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PREFACE

T h i s  s t u d y  was commenced a s  a c o n t i n u a t i o n  o f  

p r e l i m i n a r y  work b y  L a v e r a c k  a n d  l a t e r  Cocup on 

w h a t  a p p e a r e d  t o  be  a c o n t a c t  c h e m o r e c e p t o r  

s y s t e m  i n  t h e  D e c a p o d a .  M e th y le n e  b l u e  s t a i n i n g  

b y  L a v e r a c k  o f  P a n u l i r u s  a r g u s  w a l k i n g  l e g s  

r e v e a l e d  a c o m p le x  o f  l a r g e ,  b i p o l a r  c e l l s  

a s s o c i a t e d  w i t h  t h e  p a d  o f  e p i c u t i c l e  a t  t h e  t i p  

o f  e a c h  w a l k i n g  l e g .

I n  t h e  l i g h t  o f  s u c h  k n o w led g e  a s  was t h e n  

a v a i l a b l e ,  i t  seem ed  i n e s c a p a b l e  t h a t  t h e s e  c e l l s  

w e re  p a r t  o f  a  c o n t a c t  c h e m o r e c e p t o r  s y s t e m .  The 

v e r y  l a r g e  s i z e  o f  t h e  c e l l s  was o f  e s p e c i a l  

i n t e r e s t  a n d  w h o l l y  excey  t i o n a l  f o r  C r u s t a c e a n  

c h e m o r e c e p t o r s .  A l s o ,  a t  t h a t  t im e  t h e  p o s s i b i l i t y  

o f  i n t r a c e l l u l a r  r e c o r d i n g  was an  a t t r a c t i v e  one 

a l t h o u g h  we now know, f ro m  t h e  work o f  M e l l o n  & 

K ennedy  ( I 9 6 U ) ,  t h a t  t h e  i m p u l s e  i n i t i a t i o n  s i t e  

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

b u t  i n  t h e  d i s t a l  r e g i o n  o f  t h e  d e n d r i t e .  An 

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

t h e r e f o r e ,  h a v e  g i v e n  a n y  i n f o r m a t i o n  a b o u t
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ch e m o r  c j p t o r  t r a n s d u c t i o n  p r o c e s s e s  a s  had  

i n i t i a l l y  b e e n  h o i e d .

H o w ev er ,  a t  t h i s  p o i n t  t h e  u n e x p e c t e d  h a r r e n e d .  

E x h a u s t i v e  t e s t s  f a i l e d  t o  d e m o n s t r a t e  t h e  s l i g h t e s t  

c h e m i c a l  s e n s i t i v i t y  i n  t h e  l a r g e  c e l l  r e g i o n  a n d  i t  

was l a t e r  d i s c o v e r e d  t h a t  t h e s e  c e l l s  w ere  a s s o c i a t e d  

w i t h  8 r a t h e r  s p e c i a l i s e d  g ro u p  o f  c a m p a n i fo rm  o r g a n » .  

T h i s  f i n d i n g  w a s ,  i f  a n y t n i n g ,  e v e n  more I n t e r e s t i n g  

t h a n  t h e  i n i t i a l  p r e m i s e  upon  w h ic h  t h e  p r o j e c t  was 

b a s e d ,  s i n c e  c a m p a n i fo r m  o r g a n s  w are  t h a n  unknown 

i n  C r u s t a c e a .  T h i s  t h e s i s  i s  an a c c o u n t  o f  work 

c a r r i e d  o u t  on t h e s e  s p e c i a l i z e d  c a m p a n i fo rm  o r g a n s  

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

a t  o t h e r  s i t e s  i n  C r u s t a c e a n  c u t i c l e .

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

o f  t h e  a c t u a l  c o n t a c t  c h e m o r e c e i t o r s  o f  D e c a p o d a .  H e r e ,  

e l e c t r o p h y s i o l o ; i c a l  m e th o d s  w ere  u s e d  a s  a h i s t o l o g i c a l  

t o o l  t o  c o n f i r m  a n a t o m i c a l  o b s e r v a t i o n s .  A num ber  o f  

t y p e s  were  d i s c o v e r e d  e x h i b i t i n g ,  on  t h e  w h o l e ,  

c o n s i d e r a b l e  i n y s i o l o g i c a l  s i m i l a r i t y  end  e q u a l l y  

c o n s i d e r a b l e  a n a t o m i c a l  v a r i a t i o n .  T he  a p p a r e n t l y  h i g h

(2)



d e g r e e  o f  c o r r e l a t i o n  b e t w e e n  s t r u c t u r e  a n d  f u n c t i o n  

was o f  no  s m a l l  i n t e r e s t  a n d  w i u l 1 i n  i t s e l f  d i s p e l  

a n y  d o u b t  t h a t  D e c a p o d a  a r e  v e r y  h i g h l y  d e v e l o r e d  

a n i m a l s .

INTRDDUCTIIN 

G e n e r a l  C o n c e p t s  o f  S m e l l  an d  T a s t e .

T r a d i t i o n s !

d i s t i n c t i o n s  b e t w e e n  s m e l l  and  t a s t e ,  b a s e d  a s  t h e y  

a r e  upon  t h e  s p t ^ c l a l i z c d  c a s e  o f  t e r r e s t r i a l  

v e r t e b r a t e s ,  a r e  o f  b u t  l i m i t e d  a p p l i c a b i l i t y  t o  

t h e  c o s e  o f  a q u a t i c  a r t h r o r o d s .  I n  t e r r e s t r i a l  

v e r t e b r a t e s  t h i s  d i s t i n c t i o n  i s  a c l e a r  one  an d  i n  

mammals a t  l e a s t ,  t h e  t a s t e  b u d s  a n d  t h e  o l f a c t o r y  

o p i t h e l i a  h a v e  t o t a l l y  d i f f e r e n t  r s Q p o n s e  

c h a r a c t e r i s t i c s .  T h e s e  h i g h e r  v e r t e b r a t e s ,  i t  w ou ld  

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

l a b o u r  i n  t h e i r  c h e m o r e c e p t o r  p o p u l a t i o n .  The 

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

many o f  t h o s e  s u b s t a n c e s  o f  low  v a p o u r  p r e s s u r e  w h ic h  

o c c u r  i n  t h e  a t m o s p h e r e  and  w h ic h  may o r  may n o t  b e

(3)



o f  some p a r t i c u l a r  b e h c v l o n r s l  i m p o r t a n c e  t o  t h e  m n im e l .  

T he  t a s t e  b u d s ,  b y  c o n t r a s t ,  c a n  o n l y  r e s n o n d  i n  f o u r  

o r  p o s s i b l y ,  i n  some d e s e r t  mammals,  f i v e  d i f f e r e n t  

w ays t o  i o n s  a n d  a r a n g e  o f  r e l a t i v e l y  s o l u b l e  

co m p o u n d s .  The f l e x i b i l i t y  o f  c h e m o s e n s o r y  r e s p o n s e  

a v a i l a b l e  t o  mammals i s  g r e a t l y  i n c r e a s e d  b y  t h i s  

t a s t e / s m e l l  d i v i s i o n  o f  l a b o u r  a n d  b e c a u s e  t h e  o l f a c t o r y  

e p i t h e l i u m  i s  i n  c o m m u n i c a t i o n  w i t h  t h e  b u c c a l  

c a v i t y ,  f o o d  i n  t h e  m outh  i s  s t i l l  e x p o s e d  t o  t h e  f u l l  

ch e m o r  c e p t o r  p o p u l a t i o n  o f  t h e  a n i m a l ,  We c a n  b e g i n  

t o  s e e ,  I  t h i n k ,  t h a t  t h e  d i s t i n c t i o n  b e t w e e n  s m e l l  

e n d  t a s t e  i s  a s  much a  p r o p e r t y  o f  t h e  a n i m a l  a s  o f  

t h e  c h e m i c a l s  i n v o l v e d  an d  t h a t  i t  i s  s p e c i a l i z a t i o n  

o f  a h i g h  o r d e r  i n d e e d .

B e c a u s e  n o s t  e a r l y  r h y s i o l o g i c a l  k n o w le d g e  was 

g l e a n e d  f ro m  t h e  ^ t u d y  o f  v e r t e b r a t e s  a n d  i n  

p a r t i c u l a r  o f  m a m m a l s , v e r t e b r a t e  -  o r i i n t a t e d  t h i n k i n g  

i n e v i t a b l y  c o l o u r e d  some o f  t h e  work o f  t h e  e a r l y  

i n v e r t e b r a t e  p h y s i o l o g i s t s .  To w h a t  e x t e n t  one c a n  

d i s t i n g u i s h  b e t w e e n  t a s t e  en d  s m e l l  i n  a o u a t i c  

C r u s t a c e a  h a s  b e e n  t h e  c o n c e r n  o f  a num ber  o f  w o r k e r s .  

T h i s  s t u d y  i s  m e r e l y  t h e  l a t e s t  e x a m i n a t i o n  o f  t h i s

(U)



p r o b l e m  i n  e s e '^ i o s  com m encing  w i t h  t h e  w ork o f  C o w le s  

i n  1 9 0 6 .  H o w ev er ,  b e f o r e  c o n s i d e r i n g  t h i s  p r o b le m  

s p e c i f i c a l l y  i t  i s  p e r h a p s  h e * 'p fu l  t o  l o o k  a t  t h e  

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

a n i m a l .

A l l  c h e m o r e c e p t l o n  i s  u l t i m a t e l y  a q u a t i c  t o  t h e  

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

l e a s t  a s  e a r l y  a s  t h e  j iem brane  o f  t h e  r e c e p t o r  s i t e .  

The e s s e n t i a l  d i f f e r e n c e  b e t w e e n  a q u a t i c  en d  

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

m e d ia  t h r o u g h  w h ic h  s t i m u l a t o r y  c h e m i c a l s  h a v e  t o  

t r a v e l  from  t h e i r  s o u r c e  t o  t h e  r e c e p t o r  l i t e .  Many 

s u b s t a n c e s  w h ic h  o c c u r  i n  e f f e c t i v e  c o n c e n t r a t i o n  

i n  a i r  e r e  r  l a t i v e l y  i n s o l u b l e  i n  w a t e r  a n d  

c o n v e r s e l y  many s u b s t a n c e s  w h ich  a r e  f r e e l y  s o l u b l e  

i n  w a t e r  e x e r t  t o o  lo w  a v a p o u r  p r e s s u r e  t o  b e  

a v a i l a b l e  t o  t h e  o l f a c t o r y  s y s t e m  o f  a  t e r r e s t r i a l  

mammal. Many s u b s t a n c e s  ar*^ i n  t h i s  l a t t e r  c l a s s  

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

a b i l i t y  t o  e n t e r  t h e  s o - c a l l e d  ’’s o l v a t e d ’* s t a t e  i n  

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

a d h e r e n t  w a t e r  m o l e c u l e s ,  T r l m e t h y l e m i n e  o x i d e  en d  

a m in o  a c i d s  a r e
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b o t h  i n  t h i s  c l a s s  e n d  a r e  known t o  s t i m u l a t e  

C r u s t a c e a n  c h e m o r e c e p t o r s  (C a s e  & Q w i l l i a m  1 9 6 1 ,

L a v e r a c k  I 9 6 3 , L e v â n d o v s k y  & H odgson  1 9 6 5 ) .  An 

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

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

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

o f  t h e i r  c o a t i n g  o f  w a t e r  m o l e c u l e s  b u t  s u c h  an  

a n i m a l  l a  d e n i e d  c o n t a c t  w i t h  many o t h e r  s u b s t a n c e s  

common i n  a i r  b u t  i n s o l u b l e  i n  w a t e r .  I t  i s  t h i s  

l a t t e r  c l a s s  o f  c h e m i c a l s  w h ic h  a r e  t h e  e s p e c i a l  c o n c e r n  

o f  t h e  o l f a c t o r y  m em b ran es  o f  mammals.  The f o r m e r  

c l a s s  i s  a v a i l a b l e  o n l y  t o  t h e  s e n s e  o f  t F s t e  i n  a 

t e r r e s t r i a l  a n im a l  b u t  a r e  a v a i l a b l e  t o  t h e  e n t i r e  

c h e m i c a l  s e n s e  o f  an  a q u a t i c  o n e .  I t  i s  a p p a r e n t ,  

t h e n ,  t h e t  t h e  c h e m i c a l  s e n s e  o f  a n  a q u a t i c  fo rm  c a n  

b e a t  b e  c o n s i d e r e d  a s  a s i n g l e  e n t i t y  a n d  t h a t  i t  i s  

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

b a s e d  u p o n  t h e  t r a d i t i o n a l  c o n c e p t s  o f  t a s t e  and  s m e l l .

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

r a t h e r  d i f f e r e n t  k i n d  c a n  b e  made w h ic h  d i s t i n g u i s h  

b e t w e e n  a num ber  o f  c h e m o r e c e p t o r  t y p e s  i n  D ecapod  

C r u s t a c e a ,  H o w ev er ,  t h e s e  d i f f e r e n c e s  a r e  b a s e d  n o t ,

(6)



a s  i n  mammals ,  u p o n  r e s p o n s e  c h a r a c t e r i s t i c s  b u t  u p o n  

t h e i r  p o s i t i o n  on  t h e  a n i m a l ’ s  s u r f a c e  a n d  upon  t h e  

p a r t  t h e y  p l a y  i n  c e r t a i n  c h e m i c a l l y  i n v o k e d  r e f l e x e s .  

T h e r e  i s  no e v i d e n c e  a s  y e t  t h a t  c h e m o r e c e p t o r s  f ro m  

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

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

C h e m o r e c e r t i o n  i n  D e c ap o d  C r u s t a c e a ,

The e a r l y  w o r k e r s  

i n  t h i s  f i e l d  w ere  c o n c e r n e d  w i t h  3 b a s i c  p r o b l e m s :

( I )  Do C r u s t a c e a  p o s s e s s  a c h e m i c a l  s e n s e ? :  ( 2 )  How 

i s  i t  u s e d  i n  t h e  n o r m a l  b e h a v i o u r  o f  t h e  a n i m a l ?  an d  

( 3 ) %bat a r e  t h e  s e n s e  o r g a n s  i n v o l v e d ?

I t  may s a f e l y  b e  s t a t e d  t h a t  q u e s t i o n  ( I )  h a s  b e e n  

a n s w e r e d  w i t h  an  e m p h a t i c  ’’Y es” , Q u e s t i o n  ( 2 )  h a s  b e e n  

a n s w e r e d  t o  t h e  e x t e n t  t h a t  c h e m i c a l  c u e s  a r e  known 

t o  p l a y  a l a r g e  p a r t  i n  f e e d i n g  b e h a v i o u r ,  a l t h o u g h  

many w o u ld  s t i l l  b e  p r ' ^ p a r e d  t o  d i s p u t e  j u s t  how 

l a r g e  t h i s  p a r t  i s  r e l a t i v e  t o  t h e  p a r t  p l a y e d  b y  t h e  

s e n s e  o f  s i g h t .  Q u e s t i o n  ( 3 ) ,  on  t h e  o t h e r  h a n d ,  h a s  

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

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

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

r e a c h e d .

( 7 )



An i m p o r t a n t  e a r l y  p a p e r  was t h a t  b y  N a g e l  ( 1 6 9 4 )  

who e m p h a s i s e d  t h e  i m p o r t a n c e  o f  t h e  v i s u a l  en d  t a c t i l e  

s e n s e s  i n  t h e  f e e d i n g  b e h a v i o u r  o f  C a r c i n u s  m a e n a s .

B e t h e  ( 1 8 9 7 ) ,  h o w e v e r ,  wes one o f  t h e  e a r l i e s t  

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

s e n s e  a n d  l i k e  N a g e l  u s e d  C a r c i n u s  a s  h i s  e x p e r i m e n t a l  

a n i m a l , B e t h e  showed t h a t  t h e  a n t o n n u l e a  e x h i b i t e d  

i n c r e a s e d  a c t i v i t y  when f o o d  was p l a c e d  n e a r  t h e  c r a b  

a n d  t h a t  t h e  r a a x i l l i p e d s  w ou ld  move s l o w l y  b e c k  a n d  

f o r t h ,  t i l s  m o s t  s i g n i f i c a n t  o b s e r v a t i o n  was t h a t  

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

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

f o r  t h e  o b s e r v e d  a c t i v i t y  i n  t h e  a n t e n n u i e s  and t h e  

m a x l l l l n e d s .

The work o f  B e l l  i n  I ? 0 6  wps an  e a r l y  a t t e m p t  t o  

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

s u r f a c e  o f  t h e  f r e s h w a t e r  c r a y f i s h  G a m b a ru s ,  H i s  

m e th o d  o f  l o c a l i z e d  s t i m u l a t i o n  b y  p i p e t t e  was 

c a r r i e d  o u t  u n d e r  w a t e r  an d  was o n l y  l o c a l i z e d  

t h e r e f o r e  f o r  a  v e r y  s h o r t  t im e  i n d e e d .  B e l l ’ s  

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

s u r p r i s i n g .  He p o s t u l a t e d  a w i d e l y  d i s t r i b u t e d  s y s t e m  

o f  c h e m o r e c e p t o r s  i n  w h ic h  t h e  a n t e n n u l e s  p l a y e d  no

s p e c i a l  p a r t ,

(8)



I n  h i s  ^ f u n n e l  c a n e l  o r g a n ” L u t h e r  ( 1 9 3 0 )  d e s c r i b e d  

ft v e r y  u n u s u a l  t y p e  o f  C r u s t a c e a n  s e n s e  o r g a n ,  A w i d e l y  

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

w o u ld  h a v e  s u p p o r t e d  B e l l ’ s  (1 9 0 6 )  c o n c e p t  o f  a 

g e n e r a l  c h e m i c a l  s e n s e ,  L u t h e r ’ s  s u g g e s t i o n  t h a t  t h e s e  

s e n s i l l a e  w ere  a k i n d  o f  c h e m o r e c e p t o r  we now know t o  

b e  wrong b u t  a t  l e a s t  L u t h e r  was c o r r e c t  i n  d e s c r i b i n g  

t h e s e  b o d i e s  a s  i n n e r v a t e d  s t r u c t u r e s ,  D e n n e l l ’ s  

( i 9 6 0 ) d e s c r i p t i o n  o f  w hat  i s  c l e a r l y  a g ro u p  o f  f u n n e l  

c a n a l s  a s  c u t i c u l a r  g l a n d s  i s  a c a s e  o f  m i s t a k e n  

i d e n t i t y  w h ic h  i s  o n l y  t o o  e a s y  i n  an  a n i m a l  w i t h  an  

i n t e g u m e n t  a s  h a r d  a s  O a n c e r  g a g u r u s , D ia g ra m s  b y  b o t h  

t h e s e  a u t h o r s  a r e  t h e  s u b j e c t  o f  P i g ,  ( I ) ,

Of p a r t i e ' l a r  i n t e r e s t  t o  t h i s  p r e s e n t  s t u d y  i s  t h e  

f a s c i n a t i n g  o b s e r v a t i o n  b y  Cow les  ( I S 06)  who d e s c r i b e d  

how t h e  b e a c h - l i v i n g  s a n d  c r a b  2£ZC23£-£r£D£!!i2  t e a t s  

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

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

The c h e l a  s e n s e  o r g a n s  i n v o l v e d  i n  t h i s  b e h a v i o u r  a r e  

o n e  o f  t h e  t o p i c s  c o v e r e d  i n  t h i s  t h e s i s .

The a b l a t i o n  e x p e r i m e n t s  o f  Holmes an d  Homuth i n  

1 9 10 were  a n  i n t e r e s t i n g  e a r l y  a t t e m p t  t o  l o c a l i z e  

some o f  t h e  c h e m o r e c e p t o r s  o f  G am barus ,  T h e i r  r e s u l t s  

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

w ere  e s p e c i a l l y  s e n s i t i v e  t o  c h e m i c a l s .  T h i s  was

(9)
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Above : D e n n e l l *3 ( I f 60)  d ip g rcm  o f  lpr»ge d i a m e t e r  cmnml 

i n  C a n c e r  ASlKlng l e g o .  C a n o l a  a r e  i n t e r p r e t e d  ' s  c u t i c u l a r  

g l a n d a .

Below : L u t h e r *  a ( I S 3 0 )  d r a w in g  o f  w h a t  he c a l l e d  a 

’’F u n n e l  C a n a l  O rgan” f rom  a C e r c i n u g  w a l k i n g  l e g .  On m o r r h o l o g l c  

g r o u n d s  L u t h e r  s u g g e s t e d  a chainoreceT t o r  f u n c t i o n  f o r  h i s  

F u n n e l  C a n a l  O rg an .



c o n f i r m e d  e l e c t r o p h y s l o l o g i c f i l l y  i n  IÇ6U b y  L a v e r a c k  

who was a b l e  t o  s u g g e s t  w i t h  r e a s o n a b l e  c e r t a i n t y  t h a t  

e l e m e n t s  a s s o c i a t e d  w i t h  t h e  a e s t h e t a s c  h a i r s  w ere  

t h e  c h e m o r e c e p t o r s  i n v o l v e d  ( P i g . 2 ) .  T h i s  was i n  t h e  

l a r g e  s p i n y  l o b s t e r  P a n u l i r u s _ _ a r g u s ^  • ^  c h o m o r e c o p t o r  

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

a s  1 9 2 3  b y  C o p e l a n d .

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

t e c h n i q u e s  i n  t h e  I n v e s t i g a t i o n  o f  t h e  c h e m o r e c e p t o r s  

o f  C r u s t a c e a *  H odgson  ( 1 9 5 8 )  was a l s o  o n i  o f  t h e  few  

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

s t r u c t u r e s  i n v o l v e d .  H ia  m e th o d  o f  s t i m u l a t i n g  a n d  

r e c o r d i n g  f ro m  s i n g l e ,  w a l k i n g  l e g  h a i r s  u s i n g  t h e  

same g l a s s  p i p e t t e  was a  v e r y  e l e g a n t  a n d  d i r e c t  

d e m o n s t r a t i o n  t h a t  h a i r  s e n s i l l a e  w ere  a n  i m p o r t a n t  

p a r t  an d  p o s s i b l y  t h e  o n l y  p a r t  o f  t h e  c h e m o s e n s o r y  

s y s t e m  o f  t h e  l e g s .  C am baru s , a a  a  f r e s h w a t e r  C r u s t a c e a n ,  

w as  p e c u l i a r l y  s u i t e d  t o  H o d g so n *3 t e c h n i q u e .

Viith  t h e  e x c e p t i o n  o f  L a v e r a c k  ( 1 9 6 U) m o s t  o f  t h e  

o t h e r  e l e c t r o p h y s i o l o g i c a l  work was c o n c e r n e d  a s  much 

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

o r g a n s  m e d i a t i n g  t h e  r e s p o n s e .  The  work o f  C a se  e t  A l .  

i 9 6 0 .  C a s e  & G w i l l i a m  I 9 6 I ,  L a v e r a c k  1963» C a se  I 9 6 U 

a n d  L e v a n d o v s k y  & H odgson  1 9 6 5  a l l  f a l l s  i n t o  t h i s  c l a s s .

( 10)
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^  C h e m o re c e i r to r  Hair S ys tem  i n ^ P n n u l l r u s

L a v e r a c k *3 (196U) d r a w i n g  o t  t h e  r e s t h e t m s c  h a i r  

t u f t s  p r e s e n t  on t h e  d i s t a l  a n n u l !  o f  t h e  o u t  *r ram us  

o f  t h e  a n t e n n u l e .  S u b j e c t e d  t o  p h i g h  d e g r e e  o f  i r r i g a t i o n  

d u r i n g  a n t e n n u l e  f l i c K i n > ; ,  t h e s e  u n t a n n e d ,  u n b r a n c h e d  

h a i r s  w i t h  m u l t i p l e  i n n e r v a t i o n  a r e  t h e  s i m p l e s t  C r u s t a c e a  

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



The e n o rm o u s  nu m b er  o f  s m a l l  n e u r o n e s ,  2 0 0 - 3 0 0 ,  

a s s o c i a t e d  w i t h  t h e  a e s t h e t a s c s  o f  P a n u l i r u s  a r g u s  

w as  d e s c r i b e d  i n  1965  b y  L a v e r a c k  a n d  A r d i l l .  T h i s  

was one o f  t h e  f i r s t  i n d i c a t i o n s  t h a t  C r u s t a c e a n  

c h e m o r e c e p t o r  s y s t e m s  w ere  d i f f e r e n t  i n  some r e s p e c t s  

f r o m  t h e i r  i n s e c t  c o u n t e r p a r t s .

I n  t h i s  p r e s e n t  w ork  l o c a l i z e d  s t i m u l a t i o n  

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

d i s s e c t e d  n e r v e  f i b r e  b u n d l e s  a r e  t h e  two m a in  

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

m ore  C r u s t a c e a n  c h e m o r e c e p t o r s  a n d  r e f i n e m e n t s  o f  t h e  

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

s o - c a l l e d  **f u n n e l  c a n a l  o r g a n ” w h ic h  i s  h e r e  shown 

t o  b e  a m e c h a n o r e c e p t o r  w i t h  many f e a t u r e s  i n  common 

w i t h  t h e  c a m p a n i f o r m  o r g a n  o f  i n s e c t s .  C o n v e n t i o n a l  

h i s t o l o g i c a l  m e th o d s  a r e  u s e d  t o  co m p le m e n t  t h e  

p h y s i o l o g i c a l  e x p e r i m e n t s .

M e c h a n c r e c e p t i o n .

I n  v i e w  o f  t h e  r e f e r e n c e  t o  t h e  

m e c h a n o r e c e p t o r  f u n c t i o n  o f  t h e  f u n n e l  c a n a l  o r g a n  i t  

i s  p e r h a p s  a p p o s i t e  t o  s a y  a l i t t l e  a b o u t  me c h a n o r e  c e p  t  i  oz 

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

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

i n t e g u m e n t .

( I I )



I  w o u ld  a d d  t h a t  we a r e  c o n c e r n e d  h e r e  w i t h  t h e  p r o b l e m s  

o f  m e c h a n i c a l  c o m m u n i c a t i o n  b e t w e e n  t h e  c u t i c l e  an d  t h e  

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

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

I n  t h e  c a s e  o f  s o f t - s k i n n e d  a n i m a l s  p r e s s u r e  on  t h e  

o u t e r  s u r f a c e  l e a d s  t o  c o n s i d e r a b l e  d e f o r m a t i o n  o f  

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

a d e q u a t e  s t i m u l u s  f o r  m e c h a n i c a l l y  s e n s i t i v e  u n i t s ,  n o t  

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

H o w ev er ,  b e c a u s e  e x t e r n a l l y  a p p l i e d  p r e s s u r e  d o e s  n o t ,  

o n  t h e  w h o l e ,  l e a d  t o  much d e f o r m a t i o n  o f  a r t h r o p o d  

c u t i c l e ,  t h e  t a c t i l e  s e n s e  o f  t h i s  c l a s s  o f  a n i m a l s  

i s  f a c e d  w i t h  s p e c i a l  p r o b l e m s  o f  a m p l i f i c a t l  o n .  H a i r  

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

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

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

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

s t u d i e d  p h y s i o l o g i c a l l y  b y  P r i n g l e  ( 1 9 3 8 , 1 4 2 ) .

E a c h  c a m p a n i fo r m  o r g a n  i s  a m i n i a t u r e  m e c h a n i c a l  

a m p l i f i e r  w i t h  tw o  m a in  c o m p o n e n t s ,  a  f l e x i b l e  d i s c  

w h i c h  i s  d e f o r m e d  when t h e  c u t i c l e  n e a r  i t  i s  t o u c h e d  

a n d  a n  i n n e r v a t e d  p e g  a r t i c u l a t i n g  w i t h  t h e  d i s c .  

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

(12)



o r g a n s  a n d  a  r a n g e  o f  them  i s  i l l u s t r a t e d  i n  P i g . 3 .

H o w ev e r ,  t h e  m eans  b y  w h i c h  t h e y  a c h i e v e  t h e i r  a m p l i f i c a t i o i  

a n d  a t  t h e  same t i m e  t r a n s l a t e  a  movement i n  one  d i r e c t i o n  

t o  a n  a m p l i f i e d  m ovement a t  r i g h t  a n g l e s  t o  t h e  a p p l i e d  

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

g e n e r a l  d e s c r i p t i o n  o f  how t h e y  w ork f o l l o w s .

The d i s c  a c t s  e f f e c t i v e l y  a s  a  s i m p l e  l e v e r .  B e c a u s e  

t h e  d i s c  a r t i c u l a t e s  w i t h  t h e  b o d y  c u t i c l e  a t  t h e  

c i r c u m f e r e n c e  o f  t h e  c a m p a n i fo r m  o r g a n ,  t h i s  

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

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

a  m a g n i f i e d  movement a t  t h e  c e n t r e  o f  t h e  d i s c .  The 

d e g r e e  o f  m a g n i f i c a t i o n  d e p e n d s  u p o n  t h e  s i z e  o f  t h e  

d i s c .  The l a r g e r  t h e  d i s c ,  t h e  l o n g e r  t h e  l e v e r  a n d  

t h e r e f o r e  t h e  g r e a t e r  t h e  d e g r e e  o f  m a g n i f i c a t i o n .

T he  d i s c  i s  n e v e r  p e r f e c t l y  f l a t  b u t  i s  a l w a y s  a  

s h a l l o w  Lump w i t h  t h e  g r e a t e r  c u r v a t u r e  f a c i n g  d i s t a l l y .  

T h i s  r e s t r i c t s  movement i n  t h e  d i s c  t o  t h e  d i s t a l  

s i d e  o f  t h e  d i a m e t e r  l i n e .

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

i t  i s  t o  t h i s  c l a s s  o f  s e n s e  o r g a n s  t h a t  t h e  ” f u n n e l  

c a n a l  o r g a n ” o f  L u t h e r  ( 1 9 3 0 )  p r o p e r l y  b e l o n g s  a n d  

t h a t  w h i l e  c o n t a c t  c h e m o r e c e p t o r s  a r e  a v e r y
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Kitf. g. I ype# of campaniform •cnatlla A. Dtaframnuilic. B. C. Sections through the long and 
fthiirt diameter# of m senaillum on the haitere of ('oUéphata. D. Senatllum on halfere of Syrphut. 
I . From the cercut of PertpiamUi. F. From the labium of Dytucm. G . From the mandible of 
ih tu n a .  a, h, outer and inner lamellae of cap m em brane; r, cuticular connexion of d, the diatai 
proce## of the #en#e cell. (From  «*ariou# author#, after Snodgraaa.

F i g .  j .  A Range o f  I n s e c t  C a m ru n i fo rm  O rg a n s .

F i r s t  shown t o  b e  m e c h a n o r e c e r t o r s  b y  P r j n g l e  

( 1 9 3 8 ) t t h i s  f i g u r e  f ro m  h i s  o r i g i n a l  p a p e r  i l l u s t r a t e s  

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

cR m y an i fo rm  o r g a n s .



i m p o r t a n t  p a r t  o f  t h e  s e n s o r y  e q u i p m e n t  o f  C r u s t a c e a  

a l l  e x i s t i n g  p h y s i o l o g i c a l  e v i d e n c e  s u g g e s t s  t h a t  t h e  

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

v a r i o u s  c a t e g o r i e s  o f  s p e c i a l i z e d  h a i r s .

(lU)



MATERIALS AND METHODS

é 2 ~ S i 2 i

The D ecapoda  a r e  a r e m a r k a b l y  u n i f o r m  g ro u p

a n d  t h i s  s t u d y  was n o t  r e s t r i c t e d  t o  a n y  one  s p e c i e s .

S v e c im e n s  o f  C a r c i n u s  m aen as  were  o b t a i n e d  f ro m

P i t m i l l y  an d  t h e  C a s t l e  r o c k s  a r e a  o f  S t .A n d r e w s  b a y .

Common L o b s t e r s ,  Homarus v u l g a r i s ,  wore o b t a i n e d  f ro m

a c o m m e r c i a l  f i s h e r y  a t  C r a i l  and  a l s o  f ro m  St^,yüadrew8

b a y .  A few  s p e c i m e n s  o f  t h e  S p i n y  L o b s t e r # ^ , ^ ^ l n u r u 8

w ere  b o u g h t  f ro m  W .H arvey ,  P i s h  M e rc h a n t  o f

P e n z a n c e ,  C o r n w a l l .  A l l  t h e  above  t h r e e  s p e c i e s  w ere

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

G a t t y  a q u a r i u m .
I n  a d d i t i o n  t o  t h i s  l i v e  m a t e r i a l  I  a l s o  %ad

a c c e s s  t o  a  s m a l l  num ber  o f  P a n u l i r u s  a r g u s  m e t h y l e n e

b l u e  p r e p a r a t i o n s .  M o r t a l i t y  was m in i m a l  i n  t h e  c a s e

o f  t h e  2 s p e c i e s  o f  l o b s t e r  b u t  t e n d e d  t o  be  h i g h  i n  t h e

c a s e  o f  C a rc in u s j^  o v e r c r o w d i n g  i n  t h e  a q u a r i u m  b e i n g

t h e  m a in  c a u s e  o f  t h i s .

H i s t o l o g y .

The s e n s o r y  i n n e r v a t i o n  o f  t h e  F u n n e l  C a n a l  

O r g a n s  a n d  o t h e r  s e n s o r y  s t r u c t u r e s  was i n v e s t i g a t e d  

b y  e x a m i n a t i o n  o f  f r e s h ,  l i v e  p r e p a r a t i o n s  s t a i n e d  w i t h
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m e t h y l e n e  b l u e  ( G u r r ) .  L eg  s e g m e n t s  f ro m  a l l  f o u r  

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

s t a i n e d  i n  2 0 0 c c .  o f  c h i l l e d ,  f i l t e r e d  s e a - w a t e r  t o  

w h ic h  h a d  b e e n  a d d e d  15 d r o p s  o f  a 1% s o l u t i o n  o f  

m e t h y l e n e  b l u e  made up i n  f i l t e r e d  s e a - w a t e r .  N e rv e  

c e l l s  w ere  o p t i m a l l y  s t a i n e d  a f t e r  30-U5 m i n s .  and  

c o u l d  be  e x a m in e d  i n  i c e - c o l d ,  f i l t e r e d  s e a - w a t e r  up 

t o  a n  h o u r  a f t e r  s t a i n i n g .

C u t i c u l a r  s t r u c t u r e s  w ere  e x a m in e d  i n  w hole  m o u n ts  

d e t i y d r a t e d  i n  e t h y l  a l c o h o l ,  c l e a r e d  i n  m e t h y l  

b e n z o a t e  and  b e n z e n e ,  a n d  a l s o  i n  p a r a f f i n  s e c t i o n s  

o f  f r e s h l y  m o u l t e d ,  s o f t - c u t i c l e d  a n i m a l s  s t a i n e d  e i t h e r  

w i t h  H e i d e n h a i n * s  i r o n  h a e m a t o x y l i n  o r  a z a n  m e t h o d s .

The p r i n c i p a l  p r o b l e m  a s s o c i a t e d  w i t h  an y  h i s t o l o g i c a l  

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

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

C o n s i s t i n g  l a r g e l y  o f  t a n n e d  p r o t e i n , t h i s  l a y e r  i s  

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

r e n d e r  c h i t i n i z e d  o r  c a l c i f i e d  t i s s u e s  s e c t i o n a b l e .

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

m o u l t e d  a n i m a l s  a n d  b e i n g  p r o t e i n  t e n d s  t o  b e  h a r d e n e d  

b y  f i x a t i v e s .  O v er  much o f  t h e  b o d y  s u r f a c e  t h e  

e p i c u t i c l e  i s  q u i t e  t h i n  a n d  i s  no g r e a t  p r o b l e m  t o  t h e
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l i l s t o l o g i s t . H o w ev er ,  i n  some p l a c e s ,  n o t a b l y  a t  t h e  

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

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

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

l i t t l e  u s e .

I n  o r d e r  t o  s t u d y  t h e  d i s t r i b u t i o n  o f  n e r v e  c e l l s  

b e l o w  t h i c k  l a y e r s  o f  e p i c u t i c l e  i t  i s  p o s s i b l e  t o  

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

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

o f  s o f t  f r o m  h a r d  t i s s u e s  i s  q u i t e  s t r a i g h t f o r w a r d .

I n  o r d e r  t o  f r e e  t h e  s o f t  t i s s u e  a t  t h e  e n d  o f  t h e  l e g  

a  l i t t l e  e x t r a  c a r e  i s  r e q u i r e d  t o  l o o s e n  t h e  c o r e  o f  

s o f t  t i s s u e  w h ic h  c a n  t h e n  b e  w i t h d r a w n  f ro m  t h e  c u t i c l e  

l i k e  r e m o v in g  a f i n g e r  f ro m  a g l o v e .  F o r  t h i s  p a r t  o f  

t h e  work t h e s e  s o f t  c o r e s  w ere  em bedded  i n  p a r a f f i n  

wax a n d  s e c t i o n e d  a s  a b o v e .

H o w ev er ,  i n  o r d e r  t o  s t u d y  s t r u c t u r e s  p r e s e n t  i n  

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

f r e s h  m a t e r i a l  w ere  u s e f u l  f o r  lo w  r e s o l u t i o n  work 

w h i l e  some s u c c e s s  was a c h i e v e d  b y  e m b e d d in g  s m a l l  

p i e c e s  o f  t h e  c u t i c l e  i n  h a r d  * * A ra ld i t e ” r e s i n  an d  

s e c t i o n i n g  w i t h  a  g l a s s  k n i f e .  I p  s e c t i o n s  o b t a i n e d  

t h i s  way w ere  t h e n  s t a i n e d  i n  t o l u i d i n e  b l u e .  A t t e m p t s
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t o  p r e p a r e  m a t e r i a l  f o r  t h e  e l e c t r o n  m i c r o s c o p e  we^e 

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

i n  h a r d n e s s  b e t w e e n  s o f t  t i s s u e s ,  d e n d r i t e s  e t c .  a n d  

t h e  e p i c u t i c l e  w i t h  w h ic h  t h e y  w ere  i n v e s t e d .

The o n l y  u s e f u l  e l e c t r o n  m i c r o s c o p e  r e s u l t s  w e re  

o b t a i n e d  u s i n g  Hom arus  m a t e r i a l  w h ere  t h e  e p i c u t i c l e  

i s  s l i g h t l y  s o f t e r .

I t  i s  p e r h a p s  w o r t h  a d d i n g  t h a t  t h e r e  i s  o n l y  one  

c h e m i c a l  m i x t u r e  w h ic h  w i l l  s o f t e n  t h e  t a n n e d  p r o t e i n  

o f  t h e  e p i c u t i c l e  an d  t h i s  i s  a  m i x t u r e  o f  g l a c i a l  

a c e t i c  R c id  a n d  c h l o r i n e  d i o x i d e  ( D e n n e l l  I 9 6 O) 

a v a i l a b l e  c o m m e r c i a l l y  a s  **Diaphanol** ( G u r r ) .

S o f t e n i n g  t a k e s  a  p e r i o d  o f  w eeks  an d  t h e  e f f e c t s  o f  

t h e  m i x t u r e  on  s o f t  t i s s u e s  i s  q u i t e  d i s a s t r o u s .

Use o f  t h e  S c a n n i n g  E l e c t r o n  M i c r o s c o p e .

I n  many ways

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

e l e c t r o n  m i c r o s c o p e  a n d  i n  t h i s  s t u d y  i t  was h o p ed  t o  

u s e  i t  i n  t h e  s t u d y  o f  c a m p a n i fo rm  o r g a n s  i n  C r u s t a c e a  

a n d  a l s o  t o  e x a m in e  c h e m o s e n s o r y  h a i r s  i n  g r e a t e r  

d e t a i l .  F a c i l i t i e s  w e re  p r o v i d e d  b y  t h e  C a m b r id g e  

I n s t r u m e n t  Company a n d  a l s o  b y  R . # . I n g l e  o f  t h e  B r i t i s h

(18)



Museum ( N a t u r a l  H i s t o r y  ) .

S p e c i m e n s  w ere  f i x e d  i n  B o u in * s  s o l u t i o n  made up  

i n  s e a  w a t e r  a n d  t h e n  s t o r e d  i n  a l c o h o l .  T h en  t h e y  

w e re  e i t h e r  s l o w l y  f r e e z e  d r i e d  o r  a l l o w e d  t o  d r y  

n a t u r a l l y  i n  a i r .  B o t h  m e th o d s  g a v e  v a r i a b l e  r e s u l t s  

w i t h  a s l i g h t  b i a s  i n  f a v o u r  o f  f r e e z e - d r y i n g .  P r i o r  

t o  i n s e r t i o n  i n  t h e  m i c r o s c o p e  t h e  s p e c i m e n s  w ere  

v a c u u m - c o a t e d  w i t h  G o l d - P a l l a d i u m .

The v e r y  f a c t  t h a t  t h e  s p e c i m e n s  w ere  f ro m  m a r i n e  

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

U n l i k e  m o s t  I n s e c t  c u t i c l e  t h a t  o f  m a r i n e  C r u s t a c e a  

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

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

p i c t u r e s  d e p e n d s  on  b a s i c  i n f o r m a t i o n  g a i n e d  w i t h  t h e  

l i g h t  m i c r o s c o p e  f ro m  s p e c i m e n s  known t o  b e  f r e e  o f  

c o n t r a c t i o n  a n d  f l a k i n g .

E l e c t r o p h y s i o l o g y .

C o n v e n t i o n a l  m e th o d s  o f  e x t r a c e l l u l a r  

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

b u n d l e s  w ere  s u b d i v i d e d  u s i n g  f i n e ,  t u n g s t e n  n e e d l e s  

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

l e a d i n g  t o  a d i f f e r e n t i a l  A . C . - c o u p l e d  a m p l i f i e r  a n d  

c a t h o d e  r a y  o s c i l l o s c o p e  ( T e k t r o n i x  502A) d i s p l a y  w i t h  

a u d i o  m o n i t o r .  C a r e f u l  s h i e l d i n g  o f  a l l  l e a d s  c o m b in e d
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w i t h  m e t i c u l o u s  e t t e n t i o n  t o  e a r t h i n g  o b v i a t e d  t h e  

n e e d  f o r  a "cage**. U s i n g  t h i s  m e th o d  i t  was p o s s i b l e  

t o  r e c o r d  f ro m  v e r y  s m a l l  n u m b e rs  o f  f i b r e s  s u p p l y i n g  

a  s m a l l ,  known a r e a  o f  c u t i c l e .  The d e t a i l e d  a r r a n g e m e n t  

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

s e n s e  o r g a n  b e i n g  i n v e s t i g a t e d  a n d  i t  i s  e a s i e r  t o  

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

C h e m o r e c e p t o r  S t u d y .

The m a in  d i f f i c u l t y  i n  w o r k i n g  

w i t h  c h e m o r e c e p t o r  p r e p a r a t i o n s  l i e s  i n  r e s t r i c t i n g  

t h e  s t i m u l a t o r y  c h e m i c a l s  t o  a known a r e a  a n d  a t  a l l  

c o s t s  t o  p r o t e c t  e x p o s e d  n e r v e  f i b r e s  f ro m  t h e  d i r e c t  

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

d i a p h r a g m s  made f ro m  a  c h i l d ’ s  b a l l o o n  w ere  u s e d  t o  

s e p a r a t e  e x p o s e d  n e r v e  f i b r e s  f l o a t i n g  i n  s a l i n e  f ro m  

t h e  r e s t  o f  t h e  p r e p a r a t i o n .  S i m i l a r  d i a p h r a g m s  w ere  

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

t o  known a r e a s  o f  c u t i c l e .  F i g . ( U )  shows a t y p i c a l  

a r r a n g e m e n t  o f  t h i s  k i n d .  R e f i n e m e n t s  o f  t h e  m e th o d  

e n a b l e  one  t o  r e c o r d  f ro m  q u i t e  s m a l l  n u m b e rs  o f  

c h e m o s e n s o r y  h a i r s .  I n  o r d e r  t o  f i t  t h e  d i a p h r a g m ,  a  

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

a p p e n d a g e  i s  t h e n  p u s h e d  g e n t l y  t h r o u g h  ( C a s e  & G w i l l i a m  

1 9 6 1 ) .  P r o v i d e d  r e a s o n a b l e  c a r e  i s  t a k e n  t h e r e  a r e  no

( 2 0 )
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C h s m o r c c s p t o r  H a i r s ,

The pr^z^perEtion  i s  s e v e r e d  f r o T  t h e  a n i m a l  a n d  t h r u s t  

t n r o u g h  a s h e e t  o f  r u b b e r  ( r u b , )  w h ic h  s e p a r a t e s  t h e  

c h e m o r e c e i  t o r s  u n d e r  i n v e s t i g a t i o n  frnni t i  e s a l i n e  ( s a l . )  

i n  wliich t h e  s e n s o r y  n e r v e  b u n d l e s  a r e  d i s s e c t e d .  I n d i v i d u a l  

b u n d l e s  c a n  t i i e n  b e  c o n n e c t e d  t o  a m p l i f i c a t i o n  e q u i p m e n t  ( a m p . )  

b y  hook  e l e c t r o d e s .  S t i m u l a t o r y  c h e m i c c I s  ( s o l u , )  a r e  

a p p l i e d  t o  t h e  p r é p a r a t i o n  v i a  s d r o p p e r .



p r o b l e m s  o f  l e a k a g e .  T he p r e c i s e  c h e m i c a l s  t o  w h ic h  

C r u s t a c e a n  c h e m o r e c e p t o r s  a r e  s e n s i t i v e  h a s  b e e n  a 

s u b j e c t  o f  r e c e n t  c o n t r o v e r s y  ( C a s e  & C w i l l i a m  1 9 6 1 ,  

L a v e r a c k  I 9 6 ) ,  C a s e  19 6 4 )  a n d  s i n c e  t h i s  was t o  b e  

b a s i c a l l y  a n  a n a t o m i c a l  s t u d y  p u r e  c h e m i c a l s  were  

r e j e c t e d  a s  t h e  s t i m u l a t o r y  s u b s t a n c e s  i n  t h i s  w o rk .

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

a n i m a l s  s t i m u l a t e  c h e m o r e c e p t o r s  i n  D e c ap o d a  a n d  i n  

t h i s  s t u d y  M g t l l u s  f o o t  t i s s u e  a n d  2SÉM2 myotome 

t i s s u e  w ere  u s e d  w i t h  e q u a l  s u c c e s s .  I n  e a c h  c a s e  t h e  

s o l i d  m a t e r i a l  was g r o u n d  i n  a p e s t l e  a n d  m o r t a r  a n d  

l e f t  f o r  a f e w  m i n u t e s  w i t h  t h e  s e a  w a t e r  i n  w h ic h  

t h e  s o l i d  was l a t e r  s h a k e n  u p .  B e f o r e  b e i n g  a p p l i e d  

t o  t h e  a n i m a l  d r o p  b y  d r o p  t h e  i n f u s i o n  was f i r s t  f i l t e r e d  

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

e l e c t r o p l i y s i o l o g y  c o o l  (5*^)# f i l t e r e d  s e a  w a t e r  was 

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

c i r c u m s t a n c e s  p r e p a r a t i o n s  w ou ld  l i v e  f o r  many h o u r s .  

H o w ev e r ,  a l l  e x p e r i m e n t s  w ere  c o m p l e t e d  w i t h i n  40 

m i n u t e 8 - 1  h o u r .

M e c h a n o r e c e p t o r  S t u d y .

B e c a u s e  a l l  t h e  e x p e r i m e n t s  

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

( 21)



F o r  e x r e r i m e n t 8 w i t h  p r e p a r a t i o n s  o f  t h i s  t v p e  i t  i s  

e s s e n t i a l  t h a t  t h e  > p o n d a g e  o r  a r e a  of c u t i c l e  i n v o l v e d  i s  

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

t l i e  m e th o d  o f  h o l d i n g  t h e  p r e p a r a t i o n  d o e s  n o t  a t i n i u l a t e  t h e  

p a r t i c u l a r  g r o u p  o f  c a .b p a n j fo rm  o r g a n s  u n d e r  i n v e s t i g a t i o n .  

T h i s  sumiîiary d iegrsuu  i l l u s t r a t e s  a t y p i c a l  d j ^ c t y l o p o d i t s  

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

l e g  s e g m e n t  i s  a e l d  i n  a b r a s s  r i n g  ( r )  b y  two s c r e w s  ( s ) .  

S t r a i n  i s  a p p l i e d  t o  t h e  p r e p - ^ r a t i o n  b y  t h e  p r o b e  ( ? )  a n d  t h e  

r e s p o n s e s  i n  t h e  s t i m u l a t e d  s e n s o r /  n e r v e s  a r e  r e c o r d e d  b y  t h e  

p l a t i n u m  hook  e l e c t r o d e  ( e ) .



h o l d i n g  t h e  p r e p a r a t i o n  d u r i n g  s t i m u l a t i o n  was r e q u i r e d  

a n d  c a r e  h a d  t o  h e  t a k e n  t o  a v o i d  r e c o r d i n g  f ro m  u n i t s  

a s s o c i a t e d  w i t h  t h a t  p a r t  o f  t h e  c u t i c l e  w h ic h  was 

i n  c o n t a c t  w i t h  t h e  h o l d i n g  d e v i c e .  A num ber  o f  d e v i c e s  

w e re  u s e d  a n d  i n  a l l  c a s e s  one  o r  two s c r e w s  w ere  

u s e d  a s  t h e  m a in  c l a m p i n g  a g e n t s .  F i g . ( 5 )  shows a 

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

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

t h e  c o l l a r .

A s p e c i a l l y  m o d i f i e d  m i c r o - m a n i p u l a t o r  ( P r i o r )  was 

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

i n  s e t  p o s i t i o n s .  T h i s  d e v i c e  i s  i l l u s t r a t e d  i n  F i g .  

( 5 ) .  The m ovem en ts  o f  t h e  m a n i p u l a t o r  a r e  c o m m u n ic a te d  

t o  t h e  a n i m a l  v i a  a s t i f f  p r o b e ,  A s i m p l e  m e c h a n i c a l  

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

o f  a  r h e o s t a t  i s  t h e  b a s i c  m o n i t o r i n g  m e c h a n i s m .  A 

6 v o l t  b a t t e r y  i s  t h e  p o w e r  s o u r c e  an d  t h e  v a r i a b l e  

o u t p u t  o f  t h i s  s i m p l e  p o t e n t i o m e t e r  i s  m o n i t o r e d  on  

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

F o r  lo w  f r e q u e n c y  p h a s i c  s t i m u l a t i o n  a P e n  u n i t  

( S o u t h e r n  I n s t r u m e n t  Company) was m o d i f i e d  b y  r e p l a c i n g  

t h e  p e n  w r i t e r  w i t h  a  s t i f f  p r o b e . T h i s  was d r i v e n  b y

( 2 2 )
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F i g . 6 .  S i m p le  M o n i t o r i n g  D e v i c e  f o r  s P r i o r  M i c r o m a n i n u l a t o r .

I t  i s  p o s s i b l e  t o  m o n i t o r  t h e  .uovem ents  o f  t h i s  t y p e  

o f  m a n i p u l a t o r ,  i n  t h e  % l a n e  i n d i c a t e d  b y  t h e  d o u b l e  a r ro v / ,  

b y  c o n n e c t i n g  t h e  n e e d  oi In.e u ian ipu l  a t o r  t o  a r h e o s t a t  ( H ) ,  

b y  a s i m p l e  m e c n a n i c r l  l i n k a g e .  U s in g  t h e  s i  ZTl e  c i r c u i t r y  

i l l u s t r a t e d  b e l o w  i t  i s  t n e n  p o s s i b l e  t o  m o n i t o r  t h e  

m ovem ents  o f  t r ie  p r o b e  a t t a c h e d  t o  t h e  m ar i ipu l"  t o r  on t h e

s e c o n d  beem o f  h c a t h o d e  r : y  o s c i i l c s c o p e  ( C R j ) .



a Ü .L .F .  o s c i l l a t o r  (D a w e) .  Once a g a i n  t h i s  was 

m o n i t o r e d  on  t h e  s e c o n d  beam o f  t h e  o s c i l l o s c o p e .

F o r  e x p e r i m e n t s  i n v o l v i n g  s t i m u l a t i o n  a t  h i g h e r  

f r e q u e n c y  ( a b o v e  40  c y c l e s  p e r  s e c o n d ) ,  t h e  b r a s s  

p r o b e  was d r i v e n  b y  a h i g h  f r e q u e n c y  g e n e r a t o r  

(A d v a n ce  I n s t r u m e n t s )  v i a  a 5 i n c h  l o u d s p e a k e r .  The 

p r o b e  wns c o n n e c t e d  t o  t h e  co n e  o f  t h e  l o u d s p e a k e r  

a s  p a r t  o f  a s e c o n d  c o n e  o f  s h e e t  b r a s s  w h ic h  was 

a t t a c h e d  t o  t h e  p a p e r  co n e  o f  t h e  l o u d s p e a k e r  by  

" A r a l d i t e ” r e s i n  a d h e s i v e  ( P i g . 7 ) .  M o n i t o r i n g  o f  t h e  

s t i m u l u s  on  t h e  s e c o n d  beam o f  t h e  o s c i l l o s c o p e  was 

a c h i e v e d  v i a  l e a d s  d i r e c t  f ro m  t h e  g e n e r a t o r .

ÊÊ^Yl2H£Êl_T2S!lDlsySÊ.l2r_&2E5ll5gLS4emorece2tor3.
I n  a d d i t i o n  t o  e l e c t r o p h y s i o l o g i c a l  t e s t s  f o r  

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

a s  an  i n d i c a t i o n  t h a t  c h e m o r e c e p t o r s  h a v e  b e e n  

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

move a f t e r  s t i m u l a t i o n  a n d  t h e  o c c u r e n c e  o f  t h e s e  

r e f l e x e s  a f t e r  c h e m i c a l  s t i m u l a t i o n  a t  a known s i t e  

i s  a n  e f f e c t i v e  way o f  i d e n t i f y i n g  c h e m o r e c e p t o r s .

L eg  r e t r a c t i o n  a f t e r  c h e m i c a l  s t i m u l a t i o n  o f  t h e  l o w e r  

l e g  i s  i l l u s t r a t e d  i n  P i g .  ( 8 ) .

(23)
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P i g . 7 .  M o d i f i e d  W u d s p e n k e r .

H l^ h  f r ' ^ n i r i n c y  p u i s 3*3 n p p l l e d  t o  t h e

] r i j F r > r t i o n  f  nom o m o d i f i e d  1 o u d sT O p k er  d r i v e n  "by 

a  g e n e r o t o r  ( g en )  and  m o n i t o r e d  on  t h e  s e c o n d  h e mm 

o f  a c a t h o d e  r a y  o a c l l l o s c o r e  (CRO),

The p r o b e  ( p )  I s  a t t a c h e d  t o  t h e  c o n e  ( c )  o f  t h e  

lo u d G p - f^ k e r  v i a  a b r a s s  c o n e  ( b e ) .



Pig. 8.A Leg Retraction Reflex in Carclnua.

Chemical stimulation of the walking legs normally 
results in leg retraction and is a sensitive test for 
chemoreceptor function.
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S im g le  O r t i c a l  M j â Ç l s ^ ^ o f ^ S t r e a s ^ L i n e s ^ l n ^ C u t i c l e ^

The way i n  w h ic h  c a m p a n i fo r m  o r g a n s  a r e  d i s t r i b u t e d  

o v e r  t h e  s u r f a c e  o f  C r u s t a c e a n  c u t i c l e  i s  b y  mo means 

h a p h a r^ a rd .  The d e g r e e  o f  s t r e s s  e x i s t i n g  i n  p a r t i c u l a r  

r e g i o n s  o f  t h e  c u t i c l e  i s  c e r t a i n l y  one o f  t h e  more 

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

c a m p a n i fo r m  o r g a n s .

P r i n g l e  ( I 9 3 0 f 2 )  h a s  d i s c u s s e d  i n  some d e t a i l  t h e  

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

n o t  i n  i t s e l f  s u f f i c i e n t  t o  e x p l a i n  t h e  a n o m a lo u s  

d i s t r i b u t i o n  o f  c a m p a n i fo rm  o r g a n s  on  t h e  s u r f a c e  o f  

t h e  u p p e r  l e g  s e g m e n t s  an d  upon  t h e  c a r a p a c e .  

A c c o r d i n g l y ,  3 c o t t ,  who i s  c u r r e n t l y  w o r k i n g  on t h e  

s e n s o r y  i n p u t  t o  t h e  e y e  r e t r a c t i o n  r e f l e x  ( Sandeman 

i n  p r e s s )  a n d  I  s e c u r e d  t h e  c o - o p e r a t i o n  o f  D r .  D h i r  

o f  t h e  C i v i l  E n g i n e e r i n g  D e p a r t m e n t  i n  t h e  U n i v e r s i t y  

o f  D undee .  We w ere  i n t e r e s t e d  i n  t h e  way i n  w h ich  

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

s t r e s s  l i n e s  i n  t h e  s t r e s s e d  s u r f a c e .  S im p le  p l a s t i c  

m o d e l s  w ere  u s e d  an d  t h e  s t r e s s e s  s e t  up  w ere  r e n d e r e d  

v i s i b l e  b y  e x a m i n i n g  t h e  m o d e ls  i n  a p o l a r i m e t e r  w here  

s t r e s s  i s  m a n i f e s t e d  b y  m u l t i - c o l o u r e d  f r i n g e s .  A l t h o u g h  

i t  w o u ld  be  e x t r a o r d i n a r i l y  d i f f i c u l t  t o  make a r l a s t i c  

m o d e l  w h ic h  e x a c t l y  d u p l i c a t e d  t h e  b e h a v i o u r  o f  c u t i c l e

(2U)



under stress the results obtained with the models 
provided a large part of the answer to the problem 
of anomalous distribution mentioned above.

(25)



RESULTS

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

I t  i s  e x t r e m e l y  d i f f i c u l t ,  i n  a s t u d y  

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

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

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

a n a to m y .  H ow ever ,  d e s p i t e  t h i s ,  t h e  t r a d i t i o n a l  

d i s t i n c t i o n  b e t w e e n  a n a t o m i c a l  an d  p h y s i o l o g i c a l  

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

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

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

e v i d e n c e  e x i s t s  t o  s u p p o r t  th e m .

(26)



^atomy.

An a t t e m p t  t o  r e s o l v e  t h e  am b ig u o u s  s i t u a t i o n  

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

( 1 9 3 0 ) a n d  D e n n e l l  ( I 9 6 O) fo rm e d  t h e  f i r s t  p a r t  o f  

t h i s  s t u d y .  I n  e s s e n c e  i t  i s  a  r e - d e s c r i p t i o n  o f  t h e  

m a i n  c l a s s e s  o f  c u t i c u l a r  s t r u c t u r e  t o  b e  f o u n d  on 

t h e  s u r f a c e  o f  D ec a p o d  w a l k i n g  l e g s .

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

c o n t a i n s  no m u s c l e  a n d  i s  e s s e n t i a l l y  an  e l a b o r a t e  

b a t t e r y  o f  s e n s o r y  a n d  g l a n d u l a r  s t r u c t u r e s  b o r n e  on 

a  t h i c k  c y l i n d e r  o f  c u t i c l e .  The i n t e r i o r  o f  t h e  

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

t h e  h a e m o c a e l ,  n e r v e  c e l l s  a n d  c h r o m a t o p h o r e s .  F o r  

m o s t  o f  i t s  l e n g t h ,  t h e  c u t i c l e  i n  t h i s  s e g m e n t  shows 

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

i s  g r e a t l y  t h i c k e n e d  a n d  f o r m s  a r e l a t i v e l y  f l e x i b l e  

p a d  a t  t h e  e n d  o f  t h e  l e g .

P i g .  9B r e p r e s e n t s  t h e  g r o s s  a p p e a r a n c e  o f  t h e  

d a c t y l o p o d i t e  s e g m e n t  o f  a  w a l k i n g  l e g  o f  Homaru s  

v u l g a r i s .  The e p i c u t i c u l a r  p a d  i s  v i s i b l e  a s  a  r a t h e r  

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

a r e  p r o m i n e n t  i n  ro w s  e n d  b u n c h e s .  H a i r  P e g  O rg a n s  

c o v e r  t h e  s u r f a c e  b u t  a r e  a b s e n t  f rom  t h e  t e r m i n a l

( 2 7 )



Pig. 9 Dactylopoditea from Carclnua (A) and 
Homarus (B) Walking Legs.

As in all Decapoda and indeed most Crustacea 
and Insects the epicuticle at the tip of each leg is 
thickened to form a flexible, durable pad (f.). The 
campaniform organs associated with this region are 
innervated by especially large neurones. Mechano- 
receptor hairs (m) are present singly in Carcinus 
and in bunches in Homarus. In both cases chemoreceptor 
hairs (ch) are present in dense rows.
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c a p .  The c a p  c o n t a i n s  2 t y p e s  o f  c u t i c u l a r  

s p e c i a l i z a t i o n .  F u n n e l  C a n a l  o r g a n s  an d  t h e  o p e n i n g s  

o f  c u t i c u l a r  g l a n d  d u c t s .

F i g . 9 A  i l l u s t r a t e s  t h e  e q u i v a l e n t  s e g m e n t  o f  a 

C a r c i n u s  m aenas  w a l k i n g  l e g .  I n  t h i s  c r a b  t h e  

e p i c u t i c u l a r  c a p  i s  a r a t h e r  more  c o m p le x  s t r u c t u r e .  

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

8 0  t h a t  d ee p  i n r o a d s  e r e  made i n t o  t h e  h e r d ,  c a l c i f i e d  

c u t i c l e  o f  t h e  p r o x i m a l  p a r t  o f  t h e  s e g m e n t .  T h e s e  

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

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

w h i c h  t h e y  a l t e r n a t e .  The p o r t i o n  o f  t h e  e p i c u t i c u l a r  

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

f u n n e l  c a n a l s  a n d  g l a n d  d u c t s  o n l y .  H ow ever ,  t h e  

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

t i p  c o n t a i n  f u n n e l  c a n a l s  p l u s  n u m ero u s  * 'Buschelorgenen** 

w h i c h  o c c u r  o v e r  much o f  t h e  s u r f a c e  o f  t h e  c u t i c l e  

a n d  a r e  t h e  hom ologue  o f  t h e  H a i r  P eg  O rg an s  o f  

Homarus ( L a v e r a c k  I 9 6 2 ) .  D ense  ro w s  o f  h a i r s  a r e  p r e s e n t  

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

b u n c h e s  o f  Hom a ru s .

From e v i d e n c e  s u p p l i e d  b y  m e t h y l e n e  b l u e  p r e p a r a t i o n s

(28)



\

F i g ,  l o .  S e n s e  C e l l s  i n  C a r c i n u s  Leg  T i p ,

Above : M e th y le n e  b l u e  p r e p a r a t i o n  o f  

l e g  t i p .

Below ; Summary d i a g r a m  t o  i l l u s t r a t e  

c a m p a n i fo r m  o r g a n  I n n e r v a t i o n ,





o f  t h e  t i p  o f  t h e  l e g  i t  w b s  a p p e r e n t  t h a t  l a r g e  

n e u r o n e s  w e re  a s s o c i a t e d  w i t h  s t r u c t u r e s  i n  t h i s  

r e g i o n .  P i g . ( 1 0 ) .  C l o s e r  e x a m i n a t i o n  o f  C a r c i n u s  

a n d  P g l i n u r u s  p r e p a r e t i  m s  r e v e a l e d  t h a t  p a i r i n g  

b e t w e e n  n e u r o n e s  was q u i t e  f r e q u e n t  an d  r e m i n i s c e n t  

o f  t h e  r e s u l t s  o b t a i n e d  b y  W h i t e a r  ( I 9 6 2 ) i n  h e r  s t u d y  

o f  C a r c i n u s  l e g  p r o p r i o c e p t o r s .  S i m i l a r  p a i r i n g  

was s e e n  b y  T a y l o r  ( I 9 6 7 ) i n  a  c u t i c u l a r  c h o r d o t o n a l  

o r g a n  i n  t h e  a n t e n n a  o f  a h e r m i t  c r a b  ( P e t r o c h i r u s  

c a l i f o r n i e n s i s  ) a n d  a l s o  b y  Wyse & M aynard  ( 1 9 ^ 5 )  

i n  t h e  a n t e n n u l e  o f  P a n u l i r u s  a r g u a .  H o w ev e r ,  i n  

t h i s  l a t t e r  i n s t a n c e  t h e r e  was a c o n s i ( P a r a b l e  

d i s t a n c e  b e t w e e n  t h e  2 c e l l  b o d i e s  i n  t h e  p a i r .

P a i r i n g  o f  n e u r o n e s  a l s o  o c c u r s  a t  t h e  l e g  t i p .  F i g s .

I I  A 12 i n  P a l i n u r u s ,  C a r c i n u s  a n d  Homarus . a s  i n  

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

d i s p a r i t y  b e t w e e n  t h e  s i z e s  o f  t h e  two n e u r o n e s  

f o r m i n g  t h e  p i ^ i r .

The num ber  o f  p a i r s  c o n c e n t r a t e d  a t  t h e  t i p  o f  t h e  

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

o f  t h e  e p i c u t i c u l a r  p a d  a t  t h e  e n d  o f  t h e  l e g .  A here

( 2 9 )



Pig. II. Campnnifonn Organ Neurones from a Palinurus
vulgaris Walking Leg.

In these whole mounts, the tip of the leg has 
been withdrawn from the cuticle and the resulting 
"pull-out" has been stained in Methylene Blue (Ourr), 

a ) The dense innervation of the tip region.
B) Pairing between campaniform organ nerve cells.





45n

Pig^l^Z^Neurone^^Pairs^Ssen^in^Methylene^Blue
P r e p a r a t i o n s  o f  ]^®ii2ÜEH2 C am p an l fo rm  O r g a n s .

P a i r i n g  o f  t h i s  k i n d  i s  c h a r a c t e r i s t i c  o f  t h e  

c a m p a n i fo r m  o r g a n s  a t  t h e  l e g  t i p .



t h i s  p a d  i s  s o f t ,  a r e l a t i v e l y  s m a l l  num ber o f  p a i r s  

i s  p r e s e n t  ( 6 t o  10 i n  f io m a ru s ) .  F o r  C a r e i n n s  t h e  

f i g u r e  i s  9 0 -1 2 0  and  i n  C a n c e r  an d  P a l i n u r u s  t h e  

n u m b e rs  a r e  v e r y  much h i g h e r  s t i l l  a n d  t h e  c e l l  

b o d i e s  a r e  v e r y  d e n s e l y  p a c k e d  i n  t h e  t i p  r e g i o n  

( P i g . I I A  a n d  P i g s . 13 & l U ) .

The c o m p a r a t i v e  s o f t n e s s  o f  t h e  e p i c u t i c u l a r  x a d  

i n  h o m a ru s  e n a b l e d  t r a n s v e r s e  s e c t i o n s  o f  t h e  c a n a l s  

r u n n i n g  t h r o u g h  t h e  p a d  t o  b e  c u t  t h i n  e n o u g h  f o r  

e x a m i n a t i o n  i n  t h e  e l e c t r o n  m ic r o s c o p e .  T h i s  

d e m o l i s h e d  e n t i r e l y  t h e  D e n n e l l  ( I 9 6 0 )  i n t e r p r e t a t i o n  

o f  t h e  c a n a l s  a s  g l a n d  d u c t s .  The c a n a l  c o n s i s t s  

o f  2 c o n c e n t r i c  t u b u l e s  s e p m r F te d  by  t h e  c y to p la s m  

o f  a h y p o d e rm a l  c e l l .  B o th  i n n e r  a n d  o u t e r  t u b u l e s  

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

a c i d  f u c h s i n  i n  l i g h t  m ic r o s c o p e  s e c t i o n s .  The i n n e r  

t u b u l e  c o n t a i n s  2 d e n d r i t e s  an d  w hat a p p e a r s  t o  be  

p a r t  o f  a s h e a t h  c e l l .  An o b l i q u e  t r a n s v e r s e  s e c t i o n  

i s  shown a t  low  a n d  a t  h i g h e r  m a g n i f i c a t i o n  i n  P i g . 15, 

The i n n e r  t u b u l e  e n d s  d i s t a l l y  a s  a s o l i d  p e g  w h ich  

i s  em bedded  i n  a d e l i c a t e  c a p .  T h i s  s t r u c t u r e  i s  

e s s e n t i a l l y  s i m i l a r  f o r  H o m aru s ,  C a r c i n u s ,  P a l i n u r u s  

a n d  P a n u l i r u s  a n d  F i g . 1 6 ,  w h i l e  d raw n f ro m  a C a r c i n u s

(30)



P i g . i 3 * T . 8 ,  L ag  T i p ,  P a l i n u r u s *

L sP 0^  n u m b e rs  o f  c e m p a n i f o r a  n e u r o n e s  

(C) a r e  p o c k e d  i n t o  t h e  t i p  r e g i o n .  U i s  a  l a c u n a  o f  t h e  

haem olym ph s y s t e m .



%
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F i g .  14 - L . 8 ,  L eg  T ip *  P a l i n u r u s *

I n  t h i s  t h i n  s e c t i o n  o f  t h e  s o f t  t i s s u e  

o f  t h e  l e g  t i p ^ l a r g e  n u m b ers  o f  n e r v e  c e l l  b o d i e s ( C )  

o f  c a m p a n ifo rm  o r g a n  n e u r o n e s  a r e  se en *  D e n d r i t e s  f ro m  

t h e s e  ( s e e n  w i t h  s h e a t h  a t  D ) p r o j e c t  i n t o  t h e  c u t i c l e  

o f  t n e  l e g  t i p .





V - t

F ig # I5 *  O b l iq u e  T r a n s v e r s e  S e c t i o n  o f  t h e  D e n d r i t e s  o f  a 

g in g le ^ C a n q p e n ifo rm  O rg a n  i n  t ne  T i p  Reg i o n  o f  a 

h o m a ra s  D a c t y l o p o d i t e *

T h i s  i s  an  e l e c t r o n  m i c r o g r a p h  w h ic h  i l l u s t r a t e s  t h e  

s t r u c t u r e  o f  t h e  s o - c a l l e d  **Punne 1-Canal** o f  L u t h e r  ( I 9 3 0 ) *

I t  i s  e s s e n t i a l l y  two c o n c e n t r i c  t u b e s  o f  t a n n e d  c u t i c l e  w h ich  

fo rm  t h e  i n n e r  ( i )  en d  o u t e r  ( o )  c u t i c u l a r  s h e a t h s  o f  a p a i r  

o f  d e n d r i t e s  ( d )  an d  t i i e i r  s h e a t h  c e l l  ( s ) .  The d o u b le  tu b e  

r u n s  t h r o u g h  t h e  f l e x i b l e  e p i c u t i c l e  ( e )  o f  t h e  l e g  t i p .  

B e tw een  t h e  two t u b e s  i s  t h e  c y t o p la s m  o f  a s i n g l e  h y p o d e rm a l  

c e l l  ( h ) .  The i l l u s t r a t i o n  on  t h i s  p a g e  i s  a t  a m a g n i f i c a t i o n  

o f  x I 3 , 5 0 0 .  On t h e  s u c c e e d i n g  p a g e  th e  d e n d r i t e s  an d  s r i e a th  

a r e  d e p i c t e d  a t  a  m a g n i f i c a t i o n  o f  x32,UCO.
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?iSi.L^l.ËÏÏ5?5£I!Z-.Çi£ê?£ï«2Î-2«î!2iDH® Cemgmnlform Organ,
T h i s  show s t h e  b a s i c  s t r u c t u r e  o f  o C r u s t a c e a n  

c a m p a n ifo rm  o r g a n  w i t h  2 o r  more n e u r o n e s  c o n n e c t e d  t o  a 

d i s t a l  d e l i c a t e  c a p .



p r é p a r a t i o n ,  r e p r e s e n t s  a t y p i c a l  C r u s t a c e a n  

c a m p a n ifo rm  o r g a n .  T he c a p  o f  t h e  c a m p a n ifo rm  o r g a n  

I s  an  e x t r e m e l y  d e l i c a t e  s t r u c t u r e  an d  I s  I n  t h e  fo rm  

o f  a  s h a l l o w  dome ( F i g , 1 7 ) .  I t  s t a i n s  f a i r l y  s t r o n g l y  

w i t h  m e th y le n e  b l u e  a n d  e x h i b i t s  a m i l d  f l u o r e s c e n c e  

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

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

b a s e s  (T hurm  IS 6 5 )  I n  i n s e c t s .

The p a r t  o f  t h e  c a p  I n t o  w h ic h  t h e  I n n e r v a t e d  p e g  

I s  I n s e r t e d  v a r i e s  w i t h  t h e  t y p e  o f  c a m p a n ifo rm  o r g a n  

i n v o l v e d .  U s u a l l y ,  t h e  I n s e r t i o n  I s  c e n t r a l  b u t  w here  

t h e  cap  I s  e l l i p s o i d a l  I n  s h a p e ,  a s  I t  I s  a t  t h e  t i p  

o f  t h e  l e g ,  t h e  i n s e r t i o n  I s  a t  t h e  distal e n d  o f  t h e  

e l l i p s e .

C u t i c u l a r  G l a n d s ,

As w i l l  b y  now b e  c l e a r  t h e  

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

e n d  o f  t h e  l e g  a r e  p a r t  o f  a n  a g g r e g a t i o n  o f  w hat 

w i l l  l a t e r  b e  shown t o  b e  a r a t h e r  s p e c i a l i s e d  k i n d  

o f  c a m p a n ifo rm  o r g a n .  H o w ev er , c u t i c u l a r  g l a n d s  a r e  

p r e s e n t  I n  l a r g e  n u m b e rs  I n  t h e  d a c t y l o p o d l t e  a s  

g l o b e s  o f  c e l l s  s e c r e t i n g  i n t o  a s i n g l e  f i n e  d u c t  

o r i g i n a t i n g  a t  t h e  c e n t r e  o f  t h e  g lo b e  a n d  p r o c e e d i n g  

d i s t a l l y  t o  o p e n  a t  t h e  s u r f a c e .  F i g , 19 show s a t y p i c a l

(31)



F i  % 1 7 .  Cainpnniform

T h i s  i o  8 s u r f a c e  v ie .v  tiio domed cap o f  a 

a n i  form from th e  d a c t y lo r  odi t e  ne.T.iert

o f  a C s r c in u o  pareiOT vd .



F i g . 16 ,  Damaged Camranjform )rgan .

C a m r n n i f o r m  o r g a n s  t e r j . i r r ^ t ?  i n  a d e l i c a t e  domed 

cRp. Thi s i s  n o r z a  11 v r h s e t i n  11 g h t  mi c n s c o T  e 

s e c t i o n s  cn^ u s u r l l y  " s r n i n g s  o f f ’’ i r  p r  -npr- t i  ons  

c - e d f o r  sc^ ' r .nin'^ e l e c t r o n  r i c r " ' S C o - y  s s  h a s  

o c c u r r e d  h e r e .



F i g . M . G u t i c ü l e r  G la n d  ^ P a l i n u r u s } .

T h e s e  g l a n d s  a r e  n u m ero u s  i n  t h e  t i p  r e g i o n  o f  

C r u s t a c e a n  l e g s  and  h ave  b e e n  c o n f u s e d  w i th  c a m p a n ifo rm  o r g a n s  

( D e n n e l l  IÇ 6 0 ) .

d « g l a n d  d u c t .



m x i l t i c e l l u l e r  g l a n d  o f  t h i s  k i n d .

I t  i s  I n t e r e s t i n g  t o  r e c a l l  t h a t  D e n n e l l  ( I 9 6 O) 

made t h e  o b s e r v a t i o n  t h a t  t h e  num ber o f  c a n a l s  

( c a m p a n i f o rm  o r g a n s )  seem ed  t o  b e  c o r r e l a t e d  w i t h  t h e  

d e g r e e  o f  t a n n i n g  an d  t h e r e f o r e  o f  h a r d n e s s  o f  t h e  

e p i c u t i c u l a r  p a d  a t  t h e  t i j  o f  t h e  l e g ,  Ee p o s t u l a t e d  

t h a t  t h e  g l a n d s  s e c r e t e d  s u b s t a n c e s  I n v o l v e d  i n  t h e  

t a n n i n g  p r o c e s s .  The f i n d i n g  t h a t  t h e  c a n a l s  a r e  n o t  

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

p l a u s i b i l i t y  o f  D e n n e l l *3 c o n c l u s i o n  a s  t o  t h e  f u n c t i o n  

o f  t h e  g l a n d s .  The f i n e  d u c t s ,  t h e  a c t u a l  d u c t s  o f  t h e  

c u t i c u l a r  g l a n d s ,  a r e  i n d e e d  m o s t  num ero u s  I n  

D ec ap o d a  w i t h  a d a r k - c o l o u r e d ,  h e a v i l y  t a n n e d  

e p i c u t i c l e  s u c h  a s  C a n c e r  an d  P a l i n u r u s .  The r e a s o n s  

why t h e  num ber o f  c a m p a n ifo rm  o r g a n s  a t  t h e  l e g  t i p  

I s  g r e a t e s t  I n  g e n e r a  w i t h  a h e a v i l y  t a n n e d  e p i c u t i c l e  

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

c a m p a n ifo rm  o r g a n  d i s t r i b u t i o n .

H i s t o r y  r e p e a t s  I t s e l f  t o  t h e  e x t e n t  t h a t  a s  e a r l y  

a s  1 9 3 8 , P r i n g l e  r e p o r t e d  t h e  c o n f u s i o n  w h ic h  t h e n  

e x i s t e d  b e tw e e n  t h e  o p e n i n g s  o f  c u t i c u l a r  g l a n d s  and  

c a m p a n ifo rm  o r g a n s  I n  i n s e c t s ,  a  c o n f u s i o n  w h ic h  h i s  

p a p e r  ( 1 9 3 8 .1 )  was I n s t r u m e n t a l  I n  c l e a r i n g  u p .
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O t i i e r  C u t i c u l a r  S e n s e  O r g a n s .

H a v in g  c o n s i d e r e d  b r i e f l y  

t h e  c a m p a n ifo rm  o r g a n s  we c a n  now p r o c e e d  t o  r e v i e w  

t h e  o t h e r  c a t e g o r i e s  o f  c u t i c u l a r  s e n s e  o r g a n  w h ic h  

o c c u r  on  t h e  a p p e n d a g e s  a n d  c a r a p a c e .

M e c h a n o - r e c a p t o r  H a i r s .

A c o n s i d e r a b l e  v a r i e t y  o f  

C r u s t a c e a n  h a i r  s e n s l l l a e  c o n t a i n  o n l y  m e c h a n i c a l l y  

s e n s i t i v e  u n i t s .  A l l  t h e s e  h a i r s  e x h i b i t  b r a n c h i n g  

i n  some d e g r e e  a n d  t h e  r e l a t i v e  d e v e lo p m e n t  o f  s h a f t  

arid  b r a n c h e s  v a r i e s  a g r e a t  d e a l .  I n  t h e  l a r g e s t  

m e c h a n o r e c e p t o r  h a i r s  t h e  s h a f t  I s  s t r o n g l y  

d e v e l o p e d  a n d  t h e  b r a n c h e s  a r e  no  m ore t h a n  a 

t e r m i n a l  f r i n g e .  H a i r s  o f  t h i s  k i n d ,  t y p i c a l l y  

i n n e r v a t e d  b y  tw o o r  t h r e e  l a r g e  n e u r o n e s , a r e  p a r t  

o f  t h e  n o rm a l  s e n s o r y  e q u ip m e n t  o f  a l l  D e c a p o d a .  T h e i r  

d i s t r i b u t i o n  v a r i e s  so m ew h a t.  F o r  I n s t a n c e ,  l a r g e  

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

C a r c i n u s  a n d  i n  b u n c h e s  i n  H om arus ( P i g * 9 ) .  T he  

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

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

The B u s c h e l o r g a n  o f  G a r c i n u s  I s  t.yr i c a l  o f  t h i s  

g r o u p  a n d  one I s  I l l u s t r a t e d  I n  P i g . 2 0 .  T h e s e  t u f t -  

l i k e ,  b r a n c h e d  h a i r s  w ere  f i r s t  d e s c r i b e d  b y  L u t h e r
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20. Busciie lorgan o f  Carcinus aif inaa .

liuschelorganen are s n a i l  ‘brarched h a ir s  s i t u a t e d  

in  s h a l l  ov̂  r i t s . *^hese organs are p r e se n t  on the  

carapace ,  c h e l a e ,  p ere iop od s  and mouthrarts o f  

Decepoda.



i n  1 9 3 0 ,  a n d  l i k e  c a m p a n ifo rm  o r g a n s  h a v e  e n  a lm oR t 

u n i v e r s a l  d i s t r i b u t i o n .  L a v e r o c k  ( I 9 6 2 ) d i s t i n g u i s h e s  

b e tw e e n  tw o t y p e s  i n  H om arus c a l l i n g  t h o s e  w i t h  a 

w e l l - d e v e l o p e d  s h a f t  " H a i r  Peg** o r g a n s  an d  t h o s e  i n  

w h ic h  t h e  s h a f t  i s  a b s e n t  o r  c o n c e a l e d  among t h e  

n u m e ro u s  b r a n c h e s  **Hair Pan** o r g a n s .  I n t e r m e d i a t e  

t y p e s  o c c u r ,  h o w e v e r ,  b o t h  i n  t o m a r u s  a n d  C a r c i n u s  

a n d  i t  i s  no l o n g e r  p o s s i b l e  t o  m a i n t a i n  a d i s t i n c t i o n  

o n  m o r p h o l o g i c a l  g r o u n d s  o n l y .  L a v e ro c k  (1 9 6 2 )  show ed 

t h a t  t h e  l o n g e r  H a i r  P e g  o r g a n s  r e s p o n d e d  t o  w a t e r  

c u r r e n t s  w h i l e  t h e  H a i r  P a n  o r g a n s  r e s p o n d e d  t o  t h e  

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

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

t h e  same I t  i s  d e b a t a b l e  w h e th e r  t h e  d i s t i n c t i o n  

b e tw e e n  t h e  H a i r  P e g  a n d  H a i r  P a n  t y p e s  i s  s t i l l  a 

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

f ro m  o t h e r  s p e c i e s  s u c h  a s  C a r c i n u s  a n d  P a l i n u r u s  

i t  seem s t h a t  a c o n t i n u o u s  r a n g e  o f  v a r i a t i o n  I n  

t h e  s t r u c t u r e  o f  t  lie s e  s m a l l  m echa n o - r e c e p t o r s  

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

t o  m a i n t a i n  a d i s t i n c t i o n  b e tw e e n  l a r g e  m e c h a n i c a l l y  

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

c a t e g o r y  a p p e a r  i n c r e a s i n g l y  a r t i f i c i a l .  A c e r t a i n  

am oun t o f  a l t e r a t i o n  i n  t h e  a p p e a r a n c e  o f  H a i r  P e g  

o r g a n s  o c c u r s  b e tw e e n  m o u l t s .T h e  c e n t r a l  s h a f t  i s  v e r y  

l i a b l e  t o  w e a r  a n d  i s  f r e q u e n t l y  w orn l e v e l  w i t h  t h e  

b r a n c h e s  b y  t h e  t im e  o f  t h e  n e x t  m o u l t ,  m a k in g  a 

p r e c i s e  c l a s s i f i c a t i o n  e v e n  m ore d i f f i c u l t .  I n  a l l  

c a s e s  a s m a l l  num ber o f  n e u r o n e s  i s  a s s o c i a t e d  w i th  

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

C h o m o re c e p to r  h a i r s .

T h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  

i n  t h e  s t r u c t u r e  o f  c h e m o r e c e p to r  h a i r s  i n  C r u s t a c e a  

a n d  t h i s  w i l l  b e  d i s c u s s e d  i n  d e t a i l  wheui t h e  

c h e m o r e c e p t o r  s y s te m  i s  c o n s i d e r e d  a s  a w h o le .

I n  t h e  w a lk in g  l e g s ,  w i t h  t h e  e x c e p t i o n  o f  t h e  

c h e l a t e  p a i r s  o f  w a lk i n g  l e g s  i n  Homarus , t h e  

c h e m o - r e c e p t o r  h a i r s  a r e  a r r a n g e d  i n  d e n s e  r o w s .  

F r e q u e n t l y  m e c h a n o - r e c e p t o r  h a i r s  a r e  a l s o  p r e s e n t  

i n  t h e s e  g r o u p s .  H ow ever , t h e  e x t e n s i v e  b r a n c h i n g  

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

d i s t i n g u i s h e s  them  fro m  t h e i r  m e c h a n o - r e c e p t o r  f e l l o w s .  

T h e s e  m e c h a n o - r e c e p t o r  s e n s e  o r g a n s  a r e  n o r m a l l y  

p l a c e d  a t  t h e  p e r i p h e r y  o f  t h e  m a in  c h e m o - r e c e p t o r  

m a s s e s .  An a d d i t i o n a l  d i s t i n g u i s h i n g  f e a t u r e  i s  t h e
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d a r k l y  t a n n e d  a p p e a r a n c e  o f  t h e  œ e c h a r o - ^ e c e p t o r  

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

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

t a n n e d  a n d  i n  c o l o u r  v a r y  f ro m  s t r a w  y e l l o w  t o  

c o l o u r l e s s .

The i n n e r v a t i o n  o f  t h e  b r a n c h e d  c h e m o r e c e y to r  

h a i r s  o f  t h e  w a lk i n g  l e g s  s t r o n g l y  r e s e m b l e s  t h a t  

o f  t h e  a e s t h e t s s c  h a i r s  on  t h e  a n t e n n u ie  ( L a v e r o c k  A 

A r d i l l  1 9 6 5 ) .  E a c h  h a i r  h a s  a v e r y  l a r g e  num ber o f  

b i p o l a r  n e u r o n e s  a s s o c i a t e d  w i t h  i t .  P o s s i b l y  a s  

many a»  20C e n t e r  t h e  b a s e  o f  e a c h  h a i r  s h a f t .

To w het e x t e n t  c h e m o r e c e p to r  h a i r s  e x h i b i t  

m e c h a n i c a l  s é n s i t i v i t y  w i l l  b e  c o n s i d e r e d  l a t e r .

T h e r e  i s  no  m o r p h o l o g i c a l  e v i d e n c e ,  h o w e v e r ,  f o r  

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

w h ic h  a r e  s p e c i f i c a l l y  m e c h a n o - r o c e p t o r  i n  f u n c t i o n .  

T he d e n d r i t e s  o f  t h e  s m a l l  b i p o l a r  n e u r o n e s  a s s o c i a t e d  

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

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

u p  i t .  S in c e  t h e s e  n e r v e  c e l l s  fo rm  t h e  o n l y  a p p a r e n t  

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

p r i m a r i l y  c 'n e m o - r e c e p t iv e  u n i t s  a r e  r e s p o n d i n g  t o
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m e c h a n i c a l  s t i m u l i .

I n t e r i m  Summary.

The m a in  f i n d i n g s  o f  t h e  i n i t i a l  

p a r t  o f  t h i s  s t u d y  a r e  su m m ar ize d  i n  F i g .  2 1 ,  w h ic h  

r e s o l v e s  t h e  L u t h e r / D e n n e l l  a rg u m e n t  b y  d i s t i n g u i s h i n g  

b e t w e e n  f u n n e l  c a n a l s ,  g l a n d  d u c t s  and  p o r e  c a n a l s  

an d  i n c l u d e s  e x a m p le s  o f  t h e  5 m ain  k i n d s  o f  

s u p e r f i c i a l  m e c h a n o - r e c e p t o r  f o u n d  i n  C r u s t a c e a .

From h e r e  i t  was p o s s i b l e  t o  exam ine  t h e  

p h y s i o l o g y  and  an a to m y  o f  t h e  two m ain  o r g a n  s y s t e m s  

i n  C r u s t a c e a  w h ic h  a r e  l e a s t  knoTO, n a m e ly  t h e  

c a m p a n i fo rm  sy s te m  an d  t h e  c h e m o - r e c e p t o r  h a i r  s y s t e m .
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F i g . 21* Summary D iag ram  o f  C a r c i n u s  c u t i c u l a r  s t r u c t u r e s .

T h i s  d ia g ra m  r e p r é s e n t a  a wedge o f  in t e g u m e n t  f ro m  

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

c u t i c u l a r  s p e c i a l i z a t i o n s  d i s c u s s e d  i n  t h e  t e x t  and  

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

h y p o d e rm a l  c e l l s ) ,  c a m p a n ifo rm  o r g a n s  a n d  c u t i c u l a r  g l a n d s .

b )  B u s c h e l o r g a n  ( m e c h a n o r e c e p t o r ) .

c )  C am p an ifo rm  o r g a n  ( m e c h a n o r e c e p t o r ) .

e )  E p i c u t i c l e .

g )  O u t i c u l a r  g l a n d .

m) M e c h a n o - r e c e p to r  h a i r .

p )  P o r e  c a n a l .





P h y s i o l o ^  o f  t h e  C r u s t a c e a n  C a m p a n i fo r m O rg a n .  

S e n s i t i v i t y  t o  C h e m ic a l  S t i m u l i .

S in c e  L u t h e r  (1 9 3 0 )  

f i r s t  made t h e  s u g g e s t i o n  t h a t  t h e  " f u n n e l  c a n a l  organ** 

m ig h t  r e p r e s e n t  t h e  m o r p h o l o g i c a l  b a s i s  f o r  t h e  

C r u s t a c e a n  c o n t a c t  c h e m o - r e c e p t o r  s y s te m  i t  h a s  b e e n  

g e n e r a l l y  a s su m e d  t h a t  t h e s e  " f u n n e l  c a n a l  o r g a n s "  

w e re  a r a t h e r  s p e c i a l i z e d  a n d  u n iq u e  k i n d  o f  chemo

r e c e p t o r .  D i r e c t  e x p e r i m e n t a l  p r o o f  t h a t  t h i s  i s  n o t  

s o  d e p e n d e d  o n  tw o f a c t o r s .

( 1 )  F i n d i n g  a p r e p a r a t i o n  w h ic h  c o n t a i n s  a n  a r e a  

i n  w h ic h  t h e  f u n n e l  c a n a l  ( c a m p a n i f o rm )  o r g a n s  a r e  

t h e  o n l y  s e n s o r y  s t r u c t u r e  p r e s e n t .

( 2 )  A p p ly in g  c h e m ic a l  s t i m u l i  a c c u r a t e l y  t o  t h e  s i t e  

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

t h e  f l o w  o f  s t i m u l a t o r y  c h e m i c a l s  t o  t h a t  s i t e  o n l y .

C am p an ifo rm  o r g a n s  a r e  t h e  o n l y  s e n s o r y  s t r u c t u r e s  

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

p e r e i o p o d s  i n  H om arus a n d  i n  C a r c i n u s  t h e  d i s t a l  

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

n u m b er  o f  s e n s o r y  s t r u c t u r e s  r e p r e s e n t e d .
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B o th  t h e s e  g e n e r a ,  t h e r e f o r e ,  p r o v i d e d  s a t i s f a c t o r y  

p r é p a r a t i o n s .

R e s t r i c t i o n  o f  t h e  r e g i o n  s t i m u l a t e d  t o  t h e  known 

r e q u i r e d  a r e a  was a c h i e v e d  u s i n g  a p e r f o r a t e d  d i s c  

o f  b a l l o o n  r u b b e r  p u s h e d  o v e r  ti^ie t i p  r e g i o n  o f  t h e  

l e g .  S t i m u l a t i o n  was t h e n  a p p l i e d  t o  t h e  g ro u p  o f  

c a m p a n ifo rm  o r g a n s  d i s t a l  t o  t h e  r u b b e r  d i s c .

E x p e r i m e n t a l  P r o c e d u r e .

( I )  Be^ v l o u r a l .

C h e m ic a l  s t i m u l a t i o n  o f  t h e  lo w e r  l e g  

n o r m a l l y  r e s u l t s  i n  f l e x i o n  o f  t h a t  l im b  a n d  i n  t h e  

f u l l  r e f l e x  t h e  en d  o f  t h e  l e g  i s  f l e x e d  so  t h a t  i t  

i s  w i t h i n  r e a c h  o f  t h e  t h i r d  m a x i l l i p e d s .

H o w ev er ,  when c h e m ic a l  s t i m u l i  a r e  r e s t r i c t e d ,  

a s  a b o v e ,  t o  t h e  t i p  o f  t h e  l e g  I t  i s  n o t  p o s s i b l e  

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

i m m e d i a t e l y  f o l l o w s  when c h e m ic a l  s t i m u l a t i o n  i s  

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

r u b b e r  d i s c .

(39)



( 2 )  g l e c t i^ o p h y s l o l o g l c e l .

W h ile  t h e  p r e s e n c e  o f  a  r e f l e x  

i s  a n  i n d i c a t i o n  t h n t  c e r t a i n  o r g a n s  h a v e  b e e n  

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

i t s e l f ,  a n  i n d i c a t i o n  t h a t  s t i m u l a t i o n  h a s  n o t  

t a k e n  p l a c e .  H ow ever ,  t h e  e n d  o f  t h e  l e g  c a n  b e  

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

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

l e g  c a n  b e  p i c k e d  up on  a  n l a t i n u m  hook e l e c t r o d e .  

S t i m u l a t i o n  b e i n g  a p p l i e d  a s  ab o v e  w i t h  t h e  t i p  

e x p o s e d  i n  a i r  an d  s e p a r a t e d  o f f  f ro m  t h e  r e s t  o f  t h e  

d a c t y l o p o d i t e  b y  a r u b b e r  d i s c  i t  was i m p o s s i b l e  

t o  d e t e c t  a n y  a f f e r e n t  s p i k e  a c t i v i t y  w h a te v e r  i n  

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

l e g .

T a k e n  t o g e t h e r ,  t h e s e  tw o p i e c e s  o f  e v i d e n c e  

e f f e c t i v e l y  d i s p o s e d  o f  L u t h e r ’ s  (1 9 3 0 )  c o n c e p t  o f  

a  c o n t a c t  c h e m o - r e c e p t o r  s y s t e m  b a s e d  u p o n  h i s  

’ f u n n e l  c a n a l  ( c a m p a n i fo rm )  o r g a n ” a n d  p u t  i n  

q u e s t i o n  t h e  w ho le  f u n c t i o n a l  s i g n i f i c a n c e  o f  t h e s e  

v e r y  n u m e ro u s ,  s m a l l ,  s e n s e  o r g a n s .

(UO)



G e n e r a l  C u t i c u l a r  S e n s e .

I n  a d d i t i o n  t o  a s e n s i t i v i t y  t o  t h e  s t i m u l a t i o n  

o f  s p e c i f i c  s e n s e  o r g a n s  ( t a c t i l e  h e i r s  e t c . ) ,  C r u s t a c e a  

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

s e n s e  w h ic h  d o e s  n o t  d e p e n d  u p o n  s t i m u l a t i o n  a t  an  

a c t u a l  r e c e p t o r  s i t e  h u t  i s  a l s o  p r e s e n t  b e tw e e n  

r e c e p t o r s .

E x p e r i m e n t a l .

A num ber o f  c r a b s  ( C a r c i n u s  m a en as )  w ere  

b l i n d e d  b y  p a i n t i n g  t h e  e y e s  w i t h  b l f c k  p a i n t .  T a c t i l e  

s t i m u l a t i o n  was t h e n  a p p l i e d  by  t o u c h i n g  t h e  c u t i c l e  

b e tw e e n  r e c e p t o r  s i t e s  w i t h  a b l u n t  s e e k e r .  F r e q u e n t l y  

t h e  a n im a l  w o u ld  t h e n  t o u c h  t h e  s i t e  o f  s t i m u l a t i o n  

w i t h  t h e  t i p  o f  one o f  t h e  p e r e i o p o d s ,  t h e  c r a b  

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

s t i m u l a t e d  s i t e .  T h i s  show ed t h a t  n o t  o n l y  i s  a  g e n e r a l  

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

i n  s u c h  a way t h a t  i t  i s  a b l e  t o  s u p p l y  p r e c i s e  

i n f o r m a t i o n  a b o u t  t h e  s i t e  o f  a t  i*i‘, u l a t i o n  t o  t h e  

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

(W)



Eye R e t r a c t i o n .

L i g h t  t a c t i l e  s t i m u l a t i o n  o f  t h e  

c a r a p a c e  n o r m a l l y  r e s u l t s  i n  e y e  i r e t r a c t i o n .  R e t r a c t i o n  

i s  i p s i l a t e r a l  w i t h  a n a r r o w  a r e c  on  e i t h e r  s i d e  o f  

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

o c c a s i o n a l l y  r e s u l t s  i n  b i l a t e r a l  eye  r e t r a c t i o n .

T he r e f l e x  c a n  o n l y  b e  e l i c i t e d  b y  t o u c h i n g  t h e  

a c t u a l  c u t i c l e  o f  t h e  c a r a p a c e  and  c a n n o t  b e  e l i c i t e d  

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

R e c e p t o r s  o f  t h e  C u t i c u l a r  T a c t i l e  S e n s e .

I n  i n s e c t s

i t  i s  w e l l  known t h a t  t h e  c u t i c u l a r  t a c t i l e  s e n s e  

i s  m e d i a t e d  v i a  c a m p a n i fo r m  o r g a n s  w h ic h  r e s p o n d  t o  

s t r a i n  i n  t h e  s u r r o u n d i n g  c u t i c l e  { P r i n g l e  1 9 3 0 , 1 ) .  

g^ith  t h e  d i s c o v e r y  b o t h  o f  a g e n e r a l  c u t i c u l a r  s e n s e  

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

t o  b e  e x p e c t e d  t h a t  t h e  same s i t u a t i o n  a p p l i e d .  

E l e c t r o p h y s i o l o g i c a l  e v i d e n c e  t h a t  t h i s  i s  so  i s  

now a v a i l a b l e .

(U2)



E l e c t r o - p h y B i o l o g y  o f  C am p an i fo rm  O rg a n s  

i n  C e r c l n u s  a n d  Uomarua.

The c a m p a n i fo rm  o r g a n s  a s s o c i a t e d  w i t h  t h e  e n d s  

o f  t h e  l e g s  a r e  e x c e p t i o n a l  i n  two r e s p e c t s .

( 1 )  T h ey  h a v e  a d u a l  i n n e r v a t i o n .

( 2 )  The b i p o l a r  n e u r o n e s  w i t h  w h ic h  t h e y  a r e  

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

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

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

The c a m p a n i fo rm  o r g a n s  on  a l l  o t h e r  p a r t s  o f  t h e  

c u t i c l e  xiava c e r t a i n l y  more t h a n  2 f u n c t i o n a l  

n e u r o n e s  a n d  t l i e s e  n e u r o n e s  a r e  u s u a l l y  som ew hat  

s m a l l e r  t h a n  t h e  n e r v e  c e l l s  a s s o c i a t e d  w i t h  

l a e c h a n o - r e c e p t o r  h a i r s .  The m a j o r i t y  o f  c a ia p a n i fo rm  

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

o r g a n  r e s e m b l e s  t h e  B u s c h e l o r g a n e n  ( H a i r  P e g  a n d  

H a i r  F an  o r g a n s )  i n  e x h i b i t i n g  a c e r t a i n  d e g r e e  o f  

d im o r p h i s m  a l t h o u g h  i t  i s  d e b a t a b l e  w h e t h e r  a 

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

I n d i c a t e  t h i s .

(U3)



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

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

e l e c t r o p h y s i o l o g i c a l  p r e p a r a t i o n s .  R e c o r d i n g s  f ro m  

c a m p a n i fo r m  o r g a n s  o f  t h i s  k i n d  fo rm  t h e  s u b j e c t  

o f  F i g . 2 2 . I n  b o t h  c a s e s  s t r a i n i n g  t h e  c u t i c l e  

( i n d i c a t e d  b y  t h e  d e p r e s s i o n  o f  t h e  s e c o n d  beam o f  

t h e  o s c i l l o s c o p e )  was t h e  e f f e c t i v e  s t i m u l u s .  F i g . 2 2 A  

i s  a r e c o r d i n g  f ro m  a s m a l l  n u m b e r  o f  c a m p a n i fo rm  

o r g a n s  i n  a Homar u a  c h e l a  w h e re  l a r g e  nu m b ers  o f  

s m a l l  c a m p a n i fo r m  o r g a n s  c o v e r  b o t h  t h e  I n n e r  a n d  

o u t e r  f a c e s  o f  t h e  c l a w .  The c a m p a n i fo r m  o r g a n s  a r e  

h e r e  a c t i n g  a s  t o n i c  m e c h a n o - r e c e p t o r s  and  

a d a p t a t i o n  n o r m a l l y  t a k e s  f i f t e e n  t o  t r e n t y  s e c o n d s .

F i g , 2 2 B  i s  a  r e c o r d i n g  f ro m  a s m a l l  num ber  o f  

c a m p a n i f o r m  o r g a n s  i n  t h e  p r o p o d i t e  s e g m e n t  o f  a  

C ar c i n u s  p e r e i o p o d .  T h e r e  i s  no  s i g n i f i c a n t  

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

f ro m  t h e  homar u s  c h e l a  c a m p a n i fo r m  o r g a n s  i n  t h e  

u p p e r  r e c o r d .

(4U)



Pig.^XEosponsea from Campaniform Organs in the Chela
of Homarua (a) and the propodite of Carcinus (b)

Basically tonic receptors responding to deflection 
of the cuticle (lower trace), these organs are innervated 
by at least three fairly small neurones,

TM m I sec.
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CginpRnl f o r m  O rg a n a  i n  t h e  T i p ?  
o f  W a lk in g  L e g s .

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

w i t h  t h e s e  o r g a n s  a n d  t h e  r ^ I c t i v s l y  s m a l l  num her  

( i n  Homa r u s  a t  l e a s t )  o f  c a m p a n i fo rm  o r g a n s  p r e s e n t  

i n  t h e  t i p  r e g i o n  o f  t h e  p e r e i o p o d  makes  e l e c t r o 

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

e a s y  m a t t e r .

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

r e s p o n s e s  i n  two a x o n s  i n  a c o m p l e t e l y  d i s s e c t e d  

p r e p a r a t i o n .  T h i s  i s  a  c o n s i s t e n t  a n d  r e p e a t a b l e  

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

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

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

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

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

P i g , 2 3 . I n  a , b  a n d  c ,2  n e u r o n e s ,  one w i t h  a s m a l l e r  

s p i k e  p o t e n t i a l ,  a r e  a c t i v e .  The c u t i c l e  a t  t h e  t i p  

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

o f  c o n s i d e r a b l e  d e f l e c t i o n .  A l a r g e  d e f l e c t i o n  o f  t h e  

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

t o  a  p h a s i c  r e s p o n s e  i n  t h e  c a m p a n i fo rm  o r g a n s  p r e s e n t

(U5)
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F l g . 2 3 . T y T  I c p l  P h a s i c  K e s r .o n se a  f rom  Homarus C a m rn n i fo rm

P h a s i c  r e s T o n a e s  a r c  l y p i c * ' !  o f  l a r g e  

d e f l e c t i o n s  o f  t h e  c u t i c l e .



i n  t h i s  r e g i o n  of* t h e  c u t i c l e .  I t  i s  a l s o ,  a s  

s u c c e e d i n g  i l l u s t r a t i o n s  c o n f i r m ,  a  c o n s i s t e n t  

o b s e r v a t i o n  t h a t  o ne  n e u r o n e  s i g n a l s  t h e  o n s e t  o f  

s t r a i n  w h i l e  a n o t h e r  u n i t  f i r e s  a s  t h e  s t r a i n  i s  

r e l e a s e d .  F i g , i l l u s t r a t e s  some t y p i c a l  r e s p o n s e s  

t o  m o d e r a t e  a n d  l i g h t  s t r a i n  i n  C a r c i n u s  a n d  ho m a ru s  

w i t h  t h e  c h a r a c t e r i s t i c  "on*' e n d  " o f f "  u n i t s  ( P i g .

2 4 . a  a n d  b ) , I t  i s  p o s s i b l e ,  h o w e v e r ,  t o  s t i m u l a t e  

t h e  " o n "  u n i t  w i t h o u t  e f f e c t i n g  t h e  s t i m u l a t i o n  o f  t h e  

" o f f "  f i b r e  a s  t h e  s t r a i n  i s  rem o v e d .  A v e r y  l i g h t  

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

" o n "  u n i t  w i t h  no " o f f "  u n i t  a c t i v i t y  a s  t h e  s t r a i n  

i s  r e l e a s e d .  T h i s  s i t u a t i o n  i s  shown i n  P i g . 2 ^  c 

a n d  d ,  w h ic h  i s  a r e c o r d i n g  f ro m  a  Homarus c a m p a n i fo rm  

p r e p a r a t i o n .  The  o b s e r v a t i o n  t h a t  C r u s t a c e a n  c a m p a n i fo rm  

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

c u t i c l e , w i t h  o r  w i t h o u t  s t i m u l a t i o n  o f  t h e  " o f f "  u n i t ,  

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

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

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

a n a to m y  o f  t h e  c a p  an d  p e g  s t r u c t u r e  o f  t h e s e  

s e n s i l l a e .

(46)
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F l e x i b l e ^ P a d ^ o f ^ D e c a r o d  W a lk in g  L e g s ,

The c a m p a n i fo rm  o r g a n s  o f  t h i s  r e g i o n  a r e  

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

a )  R e s p o n s e  t o  d e f l e c t i o n  o f  t h e  p a d  i n  

C a r c i n u s ,

b )  R e s p o n s e  t o  l a r g e  d e f l e c t i o n  o f  t h e  r a d  

i n  H om arus ,

c )A d)  T o n i c  r e s p o n s e  t o  s m a l l  d e f l e c t i o n  i n  

H om arus .

TM * I  s e c .



I t  h a s  a l s o  b e e n  a c o n s i s t e n t  f i n d i n g  t h a t  c a m p a n i fo r m  

u n i t s  i n  C a r c i n u s  p e r e i o p o d s  show a g r e a t e r  t e n d e n c y  

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

t h a n  t h e i r  Hom arus  c o u n t e r p a r t s .  T h i s  i s  a l m o s t  

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

o f  t h e  l e g  i s  much s t i f f e r  i n  C a r c i n u s  a n d  t h e r e f o r e  

much h a r d e r  t o  d e f l e c t .  V iew ed  i n  t h i s  c o n t e x t  t h e  

r e s p o n s e s  f ro m  t h e  c a m p a n i fo rm  o r g a n s  i n  t h e  t o n g u e  

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

e s p e c i a l l y  i n t e r e s t i n g .  I n  C a r c i n u s , i t  w i l l  b e  

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

s t r u c t u r e  b u t  e x t e n d s  p r o x i m a l l y  up t h e  d a c t y l o p o d i t e  

E8 a  s e r i e s  o f  t o n g u e s  w h ic h  i n t e r d i g i t a t e  w i t h  

s i m i l a r  t o n g u e s  o f  h ^ r d ,  c a l c i f i e d  c u t i c l e , ( s e e  F i g .  

S A ) .  T h e s e  i n t e r d i g i t a t i n g  t o n g u e s  o f  h a r d ,  h e a v i l y  

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

e p i c u t i c u l a r  p a d  an d  c o n s e q u e n t l y  i t  i s  i m p o s s i b l e  

t o  d e f l e c t  t h i s  c u t i c l e  v e r y  f o r .  The r e s p o n s e s  o f  

t h e  c a m p a n i fo r m  o r g a n s  o f  t h i s  r e g i o n  a r e  r l v m y s  

t o n i c .  P i g , 2 5  shows t h e  c h a r a c t e r i s t i c  b e l i a v i o u r  o f  

t h i s  k i n d  o f  p r e p a r a t i o n .

( 47)
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F i g . 2 S .  T o n i c  R e a r o n a e  f rom  C ^ m p e n l forni lT»gmn(a) i n

Tongue  R e g i o n  o f  C a r c i n u s  Leg  T i p .

The f l e x i b l e  t o n g u e s  o f  e p i ' ^ u t i c l e  e x t e n d i n g  

p r o x i m a l l y  f ro m  t h e  f l e x i b l e  t i n  a r e  h e l d  r i g i d  b y  t h e  

i n t e r d i g i t r . t l n > r  t o n g u e s  o f  c a l c i f i e d  c u t i c l e .  T h e s e  

f l e x i b l e  t o n g u e s  S'^e t h e r e f o r e  l i m i t e d  i n  t h e  amount 

o f  d e f l e c t i o n  w h ich  ca n  be  spy l i e d  t o  them w i t h  a 

p r o b e .  R e s p o n s e s  f ro m  t h e  l a r g e ,  d u a l l y  i n n e r v a t e d  

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

t o n i c .



R e s p o n s e s  t o  P h a s i c  S t i m u l i .

P l a c e d ,  a s  t h e y  a r e ,  a t  t h e  t i p s  o f  t h e  l e g s  

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

s i t e d  f o r  v i b r r ^ t i o n  r e c e p t i o n .  I n  t h e  f o l l o w i n g  

e x p e r i m e n t s  p r o b e s  d r i v e n  b y

( 1 )  A m o d i f i e d  o s c i l l o g r a p h  r e n  u n i t  (A d v a n c e  

I n s t r u m e n t s )  a n d

( 2 )  A m o d i f i e d  5 i n c h  l o u d s p e a k e r  w ere  u s e d  t o  a p p l y  

v i b r a t i o n a l  s t i m u l i  t o  l o g  t i p  c a m p a n i fo rm  

p r e p a r a t i o n s .

The i l l u s t r a t i o n s  o f  some o f  t h e  s u i t s  o b t a i n e d  

a r e  a l l  f ro m  Homar u s  m a t e r i a l .  S i m i l a r  r e s u l t s  w ere  

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

h a v i n g  a  h a r d e r  c u t i c l e ,  r e q u i r e d  s l i g h t l y  more 

p o w e r f u l  s t i m u l a t i o n .

At low  f r e q u e n c i e s  b o t h  ” on*’ a n d  " o f f ” u n i t s  a r e  

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

i n  F i g . 26a . T he s t i m u l u s  i s  m o n i t o r e d  on  t h e  l o w e r  

beam o f  t h e  o s c i l l o s c o p e  r e c o r d .  At h i g h e r  f r e q u e n c i e s  

t h e  " o f f ” u n i t  d r o p s  o u t  a n d  t h e  " o n "  i m i t  f i r e s  in 
a one  t o  one  r e l a t i o n s h i p  w i t h  t h e  s t i m u l u s  (Pig.
26b)  u n t i l  a  f r e q u e n c y  o f  6 0 - 1 0 0  c y c l e s  p e r  s e c o n d

(U6)



Fig.2 1.Responses to Vibration in Campaniform Organs
of Homarus Leg Tip.

A. Typical 2 neurone response to low frequency 
vibration ( in this case of variable amplitude).

b. One to one following by a campaniform organ 
fibre at moderate frequency.

c. At higher frequency one to one following 
no longer occurs except briefly at the onset of 
stimulation.
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l a  r e a c h e d .  A t  h i g h e r  f r e q u e n c i e s ,  s o m e t im e s  a f t e r  

a  s h o r t  s y n c h r o n o u s  b u r s t ,  t h e  " o n ” u n i t  f i r e s  on ce  

e v e r y  so  many c y c l e s  i n  a f a i r l y  i r r e g u l a r  m a n n e r  

( F i g . 2 6 c ) .

The d r o p p i n g  o u t  o f  t h e  " o f f "  u n i t  i s  m 

c h a r a c t o ' ^ i B t i c  Phenom enon n r o b a b l y  e  m i l  c a b l e  on  

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

o p i c u t i c l e  I s  a r e s i l i e n t  t i s s u e  i t  i s  r e a s o n a b l e  

t o  3UT| o s e  t h a t  a h i g h  f r e q u e n c y  v i b r a t i o n  w o u ld  

p r o d u c e  a s m a l l e r  d e g r e e  o f  d e f l e c t i o n  f o r  t i i e  #ame 

p o w e r  p e r  c y c l e  t h a n  a l o w e r  f r e q u e n c y .  I n  t h e  same 

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

" o f f ” u n i t  s o  t h e  r e s i l i e n c e  o f  t h e  c u t i c l e  damps

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

i t s  a m p l i t u d e  t o  a l e v e l  h i g h  en o u g h  t o  s t i m u l a t e  

t h e  ” o n ” u n i t  b u t  n o t  h i g h  e n o u g h  t o  s t i m u l a t e  

t h e  " o f f ” o n e .

I n  d u a l l y  i n n e r v a t e d  h a i r s  i n  w h ic h  one  l a r g e  

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

one  t o  one f o l l o w i n g  a t  h i g h  f r e q u e n c y  o c c u r s  i n  b o t h  

s m a l l  a n d  l a r g e  f i b r e s  ( M e l l o n  I Ç 6 3 ) .

(49)



T h e s e  h a i r s  h a v e  a v e r y  f l e x i b l e  a r t i c u l a t i o n  w i t h  

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

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

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

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

a s s o c i a t e d  w i t h  e a c h  l a r g e  c a m p a n i fo rm  o r g a n .  I t  

t h u s  seem s r e a s o n a b l e  t o  s u g g e s t  a m e c h a n i c a l  f a t h e r  

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

" d r o p p i n g  o u t ” o f  t h e  ” o f f ” u n i t  o f  t h e  c a m p a n i fo rm

o r g a n s .

A d a p t a t i o n  t o  P h a s i c  S t i m u l i .

A d a p t a t i o n  t o  v i b r a t i o n a l  

s t i m u l i  i s ,  a s  m i g h t  b e  e x p e c t e d ,  more r a p i d  a t  h i g h e r  

f r e q u e n c y .  A t  v e r y  h i g h  f r e q u e n c y ,  w here  s y n c h r o n y  

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

a f e w  s e c o n d s  o f  t n e  o n s e t  o f  t h e  r e s p o n s e ,  ( F i g .

2 6 c ) , w i t h  a t a i l i n g  o f f  o f  t h e  s p i k e  f r e q u e n c y  u n t i l  

t o t a l  a d a p t a t i o n .

A d a p t a t i o n  i n  a  p r e p a r a t i o n  r e s p o n d i n g  i n  a 

s y n c h r o n o u s  m an n er  i s  u s u a l l y  v e r y  a b r u p t  w i t h  a 

minimum " t a i l  o f f ” i n  s p i k e  f r e q u e n c y ,  ( F i g . 2 7 ) .

(50)
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F i g . ^ 7 .  A d e i t e t i o n  t o  n P h a s i c  S t l m u l u a .

A d m r t n t i o n  t o  a low  r r j q u e n c y  i h a s i c  s t i m u l u s  

u s u a l l y  t a k e s  many s e c o n d s .  I n  t h e s e  c o n s e c u t i v e  ▼‘e c ^ r d a  

f ro m  a  r a t  h e r  t ' s t l> n ie d  cmmr m n i f o n n  o r ' g r n  p r e p a r a t i o n  

(H om erus )  a d a p t a t i o n  i s  o c c u r r i n g  q u i t e  so o n  a f t e r  

t h e  o n s e t  o f  s t i m u l a t i o n .



MfiChANISM OP CAniPANIPORM ORGANS.

I t  h a s  b e e n  f o u n d  ( p p .  U?j -U 5) t h a t  two m a in  k i n d s  

o f  c a m p a n i fo r m  o r g a n  a r e  d i s t i n g u i s h a b l e  i n  D ecap o d  

C r u s t a c e a .

T ype ( I )  S e n s i l l a e  p o s s e s s  a m u l t i p l e  i n n e r v a t i o n  

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

d i s t r i b u t i o n  an d  h a v e  a  r a d i a l l y  s y m e t r i c a l  o u t e r  

c a p ,  t h e  i n n e r v a t e d  p e g  b e i n g  i n s e r t e d  a t  t h e  

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

Type ( 2 )  S e n s i l l a e  a r e  d u a l l y  i n n e r v a t e d  b y  tw o ,  l a r g e ,  

b i p o l a r  n e u r o n e s .  T h e i r  d i s t r i b u t i o n  i s  l i m i t e d  t o  

t h i c k  p a d s  o f  e p i c u t i c l e  a t  t h e  e n d s  o f  a p p e n d a g e s .  

U n l i k e  t h e  t y p e  one  s e n s i l l a e  t h e  d e l i c a t e  o u t e r  

c a p  i s  e l l i p t i c a l  i n  t h e  t y p e  two v a r i e t y  an d  t h e  

i n n e r v a t e d  p e g  i s  i n s e r t e d  a t  t h e  d i s t a l  end  o f  an  

e l l i p t i c a l  c a p .

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

w i t h  t h e  o u t e r  c a p  i s  t h e  same f o r  b o t h  t y r e s .  A t 

i t s  d i s t a l  e n d  t h e  c e n t r a l  p e g  i s  b e n t  a t  a n  a n g l e  

o f  a b o u t  35 d e g r e e s  f ro m  t h e  v e r t i c a l .  T h i s  i s  v i s i b l e

(51)



i n  c l e a r e d ,  w h o le  m o u n ts  o f  T y p e  two r e c e p t o r s  e n d  

i n  s e c t i o n s  o f  t h e  Type one  r e c e p t o r s  ( F i g . 2 6 ) .

I t  i s  n o t  u n r e a s o n a b l e  t o  a s su m e  t h a t  t h e  o u t e r  

c a p  a c t s  a s  a  s i m p l e  l e v e r  w h ic h  c o n v e r t s  s m a l l  s t r a i n s  

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

w h ic h  e r e  c o m m u n ic a te d  t o  t h e  i n n e r v a t e d  p e g .  H ow ever ,  

b e c a u s e  t h e  t i p  o f  t h i s  p e g  i s  s e t  a t  an  a n g l e  t o  t h e  

c a p  a n y  up  e n d  down movement o f  t h i s  c o m p o n e n t  w o u ld  

l e a d  t o  a s i d e  t o  s i d e  movement o f  t h e  p e g ,  a n d  t h e  

d e n d r i t e s  i n s e r t e d  on  one  s i d e  o f  t h e  r e g  w o u ld  be  

s u b j e c t e d  t o  s t r e t c h i n g  w h i l e  t h o s e  on t h e  o t h e r  

s i d e  w o u ld  be  s u b j e c t e d  t o  c o m p r e s s i o n .  I n  t h e  s i m p l e  

s i t u a t i o n  o f  t h e  Type two r e c e p t o r s ,  o n l y  two 

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

**on** •  ’’off** r e s p o n s e  o f  t h e s e  s e n s e  o r g a n s  i s  

c o m p a t i b l e  w i t h  t h e  t h e o r e t i c a l  scheme e x p r e s s e d  

a b o v e ,  sVhether s t r e t c h  o r  c o m p r e s s i o n  i s  t h e  e f f e c t i v e  

s t i m u l u s  t o  t h e  d e n d r i t e  c o n c e r n e d  i n  no way a f f e c t s  

t h i s  b a s i c  t h e o r y .

The s i t u a t i o n  i n  t h e  T ype  I  r e c e p t o r s  i s  more c o m p le x  

a n d  i t  i s  n o t  a t  a l l  c l e a r  w h e t h e r  t h e  d e n d r i t e s  

a r e  a r r a n g e d  i n  **on*’-  **off** g r o u p s  o r  w h e t h e r  t h e y

(52)



Fig. Campaniform Organ from Uomarua Chela,

In this silver stained preparation by Dr, 
Margaret Lang ( former Catty histologist) dendrites 
are seen to enter a central tube ending in a distal, 
epicuticular cap.
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a i l  a c t  t o g e t h e r  a s  a s i n g l e  ’’on** g r o u p .

^ ^ L a c k ^ o f ^ D i r e c t i o n a l i t y  i n  t h e  R e s p o n s e s  

o f  C a m p a n i fo rm  O r g a n s .

S t i m u l a t i o n  o f  t h e  c u t i c l e  a r o u n d  t h e  f u l l  3 6 O 

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

t o  t h e  same a l l  o r  n one  r e s p o n s e  o f  t h e  o r g a n  a n d  t h e r e  

i s  no  e v i d e n c e  f o r  t h e  d i r e c t i o n a l  ty j-e  o f  r e s p o n s e  

t j r p l c a l  o f  l a r g e  t a c t i l e  h a i r s .  H ow ever ,  e l l i p t i c a l .  

Type two o r g a n s  e r e  more s e n s i t i v e  a l o n g  t h e  l o n g  

a x i s  o f  t h e  e l l i p t i c a l  c a p  t h a n  t h e  s h o r t  o n e .  T h i s  I s  

t o  h e  e x y e c t e d  a s  e c o n s e q u e n c e  o f  t h e  a s s u m p t i o n  t h a t  

t h e  c a p  a c t s  a s  a s i m p l e  l e v e r  a m p l i f i e r .  The g r e a t e s t  

s e n o i t l v i t y  w o u ld ,  t h e r e f o r e ,  he  e x p e c t e d  w here  t h e  

l e v e r  I s  l o n g e s t ,  i . e .  a l o n g  t h e  l o n g  a x i s  o f  t h e  

e l l i p s e .

The a n g l e d  s t r u c t u r e  o f  t h e  p e g  means t h a t  t h e  

a n g l e d  t i p  c a n  move i n  one  p l a n e  o n l y  no m a t t e r  how 

a n d  f rom  w h a t  p o i n t  t h e  c a p  I s  moved. A t a c t i l e  h e i r

(53)



c a n  move i n  a  num ber  o f  d i f f e r e n t  p l e n e s  a b o u t  360 

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

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

d i r e c t i o n a l  m a n n e r .  The a l l  o r  none  **on’* -  '*off**

r e s p o n s e  o f  t h e  c e m p a n i fo rm  o r g a n  i s  a n e c e s s a r y

c o n s e q u e n c e  o f  t h e  b e n t  p e g  s t r u c t u r e  w h ic h  r e s t r i c t s

t h e  i n n e r v a t e d  r e g i o n  t o  m ovem ents  i n  one  p l a n e  o n l y .

(54)



Tlih SPATIAL ORGANISAT I or; OF TlLK CAMPANIF'OFM 

ORGAN SYSTEM.

I n t e g r a t i o n  o f  C s m r a n i f o n n  I n p u t .

B e c a u s e  t h e  r e a p o n s e  

o f  a c a m p a n i fo rm  o r g a n  i s  n o t  d i r e c t i o n a l ,  i t  f o l l o w s  

th f^ t  a g r o u p  o f  c a m p a n i fo rm  o r g a n s  c a n n o t  s u r  p l y  t h e  

k i n d  o f  i n f o r m a t i o n  w h ic h  w ou ld  e n a b l e  t h e  c e n t r a l  

n e r v o u s  s y s t e m  t o  t r i a n g u l a t e  t h e  e x a c t  p o s i t i o n  on 

t h e  c u t i c l e  w h ic h  i s  u n d e r  s t r a i n .  The s i t e  o f  

s t i m u l a t i o n  c a n  o n l y  b e  d e t r n ^ i n e d  b y  i n t e g r a t i n g  

t h e  i n t e n s i t y  o f  r e s p o n s e  ft*om t h e  i n d i v i d u a l  c e m p a n i fo rm  

o r g a n s  i n  a s t i m u l a t e d  g r o u p .  T h i s  i s  i n f e r i o r  t o  

t r i a n g u l a t i o n  e s  a m eans  o f  f i x i n g  t h e  s i t e  o f  

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

w o u ld  b e  r e q u i r e d  t o  g i v e  t h e  seme t a c t i l e  a c u i t y .

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

t h e  o b s e r v e d  d i s t r i b u t i o n  o f  c a m p an i fo rm  o r g a n s  o v e r  

t h e  s u r f a c e  o f  t h e  b o d y .

A p p en d a g es  an d  p a r t s  o f  a p p e n d a g e s  w h ic h  a r e  u s e d  

t o  m a n i p u l a t e  e x t e r n a l  o b j e c t s ,  s u c h  a s  c h e l a e ,  m ou th  

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

t a c t i l e  a c u i t y .  I n  t h e  c a s e  o f  j e r e i o - ^ o d s  t h e  d e n s i t y  

o f  c a m p a n i fo r m  o r g a n s  i s  h i g h e s t  a t  t h e  t i r  and  

d a c t y l o p o d i t e  an d  d e c r e a s e s  t o  a much l o w e r  l e v e l  i n  

t h e  u p p e r  s e g m e n t s  ( s e e  F i g , 2 9 ) ,

Economy o f  l e n s e  O r g a n s .

T h e r e  a r e  a l m o s t  no p l a c e s  

o n  t h e  s u r f a c e  o f  o C r a b  o r  L o b s t e r  w h ic h  a r e  c o m p l e t e l y  

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

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

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

c a m p a n i fo r m  o r g a n s  o c c u r  a t  a v e r y  low  d e n s i t y  l e v e l .

I n  t h e s e  lo w  d e n s i t y  s i t u a t i o n s  t h e  c a m p a n i fo rm  o r g a n s  

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

o r  B u s c h e l o r g a n e n .  I n d e e d  on t h e  b a c k  o f  t h e  c a r a p a c e  

a n d  on  t h e  m e r o r o d i t e  j o i n t  o f  t h e  p e r e i o p o d s  p r a c t i c a l l y  

e v e r y  B u s c h e l o r g a n  i s  a s s o c i a t e d  w i t h  one  o r  more 

c a m p a n i fo r m  o r g a n s  ( F i g , 3 0 ) .  P r i n g l e  ( 1 9 3 8 , 2 , ) ,  when 

d i s c u s s i n g  t h e  d i s t r i b u t i o n  o f  c a m p a n i fo rm  o r g a n s  

i n  i n s e c t s ,  d e s c r i b e d  t h e  t e n d e n c y  f o r  c a m p a n i fo rm  

o r g a n s  t o  b e  a s s o c i a t e d  w i t h  t h e  b a s e s  o f  l a r g e .
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P i g * 29* D i a t r i b u t i o n  o f  C a m p c n i fo n n  O rg a n s  I n  a C a r c l n u s  P e r e l o p o d

F i v e  s t p n d r r d  a rc?  s  ( T20x220 m i c r e  s q u a r e s )  w ere  

e x a u i in e d  p e r  l e g  s eg r ien l  (m e ro  M, c a r p o  C, p r o  F ,  d a c t y l o p o d i t e  

a n d  t i p )  a n d  t h e  c a ^ p o r j l f o ‘»:'ni o r g a n s  c o u n te d *  Aver*rç^e v a l u e s  

p e r  seg iû en t  w ere  t h e n  p l o t t e d  on  t h e  "Y*' a x i s  '^f t h e  pr»-rh  

a g a i n s t  p o s i t i o n  on t h e  l e g  ( "X-' a x i s ) .



Pig.3 ^  Cleared Cuticle Preparations to show Pairing
Phenomena.

These three photographs Illustrate the way In 
which campaniform organs ( small structures) and 
Buschelorganen (large circles) associate In groups.
The possible reason for this Is discussed In the text. 
All three specimens are from the meropodlte region of 
a Carclnus walking leg.





t a c t i l e  h o i r s  and s u g g e s t s  t h a t  t h e  c a m r s n l f o r i a  

o r g a n s  r e s p o n d  t o  s t r a i n s  s e t  up i n  t h e  h a i r  b a s e  

c u t i c l e  when t h e  h a i r  i s  n o v e d .  I t  i s  p o s s i b l e  t h a t  

t h e  3835 a p p l i e s  t o  t h e  cam r-an ifo rm  o r g a n s  a t  t h e  

b a s e  o f  l a r g e ,  t a c t i l e  h a i r s  i n  C a r c l n u s  a n d  l iom arus 

b u t  t h e r e  i s  no p h y s i o l o g i c a l  e v i d e n c e  f o r  t i l l s .  

H o w ev er ,  i n  t h e  c a s e  o f  t h e  c a m p a n i fo r m  o r g a n s  a t  

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

w h ic h  c l e a r l y  i m p l i e s  t h c t  t h e  c a m p a n i fo rm  o r g a n s  

a r e  n o t  s t i m u l a t e d  when t h e  B u s c h e l o r g a n e n  a r e  

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

r e a d i l y  s t i m u l a t e  t h e  B u s c h e l o r g a n e n  a n d  t h e i r  a c t i v i t y  

c a n  r e a d i l y  b e  r e c o r d e d .  H ow ever ,  t h e  l a r g e r  u n i t s  

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

s t i m u l a t e d  when t h e  c u t i c l e  i s  a c t u a l l y  t o u c h e d .

S c o t t  ( p e r s o n a l  c o m m u n ic a t io n )  d e s c r i b e s  a v e r y  

e l e g a n t  b e h a v i o u r a l  c o n f i r m a t i o n  o f  t h i s .  %hen t i i e  

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

H o w ev er ,  s t i m u l i  w h ic h  e r e  known t o  be  e f f e c t i v e  f o r  

B u s c h e l o r g a n e n ,  s t r e a m s  o f  w a t e r  e t c . ,  a r e  q u i t e
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Ineffective in initiating eye retraction.
An alternative theory to explain the pairing 

between the Buschelorganen and the campaniform sensillae 
is based upon a consideration of the distribution 
of strass in the cuticle. It is apparent from the 
experiments with models which constitute Fig,3I 
that holes tend to act ea stress foci and that between 
a pair of holes in a stressed lamina a very strong 
stress line occurs provided the two holes are close 
enough together. It is here proposed that the large 
hole present below a Buschelorgan acts as a stress 
focus and thrt the campaniform organs are placed in 
the vicinity of these foci for this reason. By this 
means large areas of cuticle are rendered sensitive 
to touch by a minimum number of sense organs. This 
is a very efficient arrangement for situations where 
a high degree of tactile acuity is not required. It 
can also be added that an additional focusing effect 
takes place as a consequence of the diminution in 
the thickness of the cuticle due to the fact that

( 5 8 )
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Fig,3h Fringe Patterns^in^^Gtresaed^Plastic.

A. S t r e s s  a p p l i e d  t o  i m p e r f o r a t e  l a m i n e ,

B. S t r e s s  i n  a p e r f o r a t e d  l a m i n a  sh o w in g  

i n t e r f e r e n c e  b e t w e e n  p a i r s  o f  h o l e s  w h ic h  c o n c e n t r a t e

t h e  h i g h e s t  s t r e s s  ( g r e e n ) .

C. S t r e s s  i n  a p e r f o r a t e d  l a m i n a  i n  w h ich  t h e  

i n t e r - h o l e  d i s t a n c e  i s  t o o  g r e a t  f o r  s t r e s s  c o n c e n t r a t i o n  b e t w e e n  

t h e  two h o l e s .



Buschelorganen are always placed at the bottom of 
a definite pit.

Distribution of Tyre 2 Sensillae.

Aa mentioned above 
these large, dually innervated sense organs are found 
in the thick pads of erlcuticle at the ends of the 
apfendeges. However, in the Spiny Lobsters Palinurus 
and Pan^irua the carapace (Pig.32) and the bases of 
most of the appendages are armed with large spines.
In structure these spines strongly resemble the ends 
of the legs , being large, thick pads of epicuticle. 
However, this resemblance goes no further than this. 
These spines do not contain a complex of Type 2 
campaniform sensillae,and Hair Peg organs are usually 
the only sensory structure represented (Pig.33).

The complexes of Type two sensillae in the ends 
of the appendages are thus unique and it is not
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Folinurm  vwinori» carapoc*

S c m

Plg.32.

T h i s  i l l u s t r a t e s  t h e  d i s t r i b u t i o n  o f  a y i n e s  

o n  t h e  c a r a p a c e  o f  t h e  S p i n y  L o b s t e r .



H oir p f  e rgon*  in  P. vwlgorl# corapcK» ip in*

H -p -

V'

Pig.33- \

As a t  t h e  t i p  o f  l e g  t h e  s p i n e s  have  a g r e a t l y  

t h i c k e n e d  p a d  o f  e p i c u t i c l e .  How ever ,  t h e i ^  I s  no 

c e m p a n i fo rm  o r g a n  c o m p lex  c o m p a r a b le  w i t h  t h e  l e g  t i p  

a n d  u s u a l l y  o n l y  H a i r  P e g  o r g a n s  CH-p) a r e  p r e s e n t .



unroaspnablo to consider these aggregations as 
composite cutlcular sense organs. In walking, these 
pads are the only direct contact between the animal 
and the ground (Flg3i|A).

They would be stimulated whenever the leg Involved 
was In contact with the ground and would also act 
as receptors for vibration. The high tactile acuity 
of these jada would also be important In the precise 
manipulation of external onjecta.

To what extent the Input from these pads plays 
any part In the co-ordination of walking movements 
remains undeter»mlned. Denervation of the tip, by 
cutting a hole In the dactylorodlte and then severing 
the afferent nerve fibres, does not affect the walking 
sequence, neither does shielding the leg pads from 
stimulation by pushing soft rubber tubing over the 
ends of the legs. However, It would be a strange 
situation Indeed If this campaniform complex gave 
rise to no reflex motor activity and an Intracellular 
study of leg muscle fibres could be expected to give

(60)



Flg.3L.A.Normal Stance of Alert Carclnus.

In normal walking, the tip of the leg only Is In 
contact with the aea floor so that the large campaniform 
organs present here are the only direct sensory contact 
between the crab and the substratum.

Plg*3*^ B^^Proprloceptors of the Leg.

This Is a modification of Whitear*s (196 } 
diagram to show the location of leg proprioceptors In 
Carclnus. The large campaniform organs of the leg tip are 
here tentatively added to this series.





positive evidence of motor octivity as m consequence 
of the stimulation of the leg pad complex.

In Fig.3UB the leg pad complex is drawn as part 
of the series of chordotonal organs which monitor 
the movements of each leg joint. In Pig.3UB the 
terminal pad is interpreted as the most distal of the 
chordotonal series, thepad monitoring movements 
between the ultimate leg **Joint**, namely that 
between the dactylopodite and the substratum. As a 
complex of dually innervated units embedded in a piece 
of elastic cuticle the leg tip la In many ways 
analogous to a true elastic strand organ. Some 
support to this concept is given by the existence 
of certain other aggregations of dually innervated 
cempaniform structures, the function of which remains 
obscure, but which appear in some respects to 
represent a link between true internal elastic 
strand organs and purely cuticular sensory structures.
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other Aggregations of Oampaniform «like Structures.

In addition to the two kinds of true oampaniform 
organ described in this present study a third 
category of campaniform-like organ has been reported. 
These tend to occur in small groups at the joints of 
appendages and even at each joint of both the 
antenna and the antennule including the annuli of 
the flagella.

Wiersme (1959) describes **slit sensillae** occuring 
in groups just distal to the ischio-meropodite, 
mero-carpodite and carpo-prorodite joints of 
Homarua end Palinurus. The nerve cells for these 
••slit sensillae** are associated with true elastic strand 
organs and are sensitive to touch. Whether these 
sensillae are part of the normal proT rloceptor 
components of each elastic strand organ is at 
present under investigation ( Clarec, personal 
communication). Wiersma suggests that the **slit 
sensillae** may represent an intermediate stage in 
the evolution of true, internal proprioceptors.
This view finds support in the studies of Howse
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(1965) on the suhgenual organ of an insect 
Zootermofaia angusticollig where campaniform-like 
organs also co-exist with true scolopidia and Howse 
recalls Berleae (1909) in suggesting that acolopidia 
might have evolved from campaniform organs.

Laverack (196U) describes the presence of 
proprioceptive nerve cells at each interannuler 
articulation of the flagellum of Panulirus argue. 
Although the distal endings of the dendrites were 
not seen it is extremely likely that they arc 
inserted in the groups of campaniform -like structures 
which occur at each annulus. not only in Panulirus 
but also in Homarus (Fig.35A). A precisely similar 
situation occurs in insects (Fig.35B), Recently 
Taylor (I9 6 7) has desc^'lbed campanlform-like 
structures from the basal Joints of the antenna of 
a hermit crab (Petrochlrus californiensis) which act 
in a fully proprioceptive role.

We can begin to see, I think, that the complex 
of oampaniform organs at the end of each leg can 
quite legitimately be regarded as a chordotonal organ.

( 63)



Aggregation of Camganlfora^Organs^

The Crustacean canpanlform organ resomhles its 
Insect counterpart in its distribution.

a ) Group of oampaniform organs from antenna of 
Homarus.

B) Group of oampaniform organs from antenna 
of Dgtisgug (Coleoptera).

Serially repeated groups of oampaniform organs 
are typical of the Insect antenna.
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Similar complexes of dually innervated receptot*a 
occur in insects (Pig.36) (Zacharuk, 1962) and these 
are also dually innervated in contrast to most insect 
oampaniform organs which have a single functional 
neurone although as many as three may he present 
during the morphogenesis of the organ (Howse, personal 
communication).

Dual Innervation in Campaniform Organs & Chordotonal Organs

In the Type 2 campaniform organs of Crustacea the 
functional significance of the two neurones is clear 
enough in the typical **on-off** response of these organs.
The reason for the retention of this arrangement was 
by no means so clear in the case of elastic strand 
organs. However, recently Hartman and Boetigger (1967) 
have recorded from single pairs of neurones in the 
propua/dactylus organ of Cancer irroratug and have 
demonstrated that both units of the pair discharge 
together and that differences between position (tonic)
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F i g  ,3 (» .D u a l l y  I n n e r v a t e d  C a m p a n l f orm%Çj

- 'a n  I n s e c t .  ;.> ■

T h i s  i s  a n  i l l u s t r a t i o n f r o n i  Z a o ^ i f ^ k ^ s  p a r e r  

( 1 9 6 2 .) sh o w in g  d u a l l y  i n n e r v a t e d  sense^ c ^ g a h s  f rom  t h e  

m a n d i b l e s  o f  an  E l a t o r  b e e t l e  l a r v a . $hb  b e t t e r  known 

s i n g l y  i n n e r v a t e d  c a m p a n i fo rm  o r g a n s  | a r e  p r e s e n t  a t  **a**.



and movement (phasic) receptors Is based not upon 
distinctions within pairs but upon the point at which 
a particular pair is Inserted in the elastic strand. 

In other words, one member of the pair is effectively 
redundant.
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THE CHKlSORliC?:?TOR HAIR SYSTEM.

Introductory.

With the finding that Luther* 8 **funnel 
canal organ** was not a contact chemo-receptor the 

whole problem of contact chemo-roceptlon in Cruatncoa 
was jut in question. Accordingly, the pereiorods, 
chelae and mouthparts, the three main situations 
where a contact chemoreceptor system is said to exist, 
were subjected to an anatomical and electrophysioTogical 
examination. Three general questions were considered*
(1) %hat are the receptors involved?
(2) Is their structure constant for all situations 

in which contact chemo—reception can be shown to 
exist?
( 3 )  I s  c o n t a c t  c h e m o - r e c e p t i o n  a m e a n i n g f u l  c o n c e p t  

f o r  a n  a q u a t i c  a n i m a l  anyway?

Effectively the study consisted of an anatomical 
investigation of structures, shown to be chemo- 
receptors by behavioural and electropiiysiological 
means. In all cases chemical stimulation was applied
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to structures exposed in air and rubber discs, 
petroleum jelly and insect wax (a mixture of rosin 
and beeswax) were used to restrict the flow of 
stimulatory chemicals to small, known areas* In the 
case of electrophysiological experiments the 
innervation to these smell, known areas was 
dissected out in preparation for extra-cellular 
recording using platinum hook electrodes* 
çlwmo-rgçeEtora_gf the PerelopodB.

Chemical
stimulation of the pereiopode normally results in the 
flexion of the stimulated appendage (iAflersma I9 6I). 
However, this reflex can only he elicited when the 
stimulatory solution flows over the dense hair ro s 
which occur on the dactylopodite and propod1te of 
^gggyug and Carclnus.Two kinds of hair occur In these 
rows, (I) heavily taniMd, large hairs with sparse, 
terminal hrnnching and (2) thinner liberally 
branched hairs with a lightly tanned proximal shaft 
but untanned branched distal shaft. Electrophysiological

(67)



experiments indicated that a response to chemicals 
depended upon the presence of the latter kind of hair 
and that the larger heavily tanned hairs responded 
only to tactile stimulation* These latter hairs occur 
singly in Carcinus and in large, dense hunches in Homarug^

Typical responses to chemical stimulation of the 
hair rows in Carcinus and Homerus are shown in Pig*
37# and Pig* 38 is a series of recordings of responses 
to tactile stimulation of the heavily tanned mechano- 
receptor hairs of Homarus* The movements of the 
stimulating probe are monitored on the second beam 
of the oscilloscope.

There was no evidence, either behavioural or 
electrophysiological for the existence, on the surface 
of the pereiopods, of any chemo-sensory structure 
other than the branched hairs described above, and 
thus it may reasonably be assumed that these hairs 
are the only chemosensory structure present on the 
walking legs*

Hair Plate Organs*

The first two pairs of pereiopods 
in Homarus are chelate, i.e. the propodite bears a
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P lg .ST. C h e m o r e c e r t o r  A c t i v i t y  f ro m  Deempod W a lk in g

Leg.
R e s p o n s e  t o

a)  I  d r o p  o f  s e a  w a t e r  a p p l l o d  t o  C a r c i n u s

h a i r  row ,

b )  I  d r o p  o f  f i l t e r e d  ^ ^ t i l u s  e x t r a c t  

a p p l i e d  t o  same p r e p a r a t i o n ,

c )  2 d r o p s  o f  s e a  w a t e r  a p p l i e d  t o  Homarus

h a i r  row ,

d) I  d r o p  o f  f i l t e r e d  M g t i l u s  e x t r a c t  

a r p l i e d  t o  same p r e p a r a t i o n .

I n  b o t h  c a s e s  t h e  p r e p a r a t i o n  c o n s i s t e d  

o f  a s e c t i o n  o f  a c h e m o r e c e p t o r  h a i r  row f ro m  t h e  t h i r d  

p a i r  o f  w a i v i n g  l e g s .

Tm K I  s e c .
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F ig .3 8 *  M e c h a n i c a l l y  E v o k ed  R e s p o n s e  f rom  H a i r  

B u n c h es  f ro m  a Homarus W a lk in g  L eg .

T h e s e  h a i r  b u n c h e s  a r e  c h e m i c a l l y  i n s e n s i t i v e  

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

Lower t r a c e  r e c o r d s  movement o f  d e f l e c t i n g  p r o b e .

TM » I  s e c .



prolongation which is opposed to the dectylopodite*
The midline of both inner surfaces is marked by a 
sharp line which, when magnified, is seen to consist 
of a row of short, conical hairs (Pig.39)* The only 
other large hair structures present are the dense 
bunches of mechano-receptor hairs which are present 
on all the waiving legs.

The clew closing reflex can be elicited either 
by stroking the line of conical hair-pletes with a 
probe or by chemical stimulation of the row with 
drops of stimulatory chemicals dissolved in see-water. 
Stimulation with see-water alone does not elicit the 
reflex neither does mechanical stimulation of the 
bunches of mechano-receptor hairs.

Only one hair type occurs in the central hair row, 
the conical hair plate organs. Therefore, either each 
heir plate contains mechanically sensitive units and 
chemosensory units or every unit of a hair plate 
organ is sensitive both to mechanical and to 
chemical stimuli.
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S u r f a c e  o f  

I n  Hom arus .

b  m Bunch o f  M s c h a n o - r  c e p t o r  h a i r s ,  

c h . p .  » C h e ro o r e c e p to r  h e i r  p i e t e a .  

f l . t .  * F l e x i b l e  p a d  e t  l e g  t i p .



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

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

t o  m e c h a n i c a l  a n d  t o  c h e m ic a l  s t i m u l i  a r e  t h e  same 

( F ig .U O ) .  P u r e l y  m e c h a n o - a e n s o r y  u n i t s  n o r m a l l y  g i v e  

r i s e  t o  s p i k e s  t h r e e  o r  f o u r  t i m e s  l a r g e r  t h a n  t h o s e  

r e c o r d e d  f ro m  t h e  h a i r  p l a t e  o r g a n s .  F i g .U I  show s 

a  r e s p o n s e  t o  c h e m i c a l  s t i m u l a t i o n  from  t h r e e  h a i r  

p l a t e  o r g a n s .

S t r u c t u r e  o f  H a i r  P l a t e  O r g a n s .

E a c h  h a i r  p l a t e  i s  

a  s h o r t  s t o u t  h a i r  w h ic h  i s  c o v e r e d  on  i t s  p r o x i m a l  

s i d e  w i t h  two t o  t h r e e  h u n d r e d  b r a n c h e s .  Eac& h a i r  

p l a t e  i s  i n n e r v a t e d  b y  a  s i m i l a r  num ber o f  f i n e  n e r v e  

f i b r e s  ( F i g .  k2Sd^3) a n d  i n  some p r e p a r a t i o n s  i t  i s  

p o s s i b l e  t o  s e e  t h a t  a d e n d r i t e  e n t e r s  t h e  b a s e  o f  

e a c h  b r a n c h  e n d  t r a v e l s  up  i t  f o r  some d i s t a n c e .

T h e r e  i s  no  e v i d e n c e  f o r  a n y  i n n e r v a t i o n  o f  t h e  

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

se em s c l e a r  t h a t  e a c h  h a i r  i s  i n n e r v a t e d  b y  o n e  c l a s s  

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

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

s t i m u l i .

(70)
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Row o f  a h o m a ru s  C h e l a t e  W a lk in g  L e g .

D e s p i t e  i n n e r v a t i o n  b y  one c l a s s  o f  n e u ro n e  

o n l y ,  t h e s e  H a i r  P l a t e s  a r e  b o t h  m e c h a n i c a l l y  and

c h e m i c a l l y  s e n s i t i v e .

a )  R e s p o n s e  t o  s t r o k i n g  v / i t h  a p r o b e ,

b )  R e s p o n s e  t o  2 d r o p s  o f  s e a  w a t e r .

c )  R e s p o n s e  t o  I  d ro p  o f  f i l t e r e d  H g t l l u s  

e x t r a c t .

d) B a c k g ro u n d  a f t e r  s e a  w a te r  r i n s i n g .

TM e  I  s e c .



I  I .  - '

bockground a f t a r  f w  rlna lng .

Flg .ü , .! . H e s r o n s e s  f ro m  a G rour o f  T h r e e  H a i r

P l a t e s  (Horoaru a ) .

f') R e s p o n s e  t o  one d ro p  o f  s e a  w a t e r .

b )  R o a io n s e  t o  f i l t e r e d  M y t i l u s  e x t r a c t .

c )  B a c k g ro u n d  a f t e r  s e a  w a te r  r i n s i n g .

TM m I  s e c .
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F ^ » 4 3 « A  S i n g l e  H a i r  P l a t e .

T h i s  i l l u s t r a t e s  t h e  b r a n c h i n g  o f  t h e  h a i r  

p l a t e s .  T h e r e  i s  a r o u g h  c o r r e s p o n d e n c e  b e tw e e n  t h e  

num ber o f  f i n e  d e n d r i t e s  e n t e r i n g  t h e  b a s e  o f  e a c h  h a i r  

an d  t h e  num ber o f  b r a n c h e s .



The d e t a i l e d  su rfîm es s t r u c t u r e  o f  t h e s e  h a i r  p l a t e s  

i s  t h e  s u b j e c t  o f  P i g . V i  A U5. T he f i n e  b r a n c h e s  a r e  

l a r g e l y  r e s t r i c t e d  t o  one  s i d e  o f  t h e  h a i r  and  t h e  

a p i c a l  r e g i o n  i s  c o m p l e t e l y  f r e e  o f  b r a n c h i n g .  B e c a u se  

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

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

t h e  b r a n c h e s  t o  s p r i n g  up  l i k e  t h e  s p i n e s  o f  a 

h e d g e h o g  ( P i g . h 6 ) .  T h i s  m oans t h a t  t h e  maximum 

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

w i t h  eni'’ e x t e r n a l  o b j e c t  g r i p p e d  b y  t h e  sm -11 c h e l a .  

T h i s  i s  i l l u s t r a t e d  b y  F lg .U 7 *  I t  i s  i n t e r e s t i n g  t o  

r e c a l l  C o w le s '  ( 1 9 0 8 )  o b s e r v a t i o n  t h a t  t h e  S end  C ra b  

Qcy^^oda a r e n a r i a  w h ic h  t e s t s  i t s  f o o d  b y  p i n c h i n g  

i t  f i r s t  i n  i t s  c h e l a  an d  o n l y  t h e n  c o n v e y s  i t  t o  t h e  

m o u th .  A lm o s t  c e r t a i n l y  h a i r  p l a t e  o r g a n s  w o u ld  h a v e  

b e e n  t h e  s e n s e  o r g a n s  i n v o l v e d .

C h e m o r e c e p to r  H a i r s  on t h e  L a r g e  C h e l a e .

A l th o u g h  t h e  

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

c h e m i c a l  s t i m u l i  i t  i s  i n  t h e  c u t t e r  c la w  t h a t  t h e

(71)
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S i S i Ë r
X. 310

S u r f a c e  s t r u c t u r e  o f  t h e  row  o f  h a i r  p l a t e s  

w h ic h  l i n e s  b o t h  i n n e r  s u r f a c e s  o f  t h e  c h e l a t e  

p e r e i o p o d s  o f  H om arus .
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S u r f a c e  s t r u c t u r e  o f  a h a i r  p l a t e



F i x . 4 6 .  P re s u m e d  mode o f  a c t i o n  o f  H a i r  P l a t e .

B e n d in g  o f  t h e  h a i r  r l a t e  w her t h e  c h e l a  c l o s e i  on 

n r  o b j e c t  c a u s e s  t h e  e r e c t i o n  o f  t h e  c h e iu o - s e n s o r y  

b r a n c h e s  w h ic h  a-ne t h u s  f u l l y  ex r :o sed  t o  a n y  

s u h s t n ’̂ ce e m a n a t in g  f ro m  t h e  o b j e c t  g r i p p e d .



-iSiiiZî._6£îi2D_2£_ë®iE_£lPte Row.

T h i s  i l l u s t r s t e s  t h e  a c t i o n  o f  t h e  h a i r  p l a t e  row 

S3 a w ho le  when a n  o b j e c t  i s  g r a s p e d  b y  a  s m a l l  c h e l a ,  

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

b e n t  b y  th e  o b j e c t  g r a s p e d  ( P i g . U 6 ) .



c h e m i c a l  s e n s e  i s  m o s t  d e v e l o p e d .  S m a ll  c lu m p s  o f  

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

e d g e  ( F i g .  46 A 4 9 )  e n d  i t  i s  h e r e  t h a t  t h e  c h e m ic a l  

s e n s e  o f  t h e  c h e l a e  r e s i d s ^ s .  N e rv o u s  a c t i v i t y  c a n  

o n l y  be  r e c o r d e d  f ro m  f i b r e  b u n d l e s  i n n e r v a t i n g  

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

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

s t i m u l a t i o n  o f  t h e  c h e m o - s e n s o r y  h a i r s .  T h e r e  i s  no 

e v i d e n c e  t h a t  t h e  c u t t i n g  e d g e  i t s e l f  i s  s e n s i t i v e  

t o  c h e m ic a l  s t i m u l a t i o n .  N or i s  t h e r e  an y  e v i d e n c e  

f o r  f i n e  d e n d r i t e s  w i t h  u n d i f f o r e n t i a t e d  e n d i n g s  i n  

t h e  c u t i c l e  o f  t h e  c u t t i n g  e d g e .  C am pan ifo rm  o r g a n s  

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

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

t h e  l a r g e  c h e l a e  f ro m  t h e  s m a l l e r  c la w s  on  t h e  f i r s t  

tw o  p a i r s  o f  p e r e i o p o d s  so  t h R t  o b j e c t s  p i c k e d  up  b y  

t h e  l a r g e  c la w  e r e  n o t  d i r e c t l y  g r i p p e d  b y  

c h e m o s e n s o ry  h a i r  p l a t e s .  The h e i r  b u n c h e s  a r e  

s u b j e c t e d  t o  c h e m ic a l  s t i m u l i  a s  t h e  c u t t i n g  e d g e  o f  

t h e  l a r g e  c la w  g r a s p s  an d  s h e a r s  t h r o u g h  t h e  o b j e c t

(72)



F ig ,U 6 ,  Chelae o f  Homarug v u l g a r i s .

The ch e la e  of t h i s  sp c l a s  are not i d e n t i c a l  

hut are d i f f e r - n t l a  ted in to  " c u t t e r ” nnd ”c^ 0 3 her” 

c law s .  However, the " c u t te^ ” claw (nearer)  la

l i b e r a l l y  3ui?rlied ^vith cheiio^ece'rtor ha j r s  a long  

e i t h e r  s id e  o f  t h i  c u t t i n g  edge and could e p ja l ly  

w ell  be c a l l e d  the " t a s t e r ” claw.

A small  number o f  s im i la r  h a i -'-*3 apo a l s o  ^'resent  

or the c uisher claw.
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I n  i t s  g r i p .  The e l a b o r a t e  s t r u c t u r e  o f  t h e  h e i r  p l a t e  

o r g a n s  o f  t h e  s m a l l  c h e l a e  i s  l a c k i n g  i n  t h e  h a i r  

b u n c h e s  o f  t h e  c u t t e r  and  c r u s h e r  c l a w s .  The s t r u c t u r e  

o f  t h o s e  h e i r s  r e s e m b l e s  t h e  l o n g e r ,  b r a n c h e d ,  chemo

s e n s o r y  h a i r s  o f  t h e  n o n - c h e l a t e  w a lk in g  l e g s ,

C h e m o r e c e p to r  O rg a n s  o f  t h e  M o u th n a r t a ,

The m ou th

r e g i o n  o f  D ecapod  C r u s t a c e a  i s  s u r r o u n d e d  b y  s i x  p a i r s  

o f  h i g h l y  d i f f e r e n t i a t e d  a r p e n d a g e s  w h ic h  t o g e t h e r  

fo rm  t h e  m o u t h p a r t s .  The f i r s t  t h r e e  p a i r s  o f  t h e s e  

a p p e n d a g e s ,  n a m e ly  t h e  m a n d i b l e s ,  m a x i l l u l e s  an d  

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

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

t h e  t h r e e  p a i r s  o f  m a x i 'A l ip e d s ,  a r e  t h o r a c i c  i n  o r i g i n  

a n d  a r e  i n t e r m e d i a t e  i n  s t r u c t u r e  and  f u n c t i o n  b e tw e e n  

t h e  m o u t h p a r t s  p r o p e r  an d  t h e  w a lk in g  l e g s  an d  c h e l a e .  

A l l  s i x  p a i r s  o f  m o u t h p a r t s  a r e  I n v o lv e d  i n  some 

way w i t h  h a n d l i n g  e x t e r n a l  o b j e c t s  w h ich  a r e  l a t e r  

t o  be  i n t r o d u c e d  i n t o  t h e  m o u th .  H ow ever, t h e  m o u t h p a r t s  

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

a s  m a i n t a i n i n g  and  d i r e c t i n g  t h e  r e s p i r a t o r y  c u r r e n t .

(73)



We a r e  c o n c e r n e d  h e r e  o n l y  w i t h  t h e  f o o d  h a n d l i n g  

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

i n  i t .

T he M a x i l l i r o d s .

The t h i r d  m a x i l l i p e d a  a r e  t h e  l o n g e s t  

p a i r  o f  m o u t h p a r t s  ( F i g , 50) a n d  h a v e  two m a in  f u n c t i o n s ,

( 1 )  C l e a n i n g  t h e  a n t e n n u l e s  a f t e r  c h e m ic a l  

c o n t a m i n a t i o n  ( P i g , 5%).

( 2 )  P i c k i n g  o b j e c t s  o f f  t h e  s e a  f l o o r  an d  p a s s i n g  them  

t o  t h e  s e c o n d  m a x i l l i p e d s .

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

t h e  f o o d  a n d  g u i d i n g  i t  t o  t h e  t h r e e  p a i r s  o f  s h o r t ,  

h e a d  a r p e n d a g e s  w h ic h  im m e d ia te l y  s u r r o u n d  t h e  m o u th .

T h re e  m a in  s e n s o r y  s t r u c t u r e s  a r e  p r e s e n t  on t h e  

m a x i l l i p e d s ,  c a m p a n ifo rm  s e n a i l l a e ,  l a r g e  m e c h a n o -  

r e c e p t o r  h a i r s  a n d  f i n e  comb h a i r s  ( P i g , 52 A 53) w h ic h  

r e s p o n d  s t r o n g l y  t o  c h e m ic a l  s t i m u l i  ( F i g , 5 4 ) ,  T h e s e  

a p p e a r  t o  b e  t h e  o n l y  c h e m o s e n s o ry  s t r u c t u r e  

r e p r e s e n t e d  on  t h e  m a x i l l i p e d s .  E a c h  h a i r  h a s  a t a n n e d  

b a s a l  s h a f t  ( t  i n  F i g ,  53) en d  a n  u n t a n n e d  d i s t a l  

r e g i o n  w i t h  a  v a r i a b l e  num ber o f  o p p o s i t e ,  c o m o - l i k e

( 7 4 )



b r a n c h e s .  T h e s e  h a i r s  a r e  u s e d  t o  comb t h e  a e s t h e t e s c  

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

w i t h  s m a l l  f o o d  p a r t i c l e s .  The t h i r d  m a x i l l i p e d s  

c a n  t h u s  t a s t e  w h e th e r  t h e  a n t e n n u l e  c h e m o r e c e p to r s  

a r e  c l e a n  o r  n o t .  S in c e  a d a p t a t i o n  t o  c h e m ic a l  s t i m u l i  

o c c u r s  c o m p a r a t i v e l y  q u i c k l y  t h e  a n t e n n u l e s  p r e s u m a b ly  

r e q u i r e  t h e  d o u b le  c h e c k  o f  t h e  r a a x i l l i p e d  comb h a i r s  

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

The t h i r d  an d  s e c o n d  m a x i l l i p e d s  h av e  a s e r r a t e d  

i n n e r  e d g e  much l i k e  t h e  c u t t i n g  e d g e  o f  t h e  c u t t e r  

c l a w .  The f i r s t  m a x i l l i p e d  p o s s e s s e s  a s i n g l e  row  

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

a r e  a  s p a r s e  p o p u l a t i o n  o f  m e c h a n o r e c e p to r  a n d  comb 

h a i r s ,  ( F i g , 5 5 ) .

The m a x i l l a  an d  t h e  m a x i l l u l e  p o s s e s s  r a t h e r  s m a l l e r  

g r i p p i n g  s p i n e s  a n d  a s m a l l  num ber o f  c o m b - h a i r s  

( F i g , 5 6  u p p e r ) .  T he m a n d ib le  i s  t h e  in n e r m o s t  o f  t h e  

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

s c l e r i t e  w i t h  a  t o o t h e d  b i t i n g  e d g e  c o n t a i n i n g  

c a m p a n ifo rm  o r g a n s ,  C h e m o se n so ry  s t r u c t u r e s  a r e  n o t  

r e p r e s e n t e d  on  t h e  b a s a l  b o d y  o f  t h e  m a n d ib le  b u t

( 75)



m

"Pig. 50. Month Hompr-as v u l g p r i s .

Bet^ïôcn I h i  L i i l r i  .aa:ci l  i j  c l :  ( t h )  and t  le 

j i a n c l i b l e s  (,m) a r  - four» o t a s r  p a i r s  o f  : endu ._,3S ohlch

s o r t  and .sUida f o o 0 o u t i l  P T ' o r t u r c  i t s e l f .



j to t e n n u l e  C l e a n l y  R efloX y

A) A n te n n u l e s  f r e e .

B) A f t e r  c h e m ic a l  s t i m u l a t i o n  t h e  a n t e n n u l e s  ( a )  

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

t h e  3 r d .  m a x i l l i p e d s  (m ) .
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F i g .  3^ .  2nd.:^n < l l M r o d  ( H. v u l g a r i s ) .

The in ner  edge i s  co m ro se d  o f  p row o f  

G p ic u t lc u l s r  o s s i c l e s .  Comb h a ir s  (C) are p r e s e n t  on 

e i t h e r  s id e  o f  th  se o s s i c l e s .



!

1=

F ig .  53. Comb i i s i r  o f  nom»»rus vulr<“̂ r i s .

T he d i s t a l  r e g i o n  ot* t h e s e  c h e râ o s e n s o ry  h a i r s  i s  

t r a n s l u c e n t  a n d  u n t a n n e d .  T he p r o x i m a l ,  u n b r a n c h e d  r e g i e  

o n l y  e x ï i i b i t s  t s n n in ;^  ( t ) .
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o f  t h e  M a x i l l i p e d s  (H o m e ru s ) .

a )  R e sp o n se  t o  one d ro p  o f  so a  w e t e r ,

b )  R e sp o n se  t o  one j r o ;  o f  f i l t e r e d  Q adus e x t r a c t ,

c )  R e sp o n se  a f t e r  20 s e c o n d s ,

d) B a c k g ro u n d  a f t e r  s e e  w a t e r  w p s h in g ,

TM * I  s e c .

The comb h a i r s  a r e  u s e d  t o  c l e n n  th e  

a e s t n e t a s c  h a i r s  o f  t h e  a n t e n n u l e s  a f t e r  c h e m ic a l  

c o n t a r n i n e t 3 o n .



I'l'• %31. - V n x i l l l  e'" o f  ;n vu] r i a .

The i n n e r  ed ^^  o f  t h i s  a p r e n ô a g e  I s  a rm e d  w i t h  a 

r o ’V o f  s p i n e s  ( 3 ^ .  Comb h n i m  r ,re  r r e s e n t  i n  two 

s u c c e s s i v e  o u t e r  r o .  s .



M a x i lT u le  M a n d lb le  o f  Hoinam s ▼uT.f'aris

B o t h  f îp ;en  a ^ e s  o s s e s s  comb h a i r s .  I n  t h e  m a n d i b l e  

t h e s e  a r e  r e s t r i c t e d  t o  . j..e s .v .a l l ,  t a  s t i n t ;  p a i r  , t ) .



a t h i c k  f p i r ^ e  o f  comb ha i r a  i s  b o r n e  on t h e  

m a n d ib le  p a l p .  T h i s  p a l p  i s  n o r m a l l y  h e l d  i n  t h e  

c a v i t y  p r o x i m a l  t o  t h e  i n c i s o r  p r o c e s s  ( F i g . 56 l o w e r ) .  

I n  t h e  i n t a c t  a n im a l  t h i s  p a l p  i s  on  t h e  b u c c a l  s i d e  

o f  t h e  m a n d ib le  a n d  i s  e f f e c t i v e l y  t h e  a n i m a l ’ s  

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

t h r u s t  i n t o  t h e  s h o r t  o e s o p h a g u s  an d  on i n t o  t h e  

g a s t r i c  m i l l .  I t  i s  p o s s i b l e  t h a t  t h e  p a l p  I s  a l s o  

u s e d  t o  c l e a n  o u t  t h e  b a c k  o f  t h e  m a n d ib le  a f t e r  

f e e d i n g .

C o n c l u s i o n .

We now know t h a t  a v a r i e t y  o f  c h e m o r e c e p to r  

o r g a n s  o c c u r  i n  D ec ap o d s  i n  a d d i t i o n  t o  t h e  a e s t h e t a s c  

h a i r s  o f  t h e  a n t e n n u l e s .  The l a t t e r  a r e  u n iq u e  i n  

b e i n g  t h e  o n l y  u n b r a n c h e d  c h e m o r e c e p to r  h a i r  known 

i n  C r u s t a c e a .  A l l  t h e  o t h e r  c h o r a o r e c e p to r  o r g a n s  

d e s c r i b e d  h e r e  e x h i b i t  b r a n c h i n g  i n  v a r i o u s  d e c r e e s .

I t  i s ,  p e r h a p s ,  m i s l e a d i n g  t o  d e s c r i b e  t h e  a e s t h e t a s c  

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

r e g i o n  w h ic h  c o u l d  b e  r e g a r d e d  a s  a s i n g l e  b r a n c h .

T he a e s t h e t a s c  h a i r s  a r e  s u b j e c t e d  t o  a  v e r y

(76)



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

f l i c k i n g  r - ^ f l e x  o f  t h e  a n t e n n u l e s  an d  t h e  

c o m p a r a t i v e l y  s m a l l  s u r f a c e  a r e a  o f  an  a e s t h e t a s c  

( d u e  t o  t h e  l a c k  o f  b r a n c h i n g )  i s  p r e s u m a b ly  

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

q u a n t i t y  o f  s e e  w a t e r  i s  p a s s i n g  e a c h  h e i r  p e r  u n i t  

t i m e .

The comb h a i r s  o f  t h e  m o u t h p a r t s  p o s s e s s  a f a i r l y  

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

l i m i t e d  am ount o f  I r r i g a t i o n  d u r i n g  t h e  w a v in g  

m ovem ents  o f  t h e  m a x i l l i p e d a  t h a t  t a k e  p l a c e  d u r i n g  

t h e  f e e d i n g  b e h a v i o u r .

The p e r e i o p o d  c h e m o r e c e p t o r s  a r e  v e r y  l i m i t e d  i n  

t h e  am oun t o f  s e a  w a t e r  w h ic h  t h e y  sa m p le  p e r  s e c o n d  

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

o f  t h e s e  h a i r s  i s  p o s s i b l y  c o r r e l a t e d  w i t h  t h i s .  I t  

i s  t h e  h a i r  p l a t e  o r g a n s  a n d  t h e  c h e m o s e n s o ry  h a i r s  

o f  t h e  l£*rge c l i e l a e  w h ic h  show t h e  g r e a t e s t  d e g r e e  

o f  b r a n c i i i n g .  T h e s e  o r g a n s  a r e  t h e  o n l y  r e a l  c o n t a c t  

c h e m o r e c e p t o r s  i n  D e c a p o d s  so  f a r  a s  i s  known a t  

p r e s e n t  a n d  a r e  s u b j e c t e d  t o  v i r t u a l l y  no  i r r i g a t i o n .

(77)



1

We a r e  l e d  t o  c o n c l u d e  t h a t  c l e a r  c u t  

d i s t i n c t i o n s  ‘b e t w e e n  c o n t a c t  and  d i s t a n c e  c h e m o r e c e p t o r s  

i n  C r u s t a c e a  a r e  v e r y  d i f f i c u l t  t o  d raw  when so  many 

i n t e r m e d i a t e  t y p e s  e x i s t .  N e v e r t h e l e s s ,  i t  d o e s  seem 

r e a s o n a b l e  t o  a s sum e  t i i a t  a  n e g a t i v e  c o r r e l a t i o n  

e x i s t s  b e t w e e n  t h e  am ount  o f  i r r i g a t i o n  t o  w h ic h  a 

c h e m o r e c e p t o r  h a i r  i s  s u b j e c t  a n d  t h e  d e g r e e  o f  

b r a n c h i n g  o f  t h a t  h a i r .

(76)



THE CHEMORECEPTOR 3YSTBM IN 

FEEDING BEHÀVI)UR.

F e e d i n g  b e h a v i o u r  i n  D ecapod»  i s  a  c o m p le x  s e r i e s  

o f  r e f l e x e s  i n  w h i c h  a l l  t h e  c h e m o r e c e p t o r  t y p e s  

d e s c r i b e d  ab o v e  p l a y  a p a r t .

S t i m u l a t o r y  s u b s t a n c e s  a r e  p i c k e d  up  f i r s t  o f  a l l  

b y  t h e  a e s t h e t a s c  h a i r s  o n  t h e  a n t e n n u l e s  a s  t h e y  

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

o f  m a x i l l i p e d a  t h e n  e x e c u t e  w a v in g  m ovem ents  t h u s  

i r r i g a t i n g  t h e i r  comb h a i r s  a n d  i n c r e a s i n g  t h e  

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

L o b s t e r  o r  C r a b  commences e x p l o r a t o r y  w a l k i n g  w h ic h  

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

t o  t h e  im m e d i a t e  v i c i n i t y  o f  t h e  s o u r c e  o f  s t i m u l a t o r y  

c h e m i c a l s .  I n  t h e  c a s e  o f  L o b s t e r s  t h e  f o o d  i s  u s u a l l y  

t h e n  t o u c h e d  b y  t h e  a n t e n n u l e s  w h ic h  a r e  a f t e r w a r d s  

com bed c l e a n  b y  t h e  t h i r d  m a x i l l i p e d a .  T h e  s h o r t  

a n t e n n u l e s  o f  c r a b s  h a v e  a  much h i g h e r  f l i c l i n g  r a t e  

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

a n y  c a s e  t h e y  a r e  n o t  com bed b y  t h e  t h i r d  raaxil** i p e d s .

(79)



The c h e m o r e c e p t o r s  o f  t h e  w a l k i n g  l e g s  a n d  

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

d i r e c t l y  t o u c h e d  and  g a t h e r e d  up  t o  t h e  m o u t h p a r t s .  

Prom t h a n  o n  t h e  f o o d  i s  g u i d e d  i n t o  t h e  o e s o p h a g u s  

a n d  a c e r t a i n  am o u n t  o f  p r e l i m i n a r y  c u t t i n g  up  

t a k e s  p l a c e  a s  t h e  p o l y c h a e t e  o r  s m a l l  f i s h  i s  

p u s h e d  p a s t  t h e  m a n d i b l e s .

The  V i s u a l  S e n s e  i n  F e e d i n g  B e n a v i o u r .

A l t h o u g h

c h e m i c a l  s t i m u l i  p l a y  a  v e r y  i m p o r t a n t  p a r t  i n  

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

v i s u a l  s t i m u l i  a r e  a l s o  i m p o r t a n t  i n  some f e e d i n g  

s i t u a t i o n s .  B o t h  L o b s t e r s  a n d  C r a b s  a r e  c a p a b l e  o f  

c a t c h i n g  s m a l l  f i s h  w i t h  t h e i r  c h e l a e  a n d  a t  t i m e s  

when b a i t  i s  s c a r c e  c o m m e r c i a l  f i s h e r m e n  s u c c e s s f u l l y  

u s e  b r o k e n  w h i t e  c r o c k e r y  i n  t h e i r  C r a b  o r  L o b s t e r  

p o t s .

(80)
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L i k e  m o s t  s t u d i e s  o f  v e r y  i n c o m p l e t e l y  known 

a n i m a l s  t h i s  work h a s  p o s e d  a l m o s t  a s  many q u e s t i o n s  

a s  i t  h a s  a n s w e r e d .  T a k i n g  t n e  l a t t e r  f i r s t  wc now 

know t h a t  t h e  C r u s t - c e a n  c h e m o r e c e p t o r  s y s t e m  i s  b a s e d  

o n  h a i r - s e n s i l l a e  a n d  t h a t  t h e  u n n e l  c a n a l  o r g a n ’* 

o f  L u t h e r  ( 1 9 3 0 )  i s  a t y p e  o f  c a m p a n i fo r m  o r g a n .

T h i s  i s  k n o w le d g e  w h i c h  h a s  b e e n  g a i n e d  b y  u s i n g  

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

b u i l d i n g  up  a  p i c t u r e  o f  t h e  f u n c t i o n a l  a n a to m y  o f  

i d e n t i f i e d  s t r u c t u r e s .

I t  i s  p r o b a b l e  t h a t  w i t h  t h i s  work  a n d  t h a t  o f  

P a b s t  a n d  K ennedy  ( 1 9 6 7 )  a l l  t h e  m a j o r  ty j^ a s  o f  D ec a p o d  

c u t i c u l a r  s e n s e  o r g a n  h a v e  now b e e n  f u n c t i o n a l l y  

d e s c r i b e d .  The  ^ a r l y  a n a t o m i c a l  l i t - r a t u r e  i s  

a d e q u a t e l y  s u m m a r iz e d  i n  B u l l o c k  a n d  I l o r r i d g e  ( 1 9 6 5 )  

a n d  i n d i c a t e s  an  e n o rm o u s  v a r i e t y  o f  I n n e r v a t e d  

c u t i c u l a r  s t r u c t u r e s .  I t  i s  t h i s  a u t h o r ’ s  b e l i e f

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

M a l a c o s t r a e a n  c u t i c u l a r  s e n s e  o r g a n s .  S m a l l  i n t r a  a n d

(81)



e x t r a s r e c i f l e  v a r i a t i o n s  i n  a n a t o m i c a l  d e t a i l  t e n d  

t o  c o n f u s e  a n  o v e r a l l  c o n c e r t  o f  a r e l a t i v e l y  s m a l l  

n u m b e r  o f  b a s i c  f u n c t i o n a l  t y p e s  wiiich  a r e  t h e m s e l v e s  

i n t e r - r e l P t e d .

( 1 )  H a i r s  w h ic h  e r e  n o t  i n n e r v a t e d .

By no  m eans  a l l

h a i r s  a r e  s e n s o r y  a n d  p o s s e s s  an  i n n e r v a t i o n .  The 

c c a m p a n i o n  h a i r s  d e s c r i b e d  b y  M e l l o n  ( I 9 6 3 ) f ro m  t h e  

t h o r a x  o f  t h e  f r e s h w a t e r  c r a y f i s h  a r e  t> " p ic a l  o f  t h i s  

c l a s s .  Some o f  t h e s e  h a i r s  show an  e x t r e m e  d e g r e e  

o f  f a n - l i k e  b r a n c h i n g  a s  i n  t h e  f r i n g e  h a i r s  o f  t h e  

m a x l l l i p a d  f l a g e l l a  a n d  t h e  b o r d e r  o f  t h e  c n r ^ r o e e .  

O t h e r s  a r e  e x t r e m e l y  s i m p l e  i n  s t r u c t u r e ,  f o r  e x a m p l e ,  

t h e  l a r g e  n u m b e rs  o f  u n b r a n c h e d ,  n o n - i n n e r v a t e d  h a i r s  

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

i s  a c o n s i d e r a b l e  v a r i e t y  o f  n o n - s e n s o r y  h e i r s  i n  

C r u s t a c e e  a l l  o f  w h ich  a r e  em l o y e d  i n  m e c h e n i c a l  

o r  h y d r o d y n a m ic  r o l e s ,

( 2 ) M e c h a n o r e c e r t o r  H a i r s .

A l l  i n n e r v a t e d  h a i r s  a p p e a r

(82)



t o  e x h i b i t  some s e n s i t i v i t y  t o  o e c h a n i c s l  s t i m u l s t i o n ,  

I n  t h i s  c a t e g o r y  we a r e  e x c l u d i n g  h a i r s  w h ic h  a r e  

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

M e c h a n o s e n s o r y  h a i r s  a r e  t y p i c a l l y  i n n e r v a t e d  b y  

a  s m a l l  num ber  o f  f a i r l y  l a r g e  n e u r o n e s ,  t h e  d e n d r i t e s  

o f  w h ic h  a r e  I n s e r t e d  e i t h e r  a t  t h e  b a s e  o r  some 

d i s t a n c e  up t h e  s h a f t  o f  t h e  h a i r  c o n c e r n e d .  Many 

o f  t h e s e  h a i r s  h a v e  a  d u a l  i n n e r v a t i o n  ( M e l l o n  1 9 6 ) ,  

L a v e r a c k  I 5 6 U) a n d  r e s p o n d  d i f f e r e n t i a l l y  t o  

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

T h e r e  i s  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  c u t i c u l a r  

s t r u c t u r e  o f  t h e  h a i r s  t h e m s e l v e s .  M o s t  o f  t h e  

l a r g e r  t y p e s  show a t  m o s t  a s p a r s e  t e r m i n a l  b r a n c h i n g  

b u t  t h e  s m a l l e r  t y p e s  a r e  s q u a t  a n d  h e a v i l y  b r a n c h e d .  

To t h i s  l e t t e r  c a t e g o r y  b e l o n g  t h e  B u s c h e l o r g e r e n  

o f  L u t h e r  ( 1 9 5 0 )  a n d  t h e  H e i r - f a n  a n d  H a i r - p e g  o r g a n s  

o f  L a v e r a ck ( IÇ 6 2  a & b ) .

I f  i t  i s  p o s s i b l e  t o  s p e a k  o f  a b a s i c  p r i m i t i v e  

C r u s t a c e a n  c u t i c u l a r  s e n s i l l u a  t h e n  t h e  meciieno— 

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

p o s s i b l y  t h e  l e a s t  s p e c i a l i s e d  a r e  t h o s e  h a i r s  w h ic h

(83)



p o s s e s s  m ore  t h a n  two n e u r o n e s ,  t h e  d e n d r i t e s  o f  

w h ic h  p a s s  some d i s t a n c e  up t h e  h a i r  s h a f t .

( 3 ) C h e m o s e n s o ry  H a i r s .

A3.1 known v a r i e t i e s  o f  

c h e m o s e n s o r y  h a i r  p o s s e s s  a m u l t i p l e  ( o f t e n  o v e r  

2 0 0  n e u r o n e s  p e r  h a i r )  i n n e r v a t i o n  o f  s m a l l  b i p o l a r  

n e r v e  c e l l s .  M ost  t y p e s  a r e  b r a n c h e d ,  t h e r e  b e i n g  

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

o f  b r a n c h i n g )  o f  t l i e  h a i r  e n d  t h e  am ount  o f  i - ’r l g a t i o n  

t o  w h ic h  i t  i s  s u b j e c t .  A l l  a v a i l a b l e  e v i d e n c e  

i n d i c a t e s  t h a t  a l l  t h e  n e u r o n e s  a s s o c i a t e J  w i t h  t h e s e  

h a i r s  b e l o n g  t o  o n e  c l a s s  a n d  r e s p o n d  b o t h  t o  c h e m i c a l  

a n d  m e c h a n i c a l  s t i m u l i .  The b r a n c h e s  o f  t h e s e  h a i r s  

a r e  t y p i c a l l y  u n t a n n e d .  How t h e  c h e m i c a l  s t i m u l u s  

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

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

t h e  u n t a n n e d  c u t i c l e  L n v e r e c k  a n d  A r d i l l  ( 1 9 6 5 )  f o u n d  

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

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

e n v i r o n m e n t  v i a  a l a r g e  p o r e  a t  t h e  e n d  o f  t h e  h a i r  

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

t a k e s  p l a c e  h e r e .

(k )  C a m p an l fo rm  O r g a n s .

C am p an i fo rm  o r g a n s  a r e  s m a l l  

m e c h a n o r e c e p t o r s  w h ic h  r e s p o n d  t o  s t r a i n  a p p l i e d  

t o  t h e  c u t i c l e  i n  w h ic h  t h e  o r g a n  i s  s i t u a t e d .  The 

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

Two o r  m ore  d e n d r i t e s  w i t n  a  c u t i c u l a r  s h e r t h  a r e  

i n s e r t e d  i n t o  a c a p - l i k e  d i s c  o f  f l e x i b l e  c u t i c l e  

w h ic h  i s  d i s t o r t e d  when t h e  s u r r o u n d i n g  c u t i c l e  i s  

s t r a i n e d .  I t  i s  p o s s i b l e  t o  i n t e r p r e t  c a m p a n i fo rm  

o r g a n s  a s  h i g h l y  m o d i f i e d  h a i r  s e n s i l l a e  f r o m  w h ic h  

t h e  s h a f t  o f  t n e  h a i r  h a s  b e e n  l o s t .  The c a p  r e s e m b l e s  

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

o f  8 f l e x i b l e ,  r e s i l i n - 1 i k e  c u t i c l e .

C a m p an i fo rm  o r g a n s  e x i s t  i n  two m e in  s i t u a t i o n s ;

( I )  As u n i v e r s a l l y  d i s t r i b u t e d  r a c e r t o r s  f o r  e x t e r n a l l y  

a p p l i e d  c u t i c u l a r  s t r a i n .  T h e s e  a r e  n o r m a l l y  i n n e r v a t e d
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b y  two o r  m ore e m a i l  b i p o l a r  n e u r o n e s .

( 2 )  As d i s t i n c t  a g g r e g a t i o n s  o f  d u a l l y  i n n e r v a t e d  

l a r g e  o r g a n s  w h ic h  a r e  e i t h e r  p a r t  o f  p r o p r i o c e p t o r  

o r g a n s  { ’* s l i t  s e n s i l l a e ” o f  H om arus ,  W iersm a 1 9 5 9 ) o r  

a s  a  com pound t s c t i l e / p r o p r l o c e p t o r  o r g a n  a t  t h e  t i p s  

o f  t n e  p e r e i o p o d s *

T h e r e  was no  e v i d e n c e  i n  t h i s  work f o r  t h e  

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

d e s c r i b e d  b y  W e tz e l  ( 1 9 3 5 )  f o r  t h e  m a n d i b l e s  o f  

C a ^ r e l l a . I n  a l l  c a s e s  w hore  t h i s  a p p a r e n t l y  o c c u r r e d  

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

t h e  t y p i c a l  c a p  e n d  p e g  c o m p o n e n ts  o f  c a m p a n i fo r m  

o r g a n s  a t  t h e  d e n d r i t e  t i p s .  .¥ e t z e l  ( 1 9 3 5 )  e I so 

d e s c r i b e d  b r a n c h i n g  i n  t h e s e  f r e e  c u t i c u l a r  e n d i n g s  

a s  d i d  P r i n g l e  ( 1 9 3 8  I )  f o r  t h e  c a m p a n i fo r m  o r g a n s  o f  

P e r i p l a n e t a . A b s o l u t e l y  no  e v i d e n c e  f o r  t h i s  was 

o b s e r v e d  i n  t h i s  s t u d y .

P a b s t  and  K en n ed y  ( 1 9 6 7 )  h a v e  r e c e n t l y  d e s c r i b e d  

m e c h a n i c a l l y  s e n s i t i v e  n e r v e  e n d i n g s  f ro m  t h e  

a r t h r o d i a l  m em branes  o f  D sca p o d a  b u t  g i v e  no  d e t a i l s  

o f  t n e  s t r u c t u r e  o f  t h e  n e r v e  e n d i n g s .  I t  w i l l  b e
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v e r y  I n t e r e s t i n g  t o  s e a  w h e t h e r  t h e s e  p r o v e  on  

c l o s e r  h i s t o l o g i c a l  e x a m i n a t i o n  t o  "be a n o t h e r  

c a t e g o r y  o f  c a m p a n i fo r m  o r g a n .

i£ « S *

I t  i s  p o s s i b l e  t h a t  i n  t h e  f u t u r e  I n f o r m a t i o n  

w i l l  b e  a m a s s e d  w h ic h  w i l l  e n a b l e  s i m p l e  an d  

com pound e y e s  t o  b e  i n c l u d e d  I n  a g e n e r a l  c l a s s i f i c a t i o n  

o f  i n t e r - r e l a t e d  C r u s t a c e a n  s e n s e  o r g a n s .  H o w ev er ,  

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

f ro m  t h i s  s i m p l e  s c h e m e .

I n t e r - r e l a t i o n s h i p s  b e t w e e n  C u t i c u l a r  C e n s l l l a e .

I t  i s

a t  t h i s  p o i n t  t h a t  we m u s t  i n e v i t a b l y  p a s s  f ro m  t h e  

r e a l m  o f  q u e s t i o n s  a n s w e r e d  t o  t h e  r e a l m  o f  q u e s t i o n s  

a s k e d .  I f  t h e  m e c h a n o - r ^ c e p t o r  h a i r  w i t h  d e n d r i t e s  

p a s s i n g  up  t h e  i n s i d e  o f  t h e  s h a f t  b e  t a k e n  a s  a  

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

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

d e n d r i t e s  a r e  m u l t i p l i e d  a n d  e x t e n d e d  t o  i n n e r v a t e  

b r a n c h  o r  t e r m i n a l  r e g i o n s  a t  w h ic h  t h e  d e n d r i t e s
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e r e  e r r o s e d  t o  t h e  e x t e r n a l  e n v i r o n m e n t .  The 

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

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

n e r v e  e n d i n g s  when t h e s e  h a i r s  o r  t h e i r  b r a n c h e s  

a r e  d e f l e c t e d .  I t  s e em s  l i k e l y  t h a t  t h e  d i v i d i n g  

l i n e  b e t w e e n  c h e m o s e n s o r y  ha  i n  and  t h e  l e s s

s p e c i s l i z e d  m e c h a n i c a l l y  s e n s i t i v e  t y p e s  i s  b y  no 

m eans  c l e a r  c u t  a n d  i t  i s  p o s s i b l e  t h a t  t h i s  l e t t e r  

t y p e  i s  s e n s i t i v e  t o  m o d e r a t e l y  e x t r e m e  c h e m i c a l  

s t i m u l i .  The q u e s t i o n  r e m a i n s  o p e n .

The p o s s i b i l i t y  t h a t  c a m p a n i fo rm  o r g a n s  a r e  

d e r i v e d  f ro m  h i g h l y  r e d u c e d  m e c h s n o s e n s o r y  h a i r s  h a s  

b e  in  d i s c u s s e d  a b o v e .  The v ie w  h a s  a l s o  b e e n  

e x p r e s s e d  i n  t h i s  t h e s i s  t h a t  c a m p a n i fo r m  orgf^ns may 

b e  t h e  c u t i c u l a r  s e n s e  o r  a n  f ro m  w h ic h  s u b - c u t i c u l a r  

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

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

c h o r d o t o n e l  o r g a n s  d e s c r i b e d  b y  T a y l o r  ( I 9 6 7 ) h i g h l i g h t s  

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

a r e  n e c e s s a r i l y  f u n c t i o n a l  b u t  may m e r e l y  b e  a n
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e x p r e s s i o n  o f  t h e  e v o l u t i o n a r y  o^^igin o f  t h e  s t r u c t u r e  

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

w e l l - k n o w n  i n  t h e  t r a d i t i o n  o f  v e r t e b r a t e  z o o l o g y .

The i n c r e a s i n g  p o s t  w a r  p a r t i c i p a t i o n  o f  p h y s i c a l  

s c i e n t i s t s  i n  b i o l o g i c a l  r e s e a r c h  h a s  l e d  t o  g r e a t  

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

m e c h a n i s m s  i n  t e r m s  o f  m a t h e m a t i c a l  a n d  c h e m i c a l  

m o d e l s .  N e v e r t h e l e s s ,  t h e r e  i s  t h e  e v e r  p r e s e n t  

d a n g e r  t h a t  i g n o r a n c e  o f  t h e  v a l u e  o f  t h e  c o m p a r a t i v e  

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

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

" e x p la in i n g * ^  t h e  m ech an ism  o f  s t r u c t u r e s  w h ic h  a r e  

a c t u a l l y  n o n - f u n c t i o n a l  e v o l u t i o n a r y  l e f t o v e r s .

P r o b l e m s  s t i l l  u n s o l v e d .

W h i le  t h e  s c a n n i n g  e l e c t r o n  

m i c r o s c o p e  p r o v i d e s  a  f a i r l y  s a t i s f a c t o r y  m eans  o f  

e x a m i n i n g  t h e  s u p e r f i c i a l  s t r u c t u r e  o f  t h e  c a p  r e g i o n  

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

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

t h e  d e n d r i t e s  a n d  t h e i r  e n d i n g s  i n  t h e  p e g  r e g i o n
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a t  i t s  i n s e r t i o n  i n  t h e  c a p  h a v e  b e e n  e x a m in e d  i n  t h e  

e l e c t r o n  m i c r o s c o p e .  T h i s  h a s  s o  f a r  p r o v e d  i m p o s s i b l e  

f o r  t h e  l a r g e  D e c s p o d a  u s e d  i n  t h i s  s t u d y .  H ow ever ,  

now t h a t  i t  i s  p o s s i b l e  t o  r e c o g n i s e  C r u s t a c e a n  

c a m p a n i f o r m  o r g a n s  a n a t o m i c a l l y  i t  i s  t o  b e  ho e d  

t h a t  t h e  e l e c t r o n  m i c r o s c o p y  o f  c a m p a n i fo r m  o r g a n a  

may b e  f e a s i b l e  f o r  Z o a e a  l a r v a e .

T r a n s d u c t i o n  m e c h a n i s m s  i n  C r u s t a c e a n  c h e m o r e c e p t o r s  

a r e  a l s o  l a r g e l y  a  m y s t e r y  a n d  t h e r e  i s  c e r t a i n l y  a 

n e e d  f o r  m ore  w ork  on  t h e i r  f i n e  s t r u c t u r e .  The 

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

h a r d  h a i r  s h a f t  i s  a r e a l  d i f f i c u l t y  h e r e  an d  t h i s  

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

down t h e  o u t e r  s h a f t .  On t o p  o f  t h i s  i s  t h e  v e r -  

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

t i s s u e s .  Once a  a i n  work  on s n a i l  l a r v a e  may b e  t h e  

a n s w e r  h e r e .

The P r o b le m  o f  P r e s s u r e  R e c e p t i o n .

Most  p l a n k t o n i c

o r g a n i s m s  r e s p o n d  t o  p r e s s u r e  c h a n g e s  an d  D ecap o d  

l a r v a e  a r e  no  e x c e p t i o n  ( H a r d y  & B a i n b r i d g e  I 9 5 I ) *

( 9 0 )
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T h e r e  a r e  a num ber  o f  t h e o r i e s  s - e k i n g  t o  e x p l a i n  

t h e  s e n s o r y  b a s i s  f  "*r t h e  p r e s s u r e  r e s p o n s e  an d  I t  

i s  i n t e r e s t i n g  t o  c o n s i d e r  w h e t h e r  an y  o f  t h e  s e n s e  

o r g a n s  d i s c u s s e d  I n  t h i s  work c o u l d  a c t  a s  p r e s s u r e  

c h a n g e  d e t e c t o r s .

H ardy  and  B a i n b r i d g e  ( 1 9 5 1 )»  b e a r i n g  i n  m ind  t h e  

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

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

s e n s i t i v i t y  i n  D e c a p o d s .  H ow ever ,  s u b s e q u e n t  work 

( r e v i e w e d  b y  K n i g h t - J o n e s  A M organ 19^^)  i s  a g a i n s t  

t h i s  i d e a .  No g a s  v e s i c l e s  h av e  e v e r  b e e n  s e e n  

i n  m a r i n e  C r u s t a c e a n  l a r v a e  an d  t h e  c h r r a c t e r l ? t i c s  

o f  t h e  p r e s s u r e  r e s p o n s e  w h ic h  I s  j u s t  a s  s e n s i t i v e  

a t  v e r y  h i g h  a s  a t  v e r y  low  p r e s s u r e s  i s  s t r o n g  

e v i d e n c e  a g a i n s t  t h e  g n s  v e s i c l e  i d e a .

A C h e r a c t r i S t i c  o f  t h e  r e s p o n s e  t o  p r e s s u r e  i s  t h e  

a p p a r e n t  a d a p t a t i o n  w h ic h  t a k e s  p l a c e  ( P i c e  1 9 6 6 ,  

p e r s o n a l  c o m n . u n i c a t i o n ) , A l a r g e  i n c r e a s e  i n  p r e s s u r e  

w i l l  c a u s e  t h e  l a r v a  t o  swim u p w a r d s .  H ow ever ,  

swimming s t o p s  l o n g  b e f o r e  t h e  d e p t h  zone  

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

If a t  t h i s  p o i n t  a small e x t r a  pressure i n c r e a s e  be
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a p p l i e d  en  up w ard  m i g r a t i o n  t a k e s  r l e c e  a l m o s t  e q u a l  

t o  t h e  r e s p o n s e  t o  t h e  l a r g e  p r e s s u r e  c h a n g e  

o r i g i n a l l y  a p p l i e d .  A d a p t a t i o n  o f  t h i s  k i n d  i s  

t y p i c a l  o f  m o s t  s e r ^ e  o r g a n s  b o t h  c h e x i c a l  and 

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

m a i n t a i n  t h e  g e n e r a t o r  T O t e n t l a l .

A l t h o u g h  t h e  s o f t  p a r t s  o f  C r u s t a c e a  a r e  r e l a t i v e l y  

i n c o m p r e s s i b l e  t h e  h a r d  p a r t s  a r e  a l o t  m ore  s o .  I t  

i s  t h u s  t o  b e  e x p e c t e d  t h a t  a m p l i f i e d ,  t h o u g h  s t i l l  

m i n u t e ,  m ovom snts  w o u ld  o c c u r  a t  a r t h r o d i a l  m e m b ra n e s .  

P o s s i b l y  t h e  e n d i n g s  d e s c r i b e d  b y  P a b s t  a n d  K ennedy  

( 1 9 6 8 ) w o u ld  b e  s e n s i t i v e  t o  t h e s e  s m a l l  m o v e m en ts ,  

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

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

o r g a n  t o  a c t  a s  p. p r e s s u r e  r e c e p t o r .  D ig b y  ( I 9 6 I )  

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

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

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

s e n s e .  The p o t e n t i a l  c h a n g e  i n v o l v e d  i s  q u i t e  l a r g e  

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

r e m a i n s  t o  b e  shov/n w h e t h e r  C r u s t a c e a n  s e n s e  o r g a n s
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e x i s t  w fâ c h  w ou ld  r e s p o n d  t o  t h i s .  I t  i a  q u i t e  

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

u n d e r  t h e s e  c o n d i t i o n s .  In  nny e v e n t  a l l  e x i s t i n g  

e v i d e n c e  s u g g e s t s  t h a t  i t  i s  n o t  an  u n d e s c r i h e d  

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

r e s p o n s e  b u t  an  a l r e a d y  w e l l  known s e n s o r y  s t r u c t u r e  

w n ic h  c n a l s o  a c t  i n  a p r e s s u r e  s e n s i t i v e  r o l e .  % h i l e  

we may w e l l ,b y  n o w , h a v e  d e s c r i b e d  a l l  t h e  m a j o r  

c a t e g o r i e s  o f  D ecapod  s e n s e  o r g a n s  i t  w i l l  s u r e l y  b e  

a l o n g  t im e  b e f o r e  a l l  t h e  r h y s i o l o g i c e l  r o t e n t i a l i t i e a  

o f  t h e  v a r i o u s  s e ^ s l l l a  h av e  b e e n  e x p l o r e d  a r d  e x r l a i n e d  

i n  t e r m s  o f  t h e  f i r e  s t r u c t u r e  t h e  o ^ z r n s  i n v o l v e d .

( 9 3 )



s iîiî:.:a r y

( 1 )  E v i d e n c e  i s  p r e s e n t e d  t h a t  t h e  " F u n n e l  C a n a l  

O rg a n s "  d e s c r i b e d  b y  L u t h e r  ( 1 9 3 0 )  a r e  n o t  c o n t a c t  

c h e m o r e c e p t o r s .

( 2 )  E x p e r i m e n t s  a r e  d e s c r i b e d  w h ic h  i n d i c a t e  t h a t  

t h e  F u n n e l  C a n e l  O rg an  i s  a  m e c h a n o r ^ c e p t o r  w h ic h  

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

( 3 )  H i s t o l o g i c a l  o b s e r v a t i o n s  s u g g e s t  t h a t  t h e s e  s e n s e  

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

b o t h  s i n g l y  e n d  i n  g r o u p s ,  t o  fo rm  compound s e n s e  

o r g e n s .

(U) The r  l a t l o n s h l p  b e t w e e n  c a m p a n i fo rm  and  c h o r d o t o n a l  

o r g a n s  i s  d i s c u s s e d .

( 5 )  F u r t h e r  e x p e r i m e n t s  show t h a t  a l a r g e  v a r i e t y  

o f  c h e m o r e c e p t o r  h e i r s  e x i s t s .  M ost  a r e  b r a n c h e d  

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

(9U)



s u r f a c e  a r e a  o f  t h e  h a i r  ( d e g r e e  o f  b r a n c h i n g )  

a n d  t h e  am oun t  o f  i r r i g a t i o n  t o  w h ich  t h e  h a i r  

i s  n o r m a l l y  s u b j e c t .

( 6 )  The v i e w  i s  e x p r e s s e d  t h a t  t h e  c o n c e p t  o f  

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

c o n s i d e r i n g  a q u a t i c  C r u s t a c e a .  The  H a i r  P l a t e  

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

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

w h ic h  f u l f i l l  a t r u e  c o n t a c t  r o l e .

(95)
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The f i n e  s t r u c t u r e  o f  C r u s t a c e a n  

p r o p r i o c e p t o r s .  I .  The c h o r d o t o n a l  

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

C a r c i n u s  m a e n a s .

P h i l . T r a n s . R o y . 3 o c . , B 2 4 5 ,  p p . 2 9 1 - 3 2 5 .

(lOU)



W le r s œ a ,  C .A .O .  ( 1 9 5 9 ) .

Movement r e c e p t o r s  i n  D ecapod  C r u s t a c e a ,  

J . M . B . A . , 36 ,  N o . I . ,  p p . 1 4 3 - 1 5 2 .

W ie r sm a ,  C .A .O . ( I 9 6 I ) .

R e f l e x e s  a n d  t h e  c e n t r a l  n e r v o u s  

s y s t e m .

P h y s i o l . C r u s t a c e a , C h a p .  7 ,  p p . 2 4 1 -  

2 7 9 .

Wyse, G.A. *  M ay n ard ,  D.M. ( I 9 6 5 ) .

J o i n t  r e c e p t o r s  I n  t h e  a n t a n n u l e  o f  

P a n u l i r u s  a r g u s  Lat r e i l l e .

J . E x p . B i o l . ,  4 2 , p p . 5 2 1 - 5 3 5 .

Z a c h e r u c k ,  R .Y .  ( I 9 6 2 ) .

S e n s e  o r g a n s  o f  t h e  h e a d  o f  l a r v a e  o f  

some E l a t e r i d e e  ( C o l e o p t e r e )  : T h e i r  

d i s t r i b u t i o n ,  s t r u c t u r e  a n d  i n n e r v a t i o n ,  

J . M o r p h .  p p .  1 - 2 2 .

( 105)


