o  be c a r o t in o i d  

(G eo rg e , W ebb). The f u n c t io n  o f  th e s e  o range  c e l l s  i s  unknown. 

George s u g g e s te d  t h a t  th e y  m ig h t p e rfo rm  a f u n c t io n  r a t h e r  

s i m i l a r  t o  t h a t  o f th e  c h lo r o p l a s t s  o f  p l a n t s ,  a s s i m i l a t i n g  CO2 

and a b s o rb in g  l i g h t  i n  a  p h o to s y n th e t ic  p r o c e s s .  F u lto n  

o b se rv e d  t h a t  i n  A s c id ia  a t r a  o ran g e  c e l l s  c o u ld  move th ro u g h  

th e  p lasm a  f a i r l y  r a p i d l y ,  and  th o u g h t t h a t  th e y  m igh t have 

c i l i a  o r  f l a g e l l a  to  a c c o u n t f o r  t h i s .  Ho s u g g e s t io n  o f a n y th in g



o f  t h i s  k in d  was se e n  i n  th e  p igm en t c e l l s  o f  C iona .

(7 )  H y a lin e  L eu c o cy te s  ( F ig .  84 , i .  ).

Shape more v a r i a b l e  th a n  i n  any  o th e r  b lo o d  c e l l ,  5 t o  

9 jx. lo n g  a c c o rd in g  t o  t h e  sh a p e ;  c y to p la sm  p a le  w ith  an  

a p p a r e n t ly  d a rk  o u t l i n e  t o  t h e  c e l l ;  n u c le u s  w ith  s c a t t e r e d  

c h ro m a tin . T hese  c e l l s  a r e  h ig h ly  am oeboid and o f t e n  have  

lo b o se  p se u d o p o d ia . T h e i r  f u n c t io n  h a s  n o t  b een  d is c o v e re d  

b u t  th e y  may be  p h a g o c y tic .

P h a g o c y te s  (F ig . 84 , k . ) .

T hese  a r e  p e rh a p s  th e  m ost d i f f i c u l t  o f  a l l  th e  c e l l s  t o  

i d e n t i f y  e x c e p t when th e y  c o n ta in  in g e s te d  b o d ie s  ( F ig .  84 , 

k ,  In g . C . ). I n  t h i s  s t a t e  th e y  resem b le  d is c h a rg e d  v e s i c u l a r s  

w i th  th e  in g e s te d  body  i n  t h e  v a c u o le .  The cy to p la sm  i s  on th e  

w hole som ewhat c l e a r e r  th a n  t h a t  o f  th e  empty v e s i c u l a r s .  T h is 

i n  i t s e l f  d o es n o t  a l lo w  d i f f e r e n t i a t i o n  be tw een  em pty v e s i c u l a r s  

and  em pty p h a g o c y te s . In  th e  n e u r a l  g la n d  f o r  in s t a n c e  a l l  th e  

f r e e  b lo o d  c e l l s  b e in g  d is c h a rg e d  th ro u g h  th e  c a n a l  a r e  a p p a r e n t ly  

p h a g o c y te s .  Some o f  them  how ever c o n ta in  in g e s te d  c e l l s  and  

o th e r s  have  m ere ly  a n  em pty v a c u o le .  These c e l l s  w i th  an  em pty 

v a c u o le  a r e  d i f f i c u l t  t o  d i s t i n g u i s h  from  empty v e s i c u l a r s .  

P h a g o c y te s  o c c u r  i n  sm a ll  num bers th ro u g h o u t th e  t i s s u e s ,  o f te n  

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

c o n n e c tiv e  t i s s u e .  T h e ir  p re s e n c e  and  s ig n i f i c a n c e  i n  th e  n e u r a l  

g la n d  h ave  a l r e a d y  been  d i s c u s s e d .



. The p o s s ib l e  o r i g i n  o f  th e  p h a g o c y te s  from  v e s i c u l a r s  h a s  

b e e n  m en tio n ed  ab o v e . T h is  s u g g e s t io n  i s  b a se d  p a r t l y  on a  

s i m i l a r i t y  i n  a p p e a ra n c e  b u t  a l s o  on t h e  f a c t  t h a t  th e  a c t i v i t i e s  

o f  th e  tw o c e l l s  have  much i n  common. B oth  a r e  engaged  i n  th e  

i n ta k e  and  d ig e s t io n  o f s u b s ta n c e s  o r  b o d ie s  from  t h e i r  s u r ro u n d 

in g s .  S e e l i g e r  ( i n  S ro n n ) i n  f a c t  su p p o sed  t h a t  p h a g o c y te s  

m ig h t have  s u c h  a  d u a l  r o l e .



BLOOD-FORMIHG TISSUES.

L i t t l e  h a s  b e en  known i n  t h e  p a s t  o f  th e  o r i g in  o r 

r e p la c e m e n t o f b lo o d  c e l l s  in  A s o id ia n s * and o f  any s p e c i a l  

t i s s u e  i n  w hich  th e s e  p ro c e s s e s  t a k e  p la c e *

I n  S a lp s  c e r t a i n  s p e c i a l i s e d  p a r t s  o f  th e  b lo o d  la c u n a e  

have  b e e n  r e c o g n is e d  by  Todaro (1875) and  F ernandez  (1 9 0 5 ) a s  

th e  s i t e s  o f  t h i s  a c t i v i t y .  In  Pyrosom es b lo o d  fo rm a t io n  

t a k e s  p la c e  i n  s p e c i a l  o rg an s  i n  t h e  d o r s a l  b lo o d  s in u s*  o r  i n  

a  c u sh io n  o f  t i s s u e  round  th e  g u t  (Neumann, i n  irfS k en th a l).

The p o s i t i o n  i n  A s c id ia n s  h a s  b een  l e s s  c l e a r .  C uenot (1891 ) 

c o u ld  f i n d  no ly m p h a tic  t i s s u e  b u t  th o u g h t t h a t  th e  n e u r a l  

g la n d  w as r e s p o n s ib le  f o r  th e  fo rm a tio n  o f  some a t  l e a s t  o f  

th e  c e l l s  o f  t h e  b lo o d . I t  was o b se rv e d  by  K ollm ann (1 9 0 8 ) 

t h a t  c e l l  d i v i s io n s  a r e  n o t  t o  be  found  i n  th e  c i r c u l a t i n g  

b lo o d . S e e l i g e r  ( i n  B ro n n ) , how ever, s t a t e s  t h a t  n u c le a r  

d i v i s i o n  i s  commonly found  i n  b lo o d  c e l l s ,  and  a s  he  d oes n o t 

s p e c i f y  w h e re , h i s  o b s e r v a t io n  p resum ab ly  r e f e r s  t o  th e  b lo o d  

s t r e a m . George (1 9 3 9 ) , a l th o u g h  n o t  p r im a r i ly  i n t e r e s t e d  i n  

t h i s  a s p e c t  o f  th e  b lo o d  b r i e f l y  p u t s  h i s  v iew  a s  f o l l o w s : -  

"L ym phocytes a p p e a r  to  a r i s e  i n  p a r t  th ro u g h  d i v i s io n  o f  

ly m p h o cy tes  i n  th e  b lo o d  s tre a m  and i n  p a r t  from  lymph n o d u le s .  

C e l l s ,  a p p a r e n t ly  ly m p h o cy tes , a r e  o c c a s io n a l ly  se e n  i n  m i to s i s  

i n  t h e  b lo o d  s p a c e s ,  and i n  s e r i a l  s e c t i o n s  o f  a  young S ty e  l a  

p l i e a t a  I  have  o b se rv e d  n o d u le s  o f  n u e le o la t e  c e l l s  i n  th e  body 

w a l l  and  i n  th e  g u t w a l l . "



In  th e  s tu d y  o f  C iona no c e r t a i n  in s t a n c e  h as  b e en  se e n  

o f  n u c le a r  o r c e l l  d i v i s i o n  in  th e  c i r c u l a t i n g  b lood*  On t h e  

o th e r  hand  th e r e  a re  l a r g e  t r a c t s  o f  s t a t i c  b lo o d  c e l l s  i n  

w hich  th e  lym phocy tes commonly show m i t o s i s .  C e l l  d i f f e r e n 

t i a t i o n  a l s o  t a k e s  p la c e  on a  l a r g e  s c a le  in  th e s e  t i s s u e s .  

T hese  t r a c t s  c o n s t i t u t e  th e  ly m p h a tic  t i s s u e .  T h ree  m ain 

s i t e s  o f  t h i s  a c t i v i t y  have  been  l o c a t e d : -

1 ) a ro u n d  th e  g u t ,  p r i n c i p a l l y  th e  stom ach ( F ig .  85) and 

i n  d e c r e a s in g  abundance a ro u n d  th e  i n t e s t i n e ,  th e  rec tu m  and 

th e  o e so p h a g u s . The o esophagus h a s  v e ry  l i t t l e  o f  t h i s  

t i s s u e .

2 ) i n  th e  t r a n s v e r s e  v e s s e l s  o f  th e  b r a n c h ia l  s a c .

3 ) i n  th e  body w a l l ,  a  few r a t h e r  i n s i g n i f i c a n t  n o d u le s ,  

th e  m ost im p o r ta n t  o f which o c c u r  a t  th e  p o s t e r i o r  end o f  t h e  

b o d y , n e a r  th e  r o o t s  o f th e  t e s t  v e s s e l s .

Some ly m p h a tic  t i s s u e  has a l s o  b een  lo c a te d  w i th in  th e  

o v a ry .

In  t h e s e  p la c e s  and p a r t i c u l a r l y  i n  1) and 2 ) b lo o d  c e l l s  

a r e  p r e s e n t  i n  v e ry  l a r g e  num bers. They o c cu r n o t  in  an  even  

d i s t r i b u t i o n  o f th e  d i f f e r e n t  t y p e s ,  b u t  i n  g ro u p s  o f v a ry in g  

s i z e .  E ach g ro u p  c o n s i s t s  o f  c e l l s  o f a  s in g le  ty p e ,  o r o f  

t r a n s i t i o n  s t a g e s  b e tw een  tw o ty p e s .  H ere m i to t i c  d i v i s io n s  

o f  t h e  lym phocyte  n u c le i  a r e  fo u n d .

ly m p h o c y te s , v e s i c u l a r s  i n  a l l  s t a g e s  o f d ev e lo p m en t, 

a c id o p h i l  g r a n u lo c y te s  and n e p h ro c y te s  make up th e  g r e a t



m a jo r i t y  o f t h i s  t i s s u e .  T hese  c e l l s  e i t h e r  s in g ly  o r  in  

clum ps m ust d rop  o f f  i n t o  t h e  b lo o d  s t r e a m . In  t h i s  way 

s m a l l  g ro u p s  o f  one ty p e  may o c c a s io n a l ly  he  seen  i n  th e  

c i r c u l a t i n g  b lo o d .



BLOOD CELL PROPORTIONS.

T h ere  a r e  few  a c c u r a te  e s t im a te s  o f  th e  c o m p o s itio n  o f  

t h e  b lo o d  c e l l  p o p u la t io n  i n  T u n ie a te s .  F u l to n  (1980) made 

su c h  a  c o u n t o f th e  r e l a t i v e  num bers , i n  t h e  c a s e  o f  A s o id ia  

a t r a . The d i f f e r e n c e s  a r e  so  g r e a t  be tw een  th e  b lo o d  o f  t h a t  

s p e c ie s  and th e  b lo o d  of C iona t h a t  co m p ariso n s a r e  n o t  very- 

u s e f u l .

C ounts w ere m ade, i n  C io n a . o f th e  r e l a t i v e  p r o p o r t io n s  

o f  th e  d i f f e r e n t  c e l l  ty p e s ,  w i th  s p e c ia l  r e f e r e n c e  t o  1 ) th e  

ly m p h a tic  t i s s u e  round t h e  s to m ac h , and E) th e  b lo o d  o f  t h e  

g e n e r a l  c i r c u l a t i o n  a s  fo u n d  i n  th e  h e a r t .

F o r an  a p p ro x im a te  e s t im a te  o f  th e  c i r c u l a t i n g  b lo o d  i t  

was c o n s id e re d  t h a t  a  co u n t o f 2 ,0 0 0  c e l l s  w ould be s u f f i c i e n t .  

I n  t h e  b lo o d - fo rm in g  t i s s u e s  how ever, th e  c a se  was d i f f e r e n t .  

H ere t h e  g ro u p in g  o f  num bers o f  c e l l s  o f  one ty p e ,  i n s t e a d  o f 

an  i n d i s c r i m in a te  m ix tu re ,  n e c e s s i t a t e d  th e  u se  o f  l a r g e r  

num bers . F o r t h i s  re a s o n  r a t h e r  o v e r  8 ,0 0 0  c e l l s  w ere c o u n te d  

i n  t h e  e s t im a t io n  o f  th e  b lo o d -fo rm in g  t i s s u e s .

From th e  d is c u s s io n  o f  t h e  p h a g o c y te s  and v e s i c u l a r s  i t  

w i l l  b e  a p p a re n t  t h a t  t h e r e  i s  a  m ajo r d i f f i c u l t y ,  and a  s o u rc e  

o f  e r r o r ,  i n  c o u n tin g  t h e s e  c e l l s .  As no c r i t e r i o n  h a s  b een  

fo u n d  by  w hich  to  d i s t i n g u i s h  b e tw ee n  them  i n  a l l  c a s e s » i t  was 

n e c e s s a r y  t o  make a  co m p o site  g ro u p  t o  in c lu d e  th e  p h a g o c y te s

and th e  v e s i c u l a r s .

The p r o p o r t io n s  in  w h ich  th e  d i f f e r e n t  ty p e s  o c c u rre d  a r e



s e t  ou t below  in  the form o f  p ercen tages*

1* 2 . 3* 4* 5 .  6 . 7#

C e l l  ty p e .
s m a ll
lym ph.

l a r g e
lym ph.

v e s i c .
&

phag .

a c id .
g r a n .

neph . h y a l .
le u c .

pigm .
c e l l s .

G e n e ra l
c i r c u 
l a t i o n .

7 .1 9 .9 4 3 .2 1 0 .2 1 1 .7 1 7 .1 0 .5 2

B lo o d -
fo rm in g
t i s s u e s .

1 4 .0 1 1 .8 5 2 .3 1 6 .4 4 .8 0 .2 0 .

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

A r e d u c t io n  i n  t o t a l  lym phocyte p e rc e n ta g e  -  by  some 9$ -  i s  to

be e x p e c te d  i n  th e  c i r c u l a t i n g  b lo o d . Many o f  th e  ly m p h o cy tes

m ust be  t r a n s fo rm e d  i n to  o th e r  ty p e s  b e fo re  l i b e r a t i o n  i n t o  th e  

b lo o d  s tre a m . Of th e  o th e r  changes i n  p o p u la t io n  t h a t  c o n c e r 

n in g  th e  v e s i c u l a r s  and  p h a g o c y te s  i s  o f  some i n t e r e s t .  The 

f i g u r e s  c o n c e a l  th e  f a c t  t h a t  undoub ted  p h a g o c y te s  (w ith  in g e s 

t e d  p a r t i c l e s  o r  c e l l s )  were n o t  seen  round th e  s to m ach , and 

o n ly  r a r e l y  i n  th e  h e a r t  b lo o d . The change o f 9$ o f  column

t h r e e  p ro b a b ly  t h e r e f o r e  r e p r e s e n t s  a  r e a l  d rop  i n  th e  p r o 

p o r t i o n  o f  v e s i c u l a r s  i n  th e  c i r c u l a t i n g  b lo o d . T h is  m ig h t b e  

e x p e c te d  i f  th e s e  c e l l s  a re  n u t r i t i v e  i n  f u n c t io n .  I t  may be 

t h a t  th e y  o n ly  c a r r y  o u t one c y c le  o f  n u t r i t i v e  changes i n  t h e i r  

l i f e ,  an d  once  t h i s  i s  acco m p lish e d  th e  v e s i c u l a r  n u t r i t i v e s  

may h a v e , a s  su c h , a  r e l a t i v e l y  s h o r t  l i f e .



The r e l a t i v e  abundance  o f  h y a l in e  le u c o c y te s  i n  th e  

c i r c u l a t i n g  b lo o d  i s  a  s t r i k i n g  f e a t u r e  and  one d i f f i c u l t  t o  

e x p la in .  The o r ig in  o f  t h e s e  c e l l s  i s  o b sc u re  and no 

c o n n e c tin g  s t a g e s  have b e e n  found  b e tw een  them  and th e  lym pho

c y te s .

B etw een  th e  n e p h ro c y te s  and th e  a c i d o p h i l  g r a n u lo c y te s  t h e r e  

i s  a  com plem entary  r i s e  and f a l l  i n  num bers, i n  p a s s in g  from  th e  

ly m p h a tic  t i s s u e  t o  th e  c i r c u l a t i n g  b lo o d . T h is  a g re e s  w ith  a  

p o s s ib l e  e v o lu t io n  from  t h e  a c id o p h i l  g r a n u lo c y te s  t o  th e  

n e p h ro c y te s .  C e r ta in  c e l l s  have  b e e n  seen  w hich a p p e a re d  t o  b e  

in te r m e d ia te  i n  c h a r a c t e r  be tw een  t h e s e  two t y p e s .  In  t h e s e  

t r a n s i t i o n  fo rm s b o th  a c i d o p h i l  c o a rse  g r a n u le s  and b a s o p h i l  

e x c r e to r y  g r a n u le s  have b een  p r e s e n t ,  and 1 form ed th e  o p in io n  

t h a t  th e  change was to w a rd s  th e  n e p h ro c y te  ty p e .

P igm ent c e l l s  d id  n o t  a p p e a r  i n  any o f  th e  ly m p h a tic  t i s s u e  

c o u n ts ,  b u t  h ad  r i s e n  to  a  s m a l l  p e rc e n ta g e  o f  th e  t o t a l  popu

l a t i o n ,  i n  th e  b lo o d  s tre a m . Even h e re  how ever o n ly  a  v e ry  

s m a ll  p e rc e n ta g e  o f  th e  t o t a l  p igm ent c e l l  c o n te n t  o f  th e  body 

i s  r e p r e s e n te d .  The g r e a t e r  p a r t  o f  t h i s  t a k e s  th e  fo rm  o f 

s t a t i c  c e l l s  i n  t h e  b r a n c h ia l  s a c ,  body w a l l  and o th e r  r e g i o n s .

I t  a p p e a rs  th e n  t h a t  th e  developm en t o f  t h e s e  c e l l s  t a k e s  p la c e  

away fro m  th e  b lo o d -fo rm in g  t i s s u e s ,  b u t  th e  s ta g e s  i n  t h i s  

p r o c e s s  h ave  n o t  b e en  o b se rv e d .

R e la t io n s h ip s  o f  th e  C e l l  T ypes.

The s u g g e s te d  r e l a t i o n s h i p s  b e tw een  th e  d i f f e r e n t  b lo o d



c e l l  ty p e s  i n  C iona a r e  s e t  o u t  below  i n  d ia g ra m a tic  fo rm . 

C e ll  ty p e s  J o in e d  by  f u l l  l i n e s  a r e  th o s e  b e tw een  w hich 

s a t i s f a c t o r y  in te r m e d ia te  s t a g e s  have b e e n  fo u n d . B roken 

l i n e s  i n d i c a t e  w eaker e v id e n c e  of r e l a t i o n s h i p .

^ H y a l i n e  le u c o c y te s .

_______L arg e  lymphocytes.*'*
^  i --------------V e s i c u l a r s . ----------------- *. P h a g o c y te s .

S m a ll ly m p h o c y te s . J x

j A c id o p h il  g r a n u lo c y te s .

1 N ep h ro cy tes .i
*

P igm ent c e l l s .



BEPRODPCTIVB ORGANS

^  C iona  th e  r e p r o d u c t iv e  o rg a n s  c o n s i s t  o f  s e p a r a te  

o v a ry  and t e s t i s *  The o v a ry  i s  a s in g l e  com pact o rg an : th e

t e s t i s  i s  d i f f u s e *

O vary . The o v a ry  (P ig*  3 3 , Ov* ) i s  a  c o n sp icu o u s  c l a v a te  o r  

k id n e y -s h a p e d  body ly in g  i n  th e  i n t e s t i n a l  lo o p , t o  th e  l e f t  o f  

th e  stom ach* I t  i s  h e ld  i n  p la c e  by  two s h e e ts  o f  m e se n te ry  

p a s s in g  t o  th e  d o r s a l  body w a l l  and  to  th e  l e f t  s id e  o f  t h e  

stom ach* A n te r io r ly  th e  ovary  i s  t a p e r e d  in to  th e  o v id u c t  

( P ig .  3 3 , Od. ) w hich ru n s  fo rw a rd  to  th e  d o r s a l  s id e  o f  th e  

i n t e s t i n e .

In  s m a ll  im m ature a n im a ls  th e  o vary  h as  th e  fo rm  o f a  s im p le  

s a c .  W ith  in c r e a s in g  m a tu r i ty  t h i s  p r im i t iv e  s i m p l i c i t y  i s  l o s t  

by  th e  p r o l i f e r a t i o n  and c o n seq u e n t f o ld in g  o f th e  o v a ry  w a l l .

The in d e n ta t i o n s  fo rn e d  i n  t h i s  way a re  so deep t h a t  t h e  c a v i ty  

i s  d iv id e d  i n t o  a  number o f  se c o n d a ry  s a c s .  These may be  se e n  

i n  t r a n s v e r s e  s e c t io n s  o f th e  body w hich  p a s s  th ro u g h  th e  ovary  

( P ig .  8 8 ) .  V a sc u la r  c o n n e c tiv e  t i s s u e  su rro u n d s  and  p e n e t r a t e s  

b e tw ee n  t h e s e  d i v e r t i c u l a  o f th e  ara r y .  The o v a r ia n  e p i th e l iu m  

i s  d i v i s i b l e  i n t o  tw o d i s t i n c t  k in d s  -  g e rm in a l e p i th e l iu m  (P ig .  

88 , G er. e .  ) and c i l i a t e d  e p i th e l iu m  ( P ig .  88, O i l .  e . ) .  In  

th e  o v a r ia n  d i v e r t i c u l a  t h e  g e rm in a l e p i th e l iu m  c o n s t i t u t e s  th e  

p e r i p h e r a l  w a l l s ,  and  th e  c i l i a t e d  e p i th e l iu m  i s  c o n fin e d  t o  t h e  

w a l ls  n e a r e s t  t o  th e  c e n t r e  of th e  o v a ry . T h is  c i l i a t e d



e p i th e l iu m  i s  c o n tin u o u s  w ith  t h a t  o f  th e  o v id u c t .  F o ld s  

a r e  d e e p ly  and r i c h l y  d e v e lo p e d  i n  th e  g e rm in a l e p i th e l iu m .

T h is  f a c t  t o g e t h e r  w ith  th e  crow ding  t o g e t h e r  o f  th e  g row ing  

o o c y te s  makes i t  d i f f i c u l t  t o  r e c o g n is e  th e  fu n d a m e n ta l p la n  

o f  th e  o v a ry . I t  i s  n o t  p ro p o se d  t o  g iv e  d e t a i l e d  d e s c r i p 

t i o n s  o f  t h e  changes th ro u g h  w hich th e  d e v e lo p in g  o o c y te s  

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

and p e r i v i t e l l i n e  c e l l s .  No s tu d i e s  w ere made o f  th e s e  p o i n t s .  

F o r th e  s a k e  o f  c o m p le te n e ss  how ever a  f i g u r e  ( F ig .  89. ) h a s  

b e en  in c lu d e d  show ing th e  t y p i c a l  s t r u c t u r e  o f a  f o l d  o f th e  

o v a ry  w a l l ,  le a d in g  from  t h e  c i l i a t e d  e p i th e l iu m  ( F ig .  89 , O i l .  

e .  ) t o  th e  e n la r g e d  o o c y te s  w ith  a d h e rin g  f o l l i c l e  m o th e r c e l l s .

Ih e n  f u l l y  d ev e lo p ed  t h e  eggs drop  i n t o  th e  m ain c a v i ty  o r 

t h a t  of one o f th e  d i v e r t i c u l a  o f  t h e  o v a ry , and th e n c e  p a s s  t o  

th e  o v id u c t .

O v id u c t . The o v id u c t (F ig .  3 3 , Od. ) le a d s  from  th e  a n t e r i o r  

end of t h e  o v a ry  a lo n g  th e  d o r s a l  s id e  o f  th e  i n t e s t i n e  and a t  

f i r s t  a lo n g  th e  d o r s a l  s id e  o f  th e  rec tu m . As i t  p a s s e s  fo rw a rd , 

how ever th e  o v id u c t moves down th e  r i g h t  s id e  o f  t h e  rec tu m  and 

a t  th e  l e v e l  o f  th e  an u s l i e s  v e n t r a l  t o  th e  re c tu m . The 

o v id u c t  en d s  o p p o s i te  to  t h e  b a se  o f  th e  a t r i a l  s ip h o n  a t  a  

p o s i t i o n  from  w hich t h e  eggs c a n  be  c a r r i e d  d i r e c t l y  t o  th e  

e x t e r i o r  th ro u g h  t h e  s ip h o n  ( F ig .  1 3 ) . A f te r  m ee tin g  th e  

i n t e s t i n e  t h e  o v id u c t  i s  accom panied  to  i t s  end by th e  v a s  d e fe re n s  

The te r m in a t io n  and open ing  o f  th e  o v id u c t  w i l l  be  d e s c r ib e d



a f t e r  th e  v a s  d e fe r e n s  h a s  b e e n  d e a l t  w i th .  T h is  i s  done 

b e c a u s e  o f  th e  r e l a t i o n s h i p  be tw een  th e  o p en in g s  o f th e  two 

d u c t s ,  and  th e  m uscle  m echanism  common t o  them .

The w a l l  o f  th e  o v id u c t c o n s i s t s  th ro u g h o u t o f a  s i n g l e  

l a y e r e d  c i l i a t e d  e p i th e l iu m  o f v e ry  u n ifo rm  s t r u c t u r e .

T e s t i s . The t e s t i s  i s  a  d i f f u s e  sy s tem  o f  b ra n c h in g  tu b e s  

s p re a d  ro u n d  th e  i n t e s t i n e  and th e  more p o s t e r i o r  p a r t  o f  th e  

s to m ach . I t  i s  v i s i b l e  i n  d i s s e c t i o n s  o n ly  by  th e  w h ite  

a p p e a ra n c e  t h a t  i t  g iv e s  to  th o s e  p a r t s  o f th e  g u t ,  i n  m atu re  

a n im a ls .  The g e rm in a l e p i th e l iu m  i s  c o n f in e d  t o  th e  sw o lle n  

c lu b -s h a p e d  en d s o f  th e  b ra n c h e s . T hese p o r t io n s  c o n s t i t u t e  

t h e  t e s t i s  f o l l i c l e s  ( F ig .  9 0 ) .  In  a  m atu re  an im al th e  

c a v i ty  o f  th e  f o l l i c l e  i s  f i l l e d  w ith  c e l l s  in  a l l  s t a g e s  o f  

s p e r m a to g e n e s is , th e  sp e rm a to zo a  occupy ing  t h a t  p a r t  o f  th e  

c a v i ty  w hich  le a d s  d i r e c t l y  t o  t h e  v a s  e f f e r e n s .

The t e s t i s  f o l l i c l e  t a p e r s  g r a d u a l ly  i n t o  t h e  n a rro w  v a s  

e f f e r e n s .  The w a ll  o f th e  v a s  e f f e r e n s  c o n s i s t s  u n ifo rm ly  

o f  a  low c i l i a t e d  e p i th e l iu m . The v a sa  e f f e r e n t i a  r e p e a te d ly  

u n i t e  u n t i l  th e y  have fo rn e d  two m a jo r d u c ts ,  one le a d in g  from  

t h e  s to m a c h a l p a r t  o f th e  t e s t i s  n e tw o rk , th e  o th e r  from  th e  

i n t e s t i n a l  p a r t .  By t h e i r  u n io n  th e s e  two d u c ts  g iv e  r i s e  to  

t h e  v a s  d e f e r e n s  w h ich  m ee ts  th e  o v id u c t  and accom panies t h i s  

to  i t s  end . The e p i t h e l i a l  w a l l  o f th e  v a s  d e fe re n s  i s  

s i m i l a r  to  t h a t  o f th e  v a s a  e f f e r e n t i a .



The G e n i ta l  O penings ( F ig .  9 1 . ) .  The r e l a t i o n s  o f th e  

g e n i t a l  d u c ts  i n  t h e i r  t e r m in a l  p a r t s  a r e  a s  f o l l o w s : -  The 

d u c ts  l i e  o v e r  th e  m id -d o r s a l  l i n e  o f  th e  p h a ry n x , and a r e  

accom pan ied  by  th e  d o r s a l  b lo o d  v e s s e l  w hich  i s  on t h e i r  l e f t .  

The v a s  d e fe r e n s  ( F ig .  9 1 , Y. d . ) i s  much n a rro w e r  th a n  t h e  

o v id u c t  and l i e s  v e n t r a l  to  i t  r a t h e r  c lo s e  t o  th e  m edian  

l i n e  a lo n g  w hich  t h e  d o r s a l  v e s s e l  (F ig .  91 , D. v e . ) and  th e  

o v id u c t  (F ig .  91 , Od. ) a re  i n  c o n ta c t .  J u s t  b e fo r e  i t s  end  

th e  v a s  d e fe r e n s  h as  a  c o n s id e r a b le  s w e l l in g ,  th e  s i z e  o f 

w hich  may d epend  to  some e x t e n t  on th e  q u a n t i ty  o f  sp e rm ato zo a  

p r e s e n t .  T h is  s w e ll in g  i s  l e v e l  w ith  t h e  o p en in g  o f  th e  

o v id u c t  ( F ig .  91 , Od. o p . ) ,  t f i ic h  i s  i n  th e  d o r s a l  w a l l  o f 

th e  o v id u c t .  By t h i s  s w e ll in g  i n  th e  v a s  d e fe re n s  th e  o p en in g  

o f  th e  o v id u c t  i s  e f f e c t i v e l y  p lu g g e d , a  f a c t  t h a t  was r e 

c o g n is e d  b y  Houle (1 8 8 4 ) . Beyond th e  s w e l l in g  th e  s l i g h t l y  

n a rro w e r  t e r m in a l  p a r t  o f th e  v a s  d e fe re n s  i s  b ro k e n  up i n t o  

a b o u t a  dozen  f i n e ,  p o in te d  tu b u le s  (F ig . 91,lT«d. t u b . ) .

T hese a r e  a r ra n g e d  i n  a  t r i a n g u l a r  p a t t e r n  w ith  th e  b a s e  v e n t r a l  

and  apex  d o r s a l ,  when v iew ed from  th e  f r o n t .  Each tu b u le  i s  

p i e r c e d  b y  a  v e ry  narrow  te r m in a l  o p en in g . C i r c u la r  m u sc le  

f i b r e s  i n  th e  w a l l  of t h e  o v id u c t  c o n s t i t u t e  a  g e n i t a l  s p h in c te r  

( F ig .  9 1 , Gen. s p h . ) ,  p a r t  o f  w hich  l i e s  on each  s id e  o f th e  

o v id u c t  o p e n in g .

W hile th e  p r e c i s e  p ro c e s s e s  o f spaw ning a re  s t i l l  unknown 

i t  i s  im p o s s ib le  t o  say  w ith  c e r t a i n t y  w hat i s  th e  s ig n i f ic a n c e  

o f  th e s e  a rra n g e m e n ts . I t  w ould a p p e a r ,  how ever, t o  be t h i s .



I t  i s  w e l l  known t h a t  C iona i s  i n  a  h ig h  d e g re e  s e l f - s t e r i l e .  

S e p a r a t io n  o f  th e  d is c h a rg e d  m a le  and  fem a le  g e n i t a l  p ro d u c ts  

o f  e ac h  i n d iv id u a l  w ould i n  t h i s  c a se  he  a d v a n ta g e o u s . When 

th e  v a s  d e f e r e n s  i s  f u l l  o f  sp e rm a to z o a  th e  t e r m in a l  s w e l l in g ,  

a s  a l r e a d y  p o in te d  o u t ,  o c c lu d e s  th e  a p e r tu r e  o f  th e  o v id u c t  

and p r e v e n ts  th e  e sc a p e  o f e g g s . C o n tra c tio n  o f  th e  g e n i t a l  

s p h i n c t e r  w ould do two t h i n g s : -  1 ) f u r t h e r  d e c re a s e  th e  chance 

o f  e g g s  le a v in g  th e  o v id u c t ,  and 2 ) cau se  an  e x t r u s io n  o f  

sp e rm a to z o a  b y  b r in g in g  p r e s s u r e  t o  b e a r  on th e  v a s  d e fe r e n s  

sw ellix ^g . A f te r  p a r t i a l  o r co m p le te  d is c h a rg e  o f  sp e rm ato zo a  

from  t h e  s w e l l in g ,  e g g s  m igh t e sc a p e  from  th e  o v id u c t ,  e s p e c 

i a l l y  i f  th e  g e n i t a l  s p h in c te r  were t o  r e l a x .  T here  a r e  

how ever so  many unknown f a c t o r s  in v o lv e d  i n  spaw ning t h a t  i t  i s  

n o t  p o s s ib l e  t o  say  what i s  th e  p r o b a b i l i t y  o f t h i s  b e in g  i n  

f a c t  th e  p ro c e s s  t h a t  does ta k e  p la c e ,  o r  even  o f  ju d g in g  

w h e th e r  i t  w ould e f f e c t i v e l y  s e p a ra te  t h e  d is c h a rg e d  p r o d u c ts .  

F o r  i n s t a n c e  t h e  f re q u e n c y  and d u r a t io n  o f th e  g e n i t a l  

s p h i n c t e r  c o n t r a c t io n s  c o u ld  e n t i r e l y  d e c id e  th e  n a tu r e  o f  th e  

d i s c h a r g e .  A s in g le  p ro lo n g e d  c o n t r a c t io n  w ould d is c h a rg e  

sp e rm a to zo a  a lo n e .  B apid  s u c c e s s iv e  c o n t r a c t io n s  on th e  o th e r  

hand  w ould  l i b e r a t e  sm a ll q u a n t i t i e s  o f  sperm atozoa  and eggs 

a l t e r n a t e l y  and th e s e  would m ix f r e e l y  i n  t h e  a t r i a l  c a v i t y .



THE METHOD OF FEEDING.

A s c id ia n s  a r e  f i l t e r  f e e d e r s ,  m aking u se  o f c i l i a r y  

c u r r e n t s  and s h e e t s  o f  mucus t o  s e c u r e  t h e i r  fo o d . On 

a c c o u n t o f  i t s  t r a n s p a r e n c y  C iona shows v e ry  c l e a r l y  th e  

m echanism s in v o lv e d  i n  th e  p r o c e s s .

The m ost d e t a i l e d  a c c o u n ts  of th e  fe e d in g  m ethods o f th e  

A s c id ia n s  a r e  c o n ta in e d  i n  th e  p a p e rs  o f  O rton  (1 9 1 3 ) , H echt 

(1916 and  1918) and M a c g in itie  (1 9 3 9 ) . H echt was co n ce rn ed  

w i th  th e  r a t e  o f f i l t r a t i o n  r a t h e r  th a n  w ith  t h e  a c t u a l  

m echan ism s.

The p r o d u c t io n  o f  w a te r  c u r r e n t s ,  t h e  l i b e r a t i o n  and 

t r a n s p o r t  o f mucus and t h e  c o n s o l id a t io n  o f  th e  m ass o f  mucus 

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

b r a n c h i a l  s a c .  A l l  movement, w h e th er o f  w a te r  o r  o f  m ucus, 

i s  in d u c e d  by  c i l i a r y  a c t i v i t y .  The c i l i a  c o n ce rn e d  i n  

f e e d in g  a r e  th o s e :  -

c i l i a  b o rd e r in g  th e  s t ig m a ta , 

c i l i a  o f th e  e n d o s ty le .

c i l i a  o f  th e  p a p i l l a e  and th e  in n e r  l o n g i t u d i n a l  

b a r s .

c i l i a  o f  th e  p e r ip h a ry n g e a l  b an d , and r e t r o p h a r y 

n g e a l  b a n d , 

c i l i a  o f  th e  l a n g u e ts .  

c i l i a  o f  th e  o eso p h ag u s.

M a c g in i t ie  d iv id e d  t h e  c i l i a  i n to  th o s e  p ro d u c in g  th e



w a te r  c u r r e n t s  and th o s e  r e s p o n s ib le  f o r  th e  t r a n s p o r t  o f 

m ucus. Only th e  s t ig m a t ic  c i l i a  a r e  engaged  i n  p ro d u c in g  

a  f lo w  o f  w a te r . A l l  th e  o th e r s  have  a  s p e c i a l i s e d  p a r t  

t o  p la y  in  m oving th e  m ucus. M a c g in i t ie ,  i n  common w ith  

o th e r  w r i t e r s  on th e  s u b j e c t ,  h as  f a i l e d  t o  m en tion  th e  

o e so p h a g e a l c i l i a t i o n  i n  c o n n e c tio n  w ith  th e  f e e d in g  m echanism . 

I t  a p p e a rs  t o  me, f o r  re a s o n s  s e t  o u t below  (v id e  p p . 

t h a t  t h i s  f a c t o r  i s  one o f  im p o rta n c e .

The s t ig m a t ic  c i l i a  b e a t  fro m  th e  p h a ry n g e a l c a v i ty  to w a rd s  

th e  p e r i b r a n c h i a l  c a v i t i e s *  d i s p la c in g  w a te r  i n  t h a t  d i r e c t i o n .  

The w a te r  t h a t  i s  th u s  fo rc e d  o u t th ro u g h  th e  a t r i a l  s ip h o n  i s  

r e p la c e d  by  th e  i n h a le n t  c u r r e n t  e n te r in g  th e  b r a n c h ia l  s a c  v i a  

t h e  o r a l  s ip h o n . The in h a l e n t  c u r r e n t  b e a r s  w ith  i t  th e  fo o d  

p a r t i c l e s  w hich  a re  f i l t e r e d  o u t  a s  th e  w a te r  p a s s e s  th ro u g h  

th e  p h a ry n g e a l  w a l l .  C iona w ould a p p e a r  to  b e ,  p ro b a b ly  w i th in  

c e r t a i n  te m p e ra tu re  l i m i t s ,  a  c o n tin u o u s  f e e d e r  a s  a r e  o th e r  

f i l t e r  f e e d e r s .  However c o n tr o l  can be e x e r c is e d  o v e r th e  

fe e d in g  c u r r e n t  a t  t im e s ,  p a r t i c u l a r l y  on r e c e ip t  o f a d v e rse  

s t i m u l i .  The w a te r  s tre am  can  be m o d ifie d  o r s to p p e d  i n  one 

o f  two w ays. (1 )  The s t ig m a t ic  c i l i a  can  be  s to p p e d , when, 

a s  M a c g in i t ie  o b se rv e d , th e y  l i e  down f l a t  a g a in s t  th e  s id e s  

o f  t h e  s t ig m a ta .  T h is  means o f  s to p p in g  th e  fe e d in g  c u r r e n t  

i s  u n d e r  n e rv o u s  c o n t r o l  and b ro u g h t i n to  a c t io n  b y

m e c h a n ic a l s t im u la t io n  o f  th e  o u te r  s u r f a c e  o f th e  a n im a l.

(2 )  I n  th e  se c o n d  m ethod o f c o n t r o l  t h e r e  i s  a  p a r t i a l  c lo s u r e  

o f  th e  a t r i a l  s ip h o n , w hich r e d u c e s  th e  r a t e  o f w a te r  f lo w ,



w ith o u t  s to p p in g  i t  a l to g e th e r *  T h is  seco n d  c o n t r o l  m echanism  

i s  o f  c o u rse  th e  more d e l i c a t e  o f th e  tw o. As f a r  a s  I  have 

b e e n  a b le  t o  a s c e r t a i n ,  how ever, i t  does n o t  o p e ra te  ov e r lo n g  

p e r io d s  o f t im e . P a r t i a l  c lo s u r e  o f th e  a t r i a l  s ip h o n  i s  o f te n  

se e n  j u s t  b e fo r e  an e j e c t i o n  r e f l e x ,  b u t  i s  a l s o  o b se rv ed  a t  

o th e r  t im e s .

Mucus i s  s e c r e te d  by  th e  g la n d  c e l l s  o f th e  e n d o s ty le ,  and  

p a s s e d  o u t on t o  th e  w a lls  o f  th e  b r a n c h ia l  sa c  by  t h e  a c t i v i t y  

o f  th e  d o r s a l  c i l i a  o f  th e  e n d o s ty le ,  w hich b e a t ,  a s  p o in te d  out 

by  O rto n , a c r o s s  th e  le n g th  o f  t h e  e n d o s ty le .  The lo n g  m edian  

c i l i a  o f  t h e  e n d o s ty le  a re  p resu m ab ly  co n ce rn ed  i n  some way w ith  

th e  d i s t r i b u t i o n  o f  t h e  m ucus, b u t  i t  i s  d i f f i c u l t  t o  d e te rm in e  

w hat p a r t  t h e y  p la y .  Roule (1884) c la im ed  t o  have  se e n  a  f e e b le  

movement i n  th e s e  c i l i a ,  b u t  I  m ust a g re e  w ith  O rton  who f a i l e d  

t o  d e te c t  a n y  a c t i v i t y .  I f  t h e s e  c i l i a  do move i t  a p p e a rs  

p r o b a b le  t h a t  th e y  do so a s  a  membrane and n o t a s  i n d iv i d u a l  

c i l i a ,  f o r  th e y  seem t o  be  so c lo s e ly  m a tted  t h a t  o n ly  a c t i v i t y  

o f t h i s  k in d  w ould b e  p o s s ib l e .  The f u n c t io n  o f  th e  m ed ian  

c i l i a  i s  p e rh a p s  to  m a in ta in  th e  s e p a r a t io n  o f th e  tw o mucus 

s h e e t s ,  one t o  e a c h  s id e  o f  t h e  p h a ry n x .

The movement of th e  mucus s h e e ts  i s  a c r o s s  th e  s id e  w a l ls  o f  

th e  b r a n c h i a l  s a c  from  e n d o s ty le  t o  l a n g u e ts .  T h is movement 

i s  th e  r e s u l t  o f  a c t i v i t y  b y  th e  c i l i a  o f th e  p a p i l l a e  and th e  

in n e r  l o n g i t u d i n a l  b a r s .  T hese c i l i a ,  a s  a lr e a d y  m en tioned  

d u rin g  th e  d e s c r i p t i o n  o f th e  p h a ry n x , b e a t  to w ard s  th e  d o r s a l  

p a r t  o f th e  b r a n c h i a l  s a c . D uring  t h e i r  p a ssa g e  a c ro s s  th e



p h a ry n g e a l  w a l l s  th e  mucus s h e e t s  may r e c e iv e  a d d i t i o n a l  mucus 

s u p p l i e s  from  th e  g la n d s  of th e  l o n g i t u d i n a l  b a r s  (v id e  p .- ^ o .  ) . 

The p ro d u c t io n  o f  mucus b y  th e  e n d o s ty le  i s ,  a c c o rd in g  t o  

M a c g in i t ie ,  u n d e r n e rv o u s  c o n t r o l ,  and c e r t a i n l y  th e  su p p ly  o f  

mucus does a t  t im e s  c e a se . In  a l l  su ch  c a s e s  t h a t  I  have seen  

th e  s to p p in g  o f mucus s e c r e t io n  i s  n o t accom panied  by  i n h i b i t i o n  

o f  th e  c i l i a  on th e  p a p i l l a e  an d  lo n g i tu d in a l  b a r s .  The mucus 

s h e e t  w ith  i t s  e n tra p p e d  fo o d  o rg an ism s i s  k e p t  m oving s t e a d i l y  

up a c r o s s  th e  w a l ls  o f th e  b r a n c h ia l  s a c  by th e  c i l i a  o f  t h e  

p a p i l l a e  and  th e  b a r s ,  w hich  a c t u a l l y  d ig  i n to  th e  mucus s h e e t ,  

a c c o rd in g  t o  M a c g in i t ie .  I t  w ould a p p e a r  t o  be  an  e s s e n t i a l  

f e a t u r e  o f th e  m echanism  t h a t  th e  mucus sh o u ld  be p r e s s e d  

f i r m ly  a g a in s t  t h e  c i l i a  t h a t  a r e  to  move i t .  T h is  c o n d i t io n  

i s  f u l f i l l e d  b y  v i r t u e  o f th e  r e l a t i v e  movements o f  th e  w a te r  and  

t h e  mucus a t  r i g h t  a n g le s  t o  e ac h  o th e r .  The w a te r  i n  p a s s in g  

o u t th ro u g h  th e  s t ig m a ta  p r e s s e s  th e  mucus s h e e t  a g a in s t  th e  

c i l i a  on p a p i l l a e  and lo n g i tu d in a l  b a r s .  The s h e e t  may b e  

se e n  t o  f o l lo w  c lo s e ly  th e  c o n to u rs  o f th e  p a p i l l a e  a s  i t  i s  

m oved. Any p a r t  o f  th e  mucus s h e e t  on re a c h in g  th e  b a se  o f  a  

p a p i l l a  c lim b s  t h i s ,  p a s s e s  up a lo n g  i t s  in n e r  f a c e  and on 

ro u n d in g  t h e  t i p  d ro p s  a g a in  t o  t h e  p la n e  o f th e  s t i g m a t ic  w a l l .  

O r to n , i n  w r i t in g  of l a r g e  m o n asc id ia n s  in  g e n e r a l ,  m a in ta in e d  

t h a t  th e  c i l i a r y  a c t i v i t y  w as a id e d  by  a  w aving o f th e  p a p i l l a e  

w hich  i n  t h i s  way p a s s e d  on th e  mucus s h e e t  from  one row o f  

p e q a illa e  t o  th e  n e x t .  C e r ta in ly  I  have n e v e r  s e e n  a n y th in g  o f 

t h i s  k in d  i n  C io n a . and  th in k  i t  j u s t  p o s s ib le  t h a t  O r to n ’s



149.

o b s e r v a t io n  on th e  w aving m o tio n  o f  th e  p a p i l l a e  a ro s e  from  

th e  c lo s e  a d h e re n c e  o f  th e  mucus s h e e t  t o  th e  o o n to u rs  o f  th e  

p a p i l l a e .  T h is  g iv e s  th e  e f f e c t  o f " s ta n d in g  waves" i n  th e  

m oving s h e e t .  H echt (1 9 1 8 ) , how ever, m en tio n s  a  p ro c e s s  i n  

th e  f e e d in g  o f  A s c id ia  s i m i l a r  t o  t h a t  d e s c r ib e d  by O rton  f o r  

C io n a .

On re a c h in g  th e  d o r s a l  l i n e  th e  mucus s h e e t s  o f  r i g h t  and 

l e f t  s i d e s  b eh av e  d i f f e r e n t l y .  The la n g u e ts  a r e  s ic k le - s h a p e d  

and  c u rv e d  t o  th e  r i g h t .  The mucus s h e e t  o f  th e  r i g h t  s i d e ,  on 

r e a c h in g  th e  m id -d o r s a l  l i n e  moves d i r e c t l y  i n to  th e  p a r t i a l  

c h a n n e l fo rm ed  b y  th e  l a n g u e ts .  The s h e e t  from  th e  l e f t ,  how ever, 

m ust p a s s  down o v er th e  convex  l e f t  and v e n t r a l  s i d e s  o f  th e  

l a n g u e ts  b e fo r e  e n te r in g  th e  c h an n e l and f u s in g  w ith  th e  r i g h t  

s h e e t .  T h is  f i n a l  p a r t  o f  th e  l e f t  s h e e t ’s movement i s  no doubt 

th e  r e s u l t  p a r t l y  o f  th e  p r e s s u r e  by  th e  oncoming mucus d r iv e n  by  

th e  p h a ry n g e a l  c i l i a t i o n ,  b u t  i s  a id e d  by  th e  c i l i a t i o n  o f  th e  

la n g u e ts  th e m s e lv e s . The c i l i a  o f  th e  l a n g u e ts ,  w h ich  a re  p r e s e n t  

o n ly  on t h e  l a t e r a l  m a rg in s , b e a t  to w ard s  th e  t i p  and d r iv e  th e  

l e f t  s h e e t  o v e r t o  m eet th e  r i g h t  one i n  th e  c h a n n e l fo rm ed  b y  th e  

l i n e  o f  l a n g u e t s .  The two s h e e ts  on coming to g e th e r  a re  

com pacted  i n t o  a  k in d  o f  c h a in  o r ro p e . To t h i s  c h a in  a  

r o t a r y  m o tio n  i s  im p a r te d  by  th e  c i l i a  on th e  r i g h t  (co n c av e ) 

s id e  o f  th e  l a n g u e ts .  T h is  r o t a r y  e f f e c t  i s  p ro b a b ly  enhanced  

by  t h e  f a c t  t h a t  th e  r i g h t  s h e e t  i s  somewhat d o r s a l  t o  th e  

l e f t  when th e y  e n t e r  t h e  c h a n n e l.  R o ta t io n  makes a  m ere com

p a c te d  and m anageab le  m ucus-food  c h a in .  T h is ,  and n o t  th e



b ack w ard s t r a n s p o r t  of th e  c h a in , a p p e a rs  to  me to  be  th e  

f u n c t io n  o f  th e  la n g u e t  c i l i a t i o n .  I t  i s  h a rd  t o  s e e  how 

t h i s  c i l i a t i o n ,  d i r e c te d  a s  i t  i s ,  c o u ld  d r iv e  th e  c h a in  

to w a rd s  th e  o e so p h ag u s , b u t t h i s  i s  a  common s ta te m e n t .

The backw ard  movement of th e  m ueus-food  c h a in  t o  t h e  

o e so p h a g e a l mouth i s  in d u ce d  b y  th e  p u l l  o f th e  o e so p h a g e a l 

c i l i a t i o n .  T h is  c o n c lu s io n  h as  b e e n  re a c h e d  on th e  s t r e n g th  

o f  t h r e e  o b se rv e d  f a c t s ;  -

1 ) As i n d ic a t e d  above th e  la n g u e t  c i l i a t i o n  i s  in c a p a b le  

o f  c a u s in g  th e  movement i n  q u e s t io n .

2 ) The c h a in  i s  s t r a i g h t  and a p p a r e n t ly  t a u t ,  a s  i f  u n d e r  

t e n s i o n ,  and  p a s s e s  s t r a i g h t  in to  th e  oesophagus.

3 ) Som etim es th e  ch a in  i n  l i f e  becom es d is lo d g e d  from  th e  

l a n g u e t  c h a n n e l, b u t  e v en  th e n  i t  moves i n t o  th e  o eso p h ag u s .

Two s t r u c t u r e s ,  t h e  p e r ip h a ry n g e a l  and r e t ro p h a ry n g e a l  

b a n d s , c o n c e rn e d  i n  th e  fe e d in g  p ro c e s s e s  rem ain  to  be co n 

s id e r e d  b r i e f l y .  The p e r ip h a ry n g e a l  band  has b een  supposed  

by  d i f f e r e n t  w r i t e r s  to  ta k e  v a r io u s  p a r t s  in  f e e d in g .  In  

O r to n ’s  o p in io n  i t  s e r v e s  to  c a tc h  and t r a n s p o r t  d o r s a l l y  

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

a n t e r i o r  end o f  th e  p h a ry n x . I t  may b e , how ever ,t h a t . a s  

M a c g in i t ie  t h o u g h t ,  i t  h o ld s  and moves d o r s a l ly  th e  a n t e r i o r  

b o r d e r  o f  th e  mucus s h e e t s .  In  t h i s  c o n n e c tio n  i t  may be  

p o in te d  o u t  t h a t  th e  a rc h e d  a n t e r i o r  l i p  co u ld  se rv e  a  u s e f u l  

p u rp o se  i n  s h i e ld in g  t h e  a n t e r i o r  edge o f th e  mucus s h e e t  

from  th e  i n h a l e n t  w a te r  s tre a m , w h ile  th e  p o s t e r io r  c i l i a t e d



l i p  moves i t .  The r e t r o p h a r y n g e a l  hand  may c a r r y  o u t a  

somewhat s i m i l a r  f u n c t io n  I n  m oving th e  p o s t e r i o r  end o f 

th e  mucus sh e e t*

I t  h a s  b e e n  s u g g e s te d  by  M a c g in i tie  t h a t  a  c e r t a i n  

am ount o f  s e l e c t i o n  i s  p o s s ib le  i n  th e  m a t te r  o f p a r t i c l e s  

t a k e n  i n t o  t h e  oesophagus* A power o f  r e j e c t i o n  from  t h e  

fo o d  c h a in ,  he  t h i n k s ,  may r e s id e  i n  th e  c i l i a  b o rd e r in g  

t h e  d o r s a l  l i n e .  Which c i l i a  th e s e  c o u ld  be i n  th e  c a s e  

o f  C iona i t  i s  h a rd  t o  s a y . Any such  p ro c e s s  w ould how ever 

be  d i f f i c u l t  t o  v e r i f y  i n  a n  i n t a c t  a n im a l.



RATE OF WATER FILTRATION.

The r a t e  o f  w a te r  p a ssa g e  th ro u g h  t h e  body o f a  f i l t e r  

f e e d in g  a n im a l h a s  b e e n  m easured  i n  a  num ber o f  d i f f e r e n t  

ways and i n  s e v e r a l  u n r e la te d  fo rm s . Most o f  t h e  e s t im a te s  

have  b e e n  made f o r  L a m e llib ra n c h  M o llu sc s , and th e  o n ly  

re o o rd e d  m easurem ent i n  th e  case  o f  a n  A s c id ia n  i s  t h a t  o f 

H ech t (1 9 1 6 ) f o r  A s o id ia  a t r a . He o b ta in e d  a  r a t e  o f  173 

l i t r e s  o f  w a te r  p e r  day  (24  h o u r s ) .  T h is  seems a  rem a rk ab ly  

h ig h  r a t e  and i t  was th o u g h t w o rth  w h ile  a t te m p tin g  t o  

e s t im a te  th e  r a t e  f o r  C iona .

T here  a r e  s e v e r a l  d i f f i c u l t i e s  i n  th e  way o f  s e c u r in g  

even  a  f i r s t  a p p ro x im a tio n , w hich was th e  aim  i n  th e  c a s e  o f  

C io n a . H echt deduced  th e  r a t e  o f  f i l t r a t i o n  from  th e  speed  

a t  w h ich  p a r t i c l e s  were d r iv e n  a lo n g  a g l a s s  tu b e  i n s e r t e d  

i n to  t h e  o r a l  s ip h o n . W ith C io n a . how ever, th e  s e n s i t i v i t y  

and c o n t r a c t i l i t y  o f  th e  s ip h o n s  i s  so g r e a t  t h a t  i t  i s  n o t  

p o s s ib l e  t o  a d o p t t h i s  m ethod. One p o s s ib le  way i n  w hich  

t h i s  d i f f i c u l t y  can b e  overcom e i s  to  a n a e s t h e t i s e  th e  a n im a l, 

i n s e r t  th e  g l a s s  tu b e ,  and m easure th e  speed  o f p a r t i c l e s  

a f t e r  th e  an im al has re c o v e re d . In  many c a s e s ,  how ever, 

v i o l e n t  body c o n t r a c t io n s  make t h i s  p ro c e d u re  im p o s s ib le .  In  

th o s e  c a s e s  w here t im in g s  w ere o b ta in e d  i t  was f e l t  t h a t  t h e r e  

was l i t t l e  a s s u ra n c e  t h a t  th e  a n im a l was i n  f a c t  p ro d u c in g  a

n o rm a l f e e d in g  c u r r e n t .

Of th e  re m a in in g  m ethods w hich have b een  u sed  i n  o th e r



153.

a n im a ls  one a p p e a re d  t o  o f f e r  b e t t e r  p r o s p e c ts  o f  s u c c e s s  

th a n  any  o f  t h e  o t h e r s .  T h is  in v o lv e s  th e  m easurem ent o f  

th e  r a t e  a t  w hich  an a n im a l c l e a r s  a  p a r t i c u l a t e  su s p e n s io n

o f  a  n o n - to x ic  s u b s ta n c e  i n  i t s  f e e d in g  w a te r .  H ere a g a in

how ever t h e  d i f f i c u l t i e s  w ere g r e a t .  T h is  m ethod demands 

th e  c o n s ta n t  s t i r r i n g  o f  th e  w a te r ,  and  u n le s s  t h i s  i s  so  

g e n t l e  a s  t o  be  s c a r c e l y  e f f e c t i v e  i n  m a in ta in in g  th e  s u s 

p e n s io n ,  th e  a n im a ls  a r e  d i s tu r b e d  and  f r e q u e n t ly  s to p  th e  

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

c u l t y  o f  d e te rm in in g  w hether a  c u r r e n t  i s  s t i l l  b e in g  p a s s e d ,  

o v e r  th e  lo n g  p e r io d  o f  tim e  demanded by  th e  e x p e r im e n t.

The m ere f a c t  t h a t  th e  s ip h o n s  a r e  open , a s  h a s  b e en  m en tio n ed  

above ( v id e  p . j ^ l . )  i s  no p ro o f  t h a t  w a te r  i s  b e in g  moved.

T h e re  i s  a l s o  th e  p o s s i b i l i t y  t h a t  w a te r  i s  p a s s in g  th ro u g h  

th e  a n im a l w ith o u t  b e in g  f i l t e r e d ,  a s  th e  mucus may b e  c u t  o f f ,  

a n  o c c u r re n c e  w hich  w ould g iv e  f a l s e  r e s u l t s .

I t  was f i n a l l y  d e c id e d  t h a t  a  m o d if ic a t io n  o f  th e  p a r t i c l e -  

r a t e  m ethod w ould have  t o  be a d o p te d . The i n s e r t i o n  o f  g l a s s  

t u b e s  and  th e  u s e  o f  a n a e s t h e t i c s  b e in g  r u le d  o u t ,  th e  p o s s i 

b i l i t y  rem a in e d  o f  m aking d i r e c t  m easurem ents o f p a r t i c l e  move

m en ts down th e  o r a l  s ip h o n  i t s e l f  a s  t h i s  i s  u s u a l ly  s u f f i c i e n t l y  

t r a n s p a r e n t  f o r  o b s e rv a t io n s  o f  such  a  k in d .  H ere o f  c o u rs e  t h e  

m ain  s o u rc e  o f  e r r o r  fo l lo w s  from  th e  s h o r tn e s s  o f  th e  s ip h o n , and  

th e  c o n se q u e n t b r i e f  tim e  ta k e n  b y  a  p a r t i c l e  t o  t r a n s v e r s e  i t .  I t

was a t  f i r s t  th o u g h t t h a t  t h i s  m igh t be overcome to  a  l a r g e  e x te n t



by in d u c in g  th e  g ro w th  o f  long  s ip h o n s  a c c o rd in g  t o  t h e  

c u l t u r e  m ethods o f Fox (1 9 2 4 ) . A f te r  26 days in  a  t h i c k  

s u s p e n s io n  o f  l i v i n g  Chlamydomonas, how ever, a n im a ls  o f  3 

t o  5 cms. l e n g th  c o m p le te ly  f a i l e d  t o  a l t e r  t h e i r  s ip h o n  

p r o p o r t io n s  i n  t h e  way hoped f o r ,  a lth o u g h  a t  t h e  end o f  

t h i s  tim e  th e y  w ere s t i l l  a p p a r e n t ly  h e a l th y .  The o n ly  

p r e c a u t io n  t h a t  c o u ld  now b e  ta k e n  t o  re d u c e  th e  e r r o r  due 

t o  s h o r t  p a th s  t o  be  tim e d  was t o  s e l e c t  specim ens w i th  a s  

lo n g  s ip h o n s  a s  p o s s ib l e .  Even h e re  a x i a l  p a r t i c l e s  had  a  

t r a n s i t  t im e  o f  be tw een  0 .6  and 1 .2  seco n d s a s  a  r u l e .  As 

t im in g s  c o u ld  o n ly  be made to  0 .1  seco n d , a  p o s s ib l e  e r r o r  o f  

th e  o r d e r  o f  12$ was in tro d u c e d .  N e v e r th e le s s  i t  was f e l t  

t h a t  i f  a c c u r a te  m easurem ents c o u ld  be  made o f th e  volum e o f  

th e  s ip h o n  c o rre sp o n d in g  to  th e  tim ed  p a th ,  t h i s  m ethod w ould  

s t i l l  b e  s u f f i c i e n t l y  good f o r  th e  p u rp o se  -  t o  e s t im a te  th e  

o r d e r  o f m ag n itu d e  o f f i l t r a t i o n .  The p ro c e d u re  a d o p te d  i n  

m easu rin g  th e  s ip h o n  volume was t h i s .  A f te r  th e  t im in g s  had  

b e e n  co m p le ted  th e  an im al w as n a r c o t i s e d  i n  m en tho l f o r  f o u r  

h o u rs  and  t r a n s f e r r e d  d i r e c t l y  to  B ou in . In  t h i s  way t h e  

sp ec im en  was k i l l e d  and f ix e d  i n  a  p e r f e c t l y  r e la x e d  s t a t e .  

The s ip h o n  c o u ld  now be rem oved, d e h y d ra te d  and embedded i n  

E s t e r  wax. T h is  wax i s  s u f f i c i e n t l y  t r a n s p a r e n t  to  a l lo w  

o f  a c c u r a te  trim m in g  and p a r in g  of th e  b lo c k .  I t  was a 

r e l a t i v e l y  s im p le  m a t te r  t o  rem ove a l l  th e  wax e x te r n a l  t o  

th e  s ip h o n  and th e n  s c r a p e  aw ay th e  t i s s u e ,  w hich had b een



s t a in e d  b la c k  b e fo re  em bedd ing , le a v in g  an  a c c u ra te  i n t e r n a l  

c a s t  o f  th e  s ip h o n . T h is  c a s t  was w eighed  and th e  volume 

c a l c u l a t e d  from  th e  s p e c i f i c  g r a v i t y  o f  th e  wax. Only 

a x i a l  p a r t i c l e s  w ere  tim e d  and th e  mean v e l o c i t y  f o r  th e  

c r o s s  s e c t io n  ta k e n  a s  h a l f  th e  a x i a l  v e l o c i t y .  T h is  

r e l a t i o n s h i p  was u se d  b y  H echt (1916) and G a l t s o f f  (1928 ) 

i n  t h e i r  e x p e r im e n ts .  I t s  a c c u ra c y  w as, how ever, checked  

b y  m ea su rin g  th e  a x i a l  v e lo c i t y  o f p a r t i c l e s  i n  a  tu b e  d i s 

c h a rg in g  a t  a  known r a t e  from  a  b u r e t t e .  A r e a s o n a b ly  c lo s e  

c o rre sp o n d e n c e  was fo und  betw een  t h i s  known r a t e  and  th e  r a t e  

c a l c u l a t e d  fro m  th e  a x i a l  v e l o c i t y .  They a g re e d  t o  w i th in  

6$  o v e r  a  w ide ra n g e  o f  v a lu e s .  T im ings w ere made from  th e  

t i p  o f  th e  o r a l  s ip h o n  t o  t h e  t e n t a c l e  r i n g ,  w hich c o u ld  b e  

c l e a r l y  s e e n .

The r e s u l t s  f o r  f i v e  a n im a ls  a r e  g iv e n  b e lo w :-
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L en g th  
o f  a n im a l 
( cms. )•

Temp* deg 
C.

» Mean a x i a l  
t r a n s i t  t im e . 

( s e c s .  )

Mass 
o f  

c a s t ,  
( g m s .)

V ol.
Of 

c a s t ,  
( m l . )

H ate o f
w a te r
f lo w .
( l i t r e s  
p e r  24 h o u rs

9 .5 17 0 .7
(20 r e a d in g s )

0 .1 0 1 0 .1 0 3 6

8 17 1*4
(16 r e a d in g s )

0 .1 3 2 0 .135 4 .1

18 1 8 .5 0 .6
(13 r e a d in g s )

0 .046 0 .047 3 .4

7 1 8 .5 0 .9
(9 r e a d i ig s )

0 .1 0 0 0 .1 0 2 rf* • 00

4 .5 1 8 .5 0 .7
(10  r e a d i i g s )

0 .045 0 .046 3 .3

I t  i s  s e e n  t h a t  a c c o rd in g  t o  th e s e  m easurem ents th e  r a t e  

o f w a te r  f lo w  i n  a  w e ll  grow n an im al a p p e a rs  t o  he o f  th e  

o r d e r  o f  t h r e e  t o  s i x  l i t r e s  p e r  d ay . No a tte m p t h a s  "been made 

t o  c o r r e l a t e  t h e s e  r a t e s  w ith  th e  s iz e  of t h e  a n im a ls .  H echt 

was a b le  t o  do t h i s ,  how ever, i n  t h e  c a se  o f A s c id ia  a t r a . w ith  

h i s  more a c c u r a te  m ethods o f  m easurem ent and found  t h a t  th e  

r a t e  in c r e a s e d  lo g a r i th m ic a l ly  w ith  body w e ig h t.  The c o n c lu s 

io n  seem s t o  be j u s t i f i e d  t h a t  C iona i n t e s t i n a l i s  h a s  a  con

s i d e r a b l y  lo w er r a t e  o f  f i l t r a t i o n  th a n  A s c id ia  a t r a .



APEBHDK.

T a b le  1 . L eng th  and  w id th  o f  sp ec im en s on w hich T e x t - f i g s .

1 and  2 a r e  based*

L en g th  W idth , a t  l e v e l
(o m s .) o f  a n u s . ( o m s .)

0.13 0.08
0.24 0.12
0.35 0.17
0.35 0.18
0.50 0.28
0.62 0.32
0.80 0.30
0.85 0.35
0.85 0.40
1.10 0.40
1.05 0.40
1.20 0.45
1.35 0.40
1.40 0.45
1.40 0.60
1.55 0.47
1.60 0.50
1.65 0.60
1.70 0.50
1.70 0.45
r.75 0.50
1.90 0.50
2.00 0.55
2.10 0.65
2.30 0.70
2.30 0.80
2.50 0.65
2.60 0.70
2.90 0.60
3.20 0.65
3.20 0.85
3.50 0.80
3.70 0.90
3.70 0.90
3.70 1.00
4.00 0.85
4.30 1.05
4.30 1.10

L eng th  W id th , a t  l e v e l
( c m s .) o f  a n u s .  (c m s .)

4 .4 0  0 .9 0
4 .5 0  0 .9 0
4 .7 0  1 .0 5
5 .0 0  0 .9 0
5 .0 0  1 .4 0
5 .1 0  1 .0 0
5 .3 0  0 .9 0
5 .3 0  1 .1 0
5 .5 0  1 .0 5
5 .5 0  1 .1 5
5 .7 0  1 .1 0
7 .0 0  1 .3 0
7 .3 0  1 .5 0
7 .5 0  1 .2 0



T able 2. Body le n g th  and number o f te n ta c le s  of specimens

on which Text-fig. 5 is  based.

Body length 
(cms.)

0 .2 5
0.35
0.40
0.50
0.50
0.70
0.80
0.85
0.85
0.85
1.0
1.05
1.05
1.10
1.15
1.40
1.40
1.40
1.50
1.55
1.55
1.75
1.80
1.90
2 .0
2.3
2.3
3.00
3.20
3.20
3.30
3.40
3.40
4.0
4.0
4.3
4.4
4.5 
4.8

Ho. of 
tentacles.

14
20
24
27 
40 
32
28 
28 
29 
24 
24 
34 
40 
44 
40 
27
32
43
33 
32 
46 
32 
23
44 
46
55
58 
54
54 
60
56 
56 
40 
42
55 
60
59 
50 
48

Body length 
(oms.)
5.0
5.0
5.1
5.3
5.5
5.5
5.5
5.5
5.5 
5.7
6.5
7.2
7.5
7.5
8.5

Ho. of 
tentacles.

48
52 
70 
45
47
53 
60 
66 
67
55 
27 
42 
40
56
48



Table 3# Body length and branchial sac length of specimens 
on which Text-fig. 3 is  based.

Body length 
( om sj.

0.13
0.25
0.35
0.40
0.50
0.65
0.70
0.85
0.85
1.00
1.05
1.05 
1.10
1.20
1.40
1.40
1.55
1.55
1.75
1.75
1.90 
2 .0 0  
2 .0 0  
2 .0 0  
2 .1 0  
2 .1 0
2.30
3.00
3.00
3.20
3.20
3.70
3.70
4 .0 0
4.30
4.40
4.50

Branchial sac 
length, (oms.)

0.10 
0.12  
0.20
0.30
0.30
0.45
0.50
0.60
0.60
0.60
0.70
0.70
0.75
0.80
1.00 
1.00
1.05
1.151.20
1.251.20
1.30
1.40
1.50
1.50 
1.80
1.50
1.90
2 .2 0  
2 .1 0
5.60
2.60
2.80
2.90
3.40
3.30
3.50

Body length 
(cms.)
4.70
5.00
5.10
5.30
5.30
5.50
5.50
5.50
5.50
5.70
7.50
8.50

Branchial sac 
length. (cms.)

3.20
3.50
3.90
3.70
4.20
4.00
4.20
4.30
4.50
3.90
5.70 
<H80



ADPMDDM,

S in c e  t h e  c o m p le tio n  o f  t h i s  t h e s i s  t h e  v e ry  im p o r ta n t  

p a p e r  o f  P e re s  (1 9 4 3 )*  h a s  b e en  r e a d .  Owing t o  w ar c o n d i t io n s  

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

summary o f  h i s  m ost im p o r ta n t  d i s c o v e r i e s  on Ciona i s  g iv e n  

b e lo w # w ith  some n o te s  r e l a t i n g  P e r e s fs  work w ith  th e  f i n d in g s  

s e t  o u t  i n  t h e  fo re g o in g  t h e s i s .  These p o in ts  a r e  c o n ce rn e d  

m a in ly  w ith  (1 )  b lo o d  h i s to lo g y  and t h e  o r i g in  o f  b lo o d  c e l l s .

(2 )  th e  h i s to lo g y  and a c t i v i t i e s  o f  th e  n e u r a l  g la n d .

B lo o d  h i s t o l o g y .

P e re s  h a s  d e s c r ib e d  a  number o f  c e l l  ty p e s  i n  th e  b lo o d  o f 

C io n a . The fo l lo w in g  t a b l e  s u g g e s ts  th e  i d e n t i t y  o f  P e r e s ’s 

ty p e s  w ith  th o s e  d e s c r ib e d  i n  t h i s  t h e s i s .

P e re s * s  n o m e n c la tu re . n o m en c la tu re  u se d  i n  t h i s  
t h e s i s .

H aem oblast 
lym phocy te  
H y a lin e  am oebocyte 
G ra n u la r  am oebocyte 
Uni v a c u o la r  p h a g o cy te  
C e l l  w i th  a c id o p h i l  
s p h e r u le
O range p igm en t c e l l  
C e l l  w i th  r e f r i n g e n t  
g r a n u le s
L arge  r e t i c u l a t e d  c e l l  
w i th  a c h ro m a tic  n u c le u s

L arge lym phocyte 
S m all lym phocyte 
H y a lin e  leu c o cy te  
A c id o p h il  g ra n u lo c y te  
P hagocy te  
V e s ic u la r

Orange p igm ent c e l l  
H ephrocy te?

(n o t i d e n t i f i e d )

x  P e r e s ,  J . - i l .  (1 9 4 3 ) . nR eeh e rch es  s u r  l e  Sang e t  l e s  O rganes 

n e u rv a u x  d e s  T u n i c i e r s .w Ann. I n s t .  Q ceanogr. 2 1 , 229-359•



Iy m p h o g e n e s is . P e re s  d e s c r ib e d  a  p r im i t iv e  ty p e  o f  c e l l ,  

th e  h a e m o b la s t ,  from  w hich  a r e  d e r iv e d  b o th  th e  c o n n e c tiv e  t i s s u e  

c e l l s  and  a l l  t h e  c e l l s  o f  th e  b lo o d . The h a e m o b la s t i s  

c h a r a c t e r i s e d  b y  i t s  b a s o p h i l  c y to p lasm  and la r g e  s p h e r i c a l  

n u c le u s  w i th  c o n sp ic u o u s  n u c le o lu s .  T h is  c e l l  ty p e  o b v io u s ly  

i s  i d e n t i c a l  w ith  my " l a r g e  ly m p h o cy te" . The h a e m o b la s t d iv id e s  

m i t o t i c a l l y  t o  fo rm  lym phocy tes ( my " sm a ll  ly m p h o c y te s" ) . 

A lth o u g h  he fo u n d  h a e m o b la s ts  i n  a l l  p a r t s  o f th e  c o n n e c tiv e  

t i s s u e ,  P e r e s  n o te d  t h a t  th e y  a r e  e s p e c i a l l y  ab u n d an t ro und  t h e  

g u t .  The c o n n e c tiv e  t i s s u e  su rro u n d in g  th e  g u t  m ust t h e r e f o r e  

b e  re g a rd e d  a s  th e  m ost im p o r ta n t  s i t e  o f ly m p h o g e n es is . T hese 

c o n c lu s io n s  a g re e  w e l l  w i th  t h e  v iew s s t a t e d  i n  t h i s  t h e s i s .

H is to lo g y  o f  t h e  f fe u ra l  G land.

I  g iv e  a  condensed  t r a n s l a t i o n  o f  P e r e s ^  f o u r  c o n c lu s io n s ,  

w h ich  he  a r r i v e d  a t  a f t e r  d e t a i l e d  h i s t o l o g i c a l  s t u d i e s : -

(1 )  The n e u r a l  g la n d  i s  th e  s i t e  o f  in te n s e  p r o l i f e r a t i o n ,  

i n  w hioh  n u c le a r  d i v i s io n s  a r e  p e rh a p s  m i t o t i c  b u t  more p ro b a b ly  

a m i t o t i c .

( 2 )  T h is  p r o l i f e r a t i o n  fo l lo w s  a  rh y th m ic  c y c le .  In  th e  

c y c le  t h e  g la n d  i s  a t  f i r s t  em pty . The e p i th e l iu m , a l r e a d y  

somewhat v a c u o la te d ,  th e n  p r o l i f e r a t e s ,  p r o g r e s s iv e ly  f i l l i n g  th e  

lum en w i th  c e l l s  w hich  a r e  a t  f i r s t  s t e l l a t e  b u t  l a t e r  d ev e lo p

a  v a c u o le .  O th e r v a c u o la te d  c e l l s  (b lo o d  c e l l s )  p e n e t r a te  th e  

g la n d  fro m  th e  su rro u n d in g  b lo o d  s p a c e s , and  th e  g la n d  now 

becom es t u r g e s e e n t .  Dj? t o  t h i s  p o in t  t h e r e  h a s  h een  p r a c t i c a l l y



no e l im in a t io n  d£ c e l l s ,  b u t  i n  th e  n e x t  p h a se  th e  f r e e  c e l l s  

w i th in  t h e  g la n d  escape  th ro u g h  th e  o i l i a t e d  f u n n e l ,  th u s  

r e t u r n i n g  th e  g la n d  t o  i t s  i n i t i a l  em pty c o n d i t io n .

(3 )  P h a g o c y tic  a c t i v i t y  i s  p a r t i c u l a r l y  im p o r ta n t  i n  

th e  n e u r a l  g la n d .

(4 )  The n e u ra l  g la n d  oan s e rv e  t o  e l im in a te  v a r io u s  k in d s  

o f  b lo o d  c e l l s .

I t  i s  u n n e c e ssa ry  to  em phasise  th e  s i m i l a r i t y  be tw een  

P e r e s ’s  m ain  c o n c lu s io n s  and th o s e  s t a t e d  i n  t h i s  t h e s i s .

P e r e s  h a s  gone f u r t h e r ,  how ever, and e s ta b l i s h e d  th e  e x is te n c e  

o f  c y c l i c  a c t i v i t y  i n  th e  n e u r a l  g la n d . T here i s  a  d i f f e r e n c e  

o f  o p in io n  on th e  v a c u o l i s a t io n  o f c e l l s  w i th in  th e  g la n d .

I  h ave  r e g a rd e d  a l l  v a c u o la te d  c e l l s  i n  th e  g la n d  a s  b lo o d  

c e l l s  (p h a g o c y te s ) ,  w h ile  P& res c o n s id e re d  t h a t  i n  a d d i t i o n  

t o  im m ig ran t p h a g o c y te s  t h e r e  a re  a ls o  v a c u o la te d  c e l l s  w hich 

a r e  d e r iv e d  from  th e  s t e l l a t e  c e l l s  o f th e  n e u ra l  g la n d  i t s e l f .

A sy m m etrica l G land.

P e r^ s  d e s c r ib e d  f o r  th e  f i r s t  t im e  t h i s  sm a ll  g la n d  w hich  

l i e s  t o  th e  r i g h t  o f th e  g a n g lio n  and n e u ra l  g la n d ,  and  w hich 

i s  p r e s e n t  i n  a d u l t s  o n ly  d u rin g  th e  w in te r  m onths. T h is  

g la n d  was n o t  i d e n t i f i e d  i n  my s t u d i e s ,  and may have e sc a p e d  

n o t i c e  b e c a u se  of i t s  t r a n s i t o r y  a p p e a ra n c e .

F u n c t io n  o f th e  N e u ra l G land .

Per& s c a r r i e d  o u t  im p o r ta n t  p h y s io lo g ic a l  ex p e rim en ts



"bearing  on th e  p o s s ib le  e n d o c r in a l  f u n c t io n  o f  th e  n e u ra l  

g la n d ,  an d  on a s p e c ts  o f th e  m echanism  c o n t r o l l i n g  spawning# 

He c o n c lu d e d  t h a t : -

(1 )  The c y c l ic  a c t i v i t y  o f  th e  n e u r a l  g la n d  i s  p ro b a b ly  

c o r r e l a t e d  w ith  th e  i n i t i a l  spaw ning a c t .

( 2 )  The o o e l l i  a re  n o t  c o n ce rn ed  i n  i n i t i a t i n g  spaw ning .

(3 )  Removal o f  th e  g a n g lio n  and n e u ra l  g la n d  from  

a n im a ls  r e a d y  to  spawn h a s  no e f f e c t  on spaw ning .

(4 )  The o v id u c t i s  n o t  s e n s i t i v e  to  mammalian o x y to c in .

(5 )  T here  i s  no e v id e n c e  t h a t  th e  c i l i a t e d  fu n n e l  i s  

s e n s i t i v e  t o  th e  p re s e n c e  o f  sex  p ro d u c ts  i n  th e  w a te r .

(6 )  A lthough  a s u b s ta n c e  s i m i l a r  in  a c t io n  to  o x y to c in  

i s  p r e s e n t  i n  th e  n e u r a l  g la n d ,  i t  i s  e q u a l ly  p r e s e n t  i n  

o th e r  body  t i s s u e s  o f C iona.

T hese  c o n c lu s io n s  a r e  a n ta g o n is t i c  t o  th e  th e o ry  o f  

Huus ( i n  K ftk e n th a l) who su g g e s te d  t h a t  th e  n e u r a l  g la n d  

p ro d u c e s  a  hormone in d u c in g  spaw ning, and t h a t  th e  c i l i a t e d  

f u n n e l  i s  s e n s i t i v e  to  s u b s ta n c e s  l i b e r a t e d  by  th e  se x  

p r o d u c ts  o f  o th e r  i n d iv id u a l s .

In  c o n c lu s io n , R er^s  was u n w il l in g  t o  su g g e s t a  p r e s e n t  

f u n c t io n  f o r  th e  n e u r a l  g la n d  b u t  re g a rd e d  i t  a s  r e p r e s e n t in g  

a  p h a g o c y t ic  o rg an  o f  a n c e s t r a l  T u n ic a te s ,  an o rgan  w hich h a s  

p ro b a b ly  now l a r g e l y  l o s t  t h a t  f u n c t io n  e x cep t in  th e  lov^er 

members o f  th e  g ro u p .
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PLATE I .

F ig .

F ig .

F ig .

A t.
Ga.
Lon.
Do.
O r.
P o s .
•Vi.

1 . C iona i n t e s t i n a l i s  s e e n  from  th e  l e f t  s i d e .  (N a tu ra l  

s i z e ) .

2 . C iona i n t e s t i n a l i s  se e n  from  th e  r i g h t  s id e  show ing 

th e  body form  o f an  in d iv id u a l  a t ta c h e d  to  a  v e r t i c a l  

su b s tra tu m , and l i v i n g  u n d e r v e r t i c a l  i l l u m in a t io n .

3 . Ciona i n t e s t i n a l i s  se e n  f rom th e  l e f t  s id e  show ing 

th e  body form o f an  i n d iv id u a l  a t t a c h e d  to  a h o r i 

z o n ta l  su b s tra tu m , and l i v i n g  u n d e r v e r t i c a l  i l l u m in 

a t i o n .

L e t te r in g .

s .  s A t r i a l  s ip h o n .
=■ G ang lion , 

mu. = L o n g itu d in a l  m u sc le s .
-  O c e llu s , 

s .  = O ra l s ip h o n , 
p h . *  P o s t e r i o r  end of th e  p h a ry n x . 

= A ttachm en t v i l l i .



PLATE 1.

Ga.
Or. s.

At. 8,

Lon. mu.

■•j K s i j iS

Fig. 8.
Fig. 2.



PLATE I I .

P ig . 4 .

P ig .  5 .

P ig .  6 .

P ig .  7.

P ig .  8.

P ig .  9 .

A t. 6 . 
B l .  l c .  
B. w.
C i r .  mu 
Cn. t i .  
On. t i • 
I p .
In g .  b .  
Lon. mu. 
0 . c .
Oc. c .
T.
Y. c .

T ra n sv e rse  s e c t io n  th ro u g h  th e  t e s t  and  body w a ll  

i n  th e  p h a ry n g e a l r e g io n .

C e lls  from  th e  t e s t : -  ( a )  u n s p e c ia l i s e d  am oeboid c e l l .

( b ) v e s i c u l a r  c e l l .

( c )  p h a g o c y tic  c e l l ,  w ith  

in g e s te d  b o d ie s .

S u rfa c e  view  o f th e  e p id e rm a l c e l l s  o f one o f  t h e  

s ip h o n s , show ing c e l l s  o f th e  g ro w th  zones ( C l ) ,  and 

c e l l s  o f  th e  ty p e  fo u n d  over m ost o f th e  body  (C2) .  

V a r ie t ie s  o f  e p id e rm a l c e l l s  se e n  in  t r a n s v e r s e  

s e c t i o n : -  ( a )  c e l l s  o f th e  s ip h o n a l  g ro w th  z o n e s .

(b )  c e l l s  of th e  e p id e rm is  on th e  t e s t

v e s s e l s ,  showing th e  c y to p la s m ic  p ro c e s s e s  

w hich p e n e t r a t e  t h e  t e s t .

L o n g itu d in a l s e c t i o n  th ro u g h  th e  w a l l  o f t h e  t e r m in a l  

p a r t  o f  a  s ip h o n , showing th e  s t r u c tu r e  o f  an  o c e l lu s .  

T ra n sv e rse  s e c t io n  th ro u g h  th e  body w a l l .

L e t te r in g .

* A t r i a l  e p ith e l iu m .
*• B lood la c u n a .
-  Body w a l l .
- C i r c u la r  m u se le .
s C onnectiv  e t i  s s u e  • 

c.= C o n n ectiv e  t i s s u e  c e l l .
-  E p id e rm is .
c in g e s te d  body . 
- L o n g i tu d in a l  m u sc le .
» O ra n g e -re d  p igm ent c e l l .  
=C e l l s  o f t h e  o c e l lu s .
= T e s t .
s  Y ellow  p igm en t c e l l .
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PLATE I I I .

F ig .  10 .

F ig .  11 .

F ig .  12 .

A n t. e s .  = 
C ir .  mu. = 
0 o . -
P e r .  b d . = 
T. v e .  r o . i  
Ten. mu. = 
V. Io n . mu

O ra l s ip h o n  se e n  from  th e  l e f t  s i d e ,  t o  show th e  

m u sc u la tu re .

P o s t e r io r  end of t h e  l e f t  s id e  o f  th e /b o d y , se e n  

somewhat fro m  th e  v e n t r a l  s i d e ,  t o  show th e  

m u sc u la tu re .

A young in d iv id u a l  o f  le n g th  0 .5  cm ., se e n  from  

th e  l e f t  s id e ., t o  show th e  p la n  o f  th e  l o n g i t u d i n a l  

m u sc u la tu re .

L e t te r in g .

A n te r io r  end o f th e  e n d o s ty le .
C ir c u la r  m u sc le s .
O c e llu s .
P e r ip h a ry n g e a l h a n d .
Hoot o f th e  t e s t  v e s s e l s  ( "p o s t-a b d o m in a l  a p p e n d ix " ). 
M uscle u n d e rly in g  th e  r in g  o f t e n t a c l e s .  
ssY entral l o n g i tu d in a l  m u sc le s .
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PLATE IV.

P ig .  13 .

P ig .  14 .

P ig .  15 . 

P ig .  16 .

P ig .  17 .

At • c a v . 
B . t e n .  
C i l .  b d . 
C i r .  mu. 
E s.
6a .
Gen. du . 
K.
Lam. t h .  
Lon. mu. 
P e r .  b d . 
P h . c a v . 
P r e .  z .  
T.
T. p o s t .  
Ten.
T en. mu. 
Ten. r g .  
T e n .v e .

D is s e c t io n  o f th e  a n t e r i o r  end o f  Ciona i n t e s t i n a l i s  

from  th e  l e f t  s i d e .  P a r t  o f th e  body w a l l  o f  th e  

l e f t  s id e  and th e  w a l ls  o f  th e  o r a l  and th e  a t r i a l  

s ip h o n s  have b een  rem oved, and a ls o  th e  l e f t  

p h a ry n g e a l w a l l .

L o n g itu d in a l  s e c t io n  th ro u g h  th e  p r e b r a n c h ia l  zone o f  

th e  pharynx  and a d ja c e n t  p a r t s  o f  th e  body w a l l  t o  

show th e  p e r ip h a ry n g e a l  band and th e  a t ta c h m e n t  o f 

a  t e n t a c l e .

T erm ina l p a r t  o f a  t e n t a c l e .

Smooth e p ith e l iu m  o f  th e  p o s t e r i o r  s u r f a c e  o f  th e  

t e n t a c l e  and  c e l l s  o f  one o f th e  l a t e r a l  c i l i a t e d  

b a n d s .

D iag ram atic  a rran g em en t o f th e  t e n t a c l e s  and t h e i r  

r e l a t i o n s  w ith  t h e  o r a l  s ip h o n  lo b e s .  The t e n t a c l e s  

o f  d i f f e r e n t  o rd e r s  a r e  d en o ted  by  th e  n u m e ra ls  1 t o  4 . 

L e t te r in g .

-  A t r i a l  c a v i ty .
« Body o f th e  t e n t a c l e .
« C i l i a te d  b an d s  o f th e  t e n t a c l e .
- C ir c u la r  m usc les o f th e  body w a l l .
= E n d o s ty le .
= G ang lion .

G e n ita l  d u c ts .
= K eel o f th e  t e n t a c l e .
= Lam inar th ic k e n in g  o f th e  t e n t a c l e  c o n n e c tiv e  t i s s u e .  
» L o n g itu d in a l  m usc le  o f  th e  body w a l l .
= P e r ip h a ry n g e a l  band , 
s P h a ry n g e a l  c a v i ty .
= P r e b r a n c h ia l  zone o f  th e  p harynx , 
s T e s t .
= P o s t e r i o r  l i m i t  o f th e  t e s t  i n  th e  a t r i a l  s ip h o n .
» T e n ta c le .
» M uscle u n d e r ly in g  th e  r in g  o f t e n t a c l e s ,  

r e .s B lo o d  v e s s e l  u n d e r ly in g  th e  r in g  of t e n t a c l e s .
* D ouble b lo o d  v e s s e l  o f th e  t e n t a c l e .



PLATE 4.

(lit,

Ten. Pre. z.
Es. Ph. ear

Per. bd.

Fig. 13.

Ten. rg. ee.

Ten. mu. Ten. re. K. Gil. bd.

Lon. mu.
Lam. th

Ten. B. ten

Kg. If.

Kg. I t

Kg. 14. Per. bd.



PLATE V.

P ig .  18 . T ra n s v e rs e  s e c t i o n  th ro u g h  th e  p h a ry n g e a l r e g io n  o f

th e  body . The l e f t  h a l f  o f  th e  s e c t io n  p a s s e s  

th ro u g h  a  t r a n s v e r s e  b a r  o f th e  p h a ry n x ; th e  r i g h t  

h a l f  p a s s e s  be tw een  two t r a n s v e r s e  b a r s .

P ig .  19 . L o n g itu d in a l  s e c t i o n  th ro u g h  th e  body w a l l  t o  show

th e  p e r ip h a r y n g e a l  band i n  t r a n s v e r s e  s e c t i o n .

P ig .  SO. Roof o f  th e  p h a ry n x , to  show la n g u e ts  and p h a ry n g e a l

w a l l s .

P ig .  S I .  T ra n s v e rs e  s e c t io n  th ro u g h  a  l o n g i t u d i n a l  b a r  o f  th e

p h a ry n x .

P ig .  SS. One o f  th e  v e n t r a l  g la n d  c e l l s  o f  a  l o n g i t u d i n a l  b a r

o f  th e  p h a ry n x .

P ig .  3 3 . H a lf  o f  one o f  th e  s t ig m a ta ,  se e n  i n  s u r f a c e  v iew .

P ig .  S4. B r a n c h ia l  p a p i l l a ,  se en  from  w i th in  th e  p h a ry n x , to

show i t s  r e l a t i o n s  w i th  th e  t r a n s v e r s e  and lo n g i t u d i n a l  

b a r s .

P ig .  35 . P a r t  o f  th e  p h a ry n g e a l  w a l l  o f  a  s e n i l e  sp e c im e n , t o

show r e d u c t io n  o f  s t ig m a ta  and r e s o r p t i o n  o f  b a r s .

L e t t e r i n g .

A n t. I p .  -  A n te r io r  l i p  o f  th e  p e r ip h a r y n g e a l  b a n d .
A t. c a v . -  A t r i a l  c a v i ty .
B. w. =■ Body w a l l .
C i l  g r .  ss C i l i a t e d  g ro o v e  o f  th e  p a p i l l a .
D. v e .  » D o rsa l v e s s e l .
E s. = E n d o s ty le .
G l. c .  * G land c e l l s .
L a. =? L an g u e t.
Lon. b a .  -  L o n g itu d in a l  b a r  o f th e  p h a ry n x .
Od. « O v id u c t.
P b . c a v . * P e r i b r a n c h ia l  c a v i t y .
P e r .  v e .  -  R ing v e s s e l  i n  th e  p e r ip h a r y n g e a l  b an d .
P h . c a v . » P h a ry n g e a l  c a v i t y .
P p . *> P a p i l l a .
P o s . I p .  = P o s t e r i o r  l i p  o f  t h e  p e r ip h a r y n g e a l  b an d .
R e. - Rectum .
S t i .  * S t ig m a ta .
T. = T e s t .  . . w i
Tb. ~ - T ra b e c u la  fro m  body  w a l l  t o  p h a ry n g e a l w a ll*
T r . b a .  » T ra n s v e rs e  b a r  o f  th e  p h a ry n x .
7 . d . = Vas d e f e r e n s .
V. v e .  -  V e n tr a l  v e s s e l .



PLATE 5.

lie . Oil.

At. cav.

,0ÔMOa„\

Pb. cav.



PLATE 71.

Pig* 26. Transverse section through a languet.
Pig* 27. Transverse section through the endostyle.
Pig* 28. A ce ll from the ventral strip of gland ce lls , and a 

cell from the median ciliated hand of the endostyle. 
Cilia not shown.

Pig* 29. Two cells , in different stages of secretion, from the 
dorsal strip of gland cells of the endostyle.

Pig* 30. Anterior hood of the endostyle, and the peripharyngeal 
hands, seen from the dorsal side.

Pig* 31* Postero-ventral end of the pharynx, to show the endo- 
stylar appendix, seen from the le ft  side.

Pig* 32. Transverse section through the endostylar appendix.

Lettering*

- Anterior surface of the languet*
- Cell of the median ciliated hand of the endostyle.

 ̂Dorsal ciliated hand of the endostyle.
- Dorsal strip of gland cells of the endostyle.
= Endostylar appendix.
=■ Cell from the ventral strip of gland cells  of the 

endostyle.
= Anterior hood of the endostyle.

L. ant. epc. sep.= Left anterior epicardiac septum.
M. o il .  -  Middle hand of ciliated cells of the endostyle.
M. gl* = Middle strip of gland cells of the endostyle.
Med. cil.=  Median hand of ciliated cells  of the endostyle.
Per. hd. -  Peripharyngeal hand.
Ph. w . =  Pharyngeal wall.
R* d. oil*»Right dorsal ciliated hand of the endostylar appendix. 
Ret* hd. » Retropharyngeal hand.
Sec. dr. - Secretory drops of mucus.
7. c i l .  * Ventral hand of oiliated cells of the endostyle.
V. «1. s Ventral strip of gland cells  of the endostyle.
V. ion. mu.*Ventral longitudinal muscle.
V. ve. ** Ventral vessel.

Ant.
C il .  c«
D. o i l .
D. «!•
Ss • ap.
01 • 0*

H.
L. ant.ffi. c i l .
M. g l*



PLATE 6.

I).  e d .

Kg. 26.

Cil. c.
v■ Ion. mu.

Fig. 27.

M. cil.

V. cil.

Fig. 29.
dr.

Fig. 31.
Ph ir. L. (int. cpc. sep.

Ret. bd.

Es. 'np.

Med. cil.

V. ve.

Per. bd.

Fig. 30.

R. d. cil.

Fig. 32.



PLATE V II.

Fig* 33* Dissection of the posterior end of Ciona intestinalis
from the le f t  side. The body wall of the le ft  side 
has been removed.

Fig* 34. Transverse section through the visceral region of the
body, cutting oesophagus, rectum, heart and endostylar 
appendix.

Fig* 35. Diagramatio transverse section through the oesophagus.
Fig* 36. Part of the ventral groove of the oesophagus to show

gland ce lls  thinning out to meet the non-glandular cells  
of the floor of the groove.

Fig* 37. Surface view of a secretory ce ll of the ventral groove
of the oesophagus, to show secretory drops and the 
arrangement of the basal rods of the ciliary apparatus* 

Fig* 38. Cells of the lateral wall of the oesophagus.
Lettering.

B* w . = Body wall.
D* gr. » Dorsal groove of the oesophagus*
Epo* e. » Epioardiac epithelium.
Es* ap* -  Endostylar appendix.
Cl* o. - Gland ce lls .
01* e. ~ Glandular epithelium.
Ht* - Heart.
I* - Intestine.
I n t . - a p e .  sep.-Inter-epicardiac septum.
L. epo* cav* 'Left epioardiac cavity*
Lat* w* — Lateral walls of oesophagus.
Eg* c. - Eon-glandular cells* .
Eg. e* = Eon-glandular epithelium.
Od* - Oviduct.
Oe* = Oesophagus*
Ov. s Ovary.
Pc. b. * Pericardiac body.
Pc* cav. * Pericardiac cavity.
Pc. v. - Ventral border of pericardium.
Ph. w. * Pharyngeal wall.
H* epc. cav.=Right epicardiac cavity.
He. s Hectum.
Sec* dr. '  Secretory drops*
St* r stomaoh.
T. = Test.

“Ty. Typhlosole. ■— _
V. gr. ~ Ventral groove of the iesophagus*
V* ve* - Ventral vessel*



PLATE 7.

V. a r.
(hi. Fig. 33.

Ph w

Ht.

Pc.
Es. ap. Pc. h.

Tig. 35.

Pc. cav.

lj. epc. cav

Tig. 34.

Pc. h.

It. cpc. ca v

Tnt.-cpc. scp.

Es. ap.

V. ve.

Tig. 30

D. gr

01. e.

Ng. e.
Gt. e.01.V. gr. €.

Fig. 38.

See. ,lr.

Ng. c. n g . 37.



PLATE V III .

Fig* 39.

Fig* 40.

Fig* 41.

Fig* 42.

Fig* 43. 
Fig* 44*

Fig* 45.

Fig* 46. 
Fig. 47.

Fig* 48. 
Fig* 49.

A bs. Of
B *  W*
Con*
C il .  r g .  
Epo* e* 
Cl* c .  , 
Cl* 6* 
G reg.
I.
In t.e p o *  
L. opo* 
Oe.
Ov.
P y l.  g l*  
B. ep o . 
S eo . dr*
S t .
S t .  f l .  
T.
Ty*
V. gr*

Transverse section through the visceral region of 
the body, cutting the stomach, intestine and ovary. 
Transverse section through part of the stomach wall 
to show distribution of glandular and absorptive 
epithelium. Glandular tissue is  in blach; absor
ptive tissue in white.
An absorptive c e ll, and two gland cells  in different 
stages of secretory activity, from the stomach 
epithelium.
Epithelium from the anterior part of the intestine, 
showing the ce lls  of the ciliated ring, absorptive 
and gland cells  and a Gregarine parasite.
Cells from the rectal epithelium.
Oesophagus, stomach and part of the intestine, seen 
from the right, with the right wall of the gut removed. 
Distribution of the pyloric gland over the gut. The 
area covered with pyloric gland is  stippled.
Part of the pyloric gland in surface view.
One of the varicose swellings of the pyloric gland with 
a concretion.
End ampulla of a pyloric gland tubule.
Terminal part of the pyloric gland duct and i t s  
entrance into the ciliated  ring of the intestine, seen 

in section.

Lettering*

- Absorptive cell*
- Body wall*
- Concretion*
-  C i l i a t e d  r in g  o f  tlae  in te s t ix x o -  
=r Epioardiac epithelium.
=r Gland c e ll.
= Glandular epithelium*
= Gregarine parasite.
- Intestine.
sep. -Inter-epi cardiac septum, 

cav. - Left epicardiac cavity.
 ̂ Oesophagus.

= Ovary.
du. -  Pyloric gland duct, 

cav. = Right epicardiac cavity*
~ Secretory drops.
-  Stomach.
- Folds of the stomachal epithelium. 
= Test.
- Typhlosole of the intestine.
-  Ventral groove of the oesophagus.



PLATE 8.

l'.s w

L. epc

Fig. 41.

Fig. 39.

H. <])<■. < i i  r.

A b s ,  <.

epc .  se/j
S i c .  d r .

Fig. 43.

Gil .  rg.

Fig. 44.

Fig. 45.

Pill .  <il. <lii.

I ’ifl . ill. iht
Fig. 46.

Gil .  rg.

Fig. 47

Fig. 49.

Fig. 48,



PLATE IX.

Fig. 50* Ganglion, roots of the principal nerves, neural gland 
and ciliated  funnel, seen from the dorsal side*

Fig. 51. Transverse section through the ganglion and neural gland. 
Fig. 52. Part of the cortical layer and a small part of the 

medullary core of the ganglion, with the overlying 
connective tissue and epidermis.

Fig. 53. The body wall nerves of the le ft  side.
Fig. 54. Two epidermal sensory cells and their four epidermal 

supporting c e lls , seen from their lower side*
Fig. 55. Diagramatlc representation of the distribution of the 

sensory cells  (White) and the framework of supporting 
cells (black) of a cupula organ, seen in surface view* 

Fig. 56. A oupula organ seen from the side. Part of the side 
wall of the cupula has been omitted to show the 
passage of the nerves and nerve fibres up into the 
cupula.

Lettering.
Ant. n. ® One of the paired anterior nerves.
Ant. n. s*= Anterior slphonal nerves*
Ant* n. tr^  Anterior trunk nerves.
Bl. o. a* Blood ce lls .
Gil. fu. -  Ciliated funnel.
Cor. -  Cortical layer of the ganglion.
2). str . ~ Dorsal strand.
Sp. = Epidermis.
Fg* — Flag of test on the oupula organ.
Ga. - Ganglion*
Ga. o. = Ganglion ce ll.
Lon. mu. * Longitudinal muscles.
Med.  ̂ Medullary core of the ganglion*
Neu. g l. s Neural gland*
Neu. g l. du** Neural gland duct*
I .  f l .  « Nerve fibre.
Per. bd. = Peripharyngeal band.
Pos. n. = One of the paired posterior nerves.
Pos. n. s.* Posterior siphonal nerves.
Pos. n. tr.« Posterior trunk nerves.
Sen. o. = Sensory c e ll.
Sup* Co » Supporting c e ll.
Vis. n. = Visceral nerve.



PLATE 9.



PLATE X.

F ig .  57

F ig .  58

F ig .  59

F ig .  60

F ig .  61

A n t. ov. 
A t • 6 . 
A t. 6 .  I  

B r. v i s .  
Cn. t i .  
D. s t r .  
D. v e . 
Ga. c .  
Lon. p h . 
N. f i .  
Od.
Od. w. 
P o s . sw. 
P y l .  g l .  
V is .  g a . 
V is .  n .

T ra n s v e rs e  s e c t io n  th ro u g h  th e  d o r s a l  s t r a n d  and 

v i s c e r a l  n e rv e  i n  th e  r o o f  o f  th e  p h a ry n x .

Whole mount o f  th e  d o r s a l  s t r a n d  and  v i s c e r a l  n e rv e  

a s  se e n  i n  th e  r o o f  o f  th e  p h a ry n x .

P a r t  o f  th e  v i s c e r a l  g a n g lio n  su rro u n d in g  th e  d o r s a l  

s t r a n d .

D ia g ra m a tic  r e p r e s e n ta t io n  o f th e  r e l a t i o n s  b e tw een  

th e  d o r s a l  s t r a n d ,  i t s  e n s h e a th in g  g a n g lio n  c e l l s ,  

th e  v i s c e r a l  g a n g lio n  and th e  a d ja c e n t  o rg a n s .

P a r t  o f  th e  v i s c e r a l  n e rv e  p le x u s  i n  th e  r e g io n  o f  

th e  o v id u c t  and p y lo r ic  g la n d  t u b u le s .  From a  

s t r i p  p r e p a r a t io n  i n  w hich th e  r e c t a l  e p i th e l iu m  was 

rem oved. S ta in e d  i n  H e id en h a in * s  h a e m a to x y lin .

L e t t e r in g .

A n te r io r  end o f  th e  o v a ry .
A t r i a l  e p i th e l iu m .
N uoleus o f  c e l l  o f  a t r i a l  e p i th e l iu m , 

n . = B ranch o f th e  v i s c e r a l  n e rv e ,
c . = C onnective  t i s s u e  c e l l .

= D o rsa l s t r a n d .
D o rs a l v e s s e l .
G ang lion  c e l l ,  

mu. = L o n g itu d in a l  m uscle  o f  th e  p h a ry n g e a l r o o f .  
N erve f i b r e .

-  O v id u c t.
W all o f o v id u c t .

= P o s t e r i o r  s w e ll in g  o f  th e  d o r s a l  s t r a n d .  
P a r t  o f p y lo r ic  g la n d •
V is c e r a l  g a n g lio n .

= V is c e r a l  n e rv e .



PLATE 10.



PLATE X I.

P ig .  62 .

Pig. 62.

Pig. 64.

Fig. 65.

Pig. 66.

Pig. 67.

Pig. 66.

fil. c. 
B l .  l e .  
C. dis.
Cil. fu. 
Oil. in. 
Gil. Ip. 
6ft*
Ing. c. 
Ben. g l. 
Xeu. g l. 
Ben. g l. 
Beu. g l. 
Pg.
Vac.
Vis. n.

Longitudinal section through the ganglion, neural 
gland and ciliated  funnel.
Transverse section through part of a neural gland in 
vhich the ce lls  are closely packed.
Transverse section through part of a neural gland in 
which the ce lls  are loosely aggregated.
A mass of closely packed phagocytes as they appear 
in the ciliated funnel just Before discharge into the 
pharynx.
Three stroma ce lls  from the neural gland. Gland 
stained in toto, then teased out.
Ciliated funnel seen from the ventral side. Ciliary
currents are indicated hy lines with arrows. 
Transverse section through part of the mouth of the 

ciliated funnel.
Lettering.

ss Blood ce ll.
-Blood lacuna.
» Cells Being discharged through the neural gland 

duct and ciliated funnel.
 ̂Ciliated funnel.

-Internal ciliated  epithelium of the funnel. 
s Lip ciliated epithelium of the funnel.
- Ganglion, 
rIngested ce ll.
= Neural gland, 

du. -Beural gland duct, 
sa. -Beural gland stroma, 
w . =Wall of neural gland.

= Phagocyte.
sVacuole of a phagooyte.
=Visceral nerve.



PLATE 11.



PLATE X II.

Pig* 69. Diagram showing the arrangement of the main blood 
vessels, seen from the right*

Pig* 70. Blood system of the posterior part of the body seen
i

from the left* Part of the body wall of the le ft  
side has been removed showing the interior of the 
le ft epicardiac cavity. The ventral parts of the 
stomach, Intestine and ovary have also been removed. 

Pig* 71. Blood vessels of the endostyle and adjacent parts of 
the body wall and branchial sac*

Lettering.
B* w* -=■ Body wall.
Oar*-st. ve.- Cardio-stomachal vessel*
Car*-t* ve* = Cardio-test vessel*
D* b* w* ve*= Dorsal body wall vessel.
D* ve* = Dorsal vessel*
Ss. ap* ve* - Vessels of the endostylar appendix.
Es* w. ve. = Vessels of the endostylar wall.
Ht* - Heart.
I .-b . w. ve*- Intestino-body wall vessels.
I* ve* = Intestinal vessels*
L* ant* epc* ve* - Left anterior epicardiae vessel*
Lon* b* w* ve*-Longitudinal body wall vessels*
0e* ve* -  Oesophageal vessels*
0v* b. w. ve*= Ovary-body wall vessels.
Pe* ve. - Pericardiac vessels*
Per* ve* -  Peripharyngeal vessel.
Ph* Ion. ve*= Longitudinal vessels of pharynx*
Ph. tr . ve* -  Transverse vessels of pharynx*
Ph* w* = Pharyngeal wall.
Pos* ve* ~ Posterior epicardiae vessel.
B* ant* epe* ve.= Bight anterior epicardiae vessel*
Bet* bd* ve.= Vessels of the retropharyngeal band.
St* t* ve* ~ Stomacho-test vessel.
St*-ve* - Stomachal vessels*
Ten* rg* ve* - Circular vessel underlying ring of tentacles.
V. ve. -  Ventral vessel.



PLATE 12.

Fig. 60. .
D. Ve. J). I, ,(!k

Ten. ii/.

Car.-at.

Ph. tr. ve
V. ve.Ht.

Fig. 70.()c. vc
I .  vc.

Ret. bd. ve.

Pc. vc. Pos. vc.

Es. ap. ve,

Es. w. vc.

Fig. 71. Ph.  t r .  v

I'h. Ion

1i. I V



PLATE X III .

P ig .  72. B lood sy s tem  o f  t h e  p o s t e r i o r  p a r t  o f  th e  b o dy ,

se e n  from  th e  r i g h t .  The body w a l l  o f  th e  r i g h t  

s id e  h a s  b e en  rem oved.

P i g .  73 . B lood sy s tem  o f  t h e  d o r s a l  s id e  o f  th e  p h a ry n x , 

th e  g e n i t a l  d u e ts  and  t h e  t r a b e c u l a e .

P ig .  74 . P r i n c ip a l  b lo o d  v e s s e l s  o f  th e  body w a l l .

P ig .  75 . C ourse o f  c i r c u l a t i o n  i n  th e  body w a l l  and  p h a ry n x

d u rin g  th e  a b - v i s c e r a l  p h a se .

L e t t e r i n g .
\

A n t. s t .  v e . = A n te r io r  s to m ac h a l v e s s e l .
B . H. sB ody  w a l l .
C a r . - s t .  v e .  * C a rd io -s to m a c h a l v e s s e l .
D. v e .  « D o rs a l  v e s s e l .
Gen. d n . p x . - G e n i t a l  d u e t  p le x u s .
H t. -  H e a r t .
I n t .  e p c . s e p . » I n t e r - e p i c a r d i a c  sep tum .
L on. b .  w. v e .  = L o n g itu d in a l  body w a l l  v e s s e l s .
Oe. v e .  ^  O esophagea l v e s s e l s .
P e . v e .  « P e r i c a r d ia c  v e s s e l s .
P h . t r .  v e .  - T r a n s v e r s e  v e s s e l s  o f  p h a ry n x .
P h . w. » P h a ry n g e a l w a l l .
P o s . s t .  v e .  = P o s t e r i o r  s to m a c h a l v e s s e l .
S t . - t .  v e .  -  S to m a o h o - te s t  v e s s e l .
Tb. v e .  -  T ra b e c u la r  v e s s e l .
V. v e .  = V e n t r a l  v e s s e l .



PLATE  ̂3.

F ig . 72. Int.-cpc. scp.

A tit. .st. r<\ Of. rt

Fig. 73.

I). V f .  Tb. rt .

S t.-t. re.

Pos. st. Vf. Ph. tr. vc. B. w.

Car.-s t . ve. H t .  Pc.  vc

Fig. 74.

Fig. 75.

D. vc.

V. vc



P ig

Pig

Pig

Pig

Pig

* i  8

Pig

Pig

Oar 
On* 
Beg 
B i f  
Mu* 
Iftu 
P ro  
U l.

PLATS XIV,

• 76* P a r t  o f  th e  h e a r t ,  show ing th e  a rran g em en t o f  th e

o a rd ia e  m usc le  f i b r e s ,  c a r d ia c  r a p h e ,  u n d i f f e r e n t i a t e d  

l i n e  and o a rd ia e  m u sc le  f i b r e  n u c le i*

• 77* A c a r d ia c  m uscle  f i b r e ,  a f t e r  heavy  s t a i n i n g ,  t o  show

o ro s s  s t r i a t i o n .

• 78* A rrangem ent o f  i s o t r o p i c  and a n i s o t r o p i c  b a n d s  i n  th e

c a r d ia c  m uscle  f i b r e •

• 79* T hree s t a g e s  i n  t h e  d e g e n e ra t io n  o f  c a r d ia c  m u sc le

f i b r e s ,  a s  se e n  i n  th e  h e a r t  w a ll*

» 80* P a r t  o f  th e  end o f  th e  h e a r t ,  show ing th e  c o n n e c t iv e

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

t i a t i o n  o f  m usc le  f i b r e s *

» 81* The u n d i f f e r e n t i a t e d  l i n e  o f  th e  h e a r t ,  w i th  c a r d ia c

m uscle f i b r e s  show ing sp la y e d  o u t ends and  c o n s t i t u e n t  

f i b r i l s  ( b la c k )  •

> 82* C e lls  o f  th e  c o n n e c tiv e  t i s s u e  r in g  a t  t h e  end  o f  th e

h e a r t  and  th e  c o n n e c tiv e  t i s s u e  r e t ic u lu m  l i n i n g  t h e  

p ro x im a l p a r t  o f  a  m ain  b lo o d  v e s s e l*

, 83* C e lls  o f  th e  p e r i c a r d i a c  b o d y , show ing s t a g e s  i n  t h e

d e g e n e ra t io n  o f  m usc le  f ib r e s *

L e t t e r in g .

> rh* »  C a rd ia c  raphe*
t i *  rg* ® C o n n ec tiv e  t i s s u e  r i n g  a t  end o f  h e a r t*

, mu* c .  ~ B e g e n e ra tin g  m usc le  c e l l*
• c* -  C e l l s  d i f f e r e n t i a t i n g  t o  c a r d ia c  m uscle  f i b r e s *  
d ir*  -  B i r e c t i  on o f lo n g  a x e s  m u sc le  f ib r e s *
nu* -  M uscle f i b r e  n u c le i*
, e* = P r o l i f e r a t i n g  c e l l s  o f  a  c a r d ia c  g row th  zone*

-  ^ d i f f e r e n t i a t e d  l in e *



PLATE 14.

Mu. nu. Car, rh.

Fig. 79.

i

ISPu

Detj. mu.

/

Kg. 80. Pro. c. D-if. c.



PLATE XV.

P ig .  @4. The ty p e s  o f  b lo o d  c e l l s : -

a .  S m a ll ly m p h o cy te .
b .  L arge ly m p h o cy te .
c.-\
d .J -S ta g e s  i n  n u t r i t i v e  c y c le  o f  v e s i c u l a r .
e.J
f .  A c id o p h il  g r a n u lo c y te .
g .  H e p h ro c y te .
h .  O range p igm en t c e l l .
1 . H y a lin e  le u c o c y te ,  
k .  P h a g o c y te .

P ig .  8 5 . T ra n sv e rse  s e c t i o n  th ro u g h  p a r t  o f  th e  s to m ach  v a i l  

and  th e  s u r ro u n d in g  c o n n e c tiv e  t i s s u e ,  t o  show th e  

b lo o d  fo rm in g  t i s s u e s .

P ig .  86 . T ra n s v e rs e  s e c t i o n  th ro u g h  a  v i l l u s  w ith  i t s  d o u b le  

t e s t  v e s s e l .

P ig .  87 . T ra n s v e rs e  s e c t i o n  th ro u g h  th e  e p id e rm is  and  co n n ec 

t i v e  t i s s u e  o f  a  v i l l u s .

P ig .  88 . D ia g ra m a tic  t r a n s v e r s e  s e c t i o n  th ro u g h  t h e  o v a ry .

P ig .  8 9 . T ra n s v e rs e  s e c t i o n  th ro u g h  p a r t  o f  t h e  g e rm in a l

e p i th e l iu m  o f  th e  o v a ry .

P ig .  9 0 . L o n g itu d in a l  s e c t io n  th ro u g h  a  t e s t i s  lo b e .

P ig .  9 1 . T erm in a l p a r t  o f  th e  g e n i t a l  d u c ts .

L e t t e r i n g .

Ao. g n . -  A c id o p h il  g r a n u lo c y te s .
B l .  l e .  = B lood la c u n a .
G i l .  e .  » C i l i a t e d  e p i th e l iu m .
D. v e .  = D o rs a l  v e s s e l .
Ep. -  E p id e rm is .
E p. o . = E p id e rm a l c e l l .
Ex. b .  = E x c re to ry  body*
Gen. sp h . -  G e n i ta l  s p h i n c t e r .
G ar. e .  -  G erm inal e p i th e l iu m .
Ing* o . “  In g e s te d  c e l l .
Iym . -  ly m p h o c y tes .
Hp. = H e p h ro c y te s .
Od. ~ O V iduet.
Od. ©p. “ Opening o f  o v id u c t .
Sm. ® S p erm ato zo a .
S t .  e .  = E p ith e l iu m  o f  s to m ach .
V. d . «= Vas d e f e r e n s .
V. d . t u b .  »  T e rm in a l t u b u le s  o f  t h e  v a s  d e f e r e n s .
Y es. o . ~ V e s ic u la r  c e l l .
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