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ABSTRACT.

A n e u r o e t h o l o j i c o l  i n v e s t i g a t i o n  o f  V ie  p a i re d  t e n t a c l e s  of  

Xenopus ta d p o le s  was u n d e r taken .  The t e n t a c l e s  were found to  be 

e x t re m e ly  s e n s i t i v e  mechanoreceptor  appendages.  They respond to  

changing t a c t i l e  s t i m u l i  and changing s t a t e s  o f  bending,  but not to  

co n s ta n t  t a c t i l e  s t i m u l i  o r  c o n s ta n t  bending s t a t e s .

Using t h i s  p h y s i o l o g i c a l  d a ta  b e h a v io u r a l  i n v e s t i g a t i o n s  were  

undertaken  to  e s t a b l i s h  the  f u n c t i o n a l  r o l e s  o f  the  t e n t a c l e s .  The

im portance  o f  the  t e n t a c l e s  to  the  ta d p o le s  was shown by the  t e n t a c x e

w i t h d i a w a l  r e f  J ex which was d e s c r ib e d .

P rev ious  hypotheses of  the t e n t a c l e s 1 f u n c t io n  were d isproved

and new hypotheses,  d e r iv e d  from the p h y s i o l o g i c a l  f i . , d in g s ,  were 

t e s t e d .

From m o rp h o lo g ica l  c o n s i d e r a t i o n s ,  an a n t e r i o r  1 b l i n d  s p o t ' 

was h y p o th es ise d .  T h is ,  coupled w i th  r e c o rd in g s  o f  o p t i c a l  a c t i v i t y ,  

suggested t h a t  the  most probab le  f u n c t i o n a l  r o l e  o f  the t e n t a c l e s  

i s  to probe the  a n t e r i o r  envi ronm ent .  In  t h i s  way the  t e n t a c l e s  

compensate f o r  the  in h e r e n t  l a c k  of  m o n o e u v e r a b i l i t y  o f  the  t a d p o le s ,  

e s p e c i a l l y  in  p re v e n t in g  t h e i r  becoming t ra ppe d  in  v e g e t a t i o n .
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HFNFRAt INTRODUCTION.

Xenopus l a e v i s  i s  an a q u a t i c  a n im a l .  The a d u l t s  a re  most 

commonly found s e t t l e d  on the  bottom o f  s tagnant  ponds and on ly  

r a r e l y  in  running w a te r  (Deuchar ,  1 9 7 5 ) .  They b re a th e  a i r  and 

can o f t e n  be observed to  s u r fa c e  and gu lp  a r r  in  ponds where they

are  p r e s e n t .

Breeding occurs  over  a p e r io d  of  t h r e e  to  f i v e  months d u r in g  

the s p r in g  in  tem perate  reg io ns  (Deuchar ,  1 9 7 5 ) .  D ur ing  c o p u l a t io n  

the  male remains in  a p o s i t i o n  o f  ampiexus w h i le  the  female  r e le a s e s  

the  eggs.  Between 500 and 1000 eggs a r e  r e le a s e d  d u r in g  one 

spawning. These eggs a re  re le a s e d  in  ponds of w a t e r  away from 

strong  c u r r e n t s  (Brown, 1 97 0 ) .  The eggs a re  independent  o f  one 

a n o th e r ,  u n l i k e  in  o t h e r  f ro g s  where th e  eggs a re  i i  a cont inuous

j e l l y  mass.

The ta d p o le s  hatch w i t h i n  t h r e e  days of  spawning, a t  stage  

38 o f  development ( a i l  s tages r e f e r r e d  to  a re  a cc o rd in g  t o  the  

c l a s s i f i c a t i o n  o f  Nieuwkoop and Faber ,  1 9 6 7 ) .  When th e  tadpoles  

hatch  they  hcve two e x t e r n a l  g i l l s ,  and a cement g land s i t u a t e d  

j u s t  v e n t r a l l y  to  where mouth p e r f o r a t i o n  w i l l  occur  (Nieuwkoop

and Faber ,  1 9 6 7 ) .

The ta d p o le s  hatch out head f i r s t  through the  v i t e l l i n e

membrane and then a t t a c h  to  th e  water  s u r fa c e  o r  any f i r m  o b j e c t

in  th e  w ater  by means o f  a mucus th re a d  s ec re te d  from the cement

g land  (R o ber ts  and B l i g h t ,  1 9 7 5 ) .  W h i le  thus a t t a c h e d  the  animal

remains m o t io n le s s .  I f  the  an im a l  i s  ' p r o v o k e d ' , i t  w i l l  swim

o f f  u n t i l  i t s  cement gland c o n ta c t s  something f i r m  in  the  w a te r ,

even the  s u r fa c e  f i l m ,  when i t  r e a t t a c h e s  and swimming ceases

(R o b er ts  and B l i g h t ,  1 9 7 5 ) .  Dur ing  t h i s  'cement g land*  stage

the  ta d p o les  do not feed but a r e  s t i l l  absorb ing  y o lk  present  in

the  g u t .

The cement g land stage  ends a t  s tage  45 (Brown, 1970) when 

the  mouth p e r f o r a t i o n  i s  complete  and f i l t e r  feed in g  s t a r t s .



W h i le  the  a d u l t s  a r e  c a rn iv o r o u s ,  fe e d in g  on most forms oi l i v i n g  

or  dead o rg a n ic  m a t e r i a l , the  ta d p o le s  a re  f i l t e r  f e e d e r s .  Wot.  

i s  gu lped in  v i a  the  mouth and then passed over  the  g i l l s  o f  the  

an im a l  which a re  now i n t e r n a l .  Food m a t e r i a l  and o t h e r  m ic ro ­

organisms a re  t rapped  in  mucus pre se n t  on fo ld s  in  the pharynx  

(Wager,  1 9 6 5 ) .  T h is  mucus i s  c o n t i n u a l l y  f lo w in g  i n t o  the  gut by

means of c i l i a r y  a c t io n  (Wager , 1 9 6 5 ) .

J u s t  b e fo re  mouth p e r f o r a t i o n  i s  com ple te ,  a t  s tages 43 and 

44,  th e  t e n t a c l e s  can be observed as sm al l  bumps on e i t h e r  s ide  oi 

th e  mouth s l i t  which begins  to p e r f o r a t e  through c t  stage  40 

(Nieuwkoop and F aber ,  1 9 6 7 ) .  The s h o r t  t e n t a c l e s  o f  the  animal  

can be observed a t  stage  46 (Nieuwkoop and Faber ,  1 9 6 7 ) .  These 

t e n t a c l e s  grow a n t e r i o r l y  and reach a maximum l e n g t h ,  up to  h a l t

the  body l e n g t h ,  by stage  52.

F o l lo w in g  mouth p e r f o r a t i o n  and the  b e g inn in g  of f i l t e r  fe e d in g

the  ta d p o le s  adopt t h e i r  c h a r a c t e r i s t i c  free -swimming p o s i t i o n  in  

th e  w a t e r .  Th is  i s  a head down p o s i t i o n  w i th  the  t a i l  p o i n t i n g  

upwards a t  an a n g le  o f  45 degrees to  th e  h o r i z o n t a l  (W eisz ,  194 5 ) .  

This free-swimming p o s i t i o n  i s  due to  a d e l i c a t e  ba lance  between the  

downward fo r c e  e x e r t e d  by the  f l i c k e r i n g  t a i l  t i p  and the buoy­

ancy o f  the  i n f l a t e d  lungs (G r a d w e l l ,  1 9 7 1 ) .  Sw nming depth is  

c o n t r o l l e d  by the  f l i c k e r  f requency  o f  the  t a i l  t i p  ( G r o d w e l l , 1 9 7 1 ) ,  

The an imals  a re  not observed to  move around much in  the ponds 

where they  l i v e .  P o s i t io n  changes do however occur  f o l l o w i n g  

s t a r t l i n g  of  the  t a d p o le s .  Th is  re  u l t s  in  the ta d p o le s  q u i c k l y  

f l i p p i n g  t h e i r  e n t i r e  t a i l  from s id e  to  s id e  which causes the  

an imals  to  move o f f  in  a downward d i r e c t i o n  a t  a g ra d u a l  a n g le .

T h is  s t a r t l e  response seldom r e s u l t s  in  the  ta d p o le s  moving much 

more than about tw enty  c e n t im e t e r s .  The tadpo le s  never appear to  

move towards v e g e t a t i o n  cover  or  to a c t u a l l y  descend and remain on 

the  bottom (Van D i j k ,  1 9 7 2 ) .  Th is  escape b e h a v io u r ,  where the  

t a d p o le  does not swim down to  the bottom, (s  p roba b ly  a s s o c ia te d  

w i t h  t h e i r  t ra n s p a re n c y  and r e f l e c t i v i t y  which causes a p re d a t o r



to  observe the  t a d p o l e ' s  shadow on the  bottom more e a s i l y  than  

th e  ta d p o le  i t s e l f ( V a n  Di  j k ,  1 9 7 2 ) .

In n a tu re  Xenopus l a e v  i s ta d p o le s  can m ost ly  be observed in  

groups, the  i n d i v i d u a l s  o f  which a l l  seem xo have a common o r i e n ­

t a t i o n  (W eisz ,  1 9 4 5 ) .  Van Di jk ( 1 9 7 2 )  p o in ts  out t h a t  t h i s  is  

not  n e c e s s a r i l y  g re g a r io u s n  .-ss but may be a form o f  r h e o t a x i s .

The i n d i v i d u a l s  o f  the group a re  not always a t  the same stage  

or deve lopm ent .

D ur in g  the f ree -swimming p e r io d ,  the  ta d p o le s  can a ls o  be 

observed to  make f r e q u e n t  r a p id  swims v e r t i c a l l y  up to  the  

s u r fa c e  whereupon th e y  im m e d ia te ly  tu r n  around end swim back 

down v e r t i c a l l y  a g a in ,  ' s p i t t i n g 1 out a bubble o f  a i r  on the  way 

down. 1 h i « i s  p robab ly  a sign of  the  lungs of the  ta d p o le s  being  

f u n c t i o n a l  a t  a f a i r l y  e a r l y  age (Biuwn, 1 9 7 0 ) .  The a i r - f i l l e d  

lungs o f  the  ta d p o le  p robab ly  serve  to  a id  the  boouyoncy o f  the  

t a d p o le  in  i t s  f reu-swimming p o s i t i o n  ( G r a d w e l l ,  1 9 7 1 ) .

Dur ing  the  f ree -swimming p e r io d  the  l imbs o f  the  ta d p o le s  

deve lop  -  the h ind l im bs  becoming the  f i r s t  to  be f u n c t i o n a l  

a t  stage 5 8 / 5 9 .  When f u n c t i o n a l  they  a id  the t a d p o le  p r i m a r i l y  

i n  the  s t a r t l e  response and o n ly  a p p a r e n t l y  s l i g h t l y  in  m a in t a i n i n g  

th e  f ree-swimming p o s i t i o n .  The t a i l  s t i l l  remains the  p r i  e 

means o f  m a in t a i n i n g  the f ree -swimming p o s i t i o n .  The f o r e l i m b s ,  

when f u n c t i o n a l ,  do not appear  to  a id  locomot ion  a t  a l l  (Brown,

1 97 0 ) .

The * e n to c le s  begin to  be reabsorbed a t  stage 59 and accom­

panying t h i s  process they  begin to  s h r i v e l  up (Nieuwkoop and Faber ,  

1967)  and the t e n t a c l e  base s h i f t s  to  a more l a t e r a l  p o s i t i o n  on 

th e  heed. T e n t a c le  i e a b s o r b t i o n  i s  complete  by s tage  61 

(Nieuwkoop and Faber ,  1 9 6 7 ) .  The t e n t a c l e s  a re  v ery  f r a i l  appen­

dages and a re  o f t e n  broken o f f  a t  v a r io u s  le n g th s  b e fo re  re a b s o rb -  

t i o n  beg in s .  Th is  is  e s p e c i a l l y  the  case where ta d p o le s  a re  

k e p t  in  s ha l low  t r a y s  in  which th ey  can f a i r l y  f r e q u e n t l y  be seen 

to  cwim f o r c e f u l l y  i n t o  the  s id e s .



Dur ing and a f t e r  t e n t a c l e  r e a b s o r b t i o n ,  Brown (1 9 7 0 )  has 

noted t h a t  th e  eyes o f  the  ta d p o le  s h i f t  from being l a t e r a l l y  

placed  on th e  head to  a more d o r s a l  p o s i t i o n ,  " e n a b l in g  the  an ima l

t o  see in  f r o n t  o f  i t .

The t a i l  a ls o  begins  to  become reabsorbed ( s tage 62 ) a t

the  end of t e n t a c l e  r e a b s o r b t i o n ,  and a l th o u g h  as a r e s u l t  i t

becomes shor tened ,  i t  s t i l l  serves  to  m a in t a i n  the ta d p o le  in  its

c h a r a c t e r i s t i c  f ree-swimming p o s i t i o n .  Once the  t a i l  i s  p re se nt

o n ly  as a s h o r t  stump ( s tage  64 ) ,  and metamorphosis i s  almost

com plete ,  th e  ta d p o le  s in ks  to  the  bottom and remains t h e r e ,

s u r f a c i n g  p e r i o d i c a l l y  f o r  a i r .  From t h i s  stage onwards the t a i l

i s  n o n - f u n c t i o n a l .

A f t e r  metamorphosis ,  the  f r o g l e t s  a re  much s m a l le r  than a d u l t s

but f o l l o w i n g  an e ig h te e n  month growth p e r io d ,  the  f r o g l e t s  a t t a i n  

a du l thood  and can s t a r t  b reed in g  (Deuchar ,  1 9 7 5 ) .

The purpose o f  t h i s  i n v e s t i g a t i o n  was to  t r y  and a s c e r t a i n  

why Xenopus ta d p o le s  have t e n t a c l e s  d u r in g  p a r t i c u l a r  s tages of  

t h e i r  development and not in  subsequent o r  p rev io u s  p e r io d s .
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THu SENSORY PHV^TOI OGY OF THE PAIRED TENTACLES OF XLNO^ J A L ^ l - L ^ .

I . I  I n t r o d u c t i o n .

The g a i n in g  of  on u n d e rs ta n d in g  of the  p o s s ib le  t u n c t i o n o l  

r o l e  or  r o l e s  o f  the  t e n t a c l e s  s i l l  be g ' e o t l y  f a c i l i t a t e d  i f  i t  

i s  known which p a r t i c u l a r  sensory s t i m u l i  o re  d e t e c t e d  by the  

t e n t a c l e s .  S ince  the  t e n t a c l e s  a re  o n ly  p re s e n t  d u r in g  the  

l a r v a l  s tages i t  i s  p ro b a b le  t h a t  a l l  the  sensory in p u t  from the  

t e n t a c l e s  i s  r e l e v a n t  to  th e  a n im a l .  I n t u i t i v e l y  i t  would seem 

u n l i k e l y  t h a t  c e r t a i n  sensory in p u ts  a re  p re s e n t  which a r c  not  

e f f e c t i v e  due to  lo ck  o f  n e u r a l  o r g a n i s a t i o n  in  the  s t i l l  d e v e l -

oping b r a i n .
F i g .  I  i l l u s t r a t e s  th e  gross morphology of  th e  t e n t a c l e ,  i t s  

i n n e r v a t i o n  and i t s  m u s cu la tu re .  Two sensory nerve bundles i n n e r ­

v a t e  the  t e n t a c l e .  These a re  the  deep ophthalmic and m and ibu la r  

n e rv e s .  A c a r t i l a g e  rod extends a long  the  le n g th  of the  t e n t a c l e .  

A branch o f  the  m and ibu la r  muscle i n s e r t s  onto th e  base of the

c a r t i l a g e  rod (P a te r s o n ,  1939;  O v a l l e ,  1976) .

Fa b ian ,  Hanrahan, Marks and Coombs ( pe rso n a l  communication ) 

found t h a t  both m y e l in a te d  and unm y e l ina ted  neurones a re  p re s e n t  

c e n t r a l l y  w i t h i n  the  t e n t a c l e .  O v o l l e  (1 9 7 6 )  found t h a t  most o f  

the  sensory neurones w i t h i n  the t e n t a c l e  t e r m i n a t e  w i t h i n  the  

a p id e rm is ,  e i t h e r  in  " c l o s e  a s s o c i a t i o n  w i t h  o r d i n a r y  e p id erm a l  

c e l l s "  o r ,  as the  m a j o r i t y  do, in  i n t i m a t e  s y n a p t ic  c o n ta c t  w i th  

g r a n u la t e d  M e rk e l  c e l l s .  O v a l l e  (1 9 7 6 )  s t a t e s  t h a t  such M erke l  

c e l l / n e u r i t e  complexes o re  p r o f u s e l y  s c o t ' ,  ed over  the  s u r fa c e  of  

the  t e n t a c l e s .  Th is  i s  in  c o n t r a s t  to  the  E n d i n g s  of N a fs tad  

and Baker (1 9 7 3 )  t h a t  M e rk e l  c e l l s  comprise - ov t. 0,37* of the  

t o t a l  number o f  e p iderm a l  c e l l s  in  Rana P »p.i en; s k in .

Merke l  ( from Hunger,  1 9 6 : )  o r i g i n a l l y  found what he termed  

1T a s t z e l l e n 1 and what a re  now commonly c a l l e d  Merkel  c e l l s .  He 

cons idered  these to  be c e l l u l a r  t ra n s d u c e rs  o f  p h y s ic a l  s t i m u l i  

thp n e u r i t e .  t h a t  i s  m echanorecep tors . S i m i l a r l y  N a fs fa d  and



Baker (1 9 7 3 )  have suggested t h a t  M e rk e l  c e l l s  and the nerve  f i b e r s  

synapsing w i t h  them may c o n s t i t u t e  a t a c t i l e  appara tus  in  the  

sk in  o f  Rang p i p i e n s . However,  W h i te a r  (1 9 7 4 )  m a in t a in s  t h a t  t h e r e  

i s  no r e a l  ev idence  f o r  M e rk e l  c e l l s  having a r e c e p t o r  f u n c t i o n .  

I n s t e a d  she m a in t a in s  t h a t  they  may be " p a r t  o f  an e f f e r e n t  comm­

u n i c a t i o n  system between nerves and th e  sk in  o r  end o rg a n ."

Munger (1 9 6 5 )  suggests t h a t  s in ce  n e u r i t e s  seldom end on 

M e rk e l  c e l l s  in  th e  oppossum snout ,  but r a t h e r  ascend i n t o  the  

e p id erm is  a f t e r  coming i n t o  a p p o s i t i o n  w i t h  the Merke l  c e l l , 

i t  i s  p o s s ib le  t h a t  M e rk e l  c e l l s  modulate  growth or  f u n c t io n  o f  the  

n e u r i t e .

Iggo and M u ir  (1 9 6 9 )  found t h a t  in  c a t  s k in ,  touch c o rp u sc le s  

or  domes a re  p re se n t  which c o n t a in  t a c t i l e  c e l l s  ( M erk e l  c e l l s  ) 

a t  th e  base o f  the e p id e rm is .  Each touch c e l l  o r  Merke l  c e l l  was 

found to  be i n n e r v a t e d  by one l a r g e  m y e l in a te d  axon, a l th o u g h  one 

o f  thes e  axons can in n e r v a t e  up to  f i v e  c o rp u s c le s ,  but two i s  

the  norm. These sense organs can be i d e n t i f i e d  in  many spec ies ,  

i n c l u d i n g  man ( Iggo and M u i r ,  1 9 6 9 ) .

They found t h a t  no response could  be moni tored  from the  touch  

c o rp u s c le s  in  th e  absence of  i n t e n t i o n a l  s t i m u l a t i o n ,  but when a 

smooth probe i s  t r a v e r s e d  across the  c o rp u sc le  a b r i e f  high frequency  

b u r s t  -  quoted by Iggo and M u ir  ( 1 9 6 9 )  as g r e a t e r  than 1000 im p u ls e s /  

sec — o f  impulses can be recorded from an a f f e r e n t  u n i t  i n  the  nerve  

bund le .  They a ls o  found t h a t  a s t a t i c  response can be moni tored  i f  

the  d isp la cem e n t  o f  the  mechanica l  s t im u lu s  i s  s u f f i c i e n t .  i hi  s 

s t a t i c  response comprised two phases -  a phase o f  r a p id  a d a p t a t io n  

and then a phase of  slow a d a p t a t io n  which u s u a l l y  l a s t s  f o r  lo n g e r  

than ten  m inu te s .

Al though not s p e c i fe d  by O v a l l e  (1 9 7 6 )  i t  appears t h a t  the  

M e rk e l  c e l l s  o f  the t e n t a c l e  a re  g e n e r a l l y  s c a t t e r e d  in  the  sk in  

as opposed to  b' g con f in ed  to  s p e c i a l i s e d  sensory re g io n s  o f  the

fl I I  I El I  I IIThus, s in ce  many o f  the  p h y s i 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  the
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Axon diemetei

A . D i s t r i b u t i o n  o f  conduct ion  v e l o c i t i e s  o f  d o r s a l  c u ta n ­

eous a f f e r e n t s  in  Rang p i p i e n s » Four peaks a re  d i s c e r n -  

a b le  in  nerve  r e c o rd in g s  from supramaximal s t i m u l a t i o n  

o f  a d i s t a l  p o r t i o n  o f  the  n e rv e .  C a l i b r a t i o n :  2msecs.

B . S i z e  d i s t r i b u t i o n  o f  neurones in  the d o r s a l  cutaneous  

nerve in  Kanci pi p i ens .

( Both r e p r o d u c t io n s  a re  from Spray and C h r o n i s t e r ,  1974 )



touch domes may be dependent on the s t r u c t u r e  o f  the  c o rp u sc le  

( I g g o  und M u i r ,  1969 ) ,  p o s s ib ly  d i f f e r e n t  responses should be 

expected  from the  M e rk e l  c e l l s  in  the  sk in  o f  the  t e n t a c l e .  As 

y e t  no work appears to  have been done on the  n e u r o p h y s i o l o g i c a l  

response of  M erke l  c e l l s  in  amphibian s k in s ,  o r  on t h e i r  p o s s ib le  

c o n t r i b u t i o n  to  the  b ehav iour  o f  the a n im a l .

C o t to n  ( 1 9 5 8 ) ,  working  on p o r t io n s  o f  the  c a l f  s k in  of Rana 

t e m p o r i a , d e sc r ib e d  f o u r  c a t e g o r i e s  o f  m e cha nore ce ptor . Spray and 

C h r o n i s t e r  (1 9 7 4 )  working cn cutaneous a f f e r e n t s  in  Rana p i p i e n s 

have c onf i rm ed t h a t  t h e r e  i s  a s e p a r a t io n  o f  r e c e p t o r s  and t h e i r  

axons i n t o  f o u r  d i f f e r e n t  p o p u l a t i o n s .  Each p o p u la t io n  type has 

a d i f f e r e n t  r e c e p t o r  ty p e ,  conduct ion  v e l o c i t y  and axon d ia m e te r  

(S p ra y ,  1 9 7 6 ) .

When r e c o rd in g  from the  whole nerve  f o l l o w i n g  supramaximal  

s t i m u l a t i o n ,  Spray and C h r o n i s t e r  (1 9 7 4 )  found four  peaks of  

compound a c t io n  p o t e n t i a l s .  These peaks occur  as a r e s u l t  of  

compound a c t io n  c u r r e n t s  from axons o f  s i m i l a r  d ia m e t e r .  Ihe  

l a t e n c y  o f  the  peaks i s  r e l o f  d to  axon d ia m e te rs  ( F i g .  2 ) .

Cot ton  (1 9 5 8 )  t e n t a t i v e l y  ass igned d i f f e r e n t  sensory fu n c t io n s  

to  th e  p o p u la t io n s  by analogy  w i th  comparable d a ta  from mammalian 

and human exper im ents  and t a k in g  i n t o  account the  e f f e c t i v e  s t im u lu s

mode f o r  each p o p u la t io n .

The fo u r  sensory  fu n c t io n s  were d e s ig n a te d  as f o l l o w s : -

Conduction v e l o c i t y .

20 -  30 m/sec.

10 -  15 "

5 - 1 0  "

0 , 1  -  0 , 3  "

S i m i l a r l y  Spray (1 9 7 6 )  has concluded t h a t  t h e r e  a re  four  

d i s t i n c t  f i b e r  p o p u la t io n s  which correspond to  f o u r  d i s t i n c t  

sensory m o d a l i t i e s .  He agrees w i th  the  fu n c t io n s  a t t r i b u t e d  to  the

F i b e r  ty p e .  

a 

b 

c 

d

F u n d  i o n . 

F a st  touch.  

Slow touch.  

V i b r a t i o n .  

P a in .



' o ' ,  ' b '  and ' d '  f i b e r  p o p u la t io n s  by C o t to n  (1 9 5 8 )  but m a in t a in s  

t h a t  the  ' c ' f i b e r  type  may in  f a c t  respond to  c o ld .  Cot ton  (1 9 5 8 )  

s t a t e s  t h a t  th e  p o s s i b i l i t y  e x i s t s ,  on the  b a s is  o f  the  f i n d i n g s  of  

Hensel  and Zotterman (1 9 5 1 )  t h a t  mechanoreceptor  responses can be 

evoked by th e rm a l  s t i m u l a t i o n ,  v i z . , t h a t  the  ' c 1 f i b e r s  troy a d d i t ­

i o n a l l y  respond to  chemical  o r  the rm a l  s t i m u l a t i o n .

Spray (1 9 7 6 )  s t a t e s  t h a t  the 1 a 1 f i b e r  p o p u la t io n  has f r e e  

nerve  endings in  the  e p id e r m is .  Neurones o f  the  ' b '  f i b e r  p o p u la t io n  

t e r m i n a t e  as s u p e r f i c i a l  e n capsu la ted  endings and neurones o f  the  

' c '  and ' d '  f i b e r  p o p u la t io n s  t e r m i n a t e  as dermal  f r e e  nerve  

e nd ings .

As y e t  no i n v e s t i g a t i o n  i n t o  the  deve lopm e nta l  aspects  o f  

th ese  fo u r  f i b e r  p o p u la t io n s  hoc been u n d e r ta ke n .  S i m i l a r l y  no 

work appears to  have been done on mechanoreception in  a d u l t  Xenopus 

sk in  o r  in  the  l a t e  ta d p o le  s k i n .  However, Roberts  and h is  v a r io u s  

coworkers (R o b e r ts ,  1969; Roberts  and S t i r l i n g ,  1971; Roberts  and 

Smythe, 1974; Roberts  and B l i g h t ,  1975; R o ber ts ,  1975; Roberts  and 

Hayes, 1977 > have s tu d ie d  mechanoreception in  the  e a r l y  ta d p o le  

stages  of  Xenopus Im-v i s ( s tages 21 -  41 ) .

Roberts  ( 1 9 6 9  ) found t h a t  in e a r l y  t a d p o le s ,p r o d s  to  the  sk in  

w i t h  a b lu n t  p in  le d  to  long d u r a t i o n  ( 60 -  300 msecs. in  d i f f e r e n t  

a n im a ls ,  but c o n s t a n t  in  any one animal  ) sk in  impulses be ing  

evoked.  These skin  impulses have been found to  be p re se n t  up to  

stage  41,  a f t e r  which they  become d i f f i c u l t  to  record  and thus t h e i r  

presence i s  u n c e r t a i n  (R o ber ts  and S t i r l i n g ,  1 9 7 1 ) .  Roberts  and 

S t i r l i n g  ( l 9 7 l )  p o in t  out t h a t  i t  i s  most l i k e l y  t h a t  th e  stein 

impulses are  propagated by " d i r e c t  c u r r e n t  f low from c e l l  to c e l l . "

Roberts  and Smythe (1 9 7 4 )  suggest that,  in  newly hatched Xenopus 

Laevi  s ta d p o le s  t h e r e  a re  two t a c t i l e  sensory pathways.  One in v o lv e s  

t i .e sk in  impulse and i s  s e n s i t i v e  to  s t r o n g e r  m echanica l  s t i m u l i . 

S e n s i t i v i t y  occurs  over  the  e n t i r e  body s u r fa c e  and begins  a t  stage  

2 4 / 2 5 .  T fes e  skin  impulses have been shown to evoke muscular  

responses,  p ro b a b ly  by the  sk in  impulses spread ing  from c e l l  to



c e l l  and t h e r e b y  c o n t a c t in g  a Rohon -  Beord cell r e w r i t e  which can 

then p r o p a g a t -  he i n f o r m a t i o n  back to the  c e n t r a l  nervous system 

and cause the  response (R o b er ts  and S t i r l i n g ,  1 9 / 1 ) ,

The o t h e r  sensory pathway i s  re sp o n s iv e  to  l i g h t  touch  

s t i m u l i  and i s  not a s s o c ia te d  w i t h  the  s k in  im p u lse .  I t  begins  

a t  s tage  26 but then s e n s i t i v i t y  i s  o n ly  p rese n t  a* 4 he most 

c r a n i a l  r e g io n  o f  the  myotomes from which i t  l a t e r  ids out over

tne  r e s t  o f  the  body s u r fa c e  w i th  development.  Roberts  and Smythe 

(1 9 7 4 )  suggest t h a t  t h i s  l i g h t  touch s e n s i t i v i t y  pathway i s  assoc­

i a t e d  w i th  Rohon — Beard c e l l s .

Thus Roberts  and h is  coworkers have s tu d ie d  tne  i n i t i a l  

development o f  mechanorecepticn a s s o c ia te d  w i th  Rohon -  Beard c e l l s .  

Since  Rohon -  Beard c e l l s  a r e  o n ly  p re s e n t  o t  t ru n k  l e v e l s  (Hughes,  

1957)  i t  i s  u n l i k e l y  t h a t  a s i m i l a r  form o f  mechanoreccption w i l l  

be encountered  in  the  t e n t a c l e  s k i n .  However,  s k in  impulses may 

be p r e s e n t .  In  a d d i t i o n  Rohon -  Beard c e l l s  have smal l  unm y e l in a te d  

axons w i th  naked nerve  endings  in  the s k in ,  but t h e r e  may be a 

d i f f e r e n c e  between the  sensory responses m oni tored  from th ese  ana 

those  from th e  ' d '  f i b e r  p o p u la t io n  o f  Cot ton  (1 9 5 8 )  s - . c  the  

Rohon -  Beard c e l l s  can he p o s s ib ly  regarded as s p e c i a l i s e a

t r a n s i e n t l y  p re se n t  r e c e p t o r s .

Roberts  and B l i g h t  (1 9 7 5 )  have a t tem p te d  a c o r r e  a t i o n  between

f u n c t i o n  and s t r u c t u r e  o f  n o n m y e l i n a t e d  f r e e  nerve  e .dings in  the  

cement gland o f  Xenopus l o e v i s  t a d p o le s .  Thev t lund tnat these  

sm al l  d ia m e te r ,  slow conduct ing  neurones a re  in v o lv e d  in  the  

i n h i b i t o r y  c o n t r o l  o f  swimming. These f i b e r s  would appear s i m i l a r  

to  the  pain  f i b e r  p o p u la t io n  of  Cot ton  (1 9 5 8 )  and Spro-  (1 9 7 6 )  but  

they  respond to  non -  noxious forms o f  s t i m u l a t i o n .  Rober ts  and 

Hayes (1 9 7 7 )  p o in t  out t h a t  the  h yp o th es is  t h a t  unm y e l ina ted  

nerves  w! ich  t e r m i n a t e  w i t h o u t  s p e c i a l i s e d  end s t r u c t u r e s  are  con­

cerned w i th  pa in  has been c r i t i c i s e d  by v a r io u s  workers ,  f o r  example

L e lc  end Weddel l  (1 9 5 6 )  and Iggo ( 1 9 6 6 ) .

I t  i s  p o s s ib le  once a g a in ,  t h a t  th ese  smal l  f i b e r s  o f  Roberts  

and B l i g h t  (1 9 7 5 )  a re  e x t r e m e ly  s p e c i a l i s e d  t r a n s i e n t s  to  a t r a n s -



l e n t  s t r u c t u r e  ( the  cement g land ) and a r e  not i n d i c a t i v e  o f  the  

presence o f  one o f  the a d u l t  f i b e r  p o p u la t io n s ,  v i z . , the  ' d '  f i b e r  

p o p u l a t i o n .

W h i te a r  (1 9 7 4 )  shows t h a t  nerves  e n t e r i n g  f ro g  skin  c o n ta in  

both somat ic and autonomic components.  The i n v e s t i g a t i o n s  of  

Paterson ( 1 9 3 9 ) ;  F ab ian ,  Hanrahan, Marks and Coombe ( persona l  

communication ) and O v a l i e  (1 9 7 6 )  make no mention of  the  presence  

o f  glands or  muscle a s s o c ia te d  w i th  the  s k in  o f  the  t e n t a c l e .  Thus  

i t  would seem t h a t  o n ly  somatic sensory  neurones a re  p resent  and 

no autonomic component.

From the  above i t  can be a p p r e c ia t e d  t h a t  gaps e x i s t  in  th e  

unde rs tan d in g  o f  the development o f  mechonoreception g e n e r a l l y ,  

and t h a t  mechanoreception has not been s tu d ie d  in  the  l a t e r  s tages  

o f  development in  Xenopus nor in  the  a d u l t .  No in f o r m a t i o n  i s  

a v a i l a b l e  as to  the  o r d e r ,  i f  any,  in  which the fo u r  t a c t i l e  

nerve  p o p u la t io n s  deve lop ,  and a ls o  no i n f o r m a t i o n  i s  a v a i l a b l e

o f  th e  e f f e c t s  o f  each mechanoreceptor  p o p u la t io n  • * the b e h a v io u r

o f  the  a n i m a l . A lso no work has been done on the n e u r o p h y s io lo q ic a l  

responses of M e rk e l  c e l l s  in  amphibian sk in  or t h o i r  c o n t r i b u t i o n  

to  the  behav iour  o f  the  a n im a l .

Indeed, p r i o r  to  t h i s  study no n e u r o p h y s i o l o g i c a l  i n v e s t i g a t i o n  

o f  the  sensory f u n c t io n  o f  the t e n t a c l e s  has been r e p o r t e d .

1 . 2 Mot.hods- end M a t f r i a l s .

I .  2 .  I  E l e c t r o n  M ic ro sc o p y .

I he p u r e ly  sensory deep ophthalmic nerve  nd the  sensory p o r t  

o f  the  m a n d ibu la r  nerve ,  t h a t  i s  the p o r t  c t o i  to the  motor  

branches to  the m andibu la r  muscle group, of tad p o le s  o f  stages 56 

and 5 7 /8  were d is s e c t e d  out under co ld  s a l i n e  and then f i x e d  f o r  

two hours in  fo r m a ld e h y d e /g lu te r o ld e h y d e  f i x a t i v e  ( Appendix I  ) .  

These s tages were choser s ince  a t  these  s tages  development of  

the  t e n t a c l e  is  c om ple te ,and  i t  was these  stages t h a t  were most
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g e n e r a l l y  used in  the  p h y s i o l o g i c a l  i n v e s t i g a t i o n s .

The nerves were then washed in  c a c o d y la t e  b u f f e r  ( Appendix 2 ) 

and then p o s t - f i x e d  in  osmium t e t r o x i d e  ( Appendix 3 ) fo i  t h i i t y  

m inutes  in  a fume cupboard.  T h is  was then f o l lo w e d  by washing in  

w a t e r ,  d e h y d ra t io n  in 100% acetone  f o r  t h i r t y  m in u tes ,  embedding 

in  a r c l d i t e  ( Appenoix 4 ) in  p l a s t i c  c o n t a i n e r s ,  and f i n a l l y  

baking  in  an oven f o r  f o r t y  -  e ig h t  hours a t  60 C. L i g h t  gold to  

s i l v e r  s e c t io n s  o f  the  nerve  were then cu t  using a g la ss  k n i f e  

and a P o r t e r  -  Blum u l t r a m ic r o to m e  M I - 2 .  These s e c t io n s  were

p icked  up on a 300 mesh copper g r i d  and observed and photographed

on a t r a n s m is s io n  e l e c t r o n  m icro sc o p e .

I .  2 .  2 P h y s io lo g y .

Tadpoles were k i l l e d  by d e s t r o y in g  the  b r a in  w i th  a sharp  

n e e d le .  The ta d p o le  was then staged acc ord ing  to  the  c l a s s i f i c a t i o n  

of  Nieuwkoop and Faber  ( 1 9 6 7 ) .  The ta d p o le  was pinned onto the  

bottom of a t r a n s p a r e n t  d i s s e c t i n g  d ish  ( Sy lga rd  184 e n c a p s u la t in g  

r e s i n ;  Dow Corn ing ) w i th  a number o f  minuten i n s e c t  p in s .

Using a W i ld  M5 d i s s e c t i n g  microscope w i th  t r a n s m i t t e d  l i g h t ­

ing, e i t h e r  o f  the two sensory nerves ( F i g .  I ) could  be exposed 

by removing a square o f  sk in  from the  r e l e v a n t  dorsaJ p a r t  of the

head w i th  a sharp need le  and f i n e  f o r c e p s .

With  the  sk in  removed both sensory nerves could  be cu t  c lo se  

to  t h e i r  emergence p o in t  from the  b r a in  and c le a r e d  from the 

u n d e r ly in g  c a r t i l a g e  and c o n n e c t iv e  t i s s u e .  In the  case of  the  

m andibu la r  nerve  the  v a r io u s  eye muscles, under which t h i s  nerve  

runs,  had to  be removed b e fo r e  the  nerve  could  be f u r t h e r  c l e a r e d .  

More d i s t a l l y  the  m and ibu la r  nerve r e q u i r e s  to  be d is s e c te d  out  

from the m a n d ibu la r  muscle through which i t  runs.

Sensory in f o r m a t i o n  propagated back to  the  b r a in  from the  

t e n t a c l e s  v i a  the  m and ibu la r  or deep ophthalmic nerves  was monitored  

by means o f  0,04mm d ia m e te r  nichrome w i r e  e l e c t r o d e s .  These e l e c ­

t r o d e s  were p o s i t io n e d  by means of P r i o r  micro -  m a n ip u la t o r s .



Once the  nerve  had been wrapped around the  e l e c t r o d e ,  the  s a l i n e  

( Appendix 5 ) was removed w i t h  a l a r g e  s y r in g e  u n t i l  the  re g io n  

o f  c o n ta c t  between the nerve  and the  e l e c t r o d e  was exposed. The 

e l e c t r o d e / n e r v e  c o n ta c t  was then covered w i t h  a m ix t u r e  o f  m e d ic in a l  

p a r a i f i n  and commercial  v a s e l i n e  ( Appendix 6 ) to  p re ve n t  dess -  

i c a t i o n .  In  t h i s  way sensory d is ch a rg e s  cou ld  be moni tored  f o r  up 

to  6 hours.

Sensory nerve impulses were f i r s t  a m p l i f i e d  by Grass P511 

p r e a m p l i f i e r s  and then u is p la y e d  on a T e k t r o n i x  5440 o s c i l l o s c o p e  

f i t t e d  w i th  a Nihon Kohden PC -  2A cont inuous  r e c o rd in g  camera 

or  f i l m i n g  purposes.  Kodak 35 nun C i n e f l u r e  f i l m  ( green s e n s i t i v e  )

nnd Kodak photo graph ic  paper were used.

in  o r d e r  to  s t i m u l a t e  s in g le  recep+or  u n i t s  a s h o r t  p ie ce  o f

human h a i r  was used. A s t ra n d  o f  h a i r  w i t h  a ' s p l i t  end'  was s e le c t e d  

and then tr immed so t h a t  o n ly  the  f i n e s t  p a r t  o f  the  h a i r  was l e f t .  

This  was g lued i n t o  a g la ss  c a p i l l a r y  tube a t ta c h e d  to  the  cone o f  a 

8n, tW loudspeaker  by means of a s e c t io n  o f  a p l a s t i c  s y r in g e .

V a ry in g  d u r a t i o n  and a m p l i tu d e  v o l t a g e  d r i v e r  pulses  could  then be 

a p p l i e d  to  the  loudspeaker  from a Grass SD9 s t i m u l a t o r .  By s im u l ­

t a n e o u s ly  m o n i to r in g  the a p p l i e d  v o l t a g e  pu ls es  on the  o s c i l l o s c o p e  

and the sensory d is ch a rg e s  i t  was p o s s ib le  t o  observe which movements 

o f  the h a i r  caused responses from the  t e n t a c l e .

fo im m o b i l ise  the  t e n t a c l e  d u r in g  prodding the t e n t a c l e  was 

pushed i n t o  a f i n e ,  deep groove in a p ie ce  o f  p l a s t i c  w i th  ho les  

through i t  so t h a t  i t  could be pinned to  the  bottom o f  the d i s s e c ­

t i n g  d is h .

1 . 3  R e s u l t  s

I .  3 .  I  E l e c t r o n  jm c r o s c o p y .

Due to the  c o m p a r a t i v e ly  l a r g e  d ia m e te r  o f  the nerve  bundles  

i n  r e l a t i o n  to  the g r i d  square s i z e  i t  was not p o s s ib le  to  observe  

a cross s e c t io n  o f  the nerve  in  i t s  e n t i  r e t y . I  nstead., ju s t  p o r t io n s



F ig u r e  3 Compound a c t io n  c u r r e n t s  monito red  from

A. The deep ophthalmic ne rve .

B. The m and ibu la r  ne rve .

f o l l o w i n g  supramaximal e l e c t r i c a l  s t i m u l a t i o n  of  the  

t e n t a c l e .  C a l i b r a t i o n ;  I  msec.

T h t  ihir,ulvf o r t « f a « . h  tl ' ‘l i b i t  at i h t  ffftt o f  ' vpwa'-t*  

i f ld  i t  » l  i  n e  t ^  ti*. »>u



F ig u r e  4A Transm iss ion  e le c t r o n  micrograph o f  a c r o s s -  

s e c t io n  o f  a bundle o f  unm ye l in a ted  neurones in  the  

m andibu la r  nerve  o f  a stog3 5 7 / 8  ta d p o le .

4/*"'

F i f ,u re4B .  Composite diagram drawn up from e l e c t r o n  m icrographs  of  a 

cross s e c t io n  o f  the deep ophthalmic nerve  o f  a s tage  5 7 /8  

t a d p o le .
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of  s e c t io n s  a t  d i f f e r e n t  p o s i t i o n s  a lo ng  the  nerve  were s t u d i e d .

Since the  whole nerve bundle c o u ld  not be assumed to be 

c i r c u l a r  i t  was im p o s s ib le  to  e s t im a t e  w i th  any accuracy  the  number 

o f  neurones p re se n t  . n the  whole n e rv e .  S e r i a l  s e c t io n s  a re  t h e r e ­

f o r e  r e q u i r e d  so t h a t  by o bserv ing  a number of  such s e c t io n s  some 

o v e r l a p  between s e c t io n s  can be observed in a l l  cases.  Using  

th ese  a composite  p i c t u r e  could  be drawn up from a l l  the  a rea s  of  

n e rv e .  Th is  i d e a l  was not i e o l i s e d  in  the  p re se n t  s tudy .

Both m y e l in a te d  and unm yel ina ted  neurones were observed in  

both the  m and ibu la r  and deep o p th a lm ic  nerves p rox im a l  to the  base 

of  the  t e n t a c l e .

Conduction v e l o c i t y  exper im ents  ( F i g . 3 )f where an e l e c t r i c  

shock was a p p l i e d  to  the  t e n t a c l e  and compounc a c t io n  c u r r e n t s  

were monitored  from both the  deep ophthalmic and m a n d ibu la r  n erves ,  

co n f i rm ed  t h a t  both m y e l in a te d  and unmyel :noted  neurones e n te r e d  

i n t o  the  t e n t a c l e .  In  each case the  f i r s t  peak had conduct ion  

v e l o c i t i e s  expected f o r  m y e l in a te d  f i b e r s  ( 2 , 5  to 9 , 2  m/sec a t  

20°C ) w h i le  the  second peck hod conduct ion  v e l o c i t i e s  expected  f o r  

unm ye l ina te d  f i b e r s  ( 0 , 1 6  to  0 ,3 8  m/sec a t  20 C ) .

In  each nerve the  number o f  unm ye l ina te d  neurones f a r  exceeded  

the  number o f  m y e l in a te d  neurones.  No q u a n t i t a t i v e  da ta  i s  a v a i l a b l e  

s in ce  the unm yel ina ted  neurones were not always c l e a r l y  v i s i b l e  

and a ls o  the whole nerve  could  not be v iewed.  However, i t  i s  

e s t im a te d  t h a t  they outnumbered the m y e l in a te d  neurones by a f a c t o r  

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

In a l l  the  s e c t io n s  t h 2 unm yel ina ted  neurones were a l l  v e ry

s m a l l ,  the m a j o r i t y  being l e s s  than 0 , 5 ^ m i n  d ia m e t e r .  A l l  were

found to occur  in  bundles,  each bundle  enclosed by a Schwann c e l l .

C o m p a r a t iv e ly  few Schwann c e l l s  were found to  be p re s e n t  and each

enclosed a l a r g e  number o f  unm yel ina ted  f i b e r s  ( F i g .  4A ) .  In
.

a l l  the  s e c t io n s  observed t h e r e  appeared to  be no d i s t i n c t  s p a t i a l  

arrangement o f  unm yel ina ted  f i b e r s  in  r e l a t i o n  to the m y e l in a te d  

f i b e r s .  The two appear to  occur randomly w i t h i n  the nerve  bundle  

( F i g .  4B ) .



F i g u r e  5A. Histogram

of  the  rnandcom posi t ionHistogram showing

i b u l a r  nerve



The d ia m e te rs  of  o i l  m y e l in a te d  and unm yel ina ted  neurones 

which were c l e a r l y  v i s i b l e  were measured by i n i t i a l l y  f i n d i n g  the  

c i rc u m fe re n c e  o f  the neurone by l a y i n g  a f i n e  p ie ce  of  th re a d  around 

them, and then c o n v e r t in g  t h i s  c i rc u m fe re n c e  to  u d ia m e te r .

P l o t t e d  on a h is togram these measurements r e v e a le d  d i s c r e t e  peaks 

o f  axona l  s i z e  In  the deep ophthalmic ne- e these  peaks occurred  

between 2 -  3 y v m  a n d  0 -  I  y u m  ( F i g .  5A ) ,  w h i l e  in  the m andibula r  

nerve  the peaks of  axona l  d ia m e te r  occurred  between 3 -  4 ^ m  and

0 -  ly /m  ( F i g .  5B ) .

In  the deep ophthalmic nerve  the two peaks seem to  correspond

to the  peaks o f  the  ’ c ’ ond ’ d* f i b e r s  found by Spray and C h r o n i s t e r

( 1 9 7 4 )  ( F i g .  2 ) .  However, t h e r e  i s  no t r a c e  of  the  o t h e r  peaxs

found, t h a t  i s  one a t  5 -  6 y>m and one a t  9 -  10 ^m. Due to the  

a p p a re n t  randomness of  the d i s t r i b u t i o n  of  t h e  f i b e r s  o f  th e  two 

peaks p re s e n t  ( F i g .  46 ) and the  f a c t  t h a t  a number of  p o r t io n s  of 

s e c t io n s  were observed,  i t  i s  u n l i k e l y  t h a t  these  f i b e r s  a re  in  

f a c t  p rese nt  but bunched t o g e t h e r  and obscured by the g r i d  in  a l l  

the  s e c t io n s  s t u d ie d .  In a d d i t i o n  th ese  f i b e r  p o p u la t io n s  would 

have shown up in  the  conduction  v e l o c i t y  exper iment  i f  they were

p r e s e n t .

The peak between 0 -  I ^ m  in  the  m andibu la r  nerve corresponds  

to  th e  ’ d ’ f i b e r  peak of  Spray and C h r o n i s t e r  ( 1 9 7 4 ) .  However,  

the peak between 3 and 4 yi/m i s  c on fus ing  s ince  i t  has not been 

p r e v i o u s l y  observed.  Th is  peak of  axona l  d ia m e te r  is p re se n t  in  

a l l  the  s e c t io n s  observed i f  ey v r e  cons ide re d  i n d i v i d u a l l y .  Thus 

they  a re  u m i k e l y  to be the r e s u l t  o f  some sampling e r r o r .  The random­

ness in  the  p o s i t i o n  of  the neurones would a ls o  tend to support  t h i s .

Since t h i s  p o p u la t io n  i s  d e f i n i t e l y  p re se n t  and does not c o r r e s ­

pond to  any o f  those of  Spray and C h r o n i s t e r  ( 1 9 7 4 ) ,  who make no

mention of  M erk e l  c e l l s ,  i t  i s  p o s s ib le  t h a t  i t  i s  these f i b e r s  +hat

i n n e r v a t e  M e rke l  c e l l s .

I t  i s  a ls o  p o s s ib le  t h a t  these  small  m y e l in a te d  neurones are  

s i m i l a r  to those responding to  p a i n f u l  s t i m u l a t i o n  of  toad skin  

which were d e scr ib e d  by Maruhashi e t  a l  ( 1 9 5 2 ; .
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u r ■■—— — ^ u l t i  -  u n i t  sensory d i schr t ges recorded from the  m a n d ib u la r  ne rve  f o l l o w i n g  

^apid short  s t ro k e s  o f  the  t e n t a c l e  caus ing  as l i t t l e  bending as p o s s i b l e .  

C a l i b r a t i o n ;  I  sec.

F in u re  6B. M u l t i  -  u n i t  sensory  d is ch a rg e s  recorded  from the  deep ophthalmic ne rve  in  

response to one long t e n t a c l e  s t r o k e  w i th  os l i t t l e  movement as p o s s i b l e .  

C a l i b r a t i o n ;  I  sec.
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Using c r i t e r i a  o f  f i b e r  s i z e  t h e r e f o r e ,  the  deep ophthalmic nerve  

could  c o n ta in  neurones p ro p a g a t in g  in f o r m a t io n  on u in ,  v i b r a t i o n  or  

c o l d .  On the same b a s is ,  the unm yel ina ted  neurones of  the  men l i b u l a r  

nerve  could  convey i n f o r m a t i o n  on p a i n f u l  s t i m u l i ,  and m y e l in a te d  

neurones in f o r m a t io n  from Merke l  c e l l s  01  p a i n f u l  s t i m u l i .

I .  3 .  2 P h y s i o l o g y  o f  t h e  t e n ' a c ) ' i n m - r v g t i o n .

1 . 3 .  2 .  I  G r o s s  r e  s p o n  s r o f  t h e  t e n t a c l e .

F o l lo w in g  s t ro k es  o f  the  t e n t a c l e  w i t h  a g la s s  rod which 

caused as l i t + l e  t e n t a c l e  movement as p o s s i b l e ,  a t y p i c a l  m u l t i ­

u n i t  sensory d is ch a rg e  can be evoked in  e i t h e r  o f  the two nerves  

i n n e r v a t i n g  the  t e n t a c l e ,  t h a t  i s  the m an d ib u la r  ( F i g .  6A ) and 

the  deep ophthalmic nerves ( F i g .  68 ) .  S i m i l a r  sensory d is ch a rg e s  

can be monito red  from both nerves f o l l o w i n g  manual bending o f  the  

t e n t a c l e s  ( F i g .  7 ) ;  i n j e c t i n g  w ater  c u r r e n t s  onto the t e n t a c l e s  

from an a n t e r i o r  or  l a t e r a l  p o s i t i o n  which r e s u l t e d  in  t e n t a c l e  

bending,  and e i t h e r  c u t t i n g  or c rush ing  of the t e n t a c l e  i ( F i g .  8 ) .  

Dur ing  such d is ch a rg e s  t h e r e  was m ver  any i n d i c a t i o n  of  skin  

impulses as d e s c r ib e d  by Roberts  ( 1 9 6 9 ) .

In  most cases a s t ro k e  a long the l e n g t h  of  the  t e n t a c l e  r e s u l t e d  

in  each sensory u n i t  ( i d e n t i f i e d  by a c t i o n  p o t e n t i a l  a m p l i tu d e  ) 

on ly  responding once, or  a few t imes a t  most,  i n d i c a t i n g  t h a t  the  

u n i t s  s t i m u l a t e d  in  t h i s  way a r e  e x t re m e ly  r a p i d l y  a d a p t in g  or have 

minute  r e c e p t o r  f i e l d s .  A t e c h n i c a l  problem o f  i n t e r p r e t a t i o n  

i s  in t ro d u c e d  however, by v i r t u e  o f  the f a c t  t h a t  a c t io n  p o t e n t i a l s  

are  compounding, r e n d e r in g  am p l i tu d e  d i s c r i m i n a t i o n  u n r e l i a b l e .  

However, o b s e rv a t io n s  using f a s t  sweep speeds on the  o s c i l l o s c o p e  

conf i rm ed  t h a t  the u n i t s  c r e in  f a c t  r a p i d l y  a d ap t in g  and t h a t  the  

o b s e r v a t io n s  were not m ere ly  an a r t e f a c t  o f  compounding.

In  cases whdre s t r o k in g  of the  t e n t a c l e  r e s u l t e d  in  i t  bending  

somewhere along i t s  l e n g t h ,  i t  was observed t h a t  c e r t a i n  rensory  

u n i t s  c on t inue d  to  f i r e  a f t e r  the  com ple t ion  of  the  s t r o k e  ( F i g .  9 )



T h is  d is ch a rg e  cou ld  be observed to  c o n t in u e  u n t i l  the t e n t a c l e  

re t u r n e d  to  i t s  o r i g i n a l  p o s i t i o n  and became s t a t i o n a r y .  The r e t u r n  

of  the  t e n t a c l e  to  i t s  o r i g i n a l  p o s i t i o n  i s  due to  the r i g i d i t y  o f  

the  c a r t i l a g e  rod of  the  t e n t a c l e .  U n i ts  responding d u r in g  the  

pa ss iv e  1 r e t u r n  phase1 a r e  p robab ly  u n i t s  s i t u a t e d  a t  the  s i t e s  

of bending o f  the  t e n t a c l e  and a re  responding as the  t e n t a c l e  

s lo w ly  bends back to  i t s  o r i g i n a l  p o s i t i o n .  These u n i t s  do not  

respond w i th  a s teady impulse  f requency  as the  r e t u r n  o f  the  t e n t ­

a c l e  to  i t s  normal p o s i t i o n  i s  not u s u a l l y  a smooth one but can 

be observed to  be j e r k y .

S i m i l a r  d is ch a rg e s  can be observed d u r ing  the  p ass ive

r e t u r n  o f  the  t e n t a c l e  to  i t s  normal p o s i t i o n  f o l l o w i n g  bending o f  

the  t e n t a c l e  ( F i g .  7 ) .  Bending was c a r r i e d  out by f i r s t  c ru sh in g  

th e  tentacJ  3 near  i t s  t i p  w i th  f i n e  fo rc eps  and then g ra s p in g  the  

re g io n  d i s t a l  to  th e  crush and hence i n s e n s i t i v e  to  mechanical  

s t i m u l a t i o n ,  and then p u l l i n g  the  t i p  l a t e r a l l y  and c a u d a l l y .

The t e n t a c l e  t i p  was then r e le a s e d  and the t e n t a c l e  was a l lo w e d  

to  r e t u r n  p a s s i v e l y  to i t s  normal p o s i t i o n .  In  a l l  cases the  

ta d p o le  was p o s i t io n e d  in  such a way t h a t  the  t e n t a c l e  d id  not  

come i n t o  c o n t a c t  w i th  the  f l o o r  o f  the d i s s e c t i n g  d ish  d u r in g  

such monoeuvers.

Dur ing  the  a c t i v e  phase o f  th e  bend, each sensory u n i t  which  

d id  respond seldom discharged more than once.  Again, o b s e rv a t io n s

using f a s t  sweep speeds on the o s c i l l o s c o p e  showed t h a t  r a p id  adap­

t a t i o n  was being observed and not an a r t e f a c t  due to  compounding.

T h is  f u r t h e r  i l l u s t r a t e s  the  r a p i d l y  a d ap t in g  n a tu re  o f  the  t e n t a c l e s '  

mechanoreceptors .  I f  the  t e n t a c l e  was he ld  in  a bent p o s i t i o n  

w i t h o u t  any movement o f  th e  t e n t a c l e  occurr ing  then a p e r io d  of  

sensory qu iescence  occurred.  There was no ev idence  of  more s lo w ly  

a d a p t in g  t o n ic  re c e p t o r s  being a r e s e n t .  T h is  f i n d i n g  was conf i rm ed  

i n  the  cases o f  a l l  the s i n g l e  r e c e p t o r  u n i t s  analysed l a t e r  ( I . 3 . 2 . 2  ) 

Once again  the d is ch a rg e s  observed d u r in g  the p ass iv e

r e t u r n  a f t e r  the  bend were probab ly  phasic  r e c e p t o r  u n i t s  s i t u a t e d



a t  the  s i t e s  o f  bending and responding to  each o f  the ob s erv a b le  

j e r k y  movements the  t e n t a c l e  made oack to  i t s  o r i g i n a l  p o s i t

The sensory d is ch a rg e s  in  both nerves f o l l o w i n g  a crush o f  the  

t e n t a c l e  ( F i g .  8 ) appear to  be v e r y  s i m i l a r  to  those f o l l o w i n g  

s t r i k i n g  o r  bending in  t h a t  a m u l t i —u n i t  sensory  d isch arg e  occurred.  

An expected d i f f e r e n c e  which i s  p re s e n t  i s  the Lur qer  numbei of  

r e c e p t o r  u n i t s  responding to a c ru sh .  N a t u r a l l y  a crush of the  

t e n t a c l e  would r e s u l t  in  both the branches o f  the  m and ibu la r  and 

deep ophthalmic nerves being crushed,  l e u d in g  to  f i r i n g  of  a l l  the  

neurones in  each branch a t  the  crush p o i n t .  Thus moie nervouo  

a c t i v i t y  should be monito red  d u r in g  a crush  than d u r in g  l o c a l i s e d  

bending or  s t r o k in g  when o n ly  pa r*  o f  a l l  the  neurones w i t h i n  the  

t e n t a c l e  can be expected to  d is ch a rg e  im pulses .  Th is  holds on ly  

i f  the  crush i s  f a i r l y  near  the  base o f  th e  t e n t a c l e  as neurona l  

branch ing  r e s u l t s  in  fewer  and fewer  neurones being p re se n t  the  

c l o s e r  one g e ts  to  the t i p  ( F a b ia n ,  Hanrahan, Marks and Coombe,

p e rs o n a l  communicat ion) .

P a r t  o f  t h i s  in c re a s e  in  the  number of  u n i t s  responding d u r in g  

a crush must be a t t r i b u t e d  to  the  f a c t  t h a t  no m a t t e r  how c a r e f u l l y  

th e  crush i s  c a r r i e d  ou t ,  both s t r o k in g  and e s p e c i a l l y  bending  

s t i m u l i  would be p re s e n t ,  the  l a t t e r  a c t i n g  on re c e p t o r s  p ro x im a l  

to  the  crush p o i n t .  T h e r e f o r e  sensory d is c h a rg e s  in  response to  

th e s e  would be expected to be superimposed on those of  the c rush .  

T h is  can be seen in  f i g u r e  8B where re c e p t o r s  s t i l l  c o n t in u e  to  

f i r e  a f t e r  the  c ru sh .  In  t h i s  case the  crush le d  to  t e n t a c l e  

movement, w i th  the  r e s u l t  t h a t  a f t e r  the  crush i t  r e tu r n e d  p a s s iv e ly  

to  i t s  o r i g i n a l  p o s i t i o n  w i th  a r e s u l t a n t  i r r e g u l a i  sensory  

d is c h a r g e ,  p roba b ly  from the  u n i t s  a t  the  s i t e s  of  bending.

There was never  any c l e a r  i n d i c a t i o n  of  any high f requency  

pa in  responses d u r in g  a crush  as would be e x re c te d  from the f i n d i n g s  

o f  Adr ian  (19 26 ,  1928) and Hogg ( 1 9 3 5 ) .  The p o s s i b i l i t y  does 

e x i s t  however,  t h a t  such smal l  a m p l i t u d e ,  high f requency  responses  

were p re se n t  but were not d e t e c t a b l e  due to  the obscur ing  i n f l u e n c e



F ig u re  10. Sensory responses recorded from the  deep ophthalmic nerve  

in  response to manual ta p p in g  on the  bench. The tops  

a re  o f  i n c r e a s i n g  am p l i tu d e  to ' o ' ,  then de cre a s in g  

a m p l i t u d e .  C a l i b r a t i o n ;  I  sec.
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of  the  mass of o t h e r  sensory u n i t  response- . .  A lso ,  su s ta in e d  

i n j u r y  d is c h a rg e s ,  as can be r e a d i l y  observed in  i n v e r t e b r a t e  

p r e p a r a t i o n s ,  were seldom p r e s e n t .  Where i n j u r y  d is ch a rg e s  did  

occur i t  was u s u a l l y  in  a s in g le  r e c e p t o r  neurone and never  in  more 

than a few neurones.  When pre sent  the  d is ch a rg e  seldom l a s t e d  fo r

lo n g e r  than tw enty  seconds.

In  some p r e p a r a t i o n s ,  f o r  each n erve ,  the  t e n t a c l e s  appeared

to  be more s e n s i t i v e  to  s t r o k in g  in  c e r t a i n  areas  than o t h e r s .

However,  t h e r e  was never any c o n s is te n c y  in  the p o s i t i o n  o f  these  

areas  and s in ce  i t  was g e n e r a l l y  found t h a t  the whole t e n t a c l e  

s u r fa c e  was v ery  s e n s i t i v e  i t  was concluded t h a t  no e x t r a  -  sens­

i t i v e  areas  a re  p r e s e n t ,  but r a t h e r  t h a t  where such areas  became 

apparen t  i t  was due to  the  e l e c t r o d e  nerve  c o n t a c t  in  the  p a r t i c u l a r  

p r e p a r a t i o n  r e s t r i c t i n g  re c o rd in g  from r e l a t i v e l y  few l i b e r s  o n ly .

The t e n t a c l e s  have been found to  be e x t r e m e ly  s e n s i t i v e  to  

mechanica l  s t i m u l a t i o n .  T h is  i s  shown in  F i g .  TO, the  sensory  

d is c h a rg e  moni tored  from the deep ophthalmic nerve  f o l l o w i n g  manual  

ta p p in g  on the  work bench a t  a d is t a n c e  o f  about one meter from the  

p r e p a r a t i o n .  The taps  a re  o f  i n c r e a s i n g  i n t e n s i t y  up to  p o in t  ' o '  

f o l lo w e d  by dt re us ing  i n t e n s i t y  ta p s .  Corresponding to  each tap  

t h e r e  i s  an i n i t i a l  b u rs t  o f  sensory a c t i v i t y  from many sensory  

u n i t s .  The most l i k e l y  e x p la n a t io n  f o r  t h i s  i s  t h a t  i t  i s  due 

to  r e c e p t o r  u n i t s  in  c o n ta c t  w i th  the d i s s e c t i n g  d is h ,  f i r i n g  in  

response to  the  d i s s e c t i n g  d ish  bumping a g a in s t  the t e n t a c l e .

F o l lo w in g  t h i s  i n i t i a l  b u r s t  o f  sensory a c t i v i t y  a number of  

sm al l  a m p l i tu d e  a c t i o n  p o t e n t i a l s  can be noted .  They appear  in  

c o u p le t  form in  some cases.  The a c t i v i t y  o f  th ese  r e c e p t o r  u n i t s  

can most s a t i s f o c t o r o r i l y  be e x p la in e d  by proposing them to  be a t  

s i t e s  of  bending of  the  t e n t a c l e  d u r in g  i t s  subsequent v i b r a t i o n  

a t  a resonant  f requency  o f  de cre a s in g  a m p l i t u d e .  This  re cord  s e rve -  

to  i l l u s t r a t e  the extreme s e n s i t i v i t y  of  the t e n t a c le s  to  whol a re

p ro b a b ly  very  smal l  bending motions .

I t  was found t h a t  both the m a nd ibu la r  and deep ophthalmic nerves



i n n e r v a t e  the  t e n t a c l e s  from t h e i r  e a r l i e s t  s tages of  growth  

( s tage  44 ) when they a re  merely  a n t e r i o r  bumps r i g h t  up u n t i l  

th ey  s h r i v e l  up and become reabsorbed a t  s tage  61.  I h i s  c o n t i a  -  

d i e t s  the e a r l i e r  o b s e r v a t io n s  of Paterson  ( l ? 3 9 )  t h a t  i n i t i a l l y  

the  t e n t a c l e s  a re  in n e r v a te d  by a branch of the m andibula r  nerve  

and t h a t  o n ly  l a t e r ,  when the t e n t a c l e s  a re  d i m i n is h i n g ,  the  deep 

op i lm ic  nerve  s u p p l ie s  the i n n e r v a t i o n .  However, i t  was found 

t h a t  a t  s tage  60 the  i n n e r v a t i o n  by th e  m andibu la r  nerve  appeared  

somewhat reduced as compared w i th  t h a t  o f  the  a n t e r i o i  v e n t r a l  

sk in  near the  base of  the  t e n t a c l e .  A l though no q u a n t i t a t i v e  data  

i s  a v a i l a b l e  i t  seems t h a t  the s e n s i t i v i t y  of the t e n t a c l e s  to  

mechanica l  s t i m u l a t i o n  does not v a ry  d u r in g  the  s tages a t  which

th ey  a re  p r e s e n t .

The deep ophthalmic nerve  does not on ly  supply mechanoreccptors

o f  the t e n t a c l e  but a ls o  those of  th e  d o r s a l  aspect of the  a n t e r i o r  

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

r e g io n  of  the  buccal  c a v i t y .  A branch o f  the deep op tho lm ic  nerve  

runs to  the nares and has been found to  propagate  sensory in f o r m ­

a t i o n  back to  the b r a in  f o l l o w i n g  l i g h t  s t r o k in g  of the i n t e r i o r

o f  the  nares  w i th  a f i n e  h a i r .

S i m i l a r l y ,  the m and ibu la r  nerve  does not on ly  convey mechano 

r e c e p t i v e  sensory im form at ion  from the  t e n t a c l e s  but a ls o  from the  

a n t e r i o r  f a c i a l  re g io n  to  the m i d l i n e  of  the  mouth on e i t h e r  s id e ,  

and a ls o  the  v e n t r a l  s u r fa c e  of  the  l i p  and v e n t r a l  i n t e r i o r

s u r fa c e  o f  the buccal  c a v i t y .

Al though no d e t a i l e d  comparison has been a t tem pted  i t  appears  

t h a t  the re c e p t o r s  o f  the  t e n t a c l e s  have very  s i m i l a r ,  i t  not  

i d e n t i c a l ,  c h a r a c t e r i s t i c s  to  those of  the  sk in  o f  the f a c i a l  

re g io n ,  such as a very  r a p i d l y  a d a p t in g  response and low t h r e s h o l d .

I .  3 .  2 .  2 S i ng le  u n i t  responses.

Using a f i n e  h a i r  a t ta c h e d  to  the cone of  a loudspeaker  to  

which d r i v e r  v o l t a g e  pu lses  were a p p l i e d  proved to  be a u s e f u l  

t e c h n iq u e  f o r  s t i m u l a t i n g  s in g le  r e c e p t o r  u n i t s .  The i n h e r e n t



F ig u r e  I I .  kecords showing r e c e p t o r  u n i t s  being r e c r u i t e d  w i th

in c r e a s in g  prods o ' s h o r t  d u r a t i o n . 1 he prod am p l i tu d e

causing the  record  on the was a few p m , w h i le

those co g the record on the  * were approx.

40 ^ m. The midd le  record  was from prods o f  i n t e r ­

media te  a m p l i t u d e .  For ' a 1, 1b 1 and 1c ' see t e x t .  

C a l i b r a t i o n ;  I sec.
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problem w i v . ,  using such a te chn ique  on a c y l i n d r i c a l  area  o f  skin  

i s  t h a t  a prod to  one s id e  r e s u l t s  in  p re ss ure  be ing  e x e r te d  un 

th e  d i a m e t r i c a l l y  o p p o s i te  p a r t  by the  s u p p o r t in g  medium. In  t h i s  

case i t  was reasoned t h a t  s ince  the  a rea  of the h o i r  ( upprox.  

0 , 0 I 2mm. diam. ) was so smal l  in  r e l a t i o n  to  the a rea  of the  t e n t a c l e  

in  c o n ta c t  w i th  the  s u p por t ing  p l a s t i c , t h e  fo rc e  e x e r te d  by the h a i r  

was c o n s id e r a b le  compared w i th  t h a t  e x e r t e d  by the s u p por t ing  

p l a s t i c  d u r in g  the  prod.  In  a d d i t i o n ,  the  t i s s u e s  of  the  t e n t a c l e  

would p rov ide  a damping medium f o r  the  fo rc e s  t r a n s m i t t e d  to  the  

s k in  on the  o p p o s i te  s id e  d u r in g  a prod.  Thus s in ce  the l o c a l i s e d  

f o r c e  e x e r te d  by the  h a i r  was g r e a t e r  than the more d i f f u s e  fo rc e  

o f  the  s u p p o r t in g  medium r e s u l t i n g  from a prod, re c e p t o r s  below th e  

h a i r  could  be s t im u l a t e d  w i th  supra -  t h r e s h o ld  i n t e n s i t y  w . th o u t  

evoking responses frcm r e c e p to r s  on the  o p p o s i te  s id e .

With  severe  wave d r i v e r  v o l t a g e  pulses  i t  was found t h a t  

fo rward  movements of  o n ly  a few m icrometers  by the  h a i r  t i p  were 

s u f f i c i e n t  to  eve e a response i f  the  t i p  of the  h a i r  ju s t  dimpled  

the  sk in  s u r f a c e .  T h is  f u r t h e r  i l l u s t r a t e s  the extreme s e n s i t i v i t y  

o f  the t e n t a c l e  s k in  to  l i g h t  mechanica l  s t i m u l a t i o n .

Cot ton  (1 9 7 0 )  p o in ts  out t h a t  the  low est  th r e s h o ld s  are  

u s u a l l y  found in  sk in  o v e r l y i n g  s r e s i l i e n t  t i s s u e ,  such os

bone. In  toad s k in ,  mechanical  placements necessary  to  evoke

a response were found to  be 1 0 / *  in  sk in  o v e r l y i n g  bone and 1 5 0 /-m 

in  sk in  o v e r l y i n g  l e s s  re,  ' l e n t  t i s s u e .  Thus the  mechanical  

d isp la cem e n t  found to  be t *  i c i e n t  fo r  the  t e n t a c l e  skin  is 

e x t re m e ly  smal l  b e a r in g  in  mind t h a t  the  u n d e r ly in g  t i s s u e  i s  v ery  

s o f t  indeed .  The sk in  never o v e r l i e s  the  c a r t i l a g e  s in ce  th e re  

i s  always o t h e r  t i s s u e  in te r p o s e d ,  e s p e c i a l l y  cc.' iec ve t i s s u e .

As the  forward  prod of the  h a i r  was inc re a s e d  up to  about  

40 y* i t  was found t h a t  more and more r e c e p t o r  u n i t s  responded  

( F i g .  I I  ) .  Th is  iray have been due to  th e  presence of  a number 

o f  o v e r la p p in g  r e c e p t o r  u n i t  f i e l d s ,  and t h a t  the th re s h o ld s  fo r  

the  e v o c a t io n  o f  a response in  the recep or  u n i t s  v a r i e d .
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In  F i g .  I I  th e  u n i t s  responding a t  and ' b ’ ore most

L ik e ly  to  be those d i r e : t l y  beneath the  h o i r  t i p .  The t ime  

i i s c r e p e n c y  between "o' ond ' b '  can be accounted f o r  by proposrng  

t h a t  the  u n i t s  responding a t  ' o '  and ' o '  hove d i f f e r e n t  d ia m e te r  

axons and thus d i f f e r e n t  conduct ion  v e l o c i t i e s ,  hence,  i f  the  

. b . u n i t  had a s m a l l e r  d ia m e te r  axon than t h a t  a t  ' a '  then  

i t s  a c t io n  p o t e n t i a l ,  f o l l o w i n g  s t i m u l a t i o n ,  would on ly  a r r i v e

l a t e r  a t  the  r e c o rd in g  e l e c t r o d e  s i t e .

The responses of  the  r e c e p t o r  u n i t s  a t  ' o '  1 ' b '  appear

to  be c o n s tan t  in  a l l  t h r e e  d i f f e r e n t  a m p l i tu d e  prods.  However,  

in  the h igh  a m p l i tu d e  prod,  the one on the l e f t  in  F i g .  I I ,  an 

a d d i t i o n a l  two r e c e p t o r  u n i t s  were present ut  a . These 

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

prods of t h i s  a m - M t u d e .  Th is  s t r o n g l y  suggests t h a t  these  

r e c e p t o r  u n i t s ,  which o n ly  came in  a t  h ig h e r  am p l i tu d e  prods,  

a r e  in  f a c t  r e c e p t o r  u n i t s  p re se n t  im m ed ia te ly  below the h a i r  t i p  

but  have h ig h e r  t h re s h o ld s  f o r  the  e v o c a t io n  of  a response.

Although t h i s  is  the  most l i k e l y  e x p l a n a t i o n ,  i t  i s  a ls o  p o s s ib le  

t h a t  th ese  two e x t r a  u n i t s  responding a t  c '  could  be e lements  

of the  'c* group of responding r e c e p t o r  u n i t s .

The r e c e p t o r  u n i t s  responding a t  c 1,1 F 1 (J* 

probab ly  those r e c e p t o r  u n i t s  s i t u a t e d  ut s i t e s  of  bending  

caused by the  p re v io u s  prod. One would e xp ec t  such responses  

a f t e r  a d e lay  because i t  would ta k e  t ime f o r  the  t e n t a c l e  to  bend 

f o l l o w i n g  a prod.  They could  a ls o  be thought  to  be h igh  t h r e s h o ld  

r e c e p t o r  u n i t s  s i t u a t e d  below the prodding h o i r  t i p ,  but w i th  

l a r g e r  d ia m e te r  ox. . .  than '= •  and ' b '  r e c e p t o r  u n i t s .  T h is  would 

appear u n l i k e l y  though, s ince  t h e i r  response i s  a p p a r e n t l y  .neon -  

s i s t e n t  and one would e xpect  a c o n s i s t e n t  response i f  these u n i t ,  

were s i t u a t e d  d i r e c t l y  beneath the  prodding h a i r .  A c l e a r  i n d i c a t i o n  

of  the la c k  o f  c o n s is te n c y  i s  the  appearance of  a l a r g e  sp ike  ompl.  -  

t a d .  u n i t  a t  the  medium a m p l i tu d e  prod a t  ' C  which then d is a p p e a rs  

. w .  hi nh o m o l i tu d e  prod and a t  the  low am pl i tude  prod.



With  i n c r e a s i n g  a m p l i tu d e  prods i t  was observed t h a t  t e n t a c l e  move -  

ment r e s u l t e d  a t  l o c a t i o n s  on the  t e n t a c l e  f u r t h e r  removed from the  

d im p l in g  a t  the  p o in t  o f  s t i m u l a t i o n .  Thus i t  is  p o s s ib le  t h a t  the  

responses ( ' c ' responses in  F i g .  I I  ) were being evoked from r e c e p t o r  

u n i t s  not being s t im u la t e d  d i r e c t l y  by the  h a i r ,  but r a t h e r  i n d i r e c t l y  

a t  the  s i t e s  o f  bending f u r t h e r  removed from the  p o in t  of  s t i m u l a t i o n .  

T h is  id e a  i s  supported by the  f i n d i n g  t h a t  a number o f  i d e n t i c a l  l a r g e  

a m p l i tu d e  prods seldom r e s u l t e d  in  the  same u n i t s  responding a l l  the  

t im e  a t  ' c ' a l though the  response o f  c e r t a i n  u n i t s  ( a t  ' o '  and ' b ' ) 

was c o n s ta n t  to  each prod. I he u n i t s  responding i n c o n s i s t e n t l y  a t  c 

were p robab ly  those a t  s i t e s  o f  bending of the  t e n t a c l e .  I t  i s  u n l i k e l y  

t h a t  the t e n t a c l e  re tu r n e d  to  i t s  e x a c t  o r i g i n a l  p o s i t i o n  a ' t e r  a l a r g e  

a m p l i tu d e  prod and thus s i t e s  o f  bending a long the  t e n t a c l e  would be 

expected  to  vary  from prod to  prod . The c o n s i s t e n t l y  responding u n i t s  

a t  ' o '  and ' b '  were most l i k e l y  those d i r e c t l y  beneath the  h a i r  t i p .

The d e la y  of  r e c e p t o r  u n i t  response as can be observed in  F i g .  I I  

( from p re v io u s  prod to  ' c ' ) could be ev idence  of l a t e r a l  spread of  

the s t im u lu s .  Tha i  i s ,  w i th  l a r g e r  a m p l i tu d e  prods more and more 

r e c e p t o r  u n i t s  were s t im u l a t e d  s ince the  a rea  of  the sk in  dimpled by 

such prods grew l a r g e r  as the a m p l i tu d e  of  the  prods in c r e a s e d . Thus 

r e c e p t o r  u n i t s  may have been present  c lo s e  to  the  p o in t  of s t i m u l a t i o n  

and were o n ly  r e c r u i t e d  when the h a i r  t i p  caused d im p l in g  of  the skin  

where the  r e c e p to r  u n i t ' s  f i e l d  t e r m in a t e d .  Since the  d im p l in g s  

o f  the s k in  appear to  be c o n s i s t e n t  w i th  each prod t h i s  e x p la n a t io n  

does not account f o r  the  in c o n s is te n c y  o f  response of v a r io u s  u n i t s .  

Rather  the  d e lay  of  r e c e p t o r  u n i t  responses ( t h a t  i s  from pre v ious  

prod to ' c '  ) should be a t t r i b u t e d  to  the d e la y  between s t i m u l a t i o n

and t h r e s h o ld  bending o c c u r r i n g

A f u r t h e r  p o s s i b i l i t y  i s  t h a t  w i th  l a r g e  am p l i tu d e  prods the  

neurones w i t h i n  the t e n t a c l e  were s t im u l a t e d  d i r e c t l y .  J u l i a n  

and Goldman (1 9 6 2 )  found t h a t  f rog  m y e l in a te d  axons ref,pond to  

mechanical  d isp lac em ents  o f  2 -  5 1/ m. Thus each l a r g e  am p l i tu d e  

prod may have been d i r e c t l y  evok ing a response in  d i f f e r i n g  neur -  

ones w i t h i n  the nerve  b u n d l e . I n  U e  of c*r e u '" * i<  U<

w e r t .  k e p t  < j j  f / n o i f  a <  m  a n  a t t e m p t  a w d  t h i s  p c i n b t C  ( a<. t o



F ig u r e  12 Responses monitored  from the  deep ophthalmic (A) and 

m andibu la r  nerves (B) in  response to  prods to  the  

t e n t a c l e  caused by square wave d r i v e r  v o l t a g e  p u ls e s .  

Note t h a t  the advance phase o f  the  s t im u lus  in  A causes  

both ' a '  and ' b '  neurones to  f i r e ,  whereas the  r e t u r n  

phase e l i c i t s  on ly  the smal l  am p l i tu d e  f p i k e  ' b ' .  

C a l i b r a t i o n ;  A -  1 sec.  B -  0 , 1  sec.



With i n c r e a s i n g  a m p l i tu d e  prods i t  was observed t h a t  t e n t a c l e  move -  

ment r e s u l t e d  a t  l o c a t i o n s  on the  t e n t a c l e  f u r t h e r  removed from the  

d im p l in g  a t  the  p o i n t  o f  s t i m u l a t i o n .  Thus i t  i s  p o s s ib le  t h a t  the  

responses ( 1c 1 responses in F i g .  I I  ) were being evoked from r e c e p t o r  

u n i t s  not being s t i m u l a t e d  d i r e c t l y  by the h a i r ,  but r a t h e r  i n d i r e c t l y  

a t  the  s i t e s  o f  bending f u r t h e r  removed from the  p o in t  o f  s t i m u l a t i o n .  

Th is  idea  i s  suppor ted by the  f i n d i n g  t h a t  a number o f  i d e n t i c a l  l a r g e  

a m p l i tu d e  prods seldom r e s u l t e d  in  the  same u n i t s  responding a l l  the  

t ime  a t  1c ' a l th o u g h  the response o f  c e r t a i n  u n i t s  ( a t  1 a 1 and ' b 1 ) 

was c o n s ta n t  to  each prod.  The u n i t s  responding i n c o n s i s t e n t l y  a t  1c 1 

w e re  p roba b ly  those a t  s i t e s  o f  bending o f  the  t e n t a c l e .  I t  i s  u n l i k e l y  

t h a t  the t e n t a c l e  r e tu r n e d  to  i t s  e xac t  o r i g i n a l  p o s i t i o n  a f t e r  a l a r g e  

a m p l i tu d e  prod and thus s i t e s  o f  bending a long the t e n t a c l e  would be 

expected to  v ary  from prod to  prod.  The c o n s i s t e n t l y  responding u n i t s  

a t  1u ' and 1b* were most l i k e l y  those d i r e c t l y  beneath the h a i r  t i p .

The d e la y  o f  r e c e p t o r  u n i t  response as can be observed in  F i g .  I I  

( from prev io u s  prod to  ' c 1 ) could  be ev idence  o f  l a t o r a .  s p r e id  of  

the s t im u lu s .  That i s ,  w i th  l a r g e r  a m p l i tu d e  prods more and more 

r e c e p t o r  u n i t s  were . t i m u l a t e d  s ince  the  a rea  o f  the sk in  d impled by 

such prods grew l a r g e r  as the  a m p l i tu d e  o f  the  prods in c re a s e d .  Thus 

r e c e p t o r  u n i t s  may have been pre se n t  c lo s e  to  the p o in t  o f  s t i m u l a t i o n  

and were o n ly  r e c r u i t e d  when the h a i r  t i p  caused d im p l in g  o f  the  sk in  

where the r e c e p t o r  u n i t ' s  f i e l d  t e . l i n a t e d .  S ince  the  d im p l in g s  

o f  the  skin  appear to  be c o n s i s t e n t  w i t h  each prod t h i s  e x p la n a t io n  

does not account f o r  the  nc o n s is te n c y  o f  response o f  v a r io u s  u n i t s .  

R a th er  the d e la y  o f  r e c e p t o r  u n i t  responses ( t h a t  is  from prev io u s  

prod to  1c 1 ) should be a t t r i b u t e d  to  the  d e la y  between s t i m u l a t i o n  

and t h r e s h o ld  bending o c c u r r i n g

A f u r t h e r  p o s s i b i l i t y  i s  t h a t  w i t h  l a r g e  a m p l i tu d e  prods the

neurones w i t h i n  the  t e n t a c l e  were s t im u la t e d  d i r e c t l y .  J u l i a n

and Goldman (1 9 6 2 )  found t h a t  f ro g  m y e l in a te d  axons respond to

mechanical  d isp la cem en ts  o f  2 -  5 yv m. Thus each l a r g e  am p l i tu d e

prod may have been d i r e c t l y  evoking a response in d i f f e r i n g  neur -

ones w i t h i n  the nerve  bundle .2. fl  ̂he majonh of t f t  prod amp! it
w e r e  ke p t  a< fmaiL as  p o t u U e  io <«n a t t e m p t  L-< avoid trhis p o o i b l e  > a c l o r



Responses monito red  from the  deep op'thalmic (A) and 

m andibu la r  nerves (B) in  response to  prods to  ihe 

t e n t a c l e  caused by square wave d r i v e r  v o l t a g e  p u ls e s .  

Note t h a t  the advance phase o f  the  s t im ulus  in  A causes  

both 1 a * and 1b 1 neurones to f i r e ,  whereas the r e t u r n  

phase e l i c i t s  o n ly  the smal l  am p l i tu d e  sp ike  1b 1. 

C a l i b r a t i o n ; A -  I  sec. B -  0 , 1  sec.



I f  the  t e n t a c l e  sk in  could  be removed and then prodded on a 

smooth f l a t  s u r f a c e ,  the  reason f o r  the  observed s t im u lu s  response  

c h a r a c t e r i s t i c s  could  d o u b t le s s  be r e v e a le d .  However,  t h i s  was not  

p o s s ib le  due to  the  t e c h n i c a l  d i f f i c u l t i e s  a s s o c ia te d  w i th  such

f i n e  d i s s e c t i o n .

Al though in  the above example i t  i s  d i f f i c u l t  to  c o n c l u s i v e l y  

show o v e r la p p in g  receptive f i e l d s  a t  one spot ,  i t  i s  p o s s ib le  to  

do t h i s  i f  ve ry  smal l  am p l i tu d e  prods a re  used which do not cause  

any t e n t a c l e  movement. With  such low a m p l i tu d e  prods i t  was o f t e n  

found t h a t  a prod could  evoke a response from two r e c e p t o r  u n i t s  

in  the same nerve ( F i g .  12 ) .  S i m i l a r l y  i t  was o f t e n  found t h a t  

a prod could  evoke a response in  both n erves ,  sugge st ing  t h a t  the  

f i e l d  o f  i n n e r v a t i o n  of  both nerves  o v e r la p  c o n s i d e r a b ly .

In  most cases i t  was found t h a t  i f  one s lo w ly  in c re a s e d  the  

a m p l i tu d e  o f  the  prod, r e c e p t o r  u n i t s  o f  the  deep ophthalmic nerve  

responded f i r s t  and the  m a nd ibu la r  nerve r e c e p t o r  u n i t s  

o n ly  responded a f t e r  a f u r t h e r  in c re a s e  in  prod a m p l i t u d e .  This 

suggests t h a t  t h e r e  i s  some d i f f e r e n c e  in  t h re s h o ld s  between  

o v e r la p p in g  r e c e p . o r  u n i t s  o f  th e  two i n n e r v a t i n a  ne rves ,  a l b e i t

v e ry  s m a l l .

The s l i g h t  in c re a s e  in  prod a m p l i tu d e  r e q u i r e d  to  evoke o 

response in  the  m and ibu la r  nerve  o f t e n  a ls o  r e s u l t e d  in  f u r t h e r  

u n i t s  responding in  the  deep op a lm ic  n e rve .  Th is  suggests  a 

d i f f e r e n c e  in  t h r e s h o ld s  of  r e c e p t o r  u n i t s  in  one nerve  s ince  

such s l i g h t  in c re a s e s  in  prod a m p l i tu d e  d id  not r e s u l t  in  any 

t e n t a c l e  bending o r  an o b s e rv a b le  in c re a se  in  sk in  d im p l in g  around  

th e  h a i r  U p ,  making i t  u n l i k e l y  t h a t  a d ja c e n t  recept ive  f i e l d s

were be ing a c t i v a t e d .

D i f f e r e n c e s  in the adequate  s t im u lu s  fo r  e l i c i t a t i o n  of a 

response in  two r e c e p t o r  u n i t s  i s  shown in  f i g .  12. Doth r e c e p t o r
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Receptor  sp ikes  monito red  from the m a n d ib u la r  nerve  in  

response to  prods o f  the  t e n t a c l e  a t  0 , 0 / 8  mm i n t e r v a l s  

along i t s  l e n g t h .  Si X r e c e p t o r  u n i t s  could  be d i s t i n g ­

uished cn the b as is  o f  sp ike  a m p l i t u d e  and waveform.  

Sample sp ikes  a re  shown. C a l i b r a t i o n ;  I  msec.
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i n t e r v a l s  a long i t s  l e n g t h .  Nine r e c e p t o r  u n i t s  could  be 

d i s t i n g u i s h e d  on th e  b a s is  o f  sp ike  a m p l i t u d e  and wave­

form, Sample sp ikes  a r e  shown. C a l i b r a t i o n ;  1 msec.
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u n i t s  in  the  deep ophthalmic nerve respond to  the advance phase o f  

the  prod a t  ' a ' ,  but when the  h a i r  i s  w i thdrawn on ly  the s m a l l e r  

a m p l i tu d e  u n i t  responds. In  a l l  cases where such responses were 

moni tored  an in c re a s e  in  s t im u lu s  i n t e n s i t y  could  not induce a 

r e c e p t o r  u n i t  to respond to  a p a r t i c u l a r  phase of  the  prod i f  

i t  d id  not do so a t  low i n t e n s i t i e s .  Th is  conf i rm ed t h a t  the  

r e c e p t o r  u n i t s  ^ re se n t  respond to d i f f e r e n t  phases o f  the mechanical  

s t im u lu s  r a t h e r  than i t  be ing an e f f e c t  o f  s t im u lu s  i n t e n s i t y .

F i g .  12 a ls o  shows the  e x t re m e ly  phasic  n a tu re  o f  the re ce p ­

tor's response most s p e c t a c u l a r l y .  There i s  no ev idence  of any 

t o n i c  response d u r in g  the  m a in ta in e d  phase o f  the prod.  Th is  was 

found to  be t y p i c a l  o f  a l l  prods to  a l l  a rea s  o f  the  t e n t a c l e .

As f a r  as the  dimensions of the  v a r io u s  receptive f i e l d s  i s  

concerned,  v a l u a b l e  i n f o r m a t i o n  was ga ined by prodding the t e n t a c l e  

a t  v a r io u s  p o in ts  a long i t s  l e n g t h .  At each p o s i t i o n  the prodding  

h a i r  was p laced in  c o n t a c t  w i th  the  t e n t a c l e  jnd then the a m p l i tu d e  

of  the prod was a d ju s t e d  u n t i l  i t  was ju s t  below the  l e v e l  t h a t  

caused movement in  surrounding  reg io n s  o f  the  t e n t a c l e .  Th is  

h o p e f u l l y  avoided r e c e p t o r  u n i t s  a d ja c e n t  to  the p o i n t  of  s t i m u l a t i o n  

be ing s t i m u l a t e d .  W i t h in  t h i s  c o n s t r a i n t ,  i n c r e a s in g  the  i n t e n s i t y  

of  the s t im u lu s  as much as p o s s ib le  should have ensured t h a t  s t im ­

u l a t i o n  was supra -  th r e s h o ld  f o r  a l l  u n i t s  imm-' t e l y  beneath  

the  h a i r  t i p .

F i g .  13 shows t y p i c a l  r e s u l t s  o b ta in e d  the m a n d ibu la r  

and deep ophthalmic nerves ( I3A and I3B r e s p e c t i v e l y  ) .  Due to  the  

c y l i n d r i c a l  shape o f  the  t e n t a c l e  and the  n e c e s s i t y  o f  pushing the  

t e n t a c l e  i n t o  a groove to p re ve n t  movement, i t  was not p o s s ib le  

to  measure w id ths  o f  receptive f i e l d s ,  but r a t h e r  o n ly  len g th s  

along the t e n t a c l e  where i t  p ro t ruded  from the  groove.

What i s  i n i t i a l l y  s t r i k i n g  from these r e s u l t s  i s  t h a t  fewer  

r e c e p t o r  u n i t s  a re  p re s e n t  in  the case of  the  m andibu la r  nerve  

than f o r  the deep ophthalmic n e rve .  I he most l i k e l y  reason i s  t h a t  

responses in  both nerves were photographed s im u l t a n e o u s ly  f o r



F ig u r e  14. D ia g ro m o t ic  r e p r e s e n t a t i o n  o f  two p o s s ib le  receptive

f i e l d s . A -  i r r e g u l a r  but c o n t in u o u s .  B -  s c a t t e r e d ,  

non -  c o n t in u o u s .



each prod a t  each p o s i t io n ,  and s in ce  i t  has a l r e a d y  been observed  

t h a t  the m an d ib u la r  r e c e p t o r  u n i t s  have h ig h e r  t h r e s h o ld s  than a t  

least, some of the  deep opMhalmic nerve  r e c e p t o r  u n i t s ,  t h e r e  should  

be fewer m a n d ibu la r  nerve  r e c e p t o r  u n i t s  responding to  the  same 

prod than f o r  the  deep ophthalmic n e rve .  Howe' e r ,  the  p o s s i b i l i t y  

s t i l l  e x i s t s  t h a t  s i m i l a r  l a r g e  numbers o f  r e c e p t o r  u n i t s  o v e r la p  

a t  a p a r t i c u l a r  spot f o r  the  m andibu la r  ne rve ,  but t h a t  the  s t im -  

u l .a t io r  s u p p l ie d  was below th r e s h o ld  f o r  them. Perhaps t h r e s h o ld  

s t i m u l a t i o n  f o r  th ese  proposed u n i t s  would be o f  such an a m p l i tu d e  as 

to cause bending o f  the t e n t a c l e ,  thus t h e i r  presence was not d e te c t e d .  

The on ly  wuy to  t e s t  t h i s  p o s s i b i l i t y  would be to perform a 

h i s t o l o g i c a l  a n a l y s i s .  The r a t i o  o f  the  number o f  f i b e r s  i n n e r v a t i n g  

the t e n t a c l e  to  t e n t a c l e  sk in  area  f o r  each nerve  should be computed,  

i f  the  r a t i o s  were s i m i l a r  f o r  each nerve  then the  above h y p o th e s is  

ro r  each nerve  would appear l i k e l y .

The le n g th s  o f  the receptive f i e l d s  measured v a r i e d  c o n s id e r a b ly  

i r ofii (j, 1 mm r i g h t  up to  2 , 0  mm. S ince  th e r e  was no g roup ina  of  

receptive f i e l d  l e n g t h s ,  i t  was concluded t h a t  r e c e p t o r  u n i t s  cannot  

be f u r t h e r  c h a r a c t e r i s e d  by the le n g th  o f  t h e i r  re c e p t  f f i e l d s .

I t  may be p o s s ib le  to  group r e c e p t o r  u n i t s  accord ing  to re c e p t :  e 

f i e l d  a r e a s ,  out t h i s  was not p o s s ib le  to  a s c e r t a i n  s ince  measure-  

»nt was o n ly  p o s s ib le  in  one p lane .

f o r  both nerves i t  was found t h a t  f o r  most o f  the  r e c e p t o r  u n i t s  

iesponse could  o n ly  be evoked i n t e r m i t t e n t l y  a long the t e n t a c l e .

This f i n d i n g  con be e x p la in e d  in  e i t h e r  o f  t h r e e  ways: f i r s t l y  

i t  i s  p o s s ib le  t h a t  the shapes of the  receptii /e f i e l d s  a re  i r r e g -  

u i a . ,  a l though  cont inuous ,  as shown in  f i g ,  I4A .  The second 

p o s s i b i l i t y  is  t h a t  a re c e p to r  u n i t  f i e i d  comprises s c a t t e r e d ,  

non -  cont inuous  areas  o f  s k in  ( F i g .  I4B ) .  I f  i t  were p o s s ib le  

to  prod over  a c o m p a r a t i v e ly  l a r g e  area  o f  skin  then the t r u e  

s i t u a t i o n ,  w i th  r e s p e c t  to these  two a l t e r n a t i v e s ,  cou ld  be ascer  -  

t a i n e d .  The t h i r d  p o s s i v . l i t y  i s  t h a t  w i t h i n  a receptive f i e l d  

t h e r e  i s  a v a r i a t i o n  of  t h r e s h o ld  from p a r t  to  p a r t .  i f  t h i s  were



- 2 6 -

the  case i t  i s  p o s s ib le  t h a t  as the  s t i m u l a t i n g  h a i r  was moved 

down the  t e n t a c l e  i t  a l t e r n a t e l y  moved i n t o  reg io ns  of high and 

low th re s h o ld s  l e a d in g  to  responses on ly  be ing i n t e r m i t t e n t l y  e l i ­

c i t e d  in  the  low t h r e s h o ld  re g io n s  o f  the  r e c e p t o r  f i e l d .  Al though  

t h i s  v a r i a t i o n  in  t h r e s h o ld  w i t h i n  a recept ive  f i e l d  has been 

p r e v i o u s l y  observed (R o b er ts  and B l i g h t ,  1975) i t  has never been 

re p o r te d  t h a t  t h r e s h o ld  can be h ig h ,  low, h ig h ,  low, e t c .  across

a r e c e p t o r  u n i t  f i e l d  as would appear he^ e .

I t  was not p o s s ib le  to  t e s t  whether  the i n t e r r u p t e d  response

p a t t e r n  was due to  v a r i a t i o n  o f  t h r e s h o ld  w i t h i n  the  r e c e p t i v e  

f i e l d .  Due to  the smal l  a m p l i tu d e  o f  the  prods d e l i v e r e d ,  coupled  

w i t h  the  f a c t  t h a t  i t  i s  not r e a l l y  p o s s ib le  to  a p p ly  the h a i r  t i p  

w i t h  i d e n t i c a l  p ressure  to  d i f f e r e n t  p o r ts  o f  the  t e n t a c l e  because  

o f  the  t e n t a c l e ' s  shape and i t s  low r e s i l i e n c e ,  i t  means t h a t  i t  

i s  not p o s s ib le  to  s t i m u l a t e  a number of  spots on the t e n t a c l e  

i d e n t i c a l l y .  S l i g h t  v a r i a t i o n s  w u * t  always occur which would not 

a l l o w  r e l i a b l e  r e s u l t s  to  oe o b ta in e d  concern ing  t h r e s h o ld s  w i t h i n  

a receptive f i e l d .

I .  3 .  2.  3 The Merke l  c e l l s  of the t e n t a c l e .

In a l l  the r e s u l t s  so f a r  p resented  t h e r e  has bean no in d i e

a t i o n  o f  the  presence of any M erka l  c e l l  responses such as those

d e s c r ib e d  by Iggo and M u ir  ( 1 9 6 9 ) .  In  a l l  cases no high f requency  

response was ever  observed in  response to  t r a v e r s i n g  a smooth 

probe across the  t e n t a c l e  s u r f a c e .  S i m i l a r l y  no s t a t i c  response  

was ever  m oni tored ,  no m a t t e ,  the  a m p l i tu d e  of  the  d isp lacem ent  of  

th e  s t im u lu s .  T h is  s t r o n g l y  suggests t h a t  in  th sk in  of  t i e  

t e n t a c l e s ,  a l th o u g h  t h e r e  a re  Merke l  c e l l s  p re s e n t  ( O v o l l e ,  1976)  

th ey  do not appear  to  f u n c t i o n  as mecha i .o receptors ; a t  l e a s t  not  

i n  the p r e v i o u s l y  d e sc r ib e d  manner o f  Iggo and M u ir  ( 1 9 6 9 ) .  

However, i t  may be t h a t  s ince  the  morphology of the  touch domes 

d i f f e r s  from m ere ly  hav ing  Merke l  c e l l s  s c a t t e r e d  throughout the  

t e n t a c l e  s k in ,  the p h y s i o l o g i c a l  p r o p e r t i e s  may d i f f e r .  Thus 

f u r t h e r  i n v e s t i g a t i o n s  were c a r r i e d  o u t .
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On the  assumption t h a t  the  a s s o c i a t i o n  between a M erke l  c e l l  

and a n e u r i t e  in v o lv e s  syn o p t ic  t ra n s m is s io n  (hunger ,  1 965 ) ,  i t  

was cons idered  w o r th w h i le  to  i n v e s t i g a t e  the  e f f e c t s  o f  a l t e r i n g  

the  Co++ and Mg++ r a t i o  o f  the  s a l i n e  used. Assuming t h a t  M e rke l  

c e l l  feedback i s  s u s c e p t i b l e  to  t h i s  form o f  e x p e r im e n t a l  manip -  

u l a t i o n ,  i t  could  p ro v id e  a means f o r  d i s t i n g u i s h i n g  t h a t  p a r t  

of th e  o v e r a l l  sensory response,  i f  any,  t h a t  i s  due to  Mt rrcel c e l l s .

In  such e xper im ents  the  d i s s e c t i o n  and the  placement, o f  the  

e le c t r o d e s  was c a r r i e d  out under o r d i n a r y  s a l i n e  ( Appendix 5 ) .  Ihe  

s a l i n e  was then emptied from the  d i s s e c t i n g  d ish  and f resh  s a l i n e  

w i t h  a 0 ,05M Mg++and 0 ,0 0 9  Ca++ c o n te n t  was poured i n .  The mandib -  

u l a r  nerve e le c t r o d e  was then connected up to a s t i m u l a t o r .  

S t i m u l a t i o n  o f  t h i s  nerve  le d  to  c o n t r a c t i o n s  of  the  m a n d ibu la r  

muscle group. Once these  c o n t r a c t i o n s  could  no lo n g e r  be evoked  

i t  was e v id e n t  t h a t  the  Mg++ had token e f f e c t  and caused s y n o p t ic  

b lo c k i n g .  The sensory responses of  the t e n t a c l e  could  then be 

m o n i to re d .  T h is  would be a response n e i t h e r  c o n t r i b u t e d  to  or  

i n f l u e n c e d  by M erke l  c e l l s .

F i g .  l5Ashows the  response m o r v o r e d  from the m a nd ibu la r  

and deep ophrhalmic nerves f o l l o w i n g  s t r o k in g  of the t e n t a c le ,  i n c ­

l u d in g  an e lement o f  bending.  The response i s  t y p i c a l ,  th a t  i s  a 

m u l t i  -  u n i t  response f o r  each nerve  but w i th  more u n i t s  responding  

i n  the  d~9p ophthalmic ne rve .

F i g .  I 58 ond C shows the  responses monito red  r rom the same 

p r e p a r a t i o n  9 min.  and 19 min.  a f t e r  Mg a p p l i c a t i o n .  A m u l t i  -  

u n i t  sensory response i s  s t i l l  e v i a e n t  fo r  the  deep ophthalmic 

nerve  which appears s i m i l a r  to  the response moni tored  in  normal  

s a l i n e .  But in  the  case of  the m andibu la r  nerve  the  response i s  

from fewer r e c e p t o r  u n i t s  than a re  a c t i v e  in  normal s a l i n e .  This  

t op in  the number o f  r e c e p t o r  m i t s  responding to  a s t ro k e  was 

ap p are n t  .n  a l l  p r e p a r a t i o n s  t e s t e d  and seems to suggest t h a t  

M e rk e l  c e l l s ,  i n v o l v i n g  as they p robab ly  do/ chemical  synopses,  

c o n t r i b u t e  to  the  sensory response o f  the  ra n d ib u lo : :  nerve .



These r e s u l t s  however, could  e q u a l l y  w e l l  be i n t e r p r e t e d  as 

a r e s u l t  o f  t i e  a fo re m ent ione d  h ig h e r  t h r e s h o ld s  fo r  the  mandibu lar  

nerve  r e c e o t o r s ,  coupled w i th  the  f a c t  t h a t  no two m anual ly  app -  

l i e d  s t ro k e s  of  the  t e n t a c l e  can be i d e n t i c a l  in  t h e i r  i n t e n s i t y .

I f  th i r .  f i n d i n g  t h a t  the  m and ibu la r  nerve  p o s s ib ly  c o n ta in s  

neurones t e r m i n a t i n g  on M erke l  c e l l s  i s  c o r r e c t ,  then a g r e a t  

d i f f e r e n c e  i s  p re se n t  between the  responses o f  Merke l  c e l l s  here  and 

in  c a t  and c e r t a i n  p r im ate  s k i n ' s  where they  have been D e s c r i b e d  

by Iggo and M uir  ( 1 9 6 9 ) .  F i r s t l y  th e  a d a p t a t io n  r a t e  o f  the phasic  

p a r t  o f  the  responses appears to  be f a r  g r e a t e r  -  seldom does a 

response in v o lv e  more than one a c t i o n  p o t e n t i a l  as opposed to  high  

f requency  b u r s t s .  Secondly no s t a t i c  response is  a p p a r e n t .  This  

a l l  tends to  co n f i rm  Iggo and M u i r ' s  (1 9 6 9 )  e a r l i e r  mentioned  

h y p o th e s is  t h a t  the  p h y s i o l ' j - ' c a l  c h a r a c t e r i s t i c s  o f  the touch  

domes may be dependent on the  s t r u c t u r e  of the c o rp u s c le .

According to Munger (1 9 6 5 )  n e u r i t e s  o n ly  r a r e l y  end on Merke l  

c e l l s ,  but r a t i ,  r  u s u a l l y  ascend i n t o  the  e p id erm is  a f t e r  coming 

i n t o  i n t i m a t e  a s s o c i a t i o n  w i t h  a M e rk e l  c e l l .  O v c l l e  ( 1 9 / 6 )  has 

c onf i rm ed the  s y n a p t ic  n a tu re  o f  the  a s s o c i a t i o n  in  the  case of  the 

M e rk e l  c e l l s  of  the  t e n t a c l e .  Munger (1 9 6 5 )  proposed t h a t  Merke l  

c e l l s  could  c o n c e iv a b ly  modulate  the  growth c r  f u n c t io n  of  n e u r i t e s .  

In  the  l i g h t  o f  t i e  apparent  e f f e c t  of  Mg on the d is c h a rg e  of 

m a n dibu la r  nerve  u n i t s  i t  would appear u n l i k e l y  t h a t  Merkel  c e l l s  

m ere ly  suoserve a m odula t ing  e f f e c t  on f u n c t io n  of 1 he n e u r i t e .

H is  o th e r  suggest ion  th a t  they  may modulate growth 01 n e u r i t e s  

may s t i l l  be p o s s i b l e .

I .  3 .  2 .  4 A comparison of the  recep ur u n i t s  o f  the  Xenopus

ta d p o le  t o n t o c l i '  n n d  t host- of  Cot ton  (1 9 5 8 )  and 

Sorau and C h r o n i s t e r  ( 1 9 7 4 ) .

The f i n d i n g  t o o t  Merkel  c e l l s  appear to  be a ss o c ia te d  w i th  

m andibu la r  nerve  neurones p roba b ly  e x p la in s  the  unexpected p o p u l a t ­

ion of  nerve  f i b e r s  found in  t h i s  ne rve ,  w i t h  d iam ete rs  r a n g i n g



from 3 -  4 yum ( F i g .  5B ) .  T h is  p o p u la t io n  does not f i t  in  w i th  

the  f i n d i n g s  o f  Spray and C h r o n i s t e r  (1 9 7 4 )  who found p o p u la t io n s

w i t h  d ia m e te rs  between 0 -  2 -  3 / v m . ;  5 _ 6 ^ m .  and 9 _

lOy/m.  Spray and Chron i  t e r  ( 1 9 7 4 )  make no mention of  Merke l  c e l l s  

being p r e s e n t .  I t  i s  l i k e l y  t h e r e f o r e ,  t h a t  the  m a n d ibu la r  nerve  

c o n ta in s  e lements  of  the  system d e s c r ib e d  by Spray and C h r o n i s t e r  

( 1 9 7 4 ) ,  but in  a d d i t i o n  c o n t a in s  a c o m p a r a t iv e ly  l a r g e  number of  

neurones which a re  not p rese n t  in  t h e i r  system but a re  a s s o c ia te d  

w i t h  M erke l  c e l l s  in  t h i s  system. T h is  f i n d i n g  t h a t  some elements  

of  Spray and Chron is  e r ' s  system, f o r  example a p o p u la t io n  between 

0 and lyvm. and the sub p o p u la t io n  between 2 -  3/>m. e x p l a i n s  why 

responses a re  s t i l l  p re se n t  a f t e r  M erke l  c e l ’ i n a c t i v a t i o n .

The two nerve  f i b e r  p o p u la t io n s  observed in  the  deep opr nolmv  

nerve  appear t a  be s i m i l a r  to those in  the  d o r s a l  cutaneous nerve  os 

de s c r ib e d  by Spray and C h r o n i s t e r  ( 1 9 7 4 )  w i t h o u t  th e  l a r g e  d ia m e te r  

p o p u la t io n s  o f  nerve  f i b e r s  be ing  p r e s e n t .  T h is  may be as a r e s u l t  

o f  the ta d p o le  sk in  s t i l l  be ing  in  a deve lopm enta l  s ta g e .  Neurones  

w i t h  d ia m e te rs  o f  3 -  4 / , m .  a r e  a ls o  p rese nt  in  the  deep o p th a lm ic  

n e rv e ,  thus t h i s  nerve  may a l s o  propagate  iT)formo: ion from Merxe l  

c e l l s ,  but to  a l e s s e r  degree than the  mandibu lar  n e rv e .

The f i b e r  p o p u la t io n s  p re s e n t  in  the  deep ophthalmic nerve  

appear  to  be the 'c *  and ' d '  p o p u la t io n s  i n i t i a l l y  d e s c r ib e d  by 

Cot ton  ( 1 9 5 8 ) .  The ' c '  a f f e r e n t  f i b e r  p o p u la t io n  responds to therm al  

s t i m u l a t i o n  (S pra y ,  1976 ) ,  a l th o u g h  i t  could respond to  v i b r a t i o n  

os o r i g i n a l l y  s t a t e d  by C o t to n  ( l 9 5 8 ) .  Spray ( 1 9 7 6 )  p o in ts  ou t  t h a t  

s in ce  h e a t in g  causes a decrease  in the  d is c h a rg e  o f  the  r e c e p to r s  

w h i le  c o o l in g  causes an in c re a s e  in  the  d is c h a rg e ,  they  should be 

c a l l e d  co ld  r e c e p t o r s .  The 0  -  \ f jm.  d ia m e te r  9 rouP wtlich  is  p 

both the  m and ibu la r  and deep ophthalmic nerves should correspond  

to  th e  ' d '  f i b e r  p o p u la t io n  and should re  nond to  n o c i c e p t i v e  s t i m u l -

a t i o n  of  the  s k in .

With  re s p e c t  to  the ' c '  f i b e r  p o p u la t io n  Hensel  e t  nj_ ( i 9 6 0 )

in c lu d e  the f o l l o w i n g  two c r i t e r i a  f c -  te m p e ra tu re  r e c e p t o r s .



F i r s t l y ,  they  must hove = s t a t i c  and dvnamic th e rm a l  s e n s i t i v i t y  

in  the  same range as th ose  s t i m u l a t i n g  te m p e ra tu re  re c e p t o r s  in  

humans. Secondly ,  thermo -  re c e p t o r s  should be r e l a t i v e l y  insens -

i t i v e  to  mechanica l  s t i m u l a t i o n .

When a s m a l l  block  of  i c e  was p lace d  about I mm. from the  

t e n t a c l e  t h i s  r e s u l t e d  in  an average  drop of th e  te m p e ra tu re  o f  the  

s a l i n e  in  the  t e n t a c l e ' s  p o s i t i o n  of 2 ,5 ° C  in  about f i v e  seconds.

NO n e u r a l  response was e ve r  moni tored  from e i t h e r  i n n e r v a t i n g  nerve  

in  response to t h i s .  I f  f a c t  even when the b lo c k  of  i c e  was p laced  

in  c o n t a c t  w i t h  the  t e n t a c l e  on ly  a b r i e f  b u r s t  o f  sensory a c t i v i t y  

was observed which was t y p i - a l  o f  t h a t  recorded  following a l i g h t  

s t r o k e .  T h is  i s  in  marked c o n t r a s t  t o  the  r e s u l t s  o f  Spray ( 1 9 7 6 ) .  

Since  i t  i s  w i t h  c o o l in g  t h a t  the so -  c a l l e d  c o ld  re c e p t o r s  respond  

w i t h  a c c e le r a t e d  d is c h a r g e ,  i f  th e rm o re c e p to rs  a re  p re s e n t  in  the  

t e n t a c l e  sk in  some i n d i c a t i o n  o f  t h i s  response should have been 

e a s i l y  d i s c e r n i b l e  by c o o l in g  the t e n t a c l e .  A 0 , 5  c / s e c .  temp -  

e r a t u r e  decrease  r e s u l t e d  in  a l i n e a r  in c re a s e  of  f i r i n g  r o t e  from 

0 im p u ls e s /s e c .  to  10 im p u ls e s /s e c .  i n  a p p r o x im a te ly  fo u r  seconds 

(S pray ,  1 9 7 6 ) .  No s ign  o f  t h i s  form o f  response was e ver  observed  

i n  the  t e n t a c l e .  Thus s ince  no impulses  were e ve r  o b s e r v e d j n  

response to  a change in  te m p e ra tu re ,  i t  was concluded t h o t . n o  

dynamic te m p e ra tu re  s e n s i t i v i t y  was p re s e n t  in  any re c e p t o r s  of  

the  t e n t a c l e .  S i m i l a r l y ,  s in ce  no spontaneous a c t i v i t y  was ever  

m onito red  from e i t h e r  sensory nerve ,  even f o l l o w i n g  changing of  

the  s a l i n e  in  the d i s s e c t i n g  d is h  w i t h  c a ld  s a l i n e ,  i t  con be 

concluded t h T t / n o t t & t i c  te m p e ra tu re  s e n s i t i v i t y  occurs  in  any

r e c e p t o r  u n i t  o f  the  t e n t a c l e .
A,  has a l r e a d y  been shown the  t e n t a c l e  s k in  c o n ta in s  e x t r e m e ly

s e n s i t i v e  mechanoreceptors .  These mechanoreceptors  cou ld  he in n e r  

voted  by e i t h e r  the  smal l  ' d '  f i b e r  p o p u la t io n  or  the  l a r g e r  

• c '  f i b e r  p o p u l a t i o n .  When the conduct ion  v e l o c i t y  o f  responses  

to  prods a long  the t e n t a c l e  were i n v e s t i g a t e d  i t  was found t h a t  the  

conduct ion  v e l o c i t y  was never  slow enough to  p la ce  the r e c e p to r
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i n  t h e f i b e r  c a t e g o r y .  In  a l l  th e  cases observed prods r e s u l t e d

in  responses w i th  conduct ion  v e l o c i t i e s  o f  between 2 and 10 m/s=c.

T h is  shows t h a t  th e  supposed ' c '  f i b e r  p o p u la t io n  

h e r e  c o n ta in s  re c e p t o r s  which a r e  e x t r e m e ly  s e n s i t i v e  mechonorecep -

t o r s .
Thus i t  has been shown t h a t  no s t a t i c  o r  dynamic th e rm a l  sensr -  

: i v i t y  i s  p r e s e n t ,  even though the  s t i m u l i  used media ted  thermal  

sensations in  humans. In  a d d i t i o n  th e  supposed ' C  f i b e r  p o p u la t io n  

, r e  e x t r e m e ly  s e n s i t i v e  mechanoreceptors .  Thus t h i s  f i b e r  p o p u la t  -  

ion d i f f e r s  markedly  from t h a t  observed by Spray (1 9 7 6 )  and cannot  

be regarded as a co ld  r e c e p t o r  f i b e r  p o p u la t io n .

Due to  th e  in a d eq u a te  s t i m u l a t o r s  a v a i l a b l e  i t  was not p o s s ib le  

to  t e s t  whether  the  re c e p t o r s  responded to  high f re que ncy  v i b r a t i o n  

as was the  case w i t h  C o t t o n ' s  (1 9 5 8 )  f i b e r  p o p u l a t i o n ,  'h e

e x t r a c e l l u l a r  sp ike  a m p l i tu d e  f o r  C o t t o n ' s  ' c '  f i b e r  p o p u la t io n  

was between 100 and 1 5 0 / , V .  Th is  e x t r a c e l l u l a r  s p ik e  a m p l i t u d e  

was on ly  seldom observed in  the  t e n t a c l e  s k .n  p r e p a r a t i o n .  The 

m a j o r i t y  o f  sp ike  a m p l i t u d e s  were between a few m i c r o v o l t s  and 

1 0 0 ^ V .  The v a r i a b i l i t y  in  s i z e  was c o n t in u o u s .  This c o n t i n u i t y  

i n  am p l i tu d es  can be a t t r i b u t e d  to  some l a r g e  a m p l i tu d e  s ig n a ls  

from neurones not in  c o n t a c t  w i t h  the  r e c o rd in g  e l e c t r o d e ,  a t t e u  -  

a c t i n g  b e fo r e  re a c h in g  the e l e c t r o d e  and hence g i v i n g  s m a l le r  

s ig n a ls  than a re  in  f a c t  p r e s e n t .  In  t h i s  way a smooth spectrum 

c f  sp ike  am p l i tu d es  would be m o n i to re d ,  os opposed to  d i s t i n c t

groups o f  a m p l i tu d e s .
In  a d d i t i o n  to the  d i f f e r e n c e  i n  s p ike  a m p l i tu d es  observed

between the  sm al l  m y e l in a te d  nerve  p o p u la t io n  of  the  t e n t a c l e  and 

the  ' = '  f i b e r  p o p u la t io n  o f  Cot ton  ( 1 9 5 8 ) ,  a f u r t h e r  d i f f e r e n c e  i s  

t h a t  th e rm a l  s t i m u l a t i o n  was not an e f f e c t i v e  way of evoking c 

response os was found to  a .  the  cose f o r  Cot ton  (1 9 5 8 )  in h is  

p o p u l a t i o n .  S i m i l a r i t i e s  between the  two p o p u la t io n s  a r t  conduc -  

t r o n  v e l o c i t i e s  and the f a c t  t h a t  they  both have o widespread  

d i s t r i b u t i o n  in  the  s k in .



From t h i s  i t  i s  c l e a r  t h a t  the  sm al l  m y e l in a te d  axon p o p u la t io n  

observed in  the  ta d p o le  t e n t a c l e  i s  not  a t  a l l  s i m i l a r  to th e  pup -  

e l a t i o n  d e s c r ib e d  by Spray ( 1 9 7 6 ) .  I n  a d d i t i o n ,  c e r t a i n  d i f f e r e n c e s  

a re  p r e s e n t  between t h i s  system and th e  ' a '  f i b e r  p a p u l a t io n  o f  

C o t to n  ( 1 9 5 8 ) ,  which make i t  u n l i k e l y  t h a t  they  a re  the  same.

Thus i t  would appear t h a t  the  2 -  3 / / m. f i b e r  p a p u la t io n  d e s c r ib e d  

he re  in  the  deep ophthalmic nerve  i s  somewhat n o v e l .  However,  t h i s  

n o v e l t y  may be more a p p a re n t  than r e a l  due to  the  s k in  o f  the  tad  -  

p o le  s t i l l  be ing  in  a deve lopm enta l  s ta g e .  A co m p ara t ive  study  

on the  s k in  in n e r v a t e d  by the deep ophthalmic and m a n d ibu la r  nerves  

o f  a d u l t  Xenopus would c l a r i f y  whether  the  f i b e r  p a p u l a t io n  d e s c r ib e d  

here  conti ,ued a f t e r  metamorphosis w i t h  the  same c h a r a c t e r i s t i c s  and 

hence i s  a new f i b e r  p o p u l a t i o n ,  or  whether  the  c h a r a c t e r i s t i c s  

o f  t h i s  f i b e r  p o p u la t io n  change w i th  metamorphosis to  c o i n c i d e  w i th

one o f  the a l r e a d y  d e s c r ib e d  p o p u la t io n s .

m  r e l a t i o n  to  the  proposed pa in  f i b e r s  of the e le c t r o n  

microscopy i n v e s t i g a t i o n ,  d i f f e r e n c e s  have been found between the  

p h y s i o l o g i c a l  responses of these  in  t h i s  p r e p a r a t i o n  and those  

of  A dr ian  ( 1 9 2 6 ) ;  Hogg (1 9 3 5 )  and C o t to n  ( 1 9 5 8 ) .

Some s i m i l a r i t i e s  are  p re s e n t  though.  F i r s t l y ,  the conduct ion  

v e l o c i t i e s  e s t im a te d  f ,om the  v a r io u s  exper im ents  of  t h i s  i n v e s t !  -  

g o t i o n  have u s u a l l y  f a l l e n  between 0 , 1  and 0 , 9  m /se c .  A l though  

i n a c c u r a c i e s  a r e  in h e r e n t  i n  measuring conduct ion  v e l o c i t i e s ,  those  

found here  c o r r e l a t e  f a i r l y  w e l l  w i t h  the  conduct ion  v e l o c i t i e s  o f  

C o t t o n 's  ( 1 9 5 8 )  ' d '  f i b e r  p o p u l a t i o n ;  m a in ly  0 , 1  t o  0 , 3  n / s e c .  

Secondly ,  i n  the  nerves i n n e r v a t i n g  the  t e n t a c l e ,  impulses a r e  usual  

c o m p le te ly  absent u n le ss  the  t e n t a c l e  i s  s t i m u l a t e d .  Th is  i s  

s i m i l a r  to  the  f i n d i n g  of A dr ian  (1 9 2 6 )  but d i f f e r s  from t h a t  o f  

Cot ton  ( 1 9 5 8 ) ,  who found t h a t  i r r e g u l a r  d is c h a rg e s ,  which could  

p e r s i s t  f o r  up to  two m inutes ,  were f r e q u e n t l y  found in  h i s  M '

f i b e r  p o p u la t io n .
A l though long d u r a t i o n  3 -  5 msec, a c t io n  p o t e n t i a l s  were

n r - m e i n r .n l l v .  i t  was g e n e r a l l y  found t h a t  the a c t i o '



An e x t r a c t  from a record from the deep ophthalmic nerve  

of a s t ro k e  caus ing t e n t a c l e  ben d in g . The t.op t r a c e  

was from an e l e c t r o d e  0 , 9  mm prox ima l  to the e le c t r o d e  

g i v in g  r i s e  to  m e  bottom t r a c e .  ' C r o s s - t a l k 1 i s  

apparent  in  the  upper t r a c e ,  f a c i l i t a t i n g  c onduct ion  

v e l o c i t y  c a l c u l a t i o n s .  At 'a *  is  p robab ly  the  response  

of an unm yel ina ted  neurone (  conduct ion  v e l o c i t y  approx.  

0 , 7  m/sec ) ,  w h i l e  a t  ' b '  i s  p ro b a b ly  the response of  

a sma11 m y e l in a te d  neurone ( conduct ion  v e l o c i t y  approx.  

2 , 3  m/sec ) .

C o l i b t o t i o n ;  20 msecs.



p o t e n t i a l  d u r a t i o n  of  th e  smal l  m y e l in a te d  f i b e r s  was v ery  s i m i l a r  

to t h a t  o f  the  impulses o f  the t a c t i l e ,  f a s t e r  c onduct ing  neurones  

( F i g .  17 and 18 ) .  This i s  in  c o n t r a s t  to  the  much longer  d u r a t i o n  

a c t io n  p o t e n t i a l s  f o r  t h i s  neurona l  type  found by Hogg (1 9 3 5 )

(15  -  70 msecs. ) ; Fessard and Segers ( 1 9 4 3 ) (  7 -  18 msecs. )

and Cot ton  (1 9 5 8 )  ( 5 - 1 5  msecs. ) .

Two major  d i f f e r e n c e s  were p re se n t  between the  responses of  

these  unm ye l ina ted  neurones i n n e r v a t i n g  the  t e n t a c l e  and those  

unm y e l ina te d  n e u ro ies  a s s o c ia te d  w i th  pair  t n s a t i o n  in  amphioians  

as d e sc r ib e d  by A dr ian  ( 1 9 2 6 ) ;  Hogg ( 1 9 3 5 ) ;  Fessard and Segers  

( 1 9 4 3 ) ;  Cot ton  (1 9 5 8 /  and Spray ( 1 9 7 6 ) .  F i r s t l y  these  unm y e l ina ted  

f i b e r s  could  be found to  respond to  o b v io u s ly  non -  noxious forms 

o f  s t i m u l a t i o n ,  and secondly  a t o n i c  response was never  o b s e r v a b le .

A l though prodding o f  the  t e n t a c l e  s u r fa c e  was never  found to  

r e s u l t  i n  a sensory d is c h a rg e  in  unm y e l ina ted  neuroi .es,  fhese  

could  be found xo respond to  s t r o k in g  o f  the  t e n t a c l e  ( F i g .  17 ) .  

S t r o k in g  in  these  cases always caused t e n t a c l e  bending,  which was 

o f t e n  o n ly  v e ry  s l i g h t .  Both s t i m u l i  a re  however, c o m p le te ly

non -  nox ious.

S ince  the  s t r o k in g  caused bending i t  i s  n ' t  r e a l l y  p o s s ib le  

to  d e f i n e  > e f f e c t i v e  s t im u lu s  f o r  these  , u- V . i n a t e d  neurones  

as being s t r o k in g  or  bending.  However, s t r o k in g  and prodding a re  

s i m i l a r  because both in v o lv e  de pres s ion  o f  the  e p i t h e l i a l  c e i l s  

and thus  sh ear in g  fo rc e s  between c e l l s  where the  neurones  

t e r m i n a t e ,  w h i l e  bending causes compression on th e  i n s i d e  o f  the  

bend and s t r e t c h i n g  between c e l l s  on the  o u ts id e  o f  the  bend.

These would be the  fo rc e s  p re sen t  which may or  may not t r i g g e r  the  

t r a n s d u c e r  mechanism. S ince  these  fo r c e s  a re  e f f e c t i v e l y  a t  

r i g h t  ang les  to  one a n o th e r  t h i s  means t h a t  t h e r e  a r e  fundamental  

d i f f e r e n c e s  between s t r o k in g  and prodding,  and bending.  Because of  

these d i f f e r e n c e s  i t  i s  m 's t  p robab le  t h a t  i t  i s  bending which is  

the e f f e c t i v e  s t im u lu s  f o r  the unm ye l ina te d  neurones.





Adr ion  (1 9 2 6 )  found t h a t  u  po.ise to  noxious  s t i m u l a t i o n  

of  the skin, f requency d is ch a rg e s  of  up t o  150 Hz.  could be monito red  

from smal l  unm yel ina ted  neurones.  From h is  records  the . requenc ies  

observed appear r e g u l a r .  S i m i l a r l y  Hogg (1 9 3 5 )  found f r e q u e n c ie s  

of between 30 to  40 H z . , w h i l e  a n y th in g  above 15 Hz. was r e g u l a r .  

Cot ton  (1 9 5 8 )  a ls o  ment ions  a t o n i c  d is c h a rg e  from smal l  unmy -  

e l i n a t e d  neurones in  response to  noxious s t i m u l a t i o n .

In  a d d i t i o n  Hogg (1 9 3 5 )  found a non -  r e d u c i -J  e d e la y  of 

between 500 to  700 msecs. b e fo r e  maximum response occurred  in  these  

neurones f o l l o w i n g  noxious s t i m u l a t i o n .  Also Spray ( i 9 / 6 )  p o in t s  

out t h a t  s ince  Adr ian  (1 9 2 6 )  s t im u la t e d  touch r e c e p t o r s  in  a d d i t i o n  

to pa in  r e c e p t o r s ,  i f  a l l  th e  impulses o c c u r r in g  b e fore  the  f i r s t  

700 msecs. o f  h is  responses a re  ig n o re d ,  then the  a c t i v i t y  p a t t e r n

recorded  appears very  s i m i l a r  to those of  Hogg ( 1 9 3 5 / .

In  a l l  the  crushes o f  the  ta d p o le  t e n t a c l e  such maximum t o n i c

responses could  never be observed 500 to  700 msecs. a f t e r  the  

b e g inn in g  of c rush ing  ( F i g .  8A and B ) .  Ra ther  i r r e g u l a r  d is ch a rg e s  

occurred a f t e r  the  i n i t i a l  high n e u ra l  a c t i v i t y  c orres pond ing  to  

the  c ru sh .  Such i r r e g u l a r  responses do not appear very  markedly  

d i f f e r e n t  from those recorded ju s t  p r i o r  to  the  crush vhen the  

fo rc ep s  made c o n ta c t  w i th  the  t e n t a c l e  r e s u l t i n g  in  bending and 

s t r o k in g  s t i m u l i  being a p p l i e d .  Th is  i s  e v id e n t  in  F i g .  18.

I t  would appear l i k e l y  t h a t  the  responses monito red  a f t e r  the  

crush and b e fo re  the  crush a re  due to  the  same s t i m u l i ,  t h a t  is  

bending and s t r o k in g  o r  p ro d a in g .  There i s  a ls o  p robab ly  some 

i n j u r y  d is c h a rg e  a f t e r  the  crush ,  but as can be seen in  F i g .  18

t h i s  is not very  p r e v a l e n t .

In  F i g .  18 i t  can be seen t h a t  both m y e l in a te d  and unm yel ina ted

neurones a re  responding b e f o r e ,  d u r in g  and a f t e r  the  t e n t a c l e

c ru s h .  The responses d u r in g  the a c t u a l  crush a re  mostly  s i n g l e .

Th is  i s  very  u n l i k e  the p o s i t i o n  in  i n v e r t e b r a t e  p r e p a r a t io n s

where i n j u r y  d is cha rge s  can be observed to  p e r s i s t  f o r  a long t ime

and a t  high f r e q u e n c ie s .  S ince  these i n j u r y  d isch arg e s
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appear  t o  be v e r y  r a p i d l y  a d a p t in g  in  t h i s  p r e p a r a t i o n ,  w i t h  o n l y  

a few neurones e v e r  hav ing  been observed to  p e r s i s t  i n  f i r i n g  

a f t e r  th e  c ru s h ,  i t  i s  p ro b a b le  t h a t  the  responses m o n i to re d  a f t e r  

the  crush  a r e  from those  u n i t s  s i t u a t e d  a t  s i t e s  o f  bend ing  o f  

th e  t e n t a c l e  f o l l o w i n g  c r u s h in g  -  e s p e c i a l l y  i n  the  case  of  th e  

u n m y e l in a te d  neurones which have been shown to  be most l i k e l y  

r e s p o n s iv e  to  bending o f  the  t e n t a c l e .  From th e  f i n d i n g s  of  

A d r ia n  ( 1 9 2 6 )  and Hogg ( 1 9 3 5 )  one would no t  e x p e c t  t o  f i n d  an -  

m y e l i n a t e d  n e u r a l  responses so soon a f t e r  th e  c ru s h ,  o r  b e f o r e  t h e  

crush  i f  th e s e  were t y p i c a l  am phib ian  p a in  r e c e p t o r s .

Tnus th e s e  u n m y e l in a te d  f i b e r s  in  th e  t e n t a c l e  do n o t  appear  

t o  f u n c t i o n  s i m i l a r l y  to  th ose  of  A d r ia n  ( 1 9 2 6 ) ,  Hogg ( 1 9 3 5 )  and 

U a t to n  ( 1 9 5 8 ) .  R a th e r  th e y  appear  s i m i l a r  to  th e  responses  t h a t  

R o b e r ts  and h i s  v a r i o u s  coworkers  ( R o b e r ts  and Smythe,  1974;

R o b e r ts  and B l i g h t ,  1975 ,  and Roberts  and Hayes,  1977 ) observed  

i n  Rohan -  Beard n e u r i t e s  o f  X e n £ f i -  t a d p o le s  and th o s e  u n m y e l in a te d  

neurones t e r m i n a t i n g  in  the cement g lan d  o f  e a r l y  Xenoeus t a d p o l e s .

Once a g a in  i t  may be that the responses a r e  no t  c h a r a c t e r i s t i c  

t se the  t a d p o le  s k i n ,  where the  neurones t e r m i n a t e ,  i s  s t i l l  

i n  a d e v e lo p m e n ta l  s t a g e .  Only  a c o m p a r a t iv e  i n v e s t i g a t i o n  of  

a d u l t  Xenopus s k in  would r e s o l v e  t h i s  q u e s t i o n .  •

I ,  4 C o n c lu s io n s .

The t e n t a c l e  i s  i n n e r v a t e d  by two d i s t i n c t  n e u r o n a l  p o p u l a t i o n s  

i n  both  the m a n d ib u la r  and deep ophthalmic n e r v e s .  A 0  -  I / -m 

d ia m e t e r  p o p u l a t i o n  i s  p r e s e n t  in  both n e rv e s ,  w h i l e  in  the  deep  

ophthalmic n e rve  an a d d i t i o n a l  one o f  2 -  3 / m  d i a m e t e r  i s  a l s o  

p r e s e n t .  The m a n d ib u la r  ne rv e  has an a d d i t i o n a l  p o p u l a t i o n  to  

the  s m a l l  u n m y e l in a te d  one,  w i t h  d ia m e t e r s  from 3 -  4 /zm.

The u n m y e l in a te d  neurone p o p u l a t i o n  common to  b a th  nerves  and 

th e  sm al l  m y e l i n a t e d  f i b e r  p o p u la t io n  o f  the deep op a lm ic  n e rve  

were a t y p i c a l ,  p h y s i o l o g i c a l l y ^ t ' n i m i l a r  d i a m e t e r  f i b e r  p o p u l a t i o n s



found in  o th e r  amphibian sk in  p r e p a r a t i o n s  ( A d r ia n ,  1926; Hogg, 1935;  

C o t to n ,  1958; Spray and C h i o n i s t e r ,  1974,  and Spray,  1976 ) .  An 

i n v e s t i g a t i o n  of  th e  sensory aspects  o f  th e  m a n d ibu la r  and deep 

ophthalmic nerves o f  a d u l t  Xenopus i s  r e q u i r e d  b e fo re  m y  c o n c lu s io n  

can be drawn as to whether  the  p o p u la t io n s  in  the  ta d p o le  a r e  a t y p i c a l  

because they  are  new p o p u la t io n s  which have not been d e sc r ib e d  

b e fo r e ,  o r  a re  the  same p o p u la t io n s  as d e s c r ib e d  b e fo re  but have 

d i f f e r e n t  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  because the  sk in  o f  the  

ta d p o le  i s  not y e t  f u l l y  d e v e lo p e d .

The 3 -  4y.' m d ia m e te r  f i b e r  p o p u la t io n  in  the  m and ibu la r  nerve has 

been hypothes ised  to  in n e r v a t e  the  M erke l  c e l l s  which O v a l i  3 (1 9 7 6 )  

showed to  be p r e s e n t .  T h is  be ing  the  case, i t  has been shown t h a t  

th e  p h y s i 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  the  M erke l  c e l l s  in  th e  t e n t a c l e  

v ary  c o n s id e r a b ly  from those d e s c r ib e d  in  mammals by Iggo and Muir  

( 1 9 6 9 ) .  Th is  ujouLcI be cons/sienl  th e  hypothe is  ~ f  Iggo

and M u i r  (1 9 6 9 )  t h a t  the morphology of  the  touch domes i n f l u e n c e s  

t h e i r  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s .

The t e n t a c l e s  have been shown to  be e x t r e m e ly  s e n s i t i v e  mechano -  

r e c e p t i v e  appendages,  being s e n s i t i v e  to  bending ( responses in  

m y e l in a te d  and unm yel ina ted  neurones ) ,  prodding ( m y e l in a te d  

neurones o n ly  ) and s i r o k i n g  ( p robab ly  o n ly  m y e l in a te d  neurones ) .

I n n e r v a t i o n  o f  the  t e n t a c l e  was found to  be p re sen t  th roughout  

t h < i r  txjutence. The receptive f i e l d s  of  the  i n n e r v a t i n g  neurones  

were found to  be e i t h e r  c ont inuous  but i r r e g u l a r ,  o r  s c a t t e r e d  

and d is c o n t in u o u s .  O v e r la p p in g  o f  receptive  f i e l d s  o f  r e c e p t o r  

u n i t s  o f  the  d i f f e r e n t  i n n e r v a t i n g  nerves was d e s c r ib e d .  V a r i a t i o n

o f  the  adequate s t im u lu s  f o r  the e l i c i t a t i o n  o f  a response in
i y

d i f f e r e n t  r e c e p to r  u n i t s  was notech Also i t  .is :>unvested t h a t  t h r e s h o ld  

f o r  s t i m u l a t i o n  o f  re c e p t o r s  in  the m a nd ibu la r  nerve  was h ig h e r  

than f o r  those o f  the  deep ophthalmic ne rve .

The unm yel ina ted  neurona l  f i b e r  p o p u la t io n  s u p p l ie s  i n f o r m a t ­

ion to  the  b r a in  as to whether  t e n t a c l e  bending i s  occurring or  

n o t .  No in f o r m a t i o n  i s  s u p p l ie d  on c o n s ta n t  bending s t a t e s .



S i m i l a r l y  the  m y e l in a te d  neurones propagate  in f o r m a t i o n  to  the  

b r a in  as to  whether  t e n t a c l e  bending i s  o c c u r r in g  o r  not.  A lso  

they  do not supply  in fo rm a t  as to  co n s ta n t  bending s t a t e s .  In  

a d d i t i o n  these  m y e l in a te d  . vcn e s  supply i n f o r m a t i o n  on touch,  

but o n ly  when the  pressure  e x e r te d  by the touch ing  o b je c t  i s  chang­

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

which respond when the p ressure  in c re a s e s ,  and those  which respond 

when the p ressure  decreases .

Thus, in  summary the  t e n t a c l e s  o f  Xenopus ta d p o le s  should be 

thought o f  as e x t r e m e ly  s e n s i t i v e  mechanoreceptor  appendages,  

s u p p ly ing  in f o r m a t i o n  to  the  b r a in  or changing s t a t e s  of  touch  

and bending o f  the t e n t a c l e s ,  but not oi. unchanging touch and 

bending o f  the t e n t a c l e s .  I t  was armed w i t h  t h i s  evidence  t h a t  

the  i n v e s t i g a t i o n  i n t o  the p o s s ib le  bah v i o u r o l  r o l e s  of  th e  t e n t a c l e  

was a t te m p te d .



2 .  THE FUNCTIONAL ROLES OF THI: TENTACLES AND 1 HE PHYSIOLOGY OF THE

TENTACLE WITHDRAWAL REFLEX.

2 .  I  I n t r o d u c t  i on.

The f u n c t i o n a l  r o l e  o r  r o l e s  o f  the  p a i re d  t e n t a c l e s  of  

Xenopus ta d p o le s  has long been a s u b je c t  f o r  c o n j e c t u r e .  Var ious  

workers  have suggested f u n c t i o n a l  r o l e s ,  but i t  i s  on ly  in  a few 

i n s ta n c e s  t h a t  they  have a t tem pted  to v e r i f y  them e x p e r i m e n t a l l y .

Paterson (1 9 3 9 )  p o in ts  out t h a t  B les  (1 9 0 4  -  from P aterson ,

1939) regards  the  l a r v a l  t e n t a c l e s  as be ing homologous w i th  the  

b a la n c e rs  of  U rode le  l a r v a e  and t h a t  o t h e r  a u t h o r i t i e s  have 

compared them w i th  a S i l u r o i d  form. Using e x c i s i o n  exper im ents  

both Paterson (1 9 3 9 )  and Brown ( 1 9 7 0 ) found t h a t  w h i le  the  t e n t a c l e s  

may serve  in m a in t a i n i n g  ba lance  to  a c e r t a i n  degree ,  they art-

not e s s e n t i a l  to  i t .

N i k i t i n  (1925  -  from Noble ,  1931)  ru le d  ou t  the p o s s i b i l i t y  

t h a t  these l a . v o l  t e n t a c l e s  had a r e s p i r a t o r y  f u n c t i o n .  S i m i l a r l y  

G ra d w e i l  (1 9 7 1 )  m a in t a in s  t h a t  the t e n t a c l e s  p la y  no p a r t  in  the  

phasic  movements o f  the  mouth which a r e  a s s o c ia te d  w i th  r e s p i r a t i o n .

Brown (1 9 7 0 )  suggests t h . t  the t e n t a c l e s  a re  used by the  ta d p o le  

as " t a c t i l e  organs f o r  the l o c a t i o n  of food, e s p e c i a l l y  when 

browsing near  the  bo t tom ."  Th is  idea  seems h i g h l y  improbable  

s in ce  i t  would indeed be a v e ry  advanced form of sensory  

d i s c r i m i n a t i o n  which would enab le  an an ima l  to  d i s t i n g u i s h ,  w i th  

p u r e l y  t a c t i l e  sensory in p u t ,  the  d i f f e r e n c e  between food and 

o t h e r  o b j e c t s .  There i s  however,  the  p o s s i b i l i t y  t h a t  chemo 

sensory e lements  a re  p re se n t  in  the  t e n t a c l e ,  b t  t h i s  seems im 

p roba b le  s ince  no s igns o f  chemoreceptors  were found by e i t h e r

Paterson  (1 9 3 9 )  o r  O v a l l e  ^ 1976) .

G rad w e i l  (1 9 7 1 )  s t a t e s  t h a t  as the  t u r b i d i t y  o f  the water  

begins  to  c l e a r  the ta d p o le s  in c re a s e  tin r depth of swimming 

and t h a t  when a l l  the  w ater  has been c le a r e d  of  food m a t e r i a l  the

j r
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ta d p o le s  con s o . e t i . e s  be observed to  f l i c k  the t e n t a c l e s  c o u d o l ly  

a long  the  bottom and thus  couse the  o rg an ic  m a t e r i a l  in  the sub 

st ra tu m  to  be s t i r r e d  up i n t o  the  w a t e r .  Supposedly t h i s  i s  to  

g e t  food m a t e r i a l  i n t o  suspension so t h a t  i t  can be f i l t e r e d .

I t  i s  p ro b a b ly  best  to  t h i n k  of  f i l t e r  -  fe e d in g  in  X e n o £ U S  

i n  the  words o f  Me C o n n e l l  (  from Wassersug, as " t r o p h i c o l i y

analogous to  i n v o l u n t a r i l y  f i l t e r  -  fe e d in g  z o n p la n k t o n . " F i l t e r  -  

fe e d in g  im p l i e s  non -  s e l e c t i v e  fe e d in g  (  Wassersug, 1975 ) ,  o r  

m ire  s p e c i f i c a l l y  in  the  wards of Jorgensen ( from Wassersug,

1975 ) as the  "u p ta k e  of  food p a r t i c l e s  which are  too sm al l  to  be 

sensed and seen i n d i v i d u a l l y . "  In  the l i g h t  o f  t h i s  i t  would seem 

t h a t  the  o b s e r v a t io n s  of  Grown (1 9 7 0 )  and Gradwel l  ( I V 7 I )  should

be regarded w i t h  some s c e p t ic is m .

I t  could  be p o s s ib le  t h a t  Xenopus ta d p o le s  do sense food  

c o n te n t  in  the w a t e r ,  but i n d i r e c t l y .  One way t h i s  would be p a s s i b l e  

i s  v i a  sensory in p u t  from s t r e t c h  re c e p t o r s  in  the  g u t .  I f  G r a d w e l l ' .  

( 1 9 7 1 )  o b s e rv a t io n s  o f  the  f l i c k i - g  o f  the  t e n t a c l e s  to  s t i r  up the  

substratum a r e  c o r r e c t ,  then i t  i s  p o s s ib le  t h a t  the  d r i v e  fa r  t h i s  

be hav iour  d e r iv e s  f r o .  the  ' i n d i r e c t '  sensing mechanism a e s e n b e d  

above.  That i s ,  a t  a c r i t i c a l  or  t h r e s h o ld  l e v e l  o f  gut emptiness  

sensory i n p u t ,  or  lock  o f  i t ,  from the  gut re c e p t o r s  t r i g g e r s  the

abovementioned b e h av io u r .  

Another  p o s s i b i l i t y  i s  t h a t  the tad p o le s  use o p t i c a l  cues

t o  p la ce  themselves in  areas  where food c o n c e n t r a t io n  in  th e  w ater  

i s  h i g h e s t .  Now, i f  the  ta d p o le s  had an in n a t e  beh av io u r  p a t t e r n  

( i t  would seem u n l i k e l y  t h a t  i t  could  be l e a r n t  ) which made them 

move i n t o  such a re a s ,  d r i v e n  by l i g h t  c r i t e r i a ,  the  i n i t i a l  observ -  

a l i e n s  of  G ra a w e l l  ( I 9 7 i )  cou ld  be e x p la in e d ,  t h a t  i s  th e  ta d p o les

i n c r e a s in g  swimming depth as the water  c l e a r e d .  

S t a r r e t t  (1 9 7 3 )  has s t a t e d  t h a t  Xenopus ta d p o le s  a r e  a b le  to 

make s l i g h t  manoeuvres in  t h e i r  swimming by movements of t h e i r  

t e n t a c l e s .  Any a c t i v e  t e n t a c l e  movement such as d e sc r ib e d  by 

G rad w e l l  ( I 9 7 l )  and o t a r r e t t  (1 9 7 3 )  would be brought about by
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c o n t r a c t i o n  o f  muscle f i b e r s  of  the  t e n t a c l e  muscle ( F i g .  I  ) .

The t e n t a c l e  muscle i s  a branch o f  the  m and ibu la r  l e v a t o r  muscle  

(Nieuwkoop and Faber ,  1 96 7 ) .  I t  segrega tes  out a t  stage  41 but  

becomes reduced a t  stage  61 and loses  i  us i n d i v i d u a l i t y  a t  stage  

63 (Nieuwkoop and Faber ,  1 9 6 7 ) .  I t  a t t a c h e s  to  th~ base of  the  

c a r t i l a g e  rod o f  the t e n t a c l e  ->n *he l a t e r a l  s id e  ( P a te rs o n ,  1 93 9 ) .  

C o n t r a c t i o n  o f  the  t e n t a c l e  muscle causes a w h i p - l i k e  ca - 'd a ' 

f l i c k i n g  o f  the  t e n t a c l e  ( G r a d w e l l ,  1 9 7 ' ) .  There i s  no a n t a g o n is t  

muscle to  the  t e n t a c l e  muscle and the t e n t a c l e  r e t u r n s  to  i t s  

normal p o s i t i o n  due to  the  r i g i d i t y  o f  the  c a r t i l a g e  rod o f  the  

t e n t a c l e  (G r a d w e l l ,  1 97 1 ) .  In  h is  h i s t o l o g i c a l  i n v e s t i g a t i o n  of  the  

t e n t a c l e  muscle O v a l i e  (1 9 7 6 )  found t h a t  two v a i i e t i e s  o f  ' f a s t '  

s t r i a t e d  muscle f i b e r  and one o f  1 s lo w 1 muscle f i b e r s  was p r e s e n t .

N i k i t i n  (19 25  -  from Noble ,  I 9 3 l ) h y p o t h e s i s e d  t h a t  the  l a r v a l  

t e n t a c l e s  of  Xenopus were t a c t i l e  in f u n c t i o n .  Paterson  (1 939 )  

a ls o  mentioi  s the  p o s s i b i l i t y  t h a t  the  t e n t a c l e s  may be t a c t i l e  

a l th o u g h  she found no h i s t o l o g i c a l  ev idence  f o r  t h i s .

Wager (1 9 6 5 )  has suggested t h a t  the  t e n t a c l e s  stop the  ta d p o le s  

from approaching the substratum too c l o s e l y  and th e re b y  pre vents  

th e  tad p o le s  from g u lp in g  up p a r t i c l e s  as an i n v o l u n t a r y  consequence  

of  r e s p i r a t o r y  movements. He does n o t ,  however, q u a l i f y  whether  

th e  t e n t a c l e s  serve  t h i s  f u n c t io n  p u r e ly  m e c h a n ic a l ly  or  by t a c t i l e  

sensory fe e d b ac k .

A r o l e  f o r  the  t e n t a c l e ^  which has not y e t  been put fo rw ard ,  

i s  t h a t  the t e n t a c l e s  p ro v id e  the  ta d p o le  w i th  in f o r m a t i o n  about  

i t s  a n t e r i o r  env i ronm ent ,  o f  which the  ta d p o le  i s  o p t i c a l l y  

unaware due to  the l a t e r a l  p o s i t i o n i n g  o f  the ey s.

R e c en t ly  Cannone and K e l l y  (1 9 7 7 )  have re p o r te d  on nei .ro -  

p h y s i o l o g i c a l  grounds, t h a t  the t e n t a c l e s  a re  in  f a c t  e x t rem e ly  

s e n s i t i v e  m echanorecept ive  appendages. Th is  study shows t h a t  the  

t e n t a c l e s  enab le  the  ta d p o le s  to  d e t e c t  j e c t s  a n t e r i o r l y  to  them.  

Once c o n ta c t  has been e s t a b l i s h e d  the  ta d p o le  has no in f o r m a t io n  

as to  whether c o n ta c t  p e r s i s t s  un less  changes in  the pressure  r e l o t  -



i o n s h ip  between t e n t a c l e  and o b j e c t  o ccur .

Th is  study has a ls o  shown t h a t  the  t e n t a c l e s  respond to  

w a te r  c u r r e n t s  d i r e c t e d  unto them; thus  i t  i s  p o s s ib le  t h a t  the  

t e n t a c l e s  a id  in  the  o r i e n t a t i o n  response of Xenopu^ tadpoles  

to  a w ate r  c u r r e n t .  Th is  o r i e n t a t i o n  response was observed by 

She l ton  (1 9 7 1 )  who concluded t n a t  the  l a t e r a l  l i n e  system cou ld  be 

i n v o lv e d  in  the  response but i s  not e s s e n t i a l  to i t .

From th e  above i t  can be a p p r e c ia t e d  t h a t  the f u n c t i o n a l  

r o l e  or  r o l e s  o f  the  t e n t a c l e s  of  Xenopus ta d p o le s  i s / a r e  some -  

what in  the  realm of  c o n j e c t u r e  w i th  a n o t a b le  Lack of  e x p e r im e n t a l  

ev idence  to  support  the  v a r i e d  hypotheses t h a t  hove been put forw ard .

2 .  2 Methods and M a t e r i a l s .

Xenopus ta d p o le s  o f  v a r io u s  s tages of  development were c o l l e c t e d  

f o r  l a b o r a t o r y  e x p e r im e n t a t io n  from ponds a t  the Rose Gardens,  

Emmarentia,  Johannesburg,  and a w ate r  hazard sur .u u n d in g  the  

5 th  green o f  the  Blue  Course of  Huddle Park G o l f  Course,  S and i ing  

ham, Johannesburg.  O b s erv a t io n s  o f  ta d p o le s  in  n a t u r a l  surround -  

ings  were m a in ly  c a r r i e d  out a t  the  v a r io u s  pone's p re s e n t  a t  the

Huddle Park G o l f  Course.

The tad p o le s  c o l l e c t e d  f o r  l a b o r a t o r y  work were kep t  in  g lass  

a q u a r ia  o f  v a r io u s  s i z e s .  The 5 0 L a q u a r ia  were u s u a l l y  r e s t r i c t e d  

to  h o ld in g  no more than 100 vadpoles ,  w h i l e  another  aquarium o f t e n  

used ( 3 0 1 '  was never a l lo w e d  to  ho ld  more than 50 t a d p o l e s .  Ihe 

w a t e r  in  both s i z e  tanks was c o n t i n u a l l y  a e r a t e d .

In newly f i l l e d  a q u a r ia  ' L i q u i f r y '  was prov ided  as food m a t e r i a l .  

A few drops o f  t h i s  were added d a i l y  u n t i l  a f a i r l y  s u b s t a n t i a l  

a l g a l  co lony  had formed in  the a q u a r i a .  From then on i t  was found 

t h a t  the w a te r  c o n ta in ed  s u f f i c i e n t  food m a t e r i a l  f o r  the ta d p o le s

to  s u r v iv e  and thus fe e d in g  was stopped.

A l l  sensory nerve  a b l a t i o n s  were c a r r i e d  out under MS-222  

a n a e s t h e s ia .  I  q o f  MS-222 in  200ml o f  w a te r  was . found to anaesth  -



e t i s e  the ta d p o le s  w i t h i n  10 secs,  and i t s  e f f e c t  l a s t e d  f o r  jp 

to 2 j  to 3 hours .  These o p e r a t io n s  were c a r r i e d  out under s a l i n e  

( Appendix 5 ) us ing a W i ld  M5 d i s s e c t i n g  microscope and t ra n s  -  

m i t i e d  l i g h t .  The ta d p o le s  were a l lo w e d  to  re c o u p e ra te  in  5 I  

perspex a q u a r ia  which were found to  be i d e a l  .o r  l a t e r  o b s e r v a t io n s  

and f i l m i n g .

Sensory r e c o rd in g s  from the  o p t i c  nerve  and muscle re c o rd in g s  

from the t a i l  were c a r r i e d  ou t  w i th  0 , 0 4  mm. d ia m e te r  nichrome w i r e  

e l e c t r o d e s ,  p o s i t io n e d  w i th  P r i o r  m ic r o - m a n i p u l a t o r s .  The nerve ,  

supported on the  e lectrode, was covered w i th  a m e d ic in a l  p a ra f  f i n /  

v a s e l i n e  m ix t u r e  ( Appendix 6 ) to  p re ve n t  d e s s i c a t i o n .

For the  i n v e s t i g a t i o n s  o f  the  t e n t a c l e  w i th d r a w a l  r e f l e x

p o ly th e n e  s u c t io n  e l e c t r o d e s ,  drawn out over  a bunsen I lame to  

the  r e q u i r e d  t i p  d ia m e te r ,  were used fo r  ejn passant  m o n i to r in g  

o f  sensory in p u t  a long the  deep optharmic  nerve  and m andibu la r  

nerve ,  and a ls o  f o r  r e c o r d in g  e l e c t r i c a l  a c t i v i t y  in  the  t e n t a c l e  

muscle.

Nerve and muscle a c t i v i t y  moni to red  w i th  these two d i f f e r e n t  

types  of e l e c t r o d e  were f i r s t  a m p l i f i e d  by Grass P b l l  A C. 

p r e a m p l i f i e r s  and then d is p la y e d  on a T e k t r o n ix  5440 o s c i l l o s c o p e ,  

f i t t e d  w i th  a Nihon Kohden Kogyo PC -  2A continuous r e c o rd in g  

camera f o r  f i l m i n g  purposes.  Kodak 35mm. L i n e f l u r e  f i l m  ( g ieen  

s e n s i t i v e  ) and Kodak photo graph ic  paper were used.

2 .  3 U n s u I t s

2.  3 .  I  The te n ia e  l e s and ba i u m

A b l a t i o n  e xper im ents  proved to be one of the v a l u a b l e  methods 

f o r  a s c e r t a i n i n g  the l i k e l y  f u n c t i o n a l  r o l e s  of  Xcnopu.s ta dpo le  

t e n t a c l e s .

F o l lo w in g  removal o f  the  t e n t a c l e s  w i th  a sharp p a i r  of  sc issors ,  

the  ta d p o le s  appeared d i s o r i e n t a t e d  when re turnee  to the  w a t e r .

Th is  s t a t e  could  l a s t  f o r  up to ten m in u tes .  The amount of t ime  

t h i s  s t a t e  p e r s i s t e d  f o r  appeared to  be d i r e c t l y  p r o p o r t i o n a l  to



th e  amount o f  t ime the t e n t a c l e  removal to o k .  This  d i s o r i e n t a t e d  

s t a t e  d u r in g  which the  tad p o le s  u s u a l l y  swam around in  short  b u r s t s ,  

o f t e n  bumping f o r c e a b l y  i n t o  o b j e c t s  in  the  water  and the bottom  

of  the  ta n k ,  a ls o  o c c u i r e d in  ta d p o le s  which were s i m i l a r l y  removed 

from the  tank  and l a t e r  re p la c e d ,  but w i t h o u t  having t h e i r  U n ’-a c ld s  

removed. Thus t h i s  a b e r r a n t  behav iour  should be a t t r i b u t e d  to  

' m a n i p u l a t i v e  shock' o f  the  ta d p o le s  r a t h e r  than some d i r e c t

r e s u l  o f  t e n t a c l e  removal .

The ta d p o le s  were seldom observed to  be unbalanced a l t e r  t e n t  -  

a c l e  e x c i s i o n .  M o s t ly  the body was s t i l l  m a in ta in e d  in  a plane  

which appeared the same as in th e  case o f  normal t a d p o le s .  In  the  

few cases where the  ta d p o le s  appeared unbalanced a f t e r  t e n t a c l e  

removal they  were observed to have a v e ry  t i l t e d  body p lane  and seemed 

unable  to  m i n t a i n  a c o n s tan t  depth  in  th e  w a te r ,  o f t e n  f l o a t i n g  

to  the s u r fa ce  and rem ain ing  t h e r e ,  immobi le .  However, when these  

ta d p o le s  were observed under Lhe d i s s e c t i n g  microscope i t  was found 

t h a t  in  a l l  ca res  ai, a i r  bubble  had become t rapped  in  the  g i l l  

a p p a ra tu i  o f  e i t i c r  one or both side:,  of the  t a d p o l e .  Thus the  

a p p are n t  unbalanced s t a t e  was most p ro b a b ly  due to  the  bubble  of  

a i r ,  in t ro d u c e d  when the ta d p o le  was removed from the  w a te r  fo r  

t e n t a c l e  e x c i s i o n ,  caus ing buoyancy changes w i th  which the  ta d p o le

could  n e i t h e r  cope w i tu  nor c u re .

I f  one t e n t a c l e  was removed the p la ne  of  the  a n i m a l ' s  body 

was n ver  observed to  l i s t  to  one s id e .  S i m i l a r l y  a ta d p o le  

never im m edia te ly  swam in  a curve  towards the s id e  where the  

t e n t a c l e  remained. Th is  ty p e  o'  r e s u l t  should he exper t  <-d i f

the  t e n t a c l e s  a id  in  ba la n c e .

The behav iour  o f  a l l  these d c t e n t o c le d  ta d p o les  in  a l l  

^uent exper im ents  appeared to be e x a c t l y  the  same as fo r  the tad  

poles  s t i l l  possessing long,  w e l l  deve loped t e n t a c l e s .  There was 

never  any i n d i c a t i o n  t h a t  these  d e t e n t a c l e d  ta d p o le s  were l e s s  

w e l l  ba lanced and hence less  a d r o i t  in  t h e i r  swimming than normal  

t a d p o le s .
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Apart  from these  b e h a v io u r a l  o b s e r v a t io n s  suggest ing  t h a t  

the  t e n t a c l e s  p lo y  no p o r t  in  balance, p u r e ly  p h y s ic a l  d a ta  a ls o  

suggests t h i s .  The w e igh t  o f  the t e n t a c l e s  in  r e l a t i o n  to  body 

w eight  o f  an average ta d p o le  was always v e r y  sm al l  (  0 ,0 0 0 ' /  g. 

and i , 2691 g. r e s p e c t i v e l y  ) .  In a d d i t i o n ,  s in ce  the  t e n t a c l e s  

t a p e r  towards t h e i r  t i p s  and thus most o f  the  w e igh t  i s  locate  

towards the  base i t  would appear t h a t  such low mass appendages 

ore  not p h y s i c a l l y  s u i t e d  f o r  b a la n c in g  purposes.

I t  seems most probab le  t h e r e f o r e ,  t h a t  the  t e n t a c l e s  of  Xenopus 

t a d p o le s  p lo y  no p a r t  in  the  b a la n c in g  of  the  a n im a l .  The hypoth -  

eses of  Paterson  (1 9 3 9 )  end B'uwn (1 9 7 0 )  should be regarded os 

m is d e r iv e d  from b ehav iour  r e l a t e d  to  'm a n i p u l a t i v e  shock'  r a t h e r  

than  from b ehav iour  r e s u l t i n g  d i r e c t l y  from the  t e n t a c l e  l o s s .

2 .  3 .  2 The t e n t a c l e s  and feeding^

Although Xenopus ta d p o le s  can g e n e r a l l y  be observed ^wrmrvng 

a t  v a r io u s  depths,  f a i r l y  o f t e n  th e y  can be observed A p p a re n t ly  

' d r i f t i n g '  a long near  the  bottom w i t h  the  t e n t a c l e s  in  co n tac t  

w i t h  the  substra tum .  The amount o f  t e n t a c le - s u b s t r a t u m  c o n ta c t  

i s  v a r i a b l e  but g e n e r a l l y  i% q u i t e  c o n s id e r a b le  w i th  about h a l f  the  

t e n t a c l e s  in  c o n t a c t .  When d o i n ,  t h i s  the ta d p o le s  hove never  

been observed to  gu lp  up food from the  substra tum .  T h is  would 

seem to  r e f u t e  Brown's (1 9 7 0 )  suggestion  t h a t  the  t e n t a c l e s  a re

" t u c t i l  organs fo r  the l o c a t i o n  of  food ."

Fur thermore  the  p h y s ic a l  p o s i t i o n i n g  of the t e n t a c l e s  i s  such 

t h a t  i t  does not suggest such a f u n c t i o n .  .■ an the  t e n t a c l e s  are  

i n  c o n ta c t  w i th  the  subst ratum the  t e n t a c l e s  u e  bent p o s t e r i o r l y ,  

w i th  the  r e s u l t  t h a t  t e n t a c le - s u b s t r a t u m  c o n t a c t  i s  p o s t e r i o r  

to  the mouth opening and a ls o  a somewhat l a r g e  d is t a n c e  l a t e r a l l y  

from the  co rn ers  o f  the mouth on each s id e .  Food m a t e r i a l  would 

t h e r e f o r e  on ly  be recognised  by the tad p o le s  once the  mouth had 

moved post i t .  S ince  the  ta d p o le s  have never  been observed to 

   hnrWwnrds ( in  f a c t  they  a re  o b v io u s ly  in c a p a b le  of donn n  cr&



i j u r e 19 . A Xenopus ta d p o le  in  i t s  t y p i c a l  free-swimming

p o s i t i o n .  Note the l a t e r a l  p o s i t i o n i n g  o f  the eye  

causing a b l i n d  t  a n t e r i o r l y .

C a l i b r a t i o n ;  I  cm.



t h i s  would mean t h a t  once food has been l o c a t e d ,  the ta d p o le  

would have to  swim through a 360°  a rc  to once aga in  p la ce  the  

mouth in  a p o s i t i o n  to  ta k e  up the  food.  Having completed such a 

complex maneouvre in  the  absence o f  sensory cues the q u e s t io n  

s t i l l  remains as to how the  ta d p o le  i s  to  l o c a t e  the food m a t e r i a l  

once more, s l i c e  the  t e n t a c l e s  w i l l  i t i l l  be in  c o n ta c t  w i th  the  

substratum l a t e r a l  to  the  mouth a i d  the p o s i t i o n i n g  of  the  eyes 

makes i t  c e r t a i n  t h a t  a b l i n d  spot e x i s t s  in  the  a n t e r i o r  m i d l in e  

( F i g .  19 ) .  Th is  type of  complex b e h av io u r ,  which would be obvious  

to  an obs erv e r ,  has not been observed d u r in g  t h i s  s tudy .  Also such 

b e hav iour  would be e n e r g e t i c a l l y  w a s t e f u l  and, in  any ev e n t ,  i t s  

v e r y  c o m p le x i ty  makes i t  h i g h l y  u n l i k e l y .  As a consequence  

Brown's h y p o th e s is  (1 9 7 0 )  should be regarded as a most u n s a t i s  -  

f a c t o r y  one.

The f i n d i n g s  of  Grodwel l  ( l 9 7 l )  t h a t  the t e n t a c l e s  were u ;ed 

to  s t i r  up o rg a n ic  m a t e r i a l  from the  subst ratum were a ls o  never  

observed.  When the  ta d p o le s  ' d r i f t e d *  a long the  bottom w i t h  t h e i r  

t e n t a c l e s  in  c o n t a c t  w i th  i t ,  j e r k y  t e n t a c l e  movement could  sometimes 

be observed.  However, t h i s  t e n t a c l e  movement was never p re s e n t  a t  

the  base which would be expected i f  i t  were being moved by the  

t e n t a c l e  muscle .  The t e n t a c l e  muscle a t ta c h e s  to  the c a r t i l a g e  o f  

the  t e n t a c l e  a t  the base o f  the  t e n t a c l e  and thus any muscular  

movement o f  the  t e n t a c l e  must i n v o l v e  movement o f  the  base.  The 

j e r k y  t e n t a c l e  movement observed was o n ly  p re s e n t  when the t e n t a c l e s  

were dragged over  a rough substratum,  never  when they were dragged  

o ver  the smooth g la s s  bottom of  a ta n k .  T h e r e f o r e ,  i t  i s  l i k e l y  

t h a t  the je r k y  t e n t a c l e  movement i s  due to  the  t e n t a c l e s  being  

g e n t l y  snagged on v a r io u s  o b j e c t s  o f  the substratum.  I t  i s  suggested  

t h a t  t h i s  j e r k y  t e n t a c l e  movement i s  what G rad w e l l  (1 9 7 1 )  

m i s t a k e n ly  i d e n t i f i e d  as caudal  f l i c k i n g  o f  the  t e n t a c l e s .

A f u r t h e r  argument a g a in s t  the  h y p o th e s is  o f  G ra d w e l l  ( I 9 / I ) 

can be r a i s e d .  When the t e n t a c l e  muscle c o n t r a c t s  i t  causes the  

t e n t a c l e s  to  move c o u d a l l y  w i th  a w h i p - l i k e  mot ion .  T h is ,  coupled
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2 ‘ 3 * 3 t e n t a c le s  f o r  manoeuvgrobi J »t y .

T e n t a c l e  movement a t t r i b u t a b l e  to  t e n t o c i e  muscle c o n t r a c t i o n  

was v e r y  r a r e l y  observed in  u n d is tu rb e d  t a d p o le s .  S ince  s l i g h t  

manoeuvres in  t h e i r  swimming were observed f a i r l y  f r e q u e n t l y  

w i th o u t  a c t i v e  movement o f  the  t e n t a c l e s  be ing  in v o lv e d ,  the  

sta tem ent  by S t a r r e t t  ( 1 9 / 3 )  t h a t  Xenopus tad p o le s  use t h e i r  t e n t a c l e s  

■or n o n o e u v e r o b i i i t y  must remain as unsupported .  F u r t h e r m o r e  i f  

S t a r r e t t  (1 9 7 3 )  was c o r r e c t  then t h e r e  should be a change in  the  

grass  m a n o e u v e r a b i l i t y  o f  the ta d p o le s  between t h e i r  e a r l y  f r e e  -  

swimming s ta g e ;  t h e i r  l a t e r  s tages when the  t e n t a c l e s  ore  s t i l l  

d e v e lo p in g  and even l a t e r  when th ey  a re  f u l l y  deve loped .  A lso ,  

th e re  should  be m a n o e u v e r a b i l i t y  changes a f t e r  t e n t a c l e  e x c i s s i o n .

Such changes were never  observed d u r in g  t h i s  s tudy .

D u r in g  p o s i t i o n  changes made by the tadpo le s ,  t e n t a c l e  movement 
con bo observed to  occur .  T h is  movement, though, can never  be seen 

a t  the  base o f  the t e n t a c l e ,  but r a t h e r  i s  r e s t r i c t e d  to  the  d i s t a l  

t w o - t h i r d s  o f  the t e n t o c i e .  Th is  movement can t h e r e f o r e  be ottrib - 
uted  t o  p a ss iv e  drag o f  the t e n t a c l e s ,  dun to  t h e i r  tenuousness.

An a c t i v e  t e n t a c l e  movement due *o muscle c o n t r a c t i o n  causes the  

base of the  t e n t a c l e  to move ( F i g .  23 ) as t h i s  i s  where the  

t e n t a c l e  muscle a t t a c h e s  to  the c a r t i l a g e  rod o f  the t e n t a c l e .

In cases where the  c a r t i l a g e  rod o f  the t e n t a c l e  i s  broken,

• s p e c i a l l y  when t h i s  i s  near  the  base,  p ass ive  t e n t o c i e  movement i s  

v ery  much more o bv ious .  T h is  i s  so since ,  w i t h  the r i g i d i t y  o f  the  

c a r t i l a g e  rod absent,  t h e r e  i s  l e s s  r e s i s t a n c e  to  p a ss iv e  bending.

T h is  s o r t  o f  movement, e s p e c i a l l y  when i t  occurs  d i . t o l l y  to  a break  

i n  the c a r t i l a g e  rod near the base,  can v ery  e a s i l y  be confused  

w i th  a c t i v e  t e n t a c l e  movement due to  muscular  c o n t r a c t i o n .

In  the l i g h t  o f  the  above o b s e r v a t io n s  i t  i s  suggested t h a t  

S t a r r e t t  ( 1 9 7 3 )  confused cause and e f f e c t .  T e n to c ie  movement seen 

d u r in g  normal swimming manoeuvres o f  the  ta d p o le s  con c e r t a i n l y  

be a s c r ib e d  to  p a ss iv e  bending.  A c t i v e  , muscle -  induced move -  

meats of  the t e n t a c l e  a r e  r a r e  in  u n d is tu rb e d  ta d p o le s ,  and a change



F ig u re  20.  Tent j c l e  w i th d ra w a l  r e f l e x  caused by prodding o f  the  t a i l  

of t  ie t a d p o l e , The top t r a c e  i s  a  sensory  d is c h a rg e  

along the  deep ophthalmic nerve w h i l e  the  bot + oir t r a c e  

is  o f  t e n t a c l e  muscle a c t i v i t y .  Both t r a c e s  were :,on -  

i t o r e d  w i th  en pass'inl p o ly th e n e  s u c t io n  e l e c t i ' f '

For 1 a 1 and 1b ' r e f e r  to  t e x t .

C a l i b r a t i o n ;  0 , 5  sec.



in  d i r e c t i o n  o f  swimming i s  not dependent on such movements.

2 .  3 .  4 The t e n t a c l e  w i th d ra w a l  r e f l e x ^

2 .  3 .  4 .  I  The ph y s io lo g y  of  the t e n t a c l e  w i th d r a w a l  r e f l e x ^

The o n ly  t imes when a c t i v e  t e n t a c l e  movement cou ld  be 

r e g u l a r l y  observed, a p a r t  from e x t re m e ly  r a r e  and a p p a r e n t l y  

spontaneous t w i t c h e s ,  was d u r in g  the  t e n t a c l e  w i t h d r a w a l  r e f l e x .

Dur ing  t h i s  w i t h d r a w a l  r e f l e x  the  t e n t a c l e  was w i thdrawn onto the  

l a t e r a l  aspects  o f  th e  head, and o f t e n  m a in ta in e d  in  t h i s  p o s i t i o n  

f o r  up to  f o u r  seconds. In  a l l  cases the  t e n t a c l e  w i th d r a w a l  

r e f l e x  i s  a s s o c ia te d  w i t h  r a p id  swimming movements, of  v a r y in g

d u r a t i o n ,  by the  t a d p o l e .

F o l lo w in g  the se v e r in g  o f  the m a n d ibu la r  nerve  p r o x i m a l l y  

to  the  muscle i n n e r v a t i o n ,  the  w i th d r a w a l  o f  the  t e n t a c l e  canno*  

be evoked. But i f  the  m and ibu la r  nerve  is  severed d i s t a l  to the  

muscle i n n e r v a t i o n  the  r e f l e x  w i th d r a w a l  can be evoked. T h is  mecns 

t h a t  the  motor inn r v a t i o n  o f  the t e n t a c l e  muscle e f f e c t i n g  the  

w i t h d r a w a l  i s  on ly  p re s e n t  in  the  m a n d ibu la r  ne rve .

The t e n t a c l e  w i th d r a w a l  r e f l e x  can be evoked v i a  e i t h e r  o f  

the  i n n e r v a t i n g  sensory nerves w i th  the  o th e r  one c u t .  Th is  shows 

t h a t  s u p r a - t h r e s h o l d  sensory in p u t  f o r  motor o u tp u t  to  cause t e n t a c l e  

muscle c o n t r a c t i o n  can be propagated in d e p e n d e n t ly  in  e i t h e r  

sensory nerve  i n n e r v a t i n g  the  t e n t a c l e .

When a ta d p o le  was pinned out l i v e  in  a dissect ing d ish  the  

t e n t a c l e  w i th d r a w a l  r e f l e x  could  be e l i c i t e d  in  a number of ways.

I t  could  be evoked by i n j u r i o u s  s t i m u l a t i o n  o f  the t e n t a c l e ,  such 

as c u t t i n g ,  or  by prodding of the  body s u r f a c e .  F i g .  2< i o w s  a 

record  o f  a t e n t a c l e  w i th d r a w a l  r e f l e x  evoked by prodoing the t jj 1 

of  a t a d p o l e .  In t h i s  p a r t i c u l a r  case the  t e n t a c l e  was mom entar i ly  

r a p i d l y  withdrawn c a u d o l l y .  I t  then s lo w ly  re tu rn e d  to  i t s  o r i g i n a l  

p o s i t i o n ,  due to  the  e l a s t i c i t y  o f  the  c a r t i l a g e  rod of  the t e n t a c l e ,  

The t e n t a c l e  was not a c t u a l l y  m a in ta in e d  f l a t t e n e d  a g a in s t  the
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s id e  o f  the  body os con be observed in  some coses, but wcs r a t h e r  

j u s t  je rke d  away from i t s  a n t e r i o r  p o s i t i o n  to a c a u d o - l a t e r a l  one.

I t  i s  suggested t h a t  the  v e ry  s h o r t  d u r a t i o n  and g e n e r a l l y  

l a r g e r  sp ikes  of  the  muscle a c t i v i t y  t r a c e ,  such os ' a ' ,  a re  e le c  -  

t r i c a l  a c t i v i t y  monito red  from the  ' f a s t '  muscle f i b e r s  mentioned  

by O v a l . e  ( 1 9 7 6 ) ,  w h i le  the lo n g e r  d u r a t i o n  sp ikes  w i th  lower  

a m p l i t u d e ,  such as ' b ' ,  a re  e l e c t r i c a l  responses from the 's lo w '  

muscle f i b e r s  mentioned by him.

I t  was never p o s s ib le  to  re cord  t e n t a c l e  muscle a c t i v i t y  

c o n t in u o u s ly  d u r in g  a m a in ta in e d  c o n t r a c t i o n  of  the t e n t a c l e  muscle,  

s ince  t h i s  was always a s s o c ia te d  w i th  v i o l e n t  t a i l  l a s h in g  and l a r g e  

a m p l i tu d e  s i d e - t o - s i d e  movements o f  the head. In  a l l  cases these  

movements r e s u l t e d  in  the  lo s s  of  the suck o f  the s u c t io n  e l e c t r o d e  

onto the  t e n t a c l e  muscle.  I t  was not p o s s ib le  to c o m p le te ly  p re v e n t  

t h i s  t o i l  movement from caus ing body movement, even by e x t e n s iv e  

p in n in g  down o f  the  t a d p o l e .  Th is  was u n f o r t u n a t e  as i t  meant t h a t  

one could  not i n v e s t i g a t e  whether  a l l  muscle f i b e r  types are  

i n v o lv e d  in  the m a in ta in e d  w i t h d r a w a l ,  o r  on ly  c e r t a i n  ty p e s .  From 

F i g .  20,  which i s  t y p i c a l  o f  a l l  records  o b ta in e d ,  i t  appears  

l i k e l y  t h a t  i t  i s  m a in ly  ' f a s t '  f i b e r s  which cause the i n i t i a l  

t e n t a c l e  movement l a t e r a l l y ,  and t h a t  i t  i s  the 's lo w '  muscle f i b e r s ,  

which o n ly  become ap p aren t  c o m p a r a t i v e ly  l a t e r  d u r in g  the  muscle 

c o n t r a c t i o n  re c o r d in g ,  t h a t  a re  r e s p o n s ib le  f o r  m a in t a i n i n g  the  

w i t h d r a w a l .

Exper iments  in  which the  m and ibu la r  nerve was e l e c t r i c a l l y  

s t i m u l a t e d  to  couse t e n t a c l e  muscle c o n t r a c t i o n  tend to  c o n f i rm  

t h i s .  I t  was found t h a t  s in g le  s u p i a - t h r e s h o l d  0 , 0 2  msec, d u ra t i^ r ,

pu lses  to  the m andibu la r  nerve  r e s u l t e d  in  tw i tc h e s  of  the  t e n t a c l e
#

muscle r e s u l t i n g  in  r a p id  cauda l  f l i c k s  o f  the t e n t a c l e .  In  o rde i  

to  get the  t e n t a c l e  to remain wi thdrawn r e p e t i t i v e  s t i m u l a t i o n  of  

the  o rd e r  o f  35 to  40 tU was r e q u i r e d .  S ince  no i n v e s t i g a t i o n  

o f  the t ime constan ts  o f  mechanical  r e l a x a t i o n  o f  t a d p o le  muscle  

f i b e r s  has been c a r r i e d  out i i  i s  not p o s s ib le  to a n a lyse  tne
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F ig u r e  2 1 .  T e n t a c l e  w i th d r a w a l  r e f l e x  i n  response to  i n j u r i o u s  

s t i m u l a t i o n  o f  the t e n t a c l e .  lop t r a c e ;  sensory  

a c t i v i t y  m oni tored  from the  m andibu la r  nerve  w i t h  the  

deep ophthalmic c u t .  Bottom t r a c e :  muscle a c t i v i t y .

In  both cases on oassont p o ly the ne  s u c t io n  e le c t r o d e s

were used.

C a l i b r a t i o n ;  0 , 5  secs.



above f i n d i n g s  to f i n d  which muscle f i b e r  p o p u la t io n  types cause  

the  m a in ta in e d  w i th d ra w a l  o f  the  t e n t a c l e  a such f r e q u e n c ie s .

I n t r a c e l l u l a r  re c o rd in g s  w i t h  g la s s  p i p e t t e s  f i l l e d  w i th  3 H 

KC1 would have been a means to c l a r i f y  the  above.

However, t h i s  proved e x t re m e ly  d i f f i c u l t ,  p robab ly  due to  the  muscle 

being very  smal l  in  d ia m e te r ,  w h i l e  th r a p i d i t y  o f  the  c o n t r a c t i o n  

of  the  t e n t a c l e  muscle always r e s u l t e d  in  the  e le c t r o d e  l e a v i n g  the  

f i b e r  p e n e t r a t e d .  Once again  i t  was not p o s s ib le  to  a d e q u a te ly  

s t a b i l i s e  the  muscle w i th  p in s .

In F i g .  20 i t  can be seen t h a t  sensory d is c h a rg e  from the  

t e n t a c l e s  occurs  f r a c t i o n a l l y  l a t e r  than the f i r s t  muscle c o n t r a c t  -  

i o n .  Th is  can be a t t r i b u t e d  to a s l i g h t  d e la y  between the onset  

o f  muscle c o n t r a c t i o n  and the be g in n in g  o f  t e n t a c l e  movement, and 

hence bending and scrap in g  of the  t e n t a c l e s  a long the  bottom o f  tho  

d i s s e c t i n g  d ish

During such t e n t a c l e  w i th d ra w a l  due to body s t i m u l a t i o n  i t  has 

been observed t h a t  the  t e n t a c l e s  can be withdrawn e i t h e r  synchronously  

or  asynchronous ly .  Synchronous w i th d r a w a l  i s  the  most common, 

however.  T h is  i s  a ls o  the case when t e n t a c l e  w i th d r a w a l  is  evoked  

by i n j u r i o u s  s t i m u l a t i o n  o f  e i  Liier t e n t a c l e .

F i g .  21 shows re c o rd in g s  from the  m andibu la r  nerve  and t e n t a c l e  

muscle d u r in g  an i f  s i  1 A * l a l  r e f l e x  evoked by t e n t a c l e  c ru s h in g .

Here the d e la y  betvesn the onset o f  sensory feedback from the t e n t a c l e  

and t e n t a c l e  muscle a c t i v i t y  i s  q u i t e  l a r g e .  Presumably i t  i s  d u r in g  

t h i s  d e lay  t h a t  sensory feedback reaches t h re s h o ld  f o r  the r e f l e x .  

However,  i t  should be remembered t h a t  the  i n i t i a l  p o r t i o n  of  the  

sensory d is ch a rg e  must be due to  the fo rcep s  used f o r  the crush  

coming i n t o  c o n ta c t  w i th  the t e n t a c l e  and the r e s u l t a n t  t e n t a c l e  

bending causing ' n o rm a l1 sensory feedback.

Obv io u s ly ,  one would not expect  the w i th d ra w a l  o f  the t e n t a c l e  

to  occur in  response to 1 n o rm a l ' sensory feedback from the t e n t a c l e s .  

Th is  has been found to  be the case and is  shown in F i g .  22.  In  t h i s  

f i g u r e  the top t r a c e  is  o f  sensory d is ch a rg e  m oni tored  from the



F ig u r e  7 1 , F i lm  record  showing t h a t  no t e n t a c l e  muscle response  

can be moni tored  in  response to  'n o rm a l '  senrory  

i n p u t .  Top t r a c e :  sensory d is ch a rg e  moni tored  from

the  deep ophthalmic n e rve .  Bottom t r a c e :  t e n t a c l e  

muscle a c t i v i t y .  Both m o n i to r in g s  were w i t h  en £ a ^ s c n i  

p o ly thene  s u c t io n  e l e c t r o d e s .

C a l i b r a t i o n ;  0 , 5  secs.



- 5 1 -

jeep p p W m i c  nerve  p i t h  the  m nndibu iar  c u t  d i e t a l l y  to  the  

nptor  bronch of  the  t e n t a c l e  muscle .  The bottom t r a c e  i s  c f  t e n t a c l e  

muscle a c t i v i t y .  Here i t  can be seen t h a t  s h o r t  s t ro k e s  o f  the  

t e n t a c l e  r e s u l t  in  sensory d is c h a rg e  be ing moni tored  a lo n g  the  

sensory i n p u t  channel  to  the  b r a i n .  However,  no muscle e l e c t r i c a l  

a c t i v i t y  can be m o n i to re d .  Th is  i n d i c a t e s  t h a t  t h i s  s o r t  of  

‘normal'  sensory i n p u t  from the t e n t a c l e s  is  below t h r e s h o ld  to  

t r i g g e r  motor o u tp u t  from the  b r a in  to  the  t e n t a c l e  muscle .

F o l lo w in g  bending o f  a t e n t a c l e ,  sensory in p u t  can a ls o  be 

moni tored  from the deep ophllialmic or  m a nd ibu la r  w i th  th e  o th e r  c u t ,  

and once a g a in  no motor a c t i v i t y  can be observed in  response to  r t .

C o r e f u l  s c r u t i n y  o f  o i l  d is ch a rg e s  from the t e n t a c l e s  le a d in g  

to  muscle c o n t r a c t i o n  has f a i l e d  to  p r o v id e  any c o n c lu s iv e  ev idenc e  

of th e  n a t u r e  o f  the  e f f e c t i v e  sensory in p u ts  fo r  t r i g g e r i n g  the  

r e f l e x .  The f a c t  t h a t  s u c t io n  e le c t ro d e s h o d  to  be used meant t h a t  

the  s i g n a l  to no ise  r a t i o s  o b ta in e d  were g e n e r a l l y  low and t h i s  

made a n a l y s i s  more d i f f i c u l t .  However,  o number o f  p o s s ib le  sensory

in p u t  t r i g g e r s  o f  the r e f l e x  can bo c o n s id e re d .

The f i r s t  p o s s i b i l i t y  i s  t h a t  i t  i s  in p u t  a long the m y e l in a te d

neurones t h a t  t r i g g e r s  the  r e f l e x .  But t h i s  i s  v ery  u n l i k e l y  in  

view of the  f i n d i n g s  p re sente d  in  th e  p re v io u s  s e c t i o n  ( Por t  I ) 

t h a t ,  us ing  c onduct ion  v e l o c i t y  d a t a ,  sensory responses to  s t r o k in g  

and prodding ore in  m y e l in a te d  axons. S ince  i t  has been shown t h a t  

•norm al -  sensory d is c h a rg e  in  response to  s t r o k in g  and bending is  not  

s u f f i c i e n t  to  t r i g g e r  the r e ' l e x ,  i t  would appear t h a t  r t  i s  not the  

m y e l in a te d  neurones t h a t  t r i g g e r  the  r e f l e x .  A lso ,  s in ce  o peak in  

numbers o f  axons of a p a r t i c u l a r  s i z e  suggests t h a t  such f i b e r s  

a re  c l o s e l y  a s s o c ia te d  in  f u n c t i o n ,  i f  m y e l in a te d  l i b e r s  d id  

p ro v id e  th e  t r i g g e r i n g  sensory in p u t  then one would expect  s i m i l a r  

peak d ia m e te rs  in each i n n e r v a t i n g  n e rv e .  Th is  has not been found

to  be the case ( P a r t  1 ) .
A f u r t h e r  p o s s i b i l i t y  does e x i s t  though, t h a t  i t  is  groups

nf f i b e r s  which do not have l a r g e  numbers of f i b e r s  in them t h a t



F ig u re  2 u . A p i c t u r e  o f  o Xcnopus ta d p o le  d u r in g  an escape respo - e 

' 'aused by prodding the ta d p o le  w i t h  the g la s s  rod 

v i s i b l e  on the  r i g h t  o f  the  p i c t u r e .  The invo lvem ent  

of  the e n t i r e  t o i l  m uscu la ture  can be observed and 

t e n t a c l e  w i th d r a w a l  can be c l e a r l y  seen.



t r i g g e r  the  r e f l e x .  For example axons w i t h  d iam e te rs  o f  etween 

4 -  bj j m  could  be the  group s ince  th e y  a re  present,  in both nerves  

and could  be the  n o c ic e p to r s  d e sc r ib e d  by Maruhashi et_ nl_ ( 1 9 5 2 ) .

Th is  p o s s i b i l i t y  would be v e ry  d i f f i c u l t  to  t e s t  though.

A second p o s s i b i l i t y  i s  t h a t  i t  i s  the  unm ye l ina te d  nerves  

t h a t  p ropagate  the r e f l e x  sensory i n p u t .  This would seem l i k e l y  

s ince  these  a r e  the proposed pain f i b e r s  o f  amphibian s k in  ( A d r ia n ,  

1925,  1928; Spray,  1976) and a ls o  these  f i b e r s  a re  common to  Doth 

o f  th e  sensory nerves i n n e r v a t i n g  the  t e n t a c l e .  However,  i t  has been 

shown in  the sensory i n v e s t i g a t i o n  ( P a r t  I  ) t h a t  th ese  unmyel ina ted  

f i b e r s  can respond to o b v io u s ly  non-noxious  s t i m u l i ,  f o r  example 

bending.  T h is  would make i t  u n l i k e l y  t h a t  these neurones supply  

t r i g g e r i n g  sensory in p u t  s ince  i t  has been shown t h a t  'n o rm a l '  

sensory in p u t  does not cause t e n t a c l e  muscle a c t i v i t y  ( F i g .  22 ) .

I t  would appear t h a t  the  most l i k e l y  e x p l a n a t i o n  o f  the  

t r i g g e r i n g  sensory in p u t  i s  t h a t  the  th r e s h o ld  f o r  r e f l e x  w i th  -  

drowal  occurs  when a l a r g e  number o f  axons, both m y e l in a te d  and 

u n m y e l in a te d ,  respond. Th is  would not n e c e s s a r i l y  have to  be a high  

f re quency  i n j u r y  d is c h a rg e  s ince  t h i s  has been found not to  he p re se nt  

( P a r t  I  ) .  Th is  appears reas onab le  s in ce  the  o n ly  apparent  

d i f f e r e n c e  between 'n o r m a l '  sensory in p u t  ( a s t r o k e  o r  bend f o r  

example ) and t r i g g e r i n g  sensory input  ( a crush or c u t  o f  the  

t e n t a c l e  ) i s  t h a t  sp ike  d e n s i t y  per u n i t  t ime i s  f a r  h ig h e r  in  

the l a t t e r .  I t  i s  a ls o  p o s s ib le  t h a t  i t  i s  high d e n s i t y  d is charge  

in  e i t h e r  the  m y e l in a te d  or  unm yel ina t  J neurones o n ly ,  t h a t  

t r i g g e r s  the  r e f l e x .  Th is  would be d i f f i c u l t  to t e s t  e x p e r i m e n t a l l y .

2 .  3 .  4.  2 Eiehgvioui a s soc  i <i t >-d w; t h * he t e n t a c l e  w i th d ra w a l

r e f  l e x  .

The t e n t a c l e  w i th d ra w a l  r e f l e x  was found to  be p re se nt  d u r in g  

the  g e n e r a l  escape response o f  the ta d p o le s  j_n v iv o  ( F i g .  23 ) .  

D ur ing  t h i s  escape response the  ta d p o le s  con be observed to swim 

r a p i d l y  through the w ater  by means o f  the  t o i l  l a s h in g  from s i d e - t o -



s id e .  In  t h i s  s i t u a t i o n  the  ta d p o le  uses the e n t i r e  m uscu la tu re  

of  th e  t a i l  as opposed to  the  normal s i t u a t i o n  d u r in g  u n d is tu rb e d  

swimming where on ly  f l i c k e r i n g  of  the  t o i l  t i p  occurs .

A f u n c t i o n a l  r o l e  f o r  t h i s  t e n t a c l e  w i th d r a w a l  r e f l e x  could  

be to  make the  ta d p o le  more s t r e a m l i n e d ,  th e re b y  e n su r in g  unim -  

peded progress  of  the  t a d p o le  through w a te r  v e g e t a t io : .  which the  

ta d p o le s  can o f t e n  be observed to  swim through d u r in g  the  escape  

response .  Dur ing  the  escape response i t  i s  appare n t  t h a t  v e r y  few 

sensory cues a r e  ac ted  upon by tne  t a d p o le  s in c e  they  can o f t e n  be 

observed to  swim headlong i n t o  s o l i d  o b j e c t s  in  the - n t e r  w i t h  

same fo r c e  and no a p p a re n t  d e c e l e r a t i o n .  Far  t h i s  reason the  

escape response appears  to  be c o m p le te ly  random. S ince  few sensory  

cues a r e  a p p a r e n t l y  used d u r in g  the  escape response,  i t  would seem 

t h a t  having  t e n t a c l e s  su p p ly in g  mechonorecept ive  i n f o r m a t i o n  m  

f r o n t  o f  the  ta d p o le  would appear s u p e r f lu o u s .  In  a d d i t i o n  i t  has 

been noted t h a t  the  t e n t a c l e s  a re  e x t r e m e ly  f r a g i l e  appendages which  

a re  e a s i l y  broken a long  t h e i r  l e n g th  or  broken o f f  c o m p le t e ly .  Thus 

by w ith d ra w in g  the t e n t a c l e s  onto  th e  l a t e r a l  aspects  o f  the head 

the  t e n t a c l e s  would e f f e c t i v e l y  be p r o t e c t e d  from damage.

The r e f l e x  w i th d r a w a l  o f  the t e n t a c l e s  in  response to  i n j u r i o u s  

s t i m u l a t i o n  o f  the t e n t a c l e s  themselves can be thought o f ,  in  

a d d i t i o n  to  the  above,  as being the  removal o f  an appendage from a 

h a rm fu l  source of  s t i m u l a t i o n .  Th is  i s  very  commonly observed

through out  th e  an ima l  kingdom.
The possession o f  a t e n t a c l e  w i th d r a w a l  r e f l e x ,  whether  e l i c i t e d

v i a  the  t e n t a c l e  i t s e l f  or  v i a  in p u t  from o t h e r  p o r ts  o f  the  body,  

i s  i n d i c a t i v e  o f  a f u n c t i o n a l  r o l e  which j u s t i f i e s  t h e i r  main -

t a in a n c e  and p r o t e c t i o n .

2 .  3 .  5 The t e n t a c le s '  r o l e  in  d e t e c t in g _ o b i  ,L12 L

env i r o n n i f n  1..

The importance  o f  the  t e n t a c l e s  to  the  ta d p o le  in  d e l e c t i n g  

O b j e c t s  a n t e r i o r l y  to  them can be i l l u s t r a t e d  in  t h i s  example.



Spontaneous o p t i c  nerve  a c t i v i t y .

O p t ic  nerve  a c t i v i t y  in  response to  o f o i n t  

moving across  th e  eye.  A response con on ly  

moni tored  -hen the  s h o d . ,  i n i t i a l l y  crosses  

■a . and when i t  le a v e s  the  eye ' b ' .  No o p U c  

a c t i v i t y  i s  p re s e n t  when c o n s ta n t  shadow rs 

across th e  eye (  between ' o '  and ' b ' ) .  

C a l i b r a t i o n ;  I  sec.
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I f  the  o p t i c  nerves o f  a ta d p o le  a re  severed so t h a t  the ta d p o le  

then has to  r e l y  f a r  more on mechanorecept ive  i n f o r m a t io n  about  

;+< environment ,  and in  a d d i t i o n  one t e n t a c l e  i s  removed, i t  i s  found 

- t  a few days c f t e r  surgery  the ta d p o le s  deve lop  a d e f i n i t e  b ias  

in  h e i r  swimming towards the  s id e  where the  t e n t a c l e  remains.  Since  

a t i n . ' d e la y  was p rese nt  t h i s  means t h a t  t h i s  was not on o b s e r v a t i o n  

of  a b a lan c in g  e f f e c t  by the  rem ain ing  t e n t a c l e .  T h is  behav iour ,  

a p p a r e n t l y  l e a r n t ,  tends to  i l l u s t r a t e  t h a t  the ta d p o le s  appear to  

be v e ry  r e l i a n t  on t h e i r  t e n t a c l e s  f o r  i n f o r m a t i o n  on s o l i d  o b j e c t s

ahead end below them.

T h is  importance of  the  t e n t a c l e s  in  d e t e c t i n g  o b je c t s  a n t e r i o r l y

to the  ta d p o le s  was thought to be as a r e s u l t  of  a b l i n d  spot e x i s t i n g

a n t e r i o r l y  to  the  t a d p o le s .  The occurrence  o f  such a b l i n d  spot i s

obvious from c o n s id e r in g  the  l a t e r a l  p o s i t i o n i n g  o f  the tad p o les

eyes as can be observed in  F i g .  1^ •

Using a nichrome m eta l  e l e c t r o d e  to  record  1rom the o p t i c  nerve  

i t  has been found t h a t  the t a d p o l e ' s  eyes a re  v e ry  s e n s i t i v e  to  f a i n t  

shadows c ro s s in g  the eyes.  A *uffr<Lt»b a F opt.c u ,*, <L**rt.dt

a. nd ivra pp ed M j  >-ee trd m j  tLtckred*

I f  a shadow i s  ca s t  onto the eye a sensory response along  

the  o p t i c  nerve can be m o n i to re d .  This response o n ly  occurs when 

the shadow passes over the eye and when i t  i s  removed ( F i g .  24 ) .  

Thus the  eye a p p a r e n t l y  o n ly  responds to changes in  in c id e n t  

i l l u m i n a t i o n  upon i t  and not to  co n s tan t  l e v e l s  o f  i l l u m i n a t i o n .  

Furtherm ore ,  no cont inuous  o p t i c a l  sensory in p u t  could  be recorded,  

Imply ing  t h a t  the  presence of s t a t i o n a r y  o b je c t s  in  the tad p o le s  

environment a re  not being d e t e c t e d .  In  f a c t  i f  an o b je c t  was moved 

i n t o  the  v i s u a l  f i e l d  and moved around a t  v a r io u s  r a t e s ,  no o p t i c a l  

responses could be m on i to red ,  un less  such movements r e s u l t e d  in  a 

shadow being c a s t  onto the eye.



These p h y s i o l o g i c a l  f i n d i n g s  suggest t h a t  trie ta d p o le  is  

v i s u a l l y  unaware o f  o b j e c t s  around i t ,  un less  th e  ta d p o le  i s  moving,  

or the  o b j e c t  i s  moving and the  o b j e c t  c a s ts  a shadow over  the  

eye o f  the  t a d p o le  -  even o very  f a i n t  one.  T h is  f i n d i n g  emphasises  

th e  importance o f  having t e n t a c l e s  to  d e t e c t  o b j e c t s  in  the  a n t e r i o r  

environment  and below the  ta d p o le ,  s ince  o b j e c t s  in  these  p o s i t i o n s  

cannot cu t  shadows onto the eyes and hence cannot be d e te c t e d

v i s u a l l y .
The im poi tunce  o, d e t e c t i n g  o b j e c t s  a n t e r i o r l y  to the tadpoles,  

o f  which they a re  o p t i c a l l y  unaware, was u n w i t t i n g l y  p o in te d  out 

by Wager (1 9 6 5 )  when he mentioned t h a t  the t e n t a c l e s  may serve  to 

pre ve n t  the  t a d p o le s  from g u lp in g  up the substra tum when near  the  

bottom.  However,  th e  p o s s i b i l i t y  e x i s t s  t h o t  i t  i s  not m e re ly  

sensory in p u t  which p re v e n ts  t h i s  happening,  but r a t h e r  a l s o ,  or 

only ,  due to  the  r i g i d i t y  o f  the  t e n t a c l e  m e c h a n ic a l l y  p re v e n t in g  

t h e ' t a d p o l e  from approaching the  bottom too c l o s e l y .  i h i s  proposed  

m echanica l  a c t i o n  would seem im p o r ta n t  s ince  the  ta d p o le s  have no 

backward form o f  lo c om ot ion .  Thus the  t e n t a c l e s  could  act as a 

b u f f e r  when a t a d p o le  d r i f t s  g e n t l y  i n t o  a s o l i d  o b j e c t .

To t e s t  the  mechanica l  p r o p e r t i e s  o f  the t e n t a c J e s ,  a number 

o f  ta d p o le s  were op era ted  on, and t h e i r  m a nd ibu la r  nerves ( d i s t a l  

to  the  m a nd ibu la r  muscle i n n e r v a t i o n  to  enab le  r e s p i r a t o r y  movements 

to  c o n t in u e  )and deep o p th a lm ic  nerves cut as c lo s e  to  the  e n t r y  

p o i n t  o f  the  t e n t a c l e  as p o s s i b l e .  Th is  d e p r iv e d  th e  t a d p o le s  o f  

sensory in p u ts  from the t e n t a c l e s .  B eh a v io u ra l  o b s e r v a t io n s  could  

now h o p e f u l l y  p ro v id e  in f o r m a t i o n  on a p o s s ib le  d i s t i n c t i o n  between 

a sensory f u n c t i o n  and a p u r e ly  mechanical  f u n c t i o n  of  th e  t e n t a c l e s .

With  such ta d p o le s  most of  t h e i r  behav iour  remained i d e n t i c a l .  

Free-swimming p o s i t i o n ,  b a lance ,  m o n o e u v e r o b i l i t y  and escape response  

were not o b s e rv a b ly  a f f e c t e d ,  exc ept  t h o t  now no escape response  

occurred f o l l o w i n g  i n j u r i o u s  s t i m u l a t i o n  o f  the  t e n t a c l e s .  One 

d i f f e r e n c e  p re s e n t  was t h a t  when ta d p o les  d r i f t e d  i n t o  a s o l i d  

o b j e c t ,  such as the  s ide  o f  an aquarium or  some p l a n t  m a t e r i a l ,



c o n s id e r a b ly  more t e n t a c l e  bending occurred  b e fo r e  the ta d p o le  

became s t a t i o n a r y .  In  the cases of  ta d p o le s  w i t h  a l l  nerves i n t a c t ,  

they  could o f t e n  be observed to  d r i f t  i n t o  an o b j e c t  and become 

s t a t i o n a r y  w i t h  on ly  about o n e - q u a r t e r  to o n e - t f u r d  o f  the t e n t a c l e s  

f l a t t e n e d  a g a i n s t  the  o b j e c t .  T h is  was not observed in  cases of  

ta d p o le s  w i th  denerva ted  t e n t a c l e s .  Here t e n t a c l e  c o n ta c t  w i th  the  

s o l i d  o b j e c t  was u s u a l l y  about t w o - t h i r d s  or  more a long the le n g th  of  

the t e n t a c l e  b e fo re  the  ta d p o le  became s t a t i o n a r y .

These o b s e r v a t io n s  imply  t h a t  the  d r i f t i n g  of  the tadpoles  

i s  due to some forward  component of  the  t a i l  f l i c k e r i n g  w h i c h  can 

be i n h i b i t e d  f o l l o w i n g  sensory in p u t  from the  t e n t a c l e s .  Once t h i s  

motor o u tpu t  to the  t a i l  has ceased, the  mechanical  p r o p e r t i e s  of 

the  t e n t a c l e  stop f u r t h e r  forward  movement. In  the cases of  the  

d e nerv a ted  ta d p o le s ,  sensory feedback from the t e n t a c l e s  could  not  

occur  and thus a g r e a t e r  c o n t r i b u t i o n  from the  mechanical  p r o p e r t i e s  

o f  th e  t e n t a c l e  was r e q u i re d  b e fo re  the  momentum of the  body, and 

the  forward component o f  the  t a i l  f l i c k e r i n g  could  be overcome and 

the  forward  movement stopped; hence g r e a t e r  t e n t a c l e - o b j e c t  c o n t a c t .

Thus i t  would appear l i k e l y  t h a t  the  t e n t a c le s  serve  two 

f u n c t i o n s  when a ta d p o le  comes i n t o  c o n ta c t  w i t h  a s o l i d  o b j e c t .  

F i r s t l y ,  th e  sensory feedback from the t e n t a c l e s  i n h i b i t s  th a t  

component o f  t a i l  f l i c k e r i n g  which causes forward  ' d r i f t i n g ' ,  and 

secondly  t h a t  the t e n t a c l e  has mechanica l  r i g i d i t y  which stops  

fo rward  movement. The importance o f  the  above mechanisms i n v o l v i n g  

the t e n t a c l e s  in  p re v e n t in g  a t a d p o l e ' s  mouth from coming i n t o  

c o n ta c t  w i th  o b je c t s  in  the w a te r  i s  i n d i c a t e d  by the  f o l l o w i n g  

o b s e r v a t io n s .

When long f i l a m e n to u s  a lg a e  ( f o r  example Clodophora  ) was 

w e l l  e s t a b l i s h e d  in  a q u a r ia  where tad p o le s  were p re s e n t ,  i t  was 

found, in  many cases,  t h a t  ta d p o le s  became t rap p ed ,  the  a lg ae  

be ing  gulped i n t o  the  mouth and becoming t rapped  in  the g i l l s .

T h is  was noted most f r e q u e n t l y  in  ta dpo lus  w i th o u t  t e n t a c l e s ,  

i n c lu d i n g  p r e - t e n t a c l e  stage t a d p o le s .  Tadpoles w i t h  w e l l - d e v e lo p e d



t e n t n c l e s  were o ls o  t ra p p ed ,  a l b e i t  much le s s  f r e q u e n t l y .

F u r t h e r  o b s e r v a t io n s  r e i n f o r c e  the  hy pothes is  o f  the  t e n t a c l e s  

being used to  probe the  a n t e r i o r  environment  o f  the  t a d p o l e .

Xenopus ta d p o le s  a re  g e n e r a l l y  found in  ponds o f  w a ter  having  

f a i r l y  abundant v e g e t a t i o n .  I he most common v e g e t a t i o n  a s s o c ia te d  

w i th  these ponds i s  v a r io u s  w a t e r  weed ( Lagaros i  phon, K lo d e a , e t c .  ) 

grasses  ( P ycreus , e t c .  ) and v a r io u s  reeds .  U s u a l l y  ta d p o le s  main -  

t a i n  themselves  in  c l e a r  w ater  away from such v e g e t a t i o n .  In  one 

a r t i c u l a r  l a r g e  pool o f  w a te r ,  the  w a te r  weed Lagoros iphon was 

w e l l  e s t a b l i s h e d  and had c o lo n is e d  the whole poo l .  The o n ly  open 

w a te r  p resent  was in  smal l  i s o l a t e d  patches  w i t h i n  the  weed which 

were up to h a l f  o meter  in  d ia m e t e r .  Xenopus ta d p o le s  were n e a r l y  

always observed near the  c e n t r e  o f  f r e e - w a t e r  and o n ly  r a r e l y  near  

the weed surrounding i t .  I t  was even more r a r e l y  observed t h a t  the  

t a d p o le s  were in  t e n t a c l e  or b o d i l y  c o n t a c t  w i th  the  weed. When 

the  ta d p o le s  d r i f t e d  towards the  weed they could  be observed to  

t u rn  and swim away from i t  in  most cases.  Th is  was a p p a r e n t l y  

due to  v i s u a l  cues s in ce  c o n t a c t  w i th  the  weed was r a r e l y  e s t a b l i s h e d .

I f  the tadpoles,  in  such an open patch of  watery were s t a r t l e d ,  

f o r  example by th row ing  a stone i n t o  the  w a te r ,  the escape response  

was e l i c i t e d .  O f te n  t h i s  r e s u l t e d  in the  tad p o le s  a c t u a l l y  swimming 

i n t o  the  water  weed. In  many in s ta n c e s  i t  was noted t h a t  many of  

the  ta d p o le s  which swam i n t o  th e  weed became t e m p o r a r i l y  trapped  

in  i t  and on ly  escaped from i t  by v i o l e n t  t a i l  t h r a s h in g  b e h a v io u r .

In  some cases t h i s  r e s u l t e d  in the ta d p o le  moving f u r t h e r  i n t o  the  

w a te r  weed, th e re b y  adding to  i t s  p l i g h t .  S i m i l a r  s i t u a t i o n s  

r e s u l t e d  when the ta d p o le s  were observed to  escape i n t o  reeds and 

grass  growing in  the w a te r  near  the edges o f  ponds where ta d p o le s  

were p re s e n t .

These o b s e r v a t io n s  suggest t h a t  i t  i s  im p o r ta n t  f o r  Xenopus 

ta d p o le s  to  keep c l e a r  o f  t h i c k  v e g e t a t i o n  in  the  w ater  d u r in g  

t h e i r  everyday l i v e s .  This i s  so because t h e i r  a p p a re n t  low 

m a n o e u v e r a b i l i t y  and low mass p re v e n ts  them from e f f i c i e n t l y



e x t r a c t i n g  themselves  from v e g e t a t i o n  once th e y  have moved i n t o  

i t .  A lso  the  v i o l e n t  a c t i v i t y  a s s o c ia te d  w i th  a t te m p ts  to  e x t r a c t  

themselves from the  v e g e t a t i o n  would seem to  be d isadvantageous

s ince  p r e d a t o r s  cou ld  be a t t r a c t e d .

N e u r o p h / s i o l o g i c a l  r e c o rd in g  of  responses from the  o p t i c  nerve  

( page 54 )has p rov ided  an i n d i c a t i o n  of  the  e f f e c t i v p  s t i m u l i  

t h a t  ore  probab ly  r e s p o n s i b l e  f o r  the  normal avo idance  behav iour  

which the  ta d p o le  d i s p l a y s  towards v e g e t a t i o n  in  U s  normal e n v i ro n  _ 

w en t .  With  such o p t i c a l  feedback ta d p o le s  cou ld  c o n c e iv e a b ly  

m a in t a in  themselves in  open water  d u r in g  d a y l i g h t  w i t h o u t  f u r t h e r  

sensory cues.  T h is  i s  because a l l  v e g e t a t i o n  must throw some 

shadow i n t o  the  w a t e r ,  e xce p t  c lo s e  to  ' u r f o c e  where X o r ^

t a d p o le s  ore seldom p re s e n t  anyway. Thus i f  the  ta d p o le s  always  

moved i n t o  the  l i g h t e r  s id e  o f  o l i g h t - d a r k  i n t e r f a c e  th ey  cou ld  

m a in t a i n  themselves in open water  where no v e g e t a t i o n  i s  p r e s e n t .

T h is  suggested b e h a v io u r a l  mechanism f o r  a v o id in g  v e g e t a t i o n  

in  the  w a te r  i s  a l l  very  w e l l  when l i g h t  i s  p r e s e n t ,  b t d u r in g  

v e r y  dork n i g h t s ,  e s p e c i a l l y  i f  the  w a te r  i s  t u r b i d ,  t h i s  o p t i c a l l y  -  

dependent b e h a v io u r a l  mechanism may not be s u f f i c i e n t .  I t  i s  h y p o t h  -  

e s is e d  t h a t  the  t e n t a c l e s  s u b s t i t u t e  f o r  the  eyes in  v e g e t a t i o n  

avo idance  be h av io u r  when such e n v i ro n m e n ta l  c o n d i t i o n s  p r e v a i l .

To t e s t  t h i s  the o p t i c  nerves of  ten ta d p o le s  o f  s i m i l a r  stages  

( 5 6 / 5 7  ) were s u r g i c a l l y  cut and in  a d d i t i o n ,  the  t e n t a c l e s  of 

f i v e  were removed. The tadpo les  were then p laced in  a l a r g e  

aquar ium ( 50 1. ) in  which L o g o r o siphon had been p laced  around  

the  edges l e a v i n g  a patch of  open w ater  in  the  m id d le .  the ta d p o les  

were observed as the  a n a e s t h e t i c  wore o f f  and e x t r a c t e d  from the  

Laaorosiphon when they sworn i n t o  i t  i n  t h e i r  d i s o r i e n t a t e d  s t a t e .

Once o i l  th e  t a d p o l e ,  hod recovered  f u l l y  from the  a n a e s t h e t i c  i t  

was observed t h a t  none of them could  m a in t a in  themse'ves in  the 

m idd le  of the open w ater  pa tch .  A c o n t r o l  group of  ta d p o le s  w i th  

o p t i c  nerves and t e n t a c l e s  i n t a c t ,  succeeded in m a in t a i n i n g  them -  

s e lv e s  in  the open w a t e r ,  suggesting  t h a t  i t  i s  v i s u a l  cues t h a t



- 5 ' /  •

m a in t a in  the tad p o le s  away f r o m  surrounding  v e g e t a t i o n .

A l l  the o p t i c a l l y  denervoted  ta d p o le s  were observed to  d r i f t  

i n t o  the  water  weed f a i r l y  f r e q u e n t l y .  When t h i s  happened to  those  

w i t h  t e n t a c l e s ,  f o l l o w i n g  i n i t i a l  t e n t a c l e  c o n ta c t  of  the  w ater  

weed, fo rward  movement ceased and then the ta d p o le s  e i t h e r  remained  

s t a t i o n a r y  f o r  a w h i le  or  f l i c k e d  themselves  around onto a rough ly  

p e r p e n d ic u l a r  course  and ' d r i f t e d '  o f f .  I f  t h i s  once aga in  r e s u l t e d  

in  head-on c o n ta c t  w i t h  the  v e g e t a t i o n  then u s i m i l a r  event  occui led  

In  a l l  cases i t  appeared the ta d p o le s  had s u f f i c i e n t  d i s t a n c e  be -  

tween themselves  and the  p o in t  of  t e n t a c l e  c o n ta c t  w i th  the  weed,

f o r  m a n o e u v e r a b i l i t y .

However, w i th  the  d e t e n t a c l e d  ta d p o le s  i t  was found t h a t  when 

they  came i n t o  p h y s ic a l  c o n ta c t  w i t h  the water  weed i t  was w i th  

th e  mouth r e g io n s .  Under these c ircum s ta nces  m a n o e u v e r a b i l i t y  was

reduced .

D ur ing  one 12 hour p e r io d ,  d u r in g  which checks were made 

every  hour ,  i t  was found on fo u r  occasions ’ hat d e t e n t a c l e d  

ta d p o le s  had become h o p e le s s ly  e n ta n g le d  in  the w a fe r  weed. I t  

was o n ly  on one occasion t h a t  a t e n t a c l e d  ta d p o le  was found to be 

h o p e le s s ly  e n ta n g le d .  S i m i l a r  d i s p r o p o r t i o n s  were noted when t h i s  

some tank was p e r i o d i c a l l y  checked d u r in g  succeeding days.

The mechanical  ' b r a k i n g '  e f f e c t  o f  the  t e n t a c l e s  on c o n ta c t  

w i th  v e g e t a t i o n ,  coupled w i th  the  a p p a r e n t l y  i n h i b i t o r y  e f f e c t  of  

t e n t a c l e  sensory feedback on the  ' d r i f t i n g '  type of  locomotion ,  

t o g e t h e r  r e s u l t  in  the m a in ta in a n c e  o f  a space between the  ta d p o le  

and the  m a te r ia l  w i th  which i t  comes i n t o  contact  such that  the  

p o t e n t i a l  f o r  adequate manoeuverabi1 i t y  i c  r e t a i n e d .

2 .  3 .  6 The t e n t o c l a s  in an o r i e n t a t i o n  response,

In  the  l i g h t  o f  the  f i n d i n g  of  Cannone and K e l l y  (1 9 7 7 )  t h a t  

a sensory d ischarge  can be m on i to red  from the t e n t a c l e s  f o l l o w i n g  

the a p p l i c a t i o n  of  w a te r  c u r r e n t s  onto them, and b e a r in g  in  mind 

t h a t  She l ton  (1 9 7 1 )  found t h a t  the l a t e r a l  l i n e  could  be in v o lve d
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F ig u re  25.  T o i l  muscle responses m oni tored  w i t h  a nichrome

e l e c t r o d e .  A -  e x t r a c e l l u l a r  muscle a c t i o n  p o t e n t i a l s  

monitored  from muscle f i b e r s  r e s p o n s ib le  fo r  t a i l  

f l i c k e r i n g .  B -  muscle reco  J in g  o f  the  t a i l  showing  

the  high f requency  c o n t r a c t i o n s  o f  muscle f i b e r s  w i t h i n  

the  t o i l  d u r in g  on escape response .

C a l i b r a t i o n ;  I sec.



in  th e  w a te r  c u r r e n t  o r i e n t a t i o n  response observed in  Xenoeut  

t a d p o le s ,  but wo. nor e s s e n t i a l  to  i t ,  i t  i s  p o s s ib le  t h a t  the  

t e n t a c l e s  p loy  a p o r t  i n  t h i s  o r i e n t a t i o n  response ,  t h i s  was t e s t e d

both b e h a v i o u r o l l y  ond p h y s i o l o g i c a l l y .

When a m e ta l  e l e c t r o d e  was i n s e r t e d  a t  d i f f e r e n t  l e v e l s  i n t o  

the t i ,  1 o f  a l i v e  ta d p o le  pinned down on to  a d is s e c t  rue d is h ,  

the  muscle c o n t r a c t i o n s  of  the  t o i l  c aus ing  f l i c k e r i n g  of  the  t i p  

could be moni tored  ( F i g .  25A ) .  The d i s s e c t i n g  d i r h  which was used 

i n  such e xper im ents  was e s p e c i a l l y  m o d i f ie d  so t h a t  the  s a l i n e  in  

„h ic h  the  t e n t a c l e s  l a y  was e f f e c t i v e l y  i s o l a t e d  from t h a t  b a th in g  

the  r e s t  o f  the  body. T h is  was done by means of a h o r i z o n t a l  p ie c e  

o f  perspex which extended from one t i d e  o f  the d i s s e c t i n g  d is h  to  

the o t h e r .  A r e c t o n g u lo r  p ie ce  was c u t  ou t  from the m idd le  o f  the  

perspex so t h a t  the  a n t e r i o r  reg io n s  o f  the  t a d p o l e ' s  head could  

extend through i t ,  from one compartment o f  the  d i s s e c t i n g  d ish  

i n t o  the  o t h e r .  Once the  ta d p o le  had been pinned out in  t h i s  p o s i t i o n  

m e d ic in a l  v a s e l i n e  was smeared over the  p r o j e c t i n g  p a r t s ,  e x c lu d in g  

the  t e n t a c l e s ,  to  b lo c k  the a n t e r i o r  l a t e r a l  l i n e  system and to  

s ea l  the  spaces l e f t  between the  ta d p o le s  head and oer pex.  In 

t h i s  wav w a te r  c u r r e n t s  cou ld  be a p p l i e d  to the t e n t a c l e s  w i t h a u t  

s t i m u l a t i n g  the l a t e r a l  l i n e  system, w h i l e  re c o r d in g  muscular

a c t i v i t y  o f  the t a i l .
The r e s u l t s  o f  ‘ h 's e  e xper im ents  were unambiguous. Water

c u r r e n t s  a p p l i e d  s e l e c t i v e l y  to  the t e n t a c l e s  d id  not e l i c i t  any

change in  the frequency  of t o i l  f l i c k e r i n g .  However,  i f  ne o f

the t e n t a c l e s  was crushed,  c o m p a r a t i v e ly  h igh  f requency t a i l

muscle c o n t r a c t i o n s  cou ld  be moni tored  (  F i g .  25B ) ,  supposedly

p a r t  o f  the escape response.
S ince  t h i s  s o r t  o f  p h y s i o l o g i c a l  e v idence  should be regarded

w i t h  s c e p t ic is m  due to  the severe  e x p e r im e n t a l  m a n ip u la t io n  of

the  ta d p o le s  t h a t  was n e c e s s i t a t e d ,  c o n f i r m a t io n  was sought at  the

b e h a v io u r a l  l e v e l .
When w a te r  c u r r e n t s  were a p p l i e d  through smal l  d iam ete r



p i p e t t e s  onto the  bodies o f  t a d p o le s ,  o r i e n t a t i o n  responses were  

o f t e n  e l i c i t e d  c o n f i r m in g  the e a r l i e r  f i n d i n g s  of  She l ton  ( 1 9 7 1 ) .

But when tne w a te r  c u r r e n t  was r e s t r i c t e d  to  the  t e n t a c l e s  no such 

o r i e n t a t i o n  response was ever  observed .  Moreover ,  p r e - t e n t a c l e  

stage ta d p o le s  and those w i th  t e n t a c l e s  removed can a ls o  be observed  

to  respond to  a w ater  c u r r e n t  by o r i e n t a t i n g  themselves  i n t o  i t ,  

and appear to do i t  as w e l l  as ta d p o le s  w i th  t e n t a c l e s .

These o b s e r v a t io n s  support  the  p h y s i o l o g i c a l  exper im ents  

i n  t h a t  the  t e n t a c l e s  do not seem to  c o n t r i b u t e  to  the  o r i e n t a t i o n  

response o f  the  ta d p o le s  to  w ate r  c u r r e n t s ,  t h i s  response seem -  

i n g l y  be ing due to  sensory feedback from the  l a t e r a l  l i n e  system

[ S h t L  t o n  197, )  a n d  o k U r  w A .c h  «  «  " M  6 *

2 .  4 C one lu s io n s .

At the o u t s e t  i t  should be s t a t e d  t h a t  w i t h o u t  the neurophys -  

i o l o g i c o l  r e s u l t s  t f v s  b e h a v io u r a l  i n v e s t i a g t i o n  would have been 

f o r  more d i f f i c u l t  than i t  p ro -ed  to  be.  Muntz (1 9 7 1 )  has p o in te d  

out t h a t  c o m p a r a t i v e ly  few a t te m p ts  have been made to use phys 

i o l o g i c o l  f i n d i n g s  to  e x p l a i n  b e h a v io u r .  In t h i s  i n v e s t i g a t i o n  

where p h y s i o l o g i c a l  f i n d i n g s  have been used to  a s c e r t a i n  the  

f u n c t io n  of  a body appendage, th e  importance end u s e f u ln e s s  of  t h i s  

type of  approach has been emphasised.  I t  i s  c l e a r l y  o f  g r e a t  

importance to  know the c h a r a c t e r i s t i c s  o f  an a n i m a l ’ s sensory  

mechanisms in  terms of e f f e c t i v e  s t i m u l i ,  b e fo re  b e h a v io u r a l  r o l e s

can be understood.

The lock  of  knowledge of  an a n i m a l ' s  sensory mechanisms o f t e n

leads to  i n t u i t i v e l y  p o s s i b l e ,  but f a c t u a l l y  m isplaced c o n c lu s io n s .

Such cases have been encountered in  the l i t e r a t u r e  r e l a t i n g  to t h i s

i n v e s t i g a t i o n  ( Brown, 1970,  G radw e l1, I / / 1  ) •



The p h y s i o l o g i c a l  i n v e s t i g a t i o n s  g r e a t l y  reduced  

the  p o s s ib le  f u n c t i o n a l  r a l e s  of  the t e n t o c l e s ,  and ae a . i t  t h a t  the  

b e h a v io u r a l  i n v e s t i g a t i o n  could  be channeled i n t o  s p e c i f i c  d i r e c t i o n s .

I t  would appear t h a t  the one main f u n c t i o n  of  the t e n t a c l e s  

i s  th e  p l a c i n g  o f  a mechonorecept ive  a rea  o f  s k in  in  a n o s i t t o n  

which i s  i m p o r ta n t  to  the  s u r v i v a l  o f  the  t a d p o l e s .  F r a .  these  

i n v e s t i g a t i o n s  i t  appears  v e r y  l i k e l y  t h a t  by having  such an t  -  

e r i o r l y  p r o j e c t i n g  appendages possessing p h y s ic a l  r i g i d i t y ,  the 

t a d p o le s  a re  a b le  tn  overcome t h e i r  i n h e r e n t  lo c k  o f  manoeuver -  

a b i l i t y ,  stemmi , from t h e i r  having o n ly  one p r o p u ls iv e  means, the  

t a i l .  Th is  would _ppear to  be e s p e c i a l l y  im p o r ta n t  in  s i t u a t i o n s  

where o p t i c a l  i n f o r m a t i o n  i s  c o n s id e r a b ly  reduced due to  w ater

t u r b i d i t y  or lac k  of  l i g l  t .

Moreover ,  the l a t e r a l  p o s i t i o n  of  the  eyes w i th  t h e i r  l i m i t e d

f r o n t a l  f i e l d  o f  v iew ,  coupled w i th  the f a c t  t h a t  v i s u a l  sensory

feedback occurs  o n ly  in  response to  moving shadows, suggests t h a t

v i s u a l  cues cannot be r e l i e d  upon a lo n e  to  p ro v id e  the ta d p o le

w i t h  adequate sensor; i n f o r m a t io n  re g a r d in g  f e a t u r e s  in  i t s  a n t e r i o r

env i ro n m en t .  Possess ion o f  mechonoreceptive  appendages p r o j e c t i n g

a n t e r i o r l y  would t h e r e f o r e  seem advantageous to the  ta d p o le  in  i t s

n a t u r a l  h a b i t a t .
Towards the end of metumorphos: the eyes m ig r a t e  to  a more

a n t e r o - l a t e r a l  p o s i t i o n  a l t e r i n g  t ,  sual  f i e l d  to  a more a n t e r i o r

one (Brown, 1 9 7 0 ) .  I t  i s  a t  t h i s  stage t h a t  t e n t a c l e  d e g e n era t io n

occurs  and t h i s  lends  f u r t h e r  edence to  the  suggest ion  t h a t  the

t e n t a c l e s  complement v i s u a l  s * . . -o ry  i n f o r m a t i o n .  I t  i s  a ls o  dur ing

thes e  l o t e  s tages o f  metamorphosis t h a t  the  h ind  l im bs  of th e  ta d p o le

become f u n c t i o n a l  and a id  the  t a d p o l e ' s  m a n o e u v e r a b i l i t y  (Hughes and

P r e s t i g e ,  I 9 7 l ) .  T h is  makes the ta d p o le  f a r  more mu ,oev e r a b H

and thus m e c h o n o r e c e p t i v e  appendages,  f u n c t i o n i n g  to  assure t h e

m a i n t e n a n c e  of  the  ta d p o le  in  a manoeuverable p o s i t i o n ,  would

seem s u p e r f lu o u s .
Although t h i s  i n v e s t i g a t i o n  has p o in te d  to  the  f u n c t i o n a l  r o l e
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of  th e  t e n t a c l e s  o f  Xenopas to d p n le s ,  the q u e s t io n  cs to  why the  

t e n t a c l e s  appear o n ly  f a i r l y  l a t e  in  development remains unanswered.  

C l e a r l y  a more e c o l o g i c a l  approach i s  needed to  so lve  the  problem.



r n r m a ld e h y d e /G l u t e r o ^ g h y d e  f i x a t i v e ^

Paraformaldehyde
2 0 , 0  ml.

Water

C a c o d y l a t e  b u f f e r  ( Appendix 2 ) 13 ,0

G l u t e r a ld e h y d e  ( 25/= )

Calcium s o l u t i o n  ( see below ) ° / 4

The w a te r  was heated but k ep t  belaw 60= C and two drops of  

I  N NaOK were added. The paraformaldehyde  was then d is s o lv e d  rn 

the  w a te r  and the m ix tu re  a l lo w e d  to  c o a l .  Once c o a l  the o t h e r  

components were added. The ca lc ium  s o l u t i o n  c o n s is te d  of  I  9  of  

CoC126H.jO ( h y d ra ted  c a lc ium  c h l o r i d e  ) 100 9
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Appendix 2 .

Cocody lo te  b u f f e r .

Sodium co co d y lo te  4 2 , 8  g.

H y d r o c h lo r ic  a c id  ( I N )  6 , 9  ml.

Water to  1000 ml.

The above components were mixed w i th o u t  h e a t in g .



A ppend ix  3.

K m i u r n  t e t r n x i d e  f i x a t i v e ^

1 g ‘Osmium t e t r o x i d e
. n \  40 ml .

C a c o d y la te  b u f f e r  (  Appendix . j
60 m i .

Water  ̂ ^
Calcium s o l u t i o n  (  Appendix I  )

i I    S



Appendix 4

10 m l .

10 m l .

I m l .

A r a l d i t e  embedding medium.

A r o l d i t e  cy 212

Dodecenyl S u c c in ic  Anhydr ide  ( D .D .S .A .  )

D i - B u t y l  P t h a l a t e  ( D . B . T .  )

2 , 4  d im e t h y la m in o e t h y l  phenol (  D . M . P . - 3 0  ) 0 , 3  mi.

The above were measured out g r a v i m e t r i c a l l y  i n t o  a 30 ml 

gloss  b o t t l e .  The b o . t i e  was then stoppered  and the m ix t u r e  

r o t a t e d  o v e r n ig h t  a t  room te m p e ra tu re .

!■ l   l _



S a l i n e .

6 5 , 0  g .

4 ,2  g.

CaCl 2H.,0

The above i n g r e d i e n t s  were d is s o lv e d  in  10 l i t r e s  of w a te r  

i n  the  o rd e r  t h a t  they  a re  presented  above.



A p p e n d i x  6 .

20 ml o f  commercial  v a s e l i n e  wns heated  u n t i l  in  a f l u i d  

s t a t e  and was then added to  30 ml.  o f  m e d ic i n a l  p a r a f f i n  w i th  

c o n t i n u a l  g e n t l e  h e a t in g  and s t i r r i n g  of  the  m i x t u r e .  This r e s u l t e d  

in  a m ix t u r e  which was ju s t  f l u i d  enough to d r i p  i iom a g la ss  rod 

which was submerged in  the m ix t u re  and then removed. Th is  was 

found to  be the i d e a l  c o n s is te n c y  f o r  th e  m i x t u r e .
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