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ABSTRACT

R esp o n ses  t o  m e c h a n ic a l  s t i m u l i  o f  v a r i o u s  i n t e n ­

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

t h a t  e x h i b i t  a  v a r i e t y  o f  h a b i t a t  p r e f e r e n c e s  and p a t t e r n s  o f  

c o l o r a t i o n .  A reas  o f  g r e a t e s t  s e n s i t i v i t y  i n  a l l  s p e c i e s  

a r e  t h e  head  r e g i o n ,  e x t r e m i t i e s ,  and p a r t s  o f  t h e  m a n t l e  or 

p a r a p o d l a  t h a t  c o v e r  t h e  g i l l .  A l though  many r e s p o n s e s  

f o l l o w  taxonom ic  l i n e s  and a few may be c o r r e l a t e d  w i t h  

c o l o r  p a t t e r n s ,  some co n v e rg en c e  h a s  o c c u r r e d  i n  th e  r e a c t i v e  

sy s te m s  o f  o p i s th o b r a r i c h s  from s i m i l a r  i n t e r t i d a l  h a b i t a t s .  

S p e c i e s  found i n  t h e  same h a b i t a t  r e s p o n d  m ax im a l ly  to  

com parab le  s t i m u l u s  i n t e n s i t i e s  and f r e q u e n c i e s  and f o r  a 

s i m i l a r  l e n g t h  o f  t im e .  T h is  i s  most  a p p a r e n t  i n  s p e c i e s  

found i n  an  exposed  h a b i t a t  d u r i n g  h ig h  and low t i d e s .  The 

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

p o t e n t i a l  p r e d a t o r s  a p p e a r  to  be d e f e n s i v e  i n  n a t u r e  and a r e  

i d e n t i c a l  t o  t h o s e  evoked by m e c h a n ic a l  s t i m u l a t i o n  w i t h  a 

g l a s s  p r o d d e r .
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INTRODUCTION

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

from o t h e r  s n a i l s  i n  showing some d e g re e  o f  d e t o r s i o n  and a 

r e d u c t i o n  o r  l o s s  o f  t h e  s h e l l .  With few e x c e p t i o n s  t h e y  

a r e  r e f e r r e d  to  a s  m ar in e  s l u g s  and e x h i b i t  a wide v a r i e t y  

o f  c o l o r  and  fo rm .  Two g ro u p s  o f  o p i s t h o b r a n c h s  o c c u r  on 

t h e  r o c k y  s h o r e s  o f  th e  G u lf  o f  C a l i f o r n i a  a t  P u e r t o  Pef tasco ,  

S o n o ra ,  Mexico.  The f i r s t  c o n s i s t s  o f  s p e c i e s  found i n  e x ­

posed  h a b i t a t s  i n  t id e ,  p o o l s  d u r i n g  low t i d e s  and c r a w l i n g  

a b o u t  on r o c k s  and a l g a e  d u r i n g  h i g h  t i d e s .  These o rg an ism s  

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

m en t ,  a l t h o u g h  a  few b r i g h t l y  c o l o r e d  form s a r e  a l s o  f o u n d .  

O th e r  s p e c i e s  o c c u r  u n d e r  r o c k s  o r  hang  from l e d g e s  d u r i n g  

low t i d e s .  T h is  second  group may be s u b d i v i d e d  f u r t h e r  i n t o  

t h o s e  which r e m a in  on th e  r o c k s  d u r i n g  h ig h  t i d e s ,  and th o s e  

which l e a v e  t h e  r o c k s  t o  f e e d .  The f o rm e r  a r e  u s u a l l y  c r y p ­

t i c a l l y  c o l o r e d  and b l e n d  w i t h  th e  r o c k  or  a p a r t i c u l a r  

s p e c i e s  o f  a l g a e  o r  sponge t h a t  grows on th e  r o c k ,  and th e  

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

and m a r k in g s .  R e p r e s e n t a t i v e s  from w i d e ly  d i v e r s e  taxonom ic  

g ro u p s  a r e  found  i n  b o th  h a b i t a t s .

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

f lo w  o f  an  e co sy s tem  l a r g e l y  t h r o u g h  th e  p r o d u c t i o n  o f  v a s t
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numbers o f  eggs and l a r v a l  s t a g e s ,  and th r o u g h  s h o r t  l i f e  

c y c l e s  which  l e a d  to  norm al  d e a t h  and e v e n t u a l  consu m p t io n  

by s c a v e n g e r s  and d e c o m p o s i t i o n  by m i c r o - o r g a n i s m s .  Very  

few a d u l t s  a r e  p r e y e d  upon by o t h e r  o r g a n i s m s .  Wounded 

sp ec im en s  a r e  r a r e  (W in k le r ,  1956? P a i n e ,  1965? C r o z i e r ,  1916? 

and p e r s o n a l  o b s e r v a t i o n ) ,  and  o p l s t h o b r a n c h s  a r e  on ly  

o c c a s i o n a l l y  r e p o r t e d  from t h e  s tom achs  o f  a s s o c i a t e d  i n t e r ­

t i d a l  f i s h  ( G a r s t a n g ,  1889? Thompson, 1 9 6 0 a ) .  Some p r e d a t i o n  

on t h e  C a l i f o r n i a  se a  h a r e ,  A p l v s l a  c a l i f o r n i c a . by t h e  sea  

anemone,  A n t h o o l e u r a  x a n th o g ra m m lca . h a s  been  r e p o r t e d  by 

W in k le r  and T i l t o n  ( 1 9 6 2 ) ,  and  Thompson ( I9 6 0 )  h a s  r e p o r t e d  

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

to  them b u t  w i t h  a  low d e g re e  o f  p r e d i c t a b i l i t y .  McMillan 

(1941). found  t h a t  s e v e r a l  s p e c i e s  o f  t h e  o p i s t h o b r a n c h  

F a c e l l n a  would be e n g u l f e d  by th e  t e n t a c l e s  o f  a s s o c i a t e d  

anemones,  b u t  a f t e r  a  few se c o n d s  were r e l e a s e d  and t h e y  moved 

away unharmed.  G e n e r a l l y  p r e d a t i o n  by anemones i s  b e l i e v e d  

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

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

co n su m p t io n  o f  l a r v a l  s t a g e s  a l o n g  w i t h  o t h e r  p l a n k t o n  and 

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

a c c o m p l i s h e d  by t h e  c e p h a l a s p i d i a n  Navanax i n e r m i s  ( P a i n e ,  

1963,  1 9 6 5 ) .  However,  a t  P u e r t o  P enasco  Navanax a r e  g e n e r a l l y  

s m a l l  i n  s i z e  and few i n  number,  so p r o b a b l y  o n ly  a few 

o p l s t h o b r a n c h s  f a l l  p r e y  to  them.
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Some l i n e  o f  d e f e n s e  m u s t ,  t h e r e f o r e ,  be o p e r a t i n g  i n  

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

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

u n e x p lo d e d  n e m a t o c y s t s ,  o b t a i n e d  from i n g e s t e d  c o e l e n t e r a t e s ,  

w hich  a r e  d i s c h a r g e d  upon p h y s i c a l  c o n t a c t  (M a c G in i t l e  and 

M a c G i n i t l e ,  1949? and R i c k e t t s  and G a l v in ,  1 9 6 4 ) .  . A s t r o n g  

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

found  o f f  t h e  B r i t i s h  I s l e s  h a s  been  r e p o r t e d  by Thompson and 

S l i n n  (1959)  and Thompson ( i g S O a ^ b ) .  P a in e  (1963)  r e p o r t e d  

a  s i m i l a r  a c i d  s e c r e t i o n  by t h r e e  s p e c i e s  found  on th e  w es t  

c o a s t  o f  N o r th  A m er ica .  A c h o l i n e r g i c  a g e n t  which may p l a y  

some d e f e n s i v e  r o l e  h a s  been  e x t r a c t e d  from th e  d i g e s t i v e  

g l a n d  o f  A o l v s l a  c a l i f o r n i c a  ( W in k le r ,  T i l t o n - a n d  H a r d in g e ,  

1 9 6 2 ) .

O ther  d e f e n s e  mechanisms a r e  o b sc u re  and a r e  i n  g r e a t  

n e e d  o f  f u r t h e r  e l u c i d a t i o n .  Thompson (1960a)  h a s  r e p o r t e d  

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

s p e c i e s  o f  O p i s t h o b r a n c h s  which he f e e l s  s e c r e t e  a  p o i s o n .  

G r o z i e r  (1917) d i s c o v e r e d  w h i t e  c o n i c a l  b o d i e s  on th e  p o s t e r ­

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

p ro d u c e d  a  w h i t e  creamy s e c r e t i o n  w hich  was e x t r e m e l y  d i s ­

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

q u a n t i t i e s  by a l l  o p i s t h o b r a n c h s ,  may s e r v e  a s  a d e t e r r e n t  t o  

p o t e n t i a l  p r e d a t i o n ;  and p r o t e c t i v e  c o l o r a t i o n  and t e x t u r e  o f  

many s p e c i e s  o f  g e n e r a  such  a s  Doto and A p l v s l a  must  have
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some d e f e n s i v e  a t t r i b u t e s *

M e c h a n o re o e p t io n  must  p la y  an  i m p o r t a n t  r o l e  i n  th e  

d e f e n s e  and f o o d - f i n d i n g  a b i l i t i e s  o f  s o f t - b o d i e d  an im a ls*

I t  h a s  been  found  t h r o u g h  h i s t o l o g i c a l  s t u d i e s  t h a t  a t r e ­

mendous amount o f  n e r v o u s  t i s s u e  i s  i n v o l v e d  i n  t h e  se n se  o f  

t o u c h  i n  A p l v s i a  c a i l f o r n i . c a  ( W i n k l e r g 1956)* and t h i s  i s  

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

a l l  o f  which  a r e  c o n n e c te d  d i r e c t l y  w i t h  th e  c e r e b r a l  g a n g l i a  

by many sm a l l  i n d i v i d u a l  and b r a n c h i n g  n e rv e s*  E x c lu d in g  

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

taxonom ic  l i t e r a t u r e  o f  t h e  S u b c l a s s  O p i s t h o b r a n c h i a t a  ( s e e  

e s p e c i a l l y  Hoffman, 1939 and B u l lo c k ,  1 9 6 5 ) ,  l i t t l e ,  work has  

been  done w i t h  m e chan or  e c e p t i o n  o f  se a  s lu g s*

The r h i n o p h o r e s ,  l o n g  t h o u g h t  to  be c h e m o r e c e p t o r s ,  

a r e  r e p o r t e d  by Arey ( 1 9 1 9 ) ,  O r o z i e r  and Arey ( 1 9 1 9 ) ,  and 

A r g e r s b o r g  (1922)  to  have a  t a c t i l e  f u n c t i o n *  T h is  t a c t i l e  

f u n c t i o n  i s  shown q u i t e  c o n c l u s i v e l y  f o r  A p l v s i a  .1 u l i a n a  by 

B r i n g s  and B r in g s  ( 1 9 6 5 ) ,  who found t h a t  s t i m u l a t i o n  o f  t h e  

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

t h e  head  tow ard  th e  c u r r e n t  i f  i t  was g e n t l e ,  and away from 

th e  c u r r e n t  i f  i t  was s t r o n g *  The o n ly  e x t e n s i v e  a c c o u n t s  

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

O r o z i e r  (1917) and  O r o z i e r  and Arey (1919)  on th e  r e a c t i o n s  

o f  Ohromodoris  z e b r a  to  m a n u a l ly  a p p l i e d  t a c t i l e  s t i m u l i ,  and 

A r g e r s b o r g * s  (1 9 2 3 ,  1925) r e p o r t s  o f  r e a c t i o n s  t o  t a c t i l e
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s t i m u l i  i n  th e  n u d i b r a n c h  H erm issen d a  c r a s s i c o r n l s o

O p i s t h o b r a n c h s  a r e  s o f t - b o d i e d  a n im a l s  t h a t  must  be,  

c o n t i n u a l l y  r e c e i v i n g  and s o r t i n g  o u t  s t i m u l i  from t h e i r  e n ­

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

s t i m u l i  p ro d u ce d  by d i r e c t  c o n t a c t  w i t h  p l a n t s  and a n i m a l s  

may p l a y  an  i m p o r t a n t  p a r t  i n  e l i c i t i n g  d e f e n s i v e  r e s p o n s e s  

and p o s t u r e s  i n  t h e s e  o r g a n i s m s .  T h is  s t u d y  was u n d e r t a k e n  

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

s t i m u l i ,  and to, d e te r m i n e  a r e a s  o f  g r e a t e s t  s e n s i t i v i t y  i n  

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

C a l i f o r n i a  a t  P u e r t o  P e n a s c o .  The e c o l o g i c a l  and taxonom ic  

c o n d i t i o n  o f : eac h  s p e c i e s  h a s  been  c o n s i d e r e d  i n  some d e t a i l .  

C e r t a i n  r e s p o n s e s  a r e  u n i v e r s a l  f o r  a  g i v e n  taxonom ic  g ro u p .  

However,  i n  t h i s  s t u d y  some e v id e n c e  f o r  c o n v e rg en c e  w i t h  

r e g a r d  to  d u r a t i o n  o f  r e s p o n s e ,  f r e q u e n c y  o f  s t i m u l i  which 

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

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

n o t e d  among s p e c i e s  o f  d i f f e r e n t  t axonom ic  l e v e l s  e x h i b i t i n g  

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



MATERIALS AND METHODS

O p is th o b r a n c h s  were  c o l l e c t e d  m o n th ly  o v e r  a one y e a r  

p e r i o d  b e g in n i n g  August  1 ,  1965 from P u e r t o  P e n a s c o „ Members 

o f  each o f  t h e  e l e v e n  s p e c i e s  s t u d i e d  were  found  i n  e q u a l  

abundance  a t  a  p a r t i c u l a r  t i d e  l e v e l  and t im e o f  y e a r  i n  

t h r e e  d i f f e r e n t  ro o k y  i n t e r t i d a l  h a b i t a t s .  Samples r a n g e d  

from f i v e  to  one h u n d red  i n d i v i d u a l s ,  a l t h o u g h  f o r  m ost  ■ 

s p e c i e s  tw e n ty  to  t h i r t y  members were  c o l l e c t e d .  I n  t h i s  

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

i s  e x t r e m e l y  marked and few s p e c i e s  may be found  i n  th e  i n t e r ­

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

made o n ly  d u r i n g  s p e c i f i c  months o f  t h e  y e a r  f o r  a  g iv e n  

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

e s t  abundance  o f  t h a t  s p e c i e s .  ( L i s t  o f  s p e c i e s ,  sample s i z e ,  

and c o l l e c t i o n  d a t e s  a r e  p r e s e n t e d  i n  Table  1 ) .

Organisms were  o b se rv e d  i n  t h e  f i e l d  and  c o l l e c t i o n s  

o f  each  s p e c i e s  were t a k e n  t o  The U n i v e r s i t y  o f  A r iz o n a  f o r
I

more c r i t i c a l  work.

F i e l d  S t i m u l a t i o n  .

A n a r ro w  g l a s s  ro d  drawn to  a  f i n e  p o i n t  w i t h  a  sm a l l  

g l a s s  bead  a t  t h e  t i p  (11 d i a m e t e r )  was u sed  to  s t i m u l a t e  

o r g a n i s m s  i n . t h e  f i e l d .  S t i m u l i  were  a p p l i e d  m a n u a l ly  and 

were  d i v i d e d  o n ly  i n t o  l i g h t  and h a r d  t a p s .  The p r e s s u r e

: '  6
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A l l  s p e c i e s  were s t i m u l a t e d  w h i l e  c o v e red  w i t h  a  few 

i n c h e s  o f  w a t e r ,  O a s e l l a  s o , and Ohromodoris  b a n k s !  a r e  o f t e n  

found  o u t  o f  t h e  w a t e r  h a n g in g  from l e d g e s  i n  th e  low i n t e r ­

t i d a l ,  When s t i m u l a t e d  i n  t h i s  s i t u a t i o n ,  t h e s e  s p e c i e s  do 

n o t  e x h i b i t  th e  t y p i c a l  r h i n o p h o r e - b r a n c h i a l  plume w i th d r a w a l  

r e s p o n s e  ( T a b l e s  2 and 3)» n o r  do m a n u a l ly  a p p l i e d  r e p e t i t i v e  

s t i m u l i  c au se  th e  f o o t  to  l o s e  c o n t a c t  w i t h  th e  s u b s t r a t u m ,  

a s  i s  t h e  c ase  when th e  organ ism  i s  s t i m u l a t e d  u n d e r  w a t e r .

L a b o r a t o r y  O b s e r v a t i o n s

Most o f  t h e  e x p e r im e n t s ,  were c a r r i e d  o u t  w i t h i n  

t h r e e  days  a f t e r  c o l l e c t i o n  of  t h e  o r g a n i s m s ,  A l l  were h e ld  

f o r  a s h o r t  t im e  i n  w e l l - o x y g e n a t e d  a q u a r i a  t o  a l l o w  f o r  r e ­

c o v e ry  from any s t r e s s  t h a t  m ig h t  have been  imposed d u r in g  

c o l l e c t i o n  or  t r a n s p o r t a t i o n ,  When s t u d i e d  th e  organ ism  was 

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

c o v e re d  w i th  one or  two i n c h e s  o f  s e a  w a t e r  t a k e n  from th e  

c o l l e c t i o n  a r e a .  A i r  was b u b b led  i n  a t  a s low r a t e  t h ro u g h  

a n  a i r  s t o n e .  T h is  cau se d  v i b r a t i o n s  and s l i g h t  c u r r e n t s , 

b u t  had no a f f e c t  on th e  r e s p o n s e s  t h a t  were o b s e r v e d .  The 

o rgan ism  was l e f t  i n  th e  p r e p a r a t i o n  d i s h  c o v e red  w i t h  a  c a r d ­

b o a rd  box f o r  a t  l e a s t  f i v e  m in u t e s  be tw een  s t i m u l i .  T h is  

a l l o w e d  exposure ,  o n ly  to  dim l i g h t  and  m in im ized  e x t e r n a l  

d i s t u r b a n c e .  S t i m u l i  were a p p l i e d  d u r i n g  b o t h  e v e n in g  and 

d a y l i g h t  h o u r s ,  and no a p p r e c i a b l e  d i f f e r e n c e s  i n  r e s p o n s e

e x e r t e d  v a r i e d  somewhat from o r g a n ism  t o  o r g a n i s m ,



Table  1 .  H a b i t a t ,  Sample S i z e ,  and C o l l e c t i o n  D a tes  o f  E leven 
S p e c i e s  o f  O p i s th o b r a n c b s  from P u e r t o  Peh asco ,  
S o n o ra ,  Mexico,

L o c a t i o n  o f  S p e c i e s  . Average S i z e  of
Organisms i n  C e n t i m e t e r s

A, S p e c i e s  found i n  exposed h a b i t a t s  a t  
a l l  t i m e s .

T r i d a c h i e l l a  diomedea ( Bergh) 3 .5  
S t y l o e h e l l u s  l o h g ic a u d a  ( Quoy & Gaimard) 1 ,3  
Cbromodoris  n o r r i s i  (Farm er)  1 ,8  
H y p s e l o d o r i s  c a l l f o r n l e n s l s  ( Bergh) 4 . 4

B, S p e c i e s  found i n  exposed h a b i t a t s  on ly  
d u r i n g  h ig h  t i d e s ,

B e r t h e l l i n a  e n g e l i  ̂ 8 , 5  
C a s e l l a  s p , 1 2 3 2 .6  
Chroroodorls b a n k s ! ' 4 .0  
Herm issenda  c r a s s l c o r n i s  ( B s c h s c h o l t z )  . 1 ,5

C, S p e c i e s  found u nder  r o c k s  a t  a l l  t i m e s .

D o r i s  s p . 2 2 .5  
t a n  and cream s p e c k le d  d o r i d ^  2 . 8  
D e n d ro d o r i s  k r e b s i i (Morch) 8 .0

1.  New s u b s p e c i e s  c u r r e n t l y  b e in g  d e s c r i b e d  by E. Marcus 
( i n  m a n u s c r i p t ,  Miami)

2 .  New s p e c i e s  c u r r e n t l y  b e in g  d e s c r i b e d  by E, Marcus 
( i n  m a n u s c r i p t ,  Miami)

3 .  New genus c u r r e n t l y  b e in g  d e s c r i b e d  by E. Marcus 
( i n  m a n u s c r i p t ,  Miami)

8

Sample S i z e Order
I! ■ '

C o l l e c t i o n  D a tes

■j
25 A s c o g lo s s a a l l  y e a r
70 A nasp idea . Ju h e , J u l y ,  Aug.
10 N u d i b r a n c h i a t a June* J u l y
20 N u d i b r a n c h i a t e F e b , ,■ Mar. , '  A p r i l

30 N o ta s p id e a F e b , , Mar*, A p r i l
100 N u d i b r a n c h i a t a Ju n e , J u l y , Aug.

60 N u d i b r a n c h i a t a J u n e , J u l y , Aug.
50 N u d i b r a n c h i a t a * J a p ,  *

s
Feb.

5 N u d i b r a n c h i a t a
1

J a p . , F e b . , Mar.
5 N u d i b r a n c h i a t a J a m , , Feb.

15 N u d i b r a n c h i a t a F e b . , M a r . , A p r i l

May

4 .  T h is  s p e c i e s  b e lo n g s  to  s u b o r d e r  E o l i d a c e a ,  A l l  o t h e r  
n u d i b r a n c h s  i n  t h i s  s t u d y  b e l o n g , t o  s u b o r d e r  D o r id a c e a .

5 . F o l lo w in g  the '  c l a s s i f i c a t i o n  o f  Marcus ( 1 9 6 1 ) .

]
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were found  t h a t  m ig h t  'be c o r r e l a t e d  w i t h  t i d a l  f l u c t u a t i o n s  

o r  d a r k / l i g h t  a c t i v i t y .

L a b o r a t o r y  S t i m u l a t i o n

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

f i e l d  and g r o s s  r e s p o n s e  was r e c o r d e d .  I n  a d d i t i o n ,  mucus 

s e c r e t i o n  was o b se rv e d  v i s u a l l y ,  and change i n  pH was r e ­

c o rd e d  w i t h  pH p a p e r  t h a t  was p l a c e d  a s  c l o s e  a s  p o s s i b l e  t o  . 

t h e  a r e a  b e in g  s t i m u l a t e d .  In  o r d e r  t o  check  f o r  n e m a to c y s t  

r e l e a s e  a sm a l l  c o t t o n  swab was p l a c e d  on t h e  t i p  o f  t h e  g l a s s  

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

s l i d e  was s t a i n e d  w i t h  1% a c i d  f u c h s i n  and 1% m e th y le n e  b lu e  

a s  p r e s c r i b e d  by S te p h e n s o n  ( 1 9 2 8 ) .

I n  o r d e r  t o  o b se rv e  th e  r e s p o n s e  to  i n c r e a s e d  s t i m u l u s  

i n t e n s i t y  and t o  more t h a n  a s i n g l e  s t i m u l u s ,  a m o d i f i c a t i o n  

o f  th e  m ethods  used  by Jo s e p h s o n  (1961) , '  t o  a p p l y  c o n t r o l l e d  

s t i m u l i  t o  p o l y p s  o f  t h e  h y d r o i d  Syncor.vne. and P a ssan o  and 

P a n t i n  (1955)$ to  a p p ly  m e c h a n ic a l  s t i m u l i  t o  t h e  sea  anemone 

Q a l l i a c t l s  p a r a s i t i c a , was employed.  A p r o d d e r  which con­

s i s t e d  o f  a g l a s s  r o d  w i t h  a f i n e  bead  t i p  ( d i a m e t e r  11 p.) 

was a t t a c h e d  to  t h e  c e n t e r  cone o f  a  s p e a k e r  which was d r i v e n  

e l e c t r i c a l l y  by p u l s e s  from a G rass  SD5 s t i m u l a t o r .  I t  was 

n e c e s s a r y  t o  r u n  th e  p r o d d e r  t h r o u g h  a  m e d ic in e  d r o p p e r  w i th  

an  i n t e r n a l  d i a m e t e r  o n ly  s l i g h t l y  l a r g e r  t h a n  th e  g l a s s  r o d .  

The m e d ic in e  d r o p p e r  was h e l d  f i r m l y  i n  t h e  c e n t e r  o f  a s t i f f  

p l a s t i c  s h e e t  which  was f i x e d  t o  t h e  m e t a l  s p e a k e r  r im  w i t h
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s e v e r a l  clamps* T h is  e l i m i n a t e d  most  o f  th e  e x t r a n e o u s  v i ­

b r a t i o n s  t h a t  c o u ld  be o b se rv e d  u n d e r  a m ic r o s c o p e .  The 

fo rw a rd  and backward m o t io n  o f  t h e  p r o d d e r  became w e l l -  

d e f i n e d  and a l l  o t h e r  v i b r a t i o n s  n e g l i g i b l e .  The s p e a k e r  

was mounted i n  a m i c r o - m a n i p u l a t o r ,  t h e  p r o d d e r  p o s i t i o n e d  

ove r  t h e  d e s i r e d  p o i n t  o f  s t i m u l a t i o n  and s lo w ly  lowered* 

Upon c o n t a c t  w i th  th e  s t i m u l a t i o n  p o i n t ,  t h e  s t i m u l a t o r  was 

t u r n e d  on a t  a known f r e q u e n c y ,  d u r a t i o n ,  and v o l t a g e  f o r  a 

d e s i r e d  l e n g t h  o f  t im e .  I n  most  c a s e s  th e  r e a c t i o n s  were  

f a s t  and th e  a n im a l  p u l l e d  away from th e  p r o d d e r  w i t h i n  

t h i r t y  se c o n d s .  I n  t h e s e  e x p e r i m e n t s  P a ssan o  and P a n t i n ’ s 

(1955)  p r o c e d u r e  o f  l o w e r i n g  th e  p r o d d e r  i n t o  c o n t a c t  w i th  

t h e  s u r f a c e  o f  th e  t i s s u e  j u s t  b e f o r e  a m e c h a n ic a l  s t i m u l u s  

was g iv e n  and r a i s i n g  i t  i m m e d ia te ly  a f t e r w a r d s  was f o l l o w e d .  

The p r o d d e r  was c a l i b r a t e d  u n d e r  a compound m ic r o ­

scope  by m e a s u r in g  i t s  fo rw a rd  movement w i t h  a n  o c u l a r  m ic r o ­

m e t e r .  Movement o f  t h e  p r o d d e r  was a l i n e a r  f u n c t i o n  o f  th e  

v o l t a g e  a p p l i e d  be tw een  t h i r t y  and e i g h t y  v o l t s  ( P i g .  1 ) .

Some o f  t h e  d i f f i c u l t i e s  i n v o lv e d  i n  a p p l y i n g  m e c h a n ic a l  

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

( 1 9 5 5 ) ,  They n o t e  th e  r e l a t i v e  n a t u r e  o f  s t r e n g t h  o f  

m e c h a n ic a l  s t i m u l i  which i s  i n h e r e n t  i n  th e  e x p e r i m e n t a l  

d e s i g n  and ty p e  o f  t i s s u e  s t i m u l a t e d ,  and e x p r e s s  r e l a t i v e  

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

u sed  i n  any one e x p e r i m e n t .  These sam e«u n i t s  a r e  u sed  i n



Figure 1. J:l,orward motion of; the prodder as a function 
of the voltage used to drive the prodder. 
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P i g .  1 .  Forward m o t io n  o f  t h e  p r o d d e r  a s  a f u n c t i o n  of  
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t h e  e x p e r i m e n t s  r e p o r t e d  below. '

P o t e n t i a l  P r e d a t o r s

S ince  no c a s e s  o f  p r e d a t i o n  were o b se rv e d  i n  t h e  f i e l d  

d u r i n g  low or h ig h  t i d e s ,  p o t e n t i a l  p r e d a t o r s  were s e l e c t e d  

from among th e  l a r g e r  c a r n i v o r o u s  or  omnivorous o rg an ism s  

which o c c u p ie d  t h e  same g e n e r a l  h a b i t a t .  Samples o f  each  

s p e c i e s  o f  o p i s t h o b r a n c h s  were s u b j e c t e d  to  t h e s e  o rg an ism s  

b o th  i n  t h e  n a t u r a l  h a b i t a t  and i n  a q u a r i a .

The two l a r g e s t  anemones found i n  th e  t i d e  p o o l s  o r  

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

P h y l l a c t l s  c o n c i n n a t a  and Bunodosoma c a l i f o r n l c a . S e v e r a l  mem­

b e r s  o f  eac h  s p e c i e s  o f  o p i s t h o b r a n c h  were dropped  on th e  o r a l  

d i s c  o f  t e n  P h y l l a c t l s  and  t e n  Bunodosoma h e l d  i n  a q u a r i a .

The o n ly  l a r g e  r o c k  c ra b  found  a t  P u e r t o  Pen asco  i s  

E r i p h i a  squam ata  which i s  p r i m a r i l y  a  n o c t u r n a l  s c a v e n g e r  

and  c a r n i v o r e .  Three g ro u p s  o f  t e n  E r i p h i a  each  were  h e l d  i n  

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

s p e c i e s . .  E r i p h i a  were i n i t i a l l y  f e d  on c la m s ,  b u t  l a t e r  

s t a r v e d  f o r  a  p e r i o d  o f  two weeks p r i o r  t o  th e  e x p e r i m e n t s .

The two most  common l a r g e r  t i d e p o o l  f i s h  a t  P u e r t o  

Pen asco  a r e  th e  S a r g e a n t - M a j o r I b u d e f d u f  s a x a t i l l s  and th e  

o p a l e y e  G l r e l l a  s o .  Groups o f  t e n  members o f  most  s p e c i e s  o f  

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

c o n t a i n i n g  f i v e  members o f  each  o f  t h e s e  f i s h  s p e c i e s .  

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



a b u n d a n t  i n  summer months were d ropped  from t h e  s u r f a c e  o f  

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

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

i s  t h e  c e p h a l a s p i d i a n  Nayanax i n e r m i s . U n f o r t u n a t e l y  o n ly  

f i v e  i n d i v i d u a l s  o f  t h i s  s p e c i e s  were c o l l e c t e d  from t h e ■ 

P u e r t o  Penasco  a r e a  d u r i n g  th e  c o u r s e  o f  a y e a r  and none was 

o b s e r v e d  to  f e e d  i n  th e  f i e l d .  Spec imens o f  o n ly  a  few 

s p e c i e s  o f  o p i s t h o b r a n c h s  were p l a c e d  i n  sm a l l  w e l l - a e r a t e d  

p r e p a r a t i o n  d i s h e s  w i t h  Navanax and d e f e n s i v e  b e h a v i o r  r e ­

c o rd e d



RESULTS

A re as  o f  S e n s i t i v i t y

Eadh o rg an ism  was s t i m u l a t e d  a t  s e v e r a l  p o i n t s  on t h e  

d o r s a l  s u r f a c e .  A few d i f f e r e n c e s  i n  s e n s i t i v i t y  t o  m ec h an i ­

c a l  s t i m u l i  be tween  a d j a c e n t  a r e a s  may be n o t e d  i n  a l l  o p i s t h o  

b ra n c h  s p e c i e s  s t u d i e d .  S e n s i t i v i t y  i s  a  d i f f i c u l t  t h i n g  to  

m e a s u re ,  b u t  i t  can  be ju d g ed  by th e  i n t e n s i t y  o f  s t i m u l u s  

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

( B u l lo c k ,  1965)o Maximum r e s p o n s e s  t o  a  s i n g l e  weak s t i m u l u s  

( s t i m u l u s  i n t e n s i t y  o f  12 i n  a r b i t r a r y  u n i t s ;  o r  12% o f  m ax i­

mum v o l t a g e  u sed  i n  t h e s e  e x p e r i m e n t s )  a p p l i e d  t o  any  p a r t  o f  

th e  organ ism  a r e  p r e s e n t e d  i n  Table  2 .  A v e r y  weak s t i m u l u s  

( i n t e n s i t y  o f  0 . 5  t o  3) a p p l i e d  t o  c e r t a i n  a r e a s  o f  t h e  d o r s a l  

s u r f a c e  w i l l  e l i c i t  no r e s p o n s e  o r  a  much s m a l l e r  r e s p o n s e .

For  exam ple ,  t h e  c h a r a c t e r i s t i c  maximum r e s p o n s e  of. t h e  d o r i d s  

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

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

r h i n o p h o r e  i t s e l f  w i l l  p ro d u ce  a s l i g h t  inw ard  m o t io n  o f  t h a t  

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

p o i n t  o f  t h e  d o r s a l  s u r f a c e  w i l l  p ro d u ce  no movement a t  a l l .

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

more s e n s i t i v e ,  t h a n  m ost  o t h e r  r e g i o n s  o f  t h e  d o r s a l  s u r f a c e .

14
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O ther  s t r u c t u r e s  which d i s p l a y  marked s e n s i t i v i t y  a r e  th e  

r h i n o p h o r e s ,  b r a n c h i a l  p lum es ,  t h e  edges  o f  t h e  m a n t l e  o r  

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

t h a t  c o v e r s  th e  g i l l  i n  B e r t h e l l i n a  e n e e l i .

When a  s e r i e s  o f  two o r  t h r e e  weak s t i m u l i  a r e  

a p p l i e d  t o  l e s s  s e n s i t i v e  a r e a s  t h e y  would som etim es  evoke a 

f a c i l i t a t e d  r e s p o n s e . The r e s u l t s ,  however ,  were  v a r i a b l e  and 

o f t e n  r e p e t i t i v e  l i g h t  s t i m u l a t i o n  d id  n o t  p roduce  any  r e ­

s p o n s e .

R esp o n se s  t o  a  S i n g l e  S t i m u lu s

A l l  o rg a n is m s  were  s t i m u l a t e d  w i t h  a g l a s s  p r o d d e r  

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

check  a g a i n s t  r e a c t i o n  s h i f t s  imposed by s t r e s s  o r  a r t i f i c i a l  

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

i n d i s t i n g u i s h a b l e  from r e s p o n s e s  p ro d u ce d  i n  t h e  l a b o r a t o r y ,  

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

t i o n ,  R esp o n ses  t o  a s i n g l e  s t i m u l u s  t e n d e d  t o  f a l l  i n t o  

taxonomic, g r o u p i n g s  ( T a b le s  2 and 3 )» i n d i c a t i n g  t h a t  r e a c t i o n s  

must  be p a r t l y  d i c t a t e d  and l i m i t e d  by m o rp h o lo g y .  However, 

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

N u d i b r a n c h i a t a  and some r e s p o n s e s  c r o s s  t axonom ic  l i n e s  and ' . 

a p p e a r  to  be c o r r e l a t e d  w i t h  h a b i t a t  p r e f e r e n c e s  or  c o l o r  

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

l i s t e d  i n  T ab le  2 c o u ld  be i n d u c e d  by a  s t i m u l u s  o f  an  i n t e n ­

s i t y  o f  12 u n i t s  when a p p l i e d  t o  some p o r t i o n  o f  t h e  d o r s a l  

s u r f a c e . S t a n d a r d  t e s t s  f o r  a c i d  s e c r e t i o n ,  n e m a to c y s t  r e ­

l e a s e ,  and i n c r e a s e d  mucus s e c r e t i o n  were r u n ,  b u t  t h e s e  

showed t h a t  t h e  o n ly  r e s p o n s e  evoked by a l i g h t  m e c h a n ic a l  

s t i m u l u s  was t h e  r e l e a s e  of  a  few n e m a t o c y s t s  from t h e  c e r a t a e  

o f  t h e  e o l i d  H erm lssenda  c r a s s i c o r n i s . I n  no c a se  was a c i d  

s e c r e t i o n  e l i c i t e d  by a  s i n g l e  m e c h a n ic a l  s t i m u l u s  o f  any  

I n t e n s i t y ,  Some r e s p o n s e s  a r e  u n i v e r s a l  no m a t t e r  what a r e a  

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

i n g  on w h e th e r  t h e  a n t e r i o r  o r  p o s t e r i o r  p o r t i o n  o f  th e  o r ­

ganism i s  s t i m u l a t e d  ( Table  2 ) ,

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

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

b r a n c h i a l  p lumes o r  b o th  s i m u l t a n e o u s l y .  With  a l i g h t  s t i m u l u s  

a n t e r i o r l y  o n ly  t h e  r h i n o p h o r e s  r e t r a c t .  Whereas w i t h  a  l i g h t  

s t i m u l u s  p o s t e r i o r l y  t h e  b r a n c h i a l  p lumes r e t r a c t .  I n  some 

s p e c i e s  a  p o i n t  i s  r e a c h e d  i n  t h e  m i d l i n e  be tw een  t h e  b r a n c h ­

i a l  p lumes and t h e  r h i n o p h o r e s  where a  s i n g l e  l i g h t  s t i m u l u s

r e s u l t s  i n  b o th  r e s p o n s e s  s i m u l t a n e o u s l y  o r  one f o l l o w i n g  t h e
. . -

o t h e r  a lm o s t  i m m e d ia t e l y .  The f o u r  b r i g h t l y  c o l o r e d  s p e c i e s  

o f  d o r l d s  O a s e l l a  s e d n a , D o r i s  s o . , H y p s e l o d o r l s  c a l i f o r n l e n -  

s i s . and Chrom odorls  n o r l s s i  a l l  e x h i b i t  t h i s  r e s p o n s e  p a t t e r n .

Weak S t i m u l u s



T a b le  2* R e s p o n s e s  t o  a S i n g l e  Weak S t i m u l u s

Maximum Response

O rder  A s c o g lo s s a

T r l d a c h i e l l a  diomedea

Order  A nasp idea

The p o s t e r i o r  p o r t i o n  of  th e  
f o o t  r e m a in s  a t t ac h ed "  to  t h e  
s u b s t r a t u m  and th e  a n t e r i o r  p a r t  
o f  t h e  o rgan ism  moves toward th e  
s t i m u l u s .  There i s  s l i g h t  l o c a l  
c o n t r a c t i o n  a t  t h e  p o i n t  o f  s t i m ­
u l a t i o n  and th e  p a ra p o d ia  r i s e  
and c o v e r  p a r t  o f  t h e  d o r s a l  
s u r f a c e .  The r h i n o p h o r e s  p u l l  
back  s l i g h t l y .

The p o s t e r i o r  p o r t i o n  o f  th e  
f o o t  r e m a in s  a t t a c h e d  to  th e  
s u b s t r a tu m  and th e  a n t e r i o r  
p a r t  o f  t h e  o rgan ism  r i s e s  v e r ­
t i c a l l y ,  t h e n  t u r n s  toward th e  
s t i m u l u s .  There  i s  s l i g h t  l o c a l  
c o n t r a c t i o n  a t  t h e  p o i n t  o f  
s t i m u l a t i o n ,  and th e  p a ra p o d ia .  
c l o s e  t i g h t l y  over  th e  g i l l .

O rder  N o s t a s p i d e a

B e r t h e l l I r a  e n g e l i  There  i s  s l i g h t  l o c a l  c o n t r a c ­
t i o n  a t  t h e  p o i n t  o f  s t i m u l a t i o n  
and t h e  head and r h i n o p h o r e s  w i t h ­
draw u n d e r  th e  m a n t l e .

Order  N u d i b r a n e h l a t a  

S u b o rd e r  D o r id a c e a

Ohromodoris  b a n k s i  
t a n  & cream s p e c k le d  d o r id

These t h r e e  s p e c i e s  e x h i b i t  w i t h ­
draw al  o f  e i t h e r  th e  r h i n o p h o r e s  
o r  b r a n c h i a l  p lum es ,  but  n e v e r  
bo th  t o g e t h e r .  S l i g h t  l o c a l  con ­
t r a c t i o n  away from t h e  s t i m u l u s  
i s  p r e s e n t .  I n  a d d i t i o n ,  t h e  t a n  
d o r i d  r e t r a c t s  th e  m in u te  p a p i l l a e  
i n  t h e  im m edia te  a r e a  o f  s t i m u ­
l a t i o n .
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A n t e r i o r  S t i m u l a t i o n  P o s t e r i o r  S t i m u l a t i o n

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

Same a s  th e  maximum r e ­
sp o n s e .

The head and r h i n o p h o r e s  
: w i th d ra w  u n d e r  th e  man­

t l e  and l o c a l  c o n t r a c ­
t i o n  i s  evoked.

Only t h e  r h i n o p h o r e s  
w i th d ra w  and s l i g h t  
l o c a l  c o n t r a c t i o n  i s  
evoked .

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

}
Same a s  tb e  maximum r e ­
s p o n s e .  !

r

Only l o c a l  c o n t r a c t i o n  
i s  evoked^

f
Only th e  ^ r a n c h i a l  
p lumes w i th d raw  and 
s l i g h t  l o c a l  c o n t r a c ­
t i o n  i s  evoked.



T a b le  2 .  R e s p o n s e s  t o  a S i n g l e  Weak S t i m u l u s  ( O o n t» )

Maximum Response

Order  N u d i b r a n c h i a t a

S u b o rd e r  D o r id a c e a  
O a s e l l a  so ,
H y p s e l o d o r l s  c a l i f o r n i e n s i s  
Ohromodorls  n o r r l s l

D o r i s  s o .

S u b o rd e r  E o l i d a c e a
H erm issenda  c r a s s i c o r n i s

These t h r e e  s p e c i e s  w i th d raw  ■ 
e i t h e r  t h e  r h i n o p h o r e s  o r  th e  
b r a n c h i a l  plumes* ' B o th ‘r e t r a c t  
t o g e t h e r . i f  a sm a l l  a r e a  a ro u n d  
th e  m id p o i n t  o f  t h e  d o r s a l  s u r ­
f a c e  i s  s t i m u l a t e d .  There i s  
a s l i g h t  l o c a l  c o n t r a c t i o n  a t  
th e  p o i n t  o f  s t i m u l a t i o n .

The r h i n o p h o r e s  o r  b r a n c h i a l  
p lumes r e t r a c t ,  and bo th  
w i th d raw  s i m u l t a n e o u s l y  i f  a 
sm a l l  a r e a  a round  th e  m id p o in t  
o f  th e  d o r s a l  s u r f a c e  i s  s t i m ­
u l a t e d .  Forward movement i s  
i n i t i a t e d  i f  t h e  organism i s  
a t  r e s t  when s t i m u l a t e d .
S l i g h t  l o c a l  c o n t r a c t i o n  i s  
evoked a t  t h e  p o i n t  o f  s t i m u ­
l a t i o n .

The c e r a t a e  r i s e  over  p a r t  o f  
th e  d o r s a l  s u r f a c e ,  and a few 
n e m a to c y s t s  a r e  r e l e a s e d  i f  
t h e  c e r a t a e  t h e m s e lv e s  a r e  
s t i m u l a t e d .  There i s  l o c a l  
c o n t r a c t i o n  away from t h e  
s t i m u l u s .
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i n t e r i o r  S t i m u l a t i o n  P o s t e r i o r  S t i m u l a t i o n

Only th e  r h i n o p h o r e s  
w i th d raw  and s l i g h t  
l o c a l  c o n t r a c t i o n  away 
from th e  s t i m u l u s  i s  
evoked.

Only th e  b r a n c h i a l  plumes 
w i th d raw  and s l i g h t  l o c a l  
c o n t r a c t i o n  away from th e  
s t i m u l u s  i s  evoked.

The r h i n o p h o r e s  w i th d raw  
and s l i g h t  l o c a l  c o n t r a c ­
t i o n  i s  p r e s e n t .  Forward 
movement i s  i n i t i a t e d  i f  
t h e  organism i s  a t  r e s t  
when s t i m u l a t e d .

The b r a n c h i a l  plumes 
w i th d raw  and s l i g h t  l o c a l  
c o n t r a c t i o n  i s  p r e s e n t .  For* 
ward movement i s  i n i t i a t e d  
i n  r e s t i n g  i n d i v i d u a l s .

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

| o f  t h e  d o r s a l  s u r f a c e ,
»S l i g h t  l o c a l  c o n t r a c t i o n  
i s  evoked.

iI

The p o s t e r i o r  c e r a t a e  r i s e  
ove r  tljie p o s t e r i o r  p o r t i o n  
o f  the|j d o r s a l  s u r f a c e ,  and 
s l i g h t : l o c a l  c o n t r a c t i o n  i s  
evoked.

ii
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These s p e c i e s  e x h i b i t  t h e  g r e a t e s t  speed  o f  fo rw a rd  movement 

o f  th e  seven  d o r i d  s p e c i e s  s t u d i e d » and t h e  most  r a p i d  

w i t h d r a w a l  o f  r h l n o p h o r e s  and b r a n c h i a l  p lum es .

In  o t h e r  s p e c i e s  o f  d o r i d s  th e  two r e s p o n s e s  n e v e r  

o c c u r  t o g e t h e r  or  i n  sequence  a s  a r e s u l t  o f  a s i n g l e  weak 

s t i m u l u s  a p p l i e d  to  any  p a r t  o f  t h e  o rg a n i s m ,  a l t h o u g h  a 

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

t h i s  second  group a r e  t h e  more c r y p t i c  d o r i d  s p e c i e s :  Ohromo- 

d o r l s  b a n k s i , S e n d r o d o r l s  k r e b s l i , and t h e  t a n  and cream 

s p e c k l e d  d o r i d .  These s p e c i e s  a r e  a l l  d a rk  i n  c o l o r ,  b len d  

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

d o r i d s  s t u d i e d .

D o r i s  s p . i s  u n iq u e  among th e  d o r i d s  i n  t h a t  a weak 

s t i m u l u s  i n i t i a t e s  fo rw a rd  movement o f  th e  organ ism  i f  i t  i s  

n o t  moving a t  t h e  t im e  o f  s t i m u l a t i o n .  I t  w i l l  c o n t i n u e  i n

th e  same d i r e c t i o n ,  i f  i t  i s  s t i m u l a t e d  when moving.  T h is
• s •

c o n t i n u e d  movement i s  ' t r u e  of  a l l  o t h e r  n u d l b r a n c h s  w i t h  th e  

p o s s i b l e  e x c e p t i o n  o f  t h e  v e ry  s l u g g i s h  t a n  and cream s p e c k l e d  

d o r i d  which was n e v e r  s t i m u l a t e d  w h i l e  moving.  T h is  b e h a v i o r  

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

Forward movement i s  i n i t i a t e d  by a l i g h t  m e c h a n ic a l  

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

c o l o r e d  s p e c i e s ,  T r i d a c h i e l l a  diomedea and S t v l o c h e i l u s  l o n g i -  

c a u d a . However, u n l i k e  D o r i s  s o . t h e s e  s p e c i e s  r e s p o n d  by 

t u r n i n g  tow ard  t h e  p r o d d e r .  T h is  r e s p o n s e  i s  r e v e r s e d  w i th  

i n c r e a s e d  s t i m u l u s  s t r e n g t h  which a t  a  s t r o n g  i n t e n s i t y
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r e s u l t s  i n  a  movement away from t h e  p o i n t  o f  s t i m u l a t i o n .  I t  

i s  i n t e r e s t i n g  t o  n o t e  t h a t  P r i n g s  and P r i n g s  (1964)  found  

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

i n t e n s i t y  a p p l i e d  t o  t h e  r h i n o p h o r e s  o f  A p y s la  j u l l a n a .

To d lo m ed ea , S» l o n g l c a u d a , and H» c r a s s l c o r n l s  

c o v e r  t h a t  p a r t  o f  t h e  d o r s a l  s u r f a c e  b e in g  s t i m u l a t e d .  T, 

dlomedea r a i s e s  t h e  p a r a p o d i a  u n t i l  t h e y  come t o g e t h e r  i n  

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

r e s p o n d s  by r a i s i n g  t h e  c e r a t a e  so t h e y  j o i n  v e r t i c a l l y  ov e r  

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

t o g e t h e r  ove r  t h e  g i l l .  I t  must  be n o t e d  t h a t  t h e  d o r i d  

n u d i b r a n c h s ,  w i t h  th e  e x c e p t i o n  o f  the  t a n  and cream s p e c k le d  

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

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

d o r s a l l y .  However, i n  o r d e r  to  e l i c i t  t h i s  r e s p o n s e  t h e  

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

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

S t r o n g  S t i m u lu s

The r e s p o n s e s  d e s c r i b e d  i n  t h i s  s e c t i o n  and l i s t e d  i n  

T ab le  3 were  e l i c i t e d  by th e  h i g h e s t  i n t e n s i t y  s t i m u l u s  used  

(100 i n  a r b i t r a r y  u n i t s ) .  In  o n ly  one s p e c i e s  i s  t h e  r e ­

sp o n se  e l i c i t e d  by a s i n g l e  s t r o n g  s t i m u l u s  i d e n t i c a l ,  e x c e p t  

i n  d u r a t i o n ,  t o  t h a t  e l i c i t e d  by a s i n g l e  weak s t i m u l u s .
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T ab le  3® R esp o n ses  to  a S i n g l e  Hard S t im u lu s

Order  A s c o g lo s s a

T r l d a c h i e l l a  diomedea

Order  A n a sp id ea

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

Response

There i s  g e n e r a l l y  i n c r e a s e d  
l o c a l  c o n t r a c t i o n ,  a f l a r ­
i n g  o f  t h e  p a r a p o d i a  up and 
ove r  t h e  d o r s a l  s u r f a c e ,  and 
movement away from th e  s i d e  
s t i m u l a t e d  a t  a 90 deg ree  
a n g l e  t o  t h e  a x i s  o f  th e  
body p r i o r  t o  s t im u la t i o n ®

The r e s p o n s e  c o n s i s t s  of  
ex t rem e  l o c a l  c o n t r a c t i o n  
and c l o s u r e  of  th e  p a r a -  
p o d ia  o v e r  th e  g i l l  f o l lo w e d  
by movement away from th e  
s i d e  s t i m u l a t e d  a t  a 90 de ­
g re e  a n g l e  to  t h e  a x i s  o f  
t h e  body p r i o r  to  s t i m u l a ­
t i o n .

Order  N o t a s p i d e a

B e r t h e l l i n a  e n g e l i  There a r e  ex trem e c o n t r a c -

Order  N u d i b r a n c h i a t a  

S u b o rd e r  D o r id a c e a  

C a s e l l a  s o . '
H y p s e l o d o r l s  c a l i f o r n i e n s i s  
Ohromodorls  n o r r l s l  
Ohromodorls  b a n k s !

t i o n s  a t  t h e  p o i n t  o f  s t i m ­
u l a t i o n  and a p u l l i n g  back  
o f  t h e  r h i n o p h o r e s  which i s  
f o l lo w e d  im m e d ia te ly  by a 
l o s s  o f  c o n t a c t  w i t h  t h e  
s u b s t r a t u m .  The organism 
w i l l  f l o a t  f r e e l y  i n  t h e  
w a t e r  f o r  s e v e r a l  s e c o n d s .

These f o u r  s p e c i e s  show 
r a p i d  c o n t r a c t i o n  of  t h e  
r h i n o p h o r e s  & b r a n c h i a l  
p lum es ,  & ex t rem e  c o n t r a c ­
t i o n  a t  t h e  p o i n t  o f  s t i m ­
u l a t i o n .  M an t le  edges  f l a r e  
to  some e x t e n t  i n  a l l  s p e ­
c i e s ,  & th e  body t e n d s  to  
f l a t t e n  d o r s o - v e n t r a l l y .  
There  i s  a movement away 
from t h e  s i d e  s t i m u l a t e d  
a t  a 90 d eg re e  a n g l e  t o  t h e  
a x i s  o f  th e  body p r i o r  to  
s t i m u l a t i o n .
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T ab le  3® R esp o n ses  t o  a S i n g l e  Hard S t i m u lu s  ( C o n t»)

O rder  H u d i b r a n c h i a t e  • 

S u b o r d e r  D o r id a c e a  

D e n d r o d o r i s  k r e b s l l

D o r i s  s p »

Response

The body f l a t t e n s  d o r s o - v e n t -  
r a l l y  and th e  m a n t l e  r a i s e s  
r a p i d l y  & f l i p s  over  t h e  e n ­
t i r e  d o r s a l  s u r f a c e .  R h in o p h o res  
& b r a n c h i a l  p lumes r e t r a c t  f o r  
a  few seconds#  & t h e n  e x te n d  
b u t  a r e  c o v e re d  by t h e  f l a r e d  
m a n t l e # There  i s  ex trem e  l o c a l  
c o n t r a c t i o n  a t  t h e  p o i n t  o f  
s t i m u l a t i o n #  & movement away 
from th e  s i d e  s t i m u l a t e d  a t  a 
90 d eg re e  a n g l e  t o  t h e  a x i s  o f  
th e  body p r i o r  to  s t i m u l a t i o n .

T h is  s p e c i e s  e x h i b i t s  on ly  a 
s l i g h t  f l a r i n g  o f  th e  m a n t l e  
edge '& l o c a l  c o n t r a c t i o n  away 
from th e  s t i m u l u s .  The r h i n o ­
p h o r e s  & b r a n c h i a l  plumes r e ­
t r a c t #  & fo rw a rd  movement i s  
i n i t i a t e d  i f  th e  organ ism  i s .  
a t  r e s t  when s t i m u l a t e d .  S l i g h t  
l o c a l  c o n t r a c t i o n  away from th e  
s t i m u l u s  i s  p r e s e n t .

t a n  & cream s p e c k l e d  d o r i d  For a p r o lo n g e d  p e r i o d  o f  t im e
t h e r e  i s  r e t r a c t i o n  o f  th e  
b r a n c h i a l  plumes# r h in o p h o r e s #  
& m in u te  p a p i l l a e  which co v er  
t h e  d o r s a l  s u r f a c e .

S u b o rd e r  E o l i d a c e a

H erm issenda  c r a s s i c o r n i s  The c e r a t a e  r i s e  & c o v e r  th e
e n t i r e  d o r s a l  s u r f a c e .  There i s  
ex t rem e  c o n t r a c t i o n  from th e  
s t i m u l u s ,  & t h e  o rgan ism  moves 
away from th e  s i d e  s t i m u l a t e d  a t  
a  90 d e g re e  a n g l e  to  t h e  a x i s  o f  
th e  body p r i o r  t o  s t i m u l a t i o n .  
Many n e m a to c y s t s  a r e  r e l e a s e d  
from t h e  c e r a t a e  i f  t h e y  a r e  
s t i m u l a t e d .
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T h is  r e s p o n s e  a p p e a r s  i n  t h e  t a n  and cream s p e c k l e d  d o r i d ,  

w hich  i s  an  e x t e n s i v e l y  s p i c u l a t e d  s p e c i e s  and d u r i n g  h ig h  

and low t i d e s  r e m a in s  c l i n g i n g  to  b o u l d e r s  w i t h  w hich  i t  

b l e n d s  c r y p t i c a l l y .  The o rgan ism  w i th d raw s  th e  rh ln o p h o r .e s ,  

b r a n c h i a l  p lum es ,  and m in u te  p a p i l l a e  which, p r o j e c t  from th e  

d o r s a l  m a n t l e  s u r f a c e .  No g e n e r a l  body c o n t r a c t i o n  i s  ob­

s e r v e d .  The change i n  t h e  d u r a t i o n  o f  th e  r e s p o n s e  from 5 

to  30 s e co n d s  i s  th e  o n ly  change e l i c i t e d  by an i n c r e a s e d  

s t i m u l u s  i n t e n s i t y .  T h is  s p e c i e s  p r o b a b l y  r e l i e s  l a r g e l y  on 

i t s  s p i c u l a t e d  c o n d i t i o n  a s  a means o f  d e f e n s e .  The s p i c u l e s  

g i v e  i t  a more d e f i n i t e  shape  and s i z e  t h a n  t h a t  o f  many 

o p l s t h o b r a n c h s ,  and t h e y  a l s o  p r o v i d e  a t e x t u r e  which  en­

h a n c e s  i t s  c r y p t i c  a p p e a r a n c e .  P a in e  (1963)  h a s  p ro p o se d  

t h a t  t h i s  s p i c u l a t e d  c o n d i t i o n  i s  an  e f f e c t i v e  d e fe n s e  a g a i n s t  

p r e d a t i o n  by Navanax i n e r m l s . and R i sb e c  (1928)  l i s t s  t h e  

p o s s e s s i o n  o f  s p i c u l e s  among th e  v a r i o u s  d e f e n s i v e  d e v i c e s  

o f  o p l s t h o b r a n c h s .

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

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

ism t h a n  t h a t  p ro d u ce d  by a weak s t i m u l u s  ( T a b le  3)« I n c r e a s e d  

l o c a l  c o n t r a c t i o n  away from t h e  s t i m u l u s  i s  a  u n i v e r s a l  r e ­

sp o n se  i n  a l l  t h e s e  s p e c i e s .

I n  a l l  s p e c i e s  o f  d o r i d s  s t u d i e d ,  w i t h  th e  e x c e p t i o n  

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

edge i s  a common r e s p o n s e  t r i g g e r e d  by a  s t r o n g  s t i m u l u s .
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The d eg re e  o f  t h i s  r e s p o n s e  v a r i e s  w i t h  th e  s p e c i e s  from 

th e  s l i g h t  f l a r i n g  e x h i b i t e d  by D o r i s  s o . t o  t h e  com ple te  

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

D. k r e b s l l .

The f o u r  s p e c i e s  o f  d o r i d s  t h a t  a r e  found  i n  exposed  

h a b i t a t s  d u r i n g  h ig h  t i d e s ,  0. n o r r i s i . G. b a n k s ! « C. sedna ,  

and  c a l i f o r n i e n s i s  show a common r e s p o n s e  to  a  s i n g l e  

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

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

t h a t  t h e  v e n t r a l  s u r f a c e  p r o j e c t s  p o s t e r i o r l y .  O f ten  t h i s  

s u r f a c e  i s  p o i n t e d  to  t h e  r i g h t  o r  l e f t  tow ard  th e  s i d e  o f  

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

a n t e r i o r l y ,  f l a r e s  up,  and a sm a l l  s t r e a m  o f  mucus w i th  

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

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

t h a t  d e s c r i b e d  f o r  Ohromodoris  z e b r a  by O r o z l e r  and Arey 

( 1 9 1 9 ) ,

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

found  i n  most  o f  th e  s p e c i e s  s t u d i e d  i s  movement away from 

t h e  s i d e  s t i m u l a t e d  a t  a 90 d eg re e  a n g le  t o  t h e  a x i s  o f  th e  

body p r i o r  to  s t i m u l a t i o n .  The t h r e e  s p e c i e s  which do n o t  

e x h i b i t  t h i s  r e s p o n s e  a r e  D o r i s  s o . . B. e n g e l l . and t h e  t a n  

and cream s p e c k l e d  d o r l d .  O c c a s i o n a l l y  i n d i v i d u a l s  w i l l  t u r n  

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

and t h e n  swing back to  t h e  o r i g i n a l  p o s i t i o n  and t u r n  90
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d e g r e e s  t o  t h e  o t h e r  s i d e ,  p r e s c r i b i n g  an  a r c  o f  ISO d e g r e e s .  

T h is  i s  more f r e q u e n t l y  s e e n  i n  ,3. l o n g l c a u d a  and d iom edea . 

a l t h o u g h  most  i n d i v i d u a l s  i n  t h e s e  two s p e c i e s  w i l l  on ly  

move 90 d e g r e e s  away from th e  p o i n t  o f  s t i m u l a t i o n .  T h is  

i s  i n t e r e s t i n g  i n  l i g h t  o f  C l a r k ’ s (1958) d e s c r i p t i o n  o f  

h e r b i v o r o u s  s n a i l s  sw in g in g  t h e i r  s h e l l s  t h r o u g h  an  a r c  o f  

180 d e g r e e s ,  sometimes v i o l e n t l y  enough t o  d i s l o d g e  l a r g e r  

c a r n i v o r o u s  s n a i l s  w i t h  which c o n t a c t  had j u s t  been e s t a b ­

l i s h e d .  However3 i t  i s  d o u b t f u l  t h a t  t h i s  r e s p o n s e  (which  

i s  t r i g g e r e d  c h e m i c a l l y  i n  C l a r k ' s  h e r b i v o r o u s  s n a i l s )  co u ld  

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

s e r v e s  s im p ly  to  r e o r i e n t  t h e  s l u g s  i n  a new d i r e c t i o n .

S t a n d a r d  t e s t s  f o r  a c i d  s e c r e t i o n ,  n e m a to c y s t  r e ­

l e a s e ,  and i n c r e a s e d  mucus s e c r e t i o n  were r u n  f o r  a l l  s p e c i e s .  

Mucus s e c r e t i o n  can be se en  t o  i n c r e a s e  i n  t h o s e  d o r i d s  

which  e x h i b i t  t h e  t a l l  r a i s i n g  r e s p o n s e ,  and H. c r a s s l c o r n l s  

r e l e a s e s  many n e m a to c y s t s  when th e  c e r a t a e  a r e  g i v e n  a h a rd  

s t i m u l u s .  No c a s e s  o f  a c i d  s e c r e t i o n  were f o u n d .

R esp o n ses  t o  Change i n  I n t e n s i t y  o f  a S i n g l e  S t i m u lu s

With i n c r e a s e  i n  i n t e n s i t y  o f  m e c h a n ic a l  s t i m u l i  

t h e r e  i s  an  i n c r e a s e  i n  t h e  d e g re e  o f  r e s p o n s e  i n  a l l  o r g a n ­

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

which i s  n o t  m o d i f i e d  by any f u r t h e r . i n c r e a s e  i n  s t i m u l u s  

s t r e n g t h .  The r e s p o n s e  i t s e l f ,  a s  p o i n t e d  o u t  i n  t h e
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p r e c e d i n g  s e c t i o n *  v a r i e s  w i t h  d i f f e r e n t  s p e c i e s ;  bu t  th e  

i n t e n s i t y  which t r i g g e r s  t h e  maximum r e s p o n s e  i s  o f  t h e  same 

o r d e r  o f  m ag n i tu d e  among s p e c i e s  t h a t  a r e  g rouped  a c c o r d i n g  

t o  c o l o r a t i o n  and h a b i t a t  s e l e c t i o n  (T ab le  4 ) ,  Those o r g a n ­

ism s  which  a r e  found u n d e r  th e  r o c k s  a t  a l l  t im e  or  move 

o n ly  to  th e  s i d e s  o f  a p a r t i c u l a r  r o c k  a t  h ig h  t i d e s  r e a c t  

m a x im a l ly  a t  t h e  l o w e s t  i n t e n s i t i e s ,  w h e rea s  f o r  o rg an ism s  

which a r e  found exposed  a t  a l l  t im e s  a much s t r o n g e r  s t i m u l u s  

i s  r e q u i r e d  to  e l i c i t  a maximum r e s p o n s e .  The o rg an ism s  i n  

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

m e c h a n ic a l  s t i m u l a t i o n  imposed on them by c u r r e n t s  and sway­

i n g  a l g a e ,  and to  r e s p o n d  m ax im a l ly  t o  some low i n t e n s i t y  

t a c t i l e  s t i m u l a t i o n  would a p p e a r  to  be d i s a d v a n t a g e o u s .  The 

two c r y p t i c a l l y  c o l o r e d  s p e c i e s ,  T. diomedea and S. l long l -  

c a u d a ,  s u b j e c t  t o  th e  g r e a t e s t  amount o f  m e c h a n ic a l  s t i m u ­

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

ment i n  a l g a l  b e d s ,  r e q u i r e  t h e  s t r o n g e s t  m e c h a n ic a l  s t i m u l u s  

t o  evoke a maximal r e s p o n s e .  These d a t a  i n d i c a t e  t h a t  some 

d e g re e  o f  co n v e rg en c e  h a s  o qcured  i n  t h e  r e a c t i o n  s y s t e m s , o f  

o p i s t h o b r a n c h s  from w id e ly  d i v e r s e  taxonom ic  g r o u p s .

D u r a t i o n  o f  Response

I t  a p p e a r s  t h a t  n o t  o n ly  i s  a v e ry  s t r o n g  m e c h a n ic a l  

s t i m u l u s  needed  t o  evoke a maximum r e s p o n s e  from o p i s t h o ­

b r a n c h s  l i v i n g  i n  an  exposed  h a b i t a t  a t  a l l  t i m e s ,  b u t  t h e i r



T able  4= I n t e n s i t i e s  o f  a S i n g l e  S t i m u lu s  o f  20 msec D u r a t i o n  
N e c e s s a r y  f o r  J u s t  E l i c i t i n g '  t h e  Maximum Response 
i n  O p i s th o b r a n c h  S p e c i e s -
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C o l o r a t i o n  Mean T h re sh o ld
I n t e n s i t y  ( U n i t s  
a r e  p e r c e n t a g e s  
o f  maximum v o l ­
t a g e  used )

S p e c i e s  a lw ay s  e x p o s e d : 

T r l d a c h l e l l a  diomedea 

S t y l o c h e l l u s

Chrom odorls  n o r r i s i  

H y p s e l o d o r l s  c a l i f o r n l e n s l s

c r y p t i c

c r y p t i c

b r i g h t

b r i g h t

B- S p e c i e s  exposed  o n ly  d u r i n g  
h ig h  t i d e s :

B e r t h e l l l n a  e n g e l i

O a s e l l a  s p -

Chrom odorls  b a n k s !

H erm lssenda  c r a s s l c o r n i s

b r i g h t

b r i g h t

c r y p t i c

b r i g h t

C. S p e c i e s  a lw a y s  u n d e r  r o c k s :

D o r i s  s p . b r i g h t

t a n  & cream s p e c k l e d  d o r i d  c r y p t i c

D e n d r o d o r l s  k r e b s i i  c r y p t i c

100

100

90

90

75

75

90

67

33

27

33
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r a t e  o f  r e c o v e r y  a f t e r  s t i m u l a t i o n  i s  much f a s t e r . T h is  was 

d e te r m in e d  by r e c o r d i n g  w i t h  a s to p w a tc h  t h e  d u r a t i o n  o f  th e  

r e s p o n s e  a t  v a r y i n g  s t i m u l u s  i n t e n s i t i e s  from 21 t o  100 .  In  ■ 

most  c a s e s  t h e  r e s p o n s e  i n v o l v e s  more t h a n  one a r e a ,  and to  

g i v e  some d e g re e  o f  c o n s i s t e n c y  t o  t h e  r e c o r d i n g s  t h e  r e ­

sp o n se  was t im ed  from t h e  i n i t i a l  s t i m u l u s  c o n t a c t  u n t i l  th e  

a n im a l  had r e t u r n e d  t o  i t s  "norm al"  s t a t e .  T h is  p r e s e n t e d  

some p ro b lem s  i n  t h o s e  o rg an ism s  i n  which  a 90 d e g re e  t u r n  

was evoked by m e c h a n ic a l  s t i m u l a t i o n .  However,  u s u a l l y  by 

th e  t im e  t h e  90 d e g re e  swing i s  co m p le te d  o t h e r  r e s p o n s e s  

a r e  com ple ted  and t h i s  p o i n t  was a r b i t r a r i l y  c o n s i d e r e d  to  

be t h e  end o f  t h e  evoked r e s p o n s e .  R e s u l t s  a r e  p r e s e n t e d  i n  

F i g .  2 .  I n  t h o s e  o r g a n i s m s  which a r e  a lw ay s  i n  exposed  h a b i ­

t a t s ,  (%. d io m ed ea . S. L o n g lc a u d a , 0 .  n o r r i s i * and H. c a l i f o r -  

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

s t i m u l u s  s t r e n g t h  o f  52,  and does n o t  i n c r e a s e  w i t h  i n c r e a s e d  

s t i m u l u s  s t r e n g t h  even though t h e  maximum r e s p o n s e  d e s c r i b e d  

i n  T ab le  3 i s  n o t  evoked u n t i l  t h e  s t i m u l u s  i s  90 or  100. 

( T a b le  4 ) ,

The d u r a t i o n  o f  t h e  r e s p o n s e  i n  S,. l o n g ! c a u d a  and T. 

diomedea t h a t  a r e  found  on a l g a e  w i t h  which  t h e y  b l e n d  c r y p ­

t i c a l l y  i s  t h e  l o w e s t  o f  any  of  t h e  s p e c i e s  s t u d i e d .

The d u r a t i o n  of  t h e  r e s p o n s e  o f  o r g a n i s m s  t h a t  a r e  

found  u n d e r  r o c k s  d u r i n g  low t i d e s  b u t  t h a t  emerge from t h e  

r o c k s  d u r i n g  h ig h  t i d e s ,  ( B. e n g e l i , C a s e l l a  s p . and H. 

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



Figure 2. Duration of the ~espcnse with increased 
intensity of a single stimulus in eleven 
species of opisthobranchs. 



t a n  & cream s p e c k le d  d o r i d

• D e n d ro d o r ls  k r e b s l l

Ghromodorls  ban k s !

• D o r is  s£

Chromodorls  n o r r l s i
C a s e l l a  sp
Hermlssenda  c r a s s i c o r n l s  
B e r t h e l l i n a  e n g e l i

H y p s e l o d o r l s  c a l i f o r n l e n s l s

♦ T r l d a c h l e l l a  dlomedea 
S t y l o c h e l l u s  l o n g lc a u d a

50 60 70 6 0  90 10010 20 30 40

S T I M U L U S  I N T E N S I T Y
F i g .  2 .  D u r a t i o n  of  th e  r e s p o n s e  w i th  i n c r e a s e d  i n t e n s i t y  o f  a s i n g l e  s t i m u l u s  

i n  e l e v e n  s p e c i e s  o f  o p i s t h o b r a n c h s . i\)



6 8 ,  which  i s  a b o u t  th e  same i n t e n s i t y  a t  which  t h r e e  o f  t h e s e  

s p e c i e s  show a  maximum r e s p o n s e  t o  a  s t r o n g  s t i m u l u s .  A 

f o u r t h  s p e c i e s ,  t h e  more c r y p t i c a l l y  c o l o r e d  0. b a n k s ! . has  

a  much l o n g e r  r e s p o n s e  d u r a t i o n  and r e q u i r e s  a s t r o n g  s t i m ­

u l u s  t o  evoke a maximum r e s p o n s e  ( T a b le  4 ) .  I t  i s  g e n e r a l l y  

more s l u g g i s h  i n  movement t h a n  th e  o t h e r  s p e c i e s  s e l e c t i n g  

t h i s  g e n e r a l  h a b i t a t .

I n  t h o s e  s p e c i e s  which  a r e  found u n d e r  or  on th e  

s i d e s  o f  r o c k s  d u r i n g  b o th  low and h i g h  t i d e s ,  ( D o r i s  s p .

Do k r e b s l l . and th e  t a n  and cream s p e c k l e d  d o r i d ) , t h e  d u r a ­

t i o n  o f  t h e  r e s p o n s e  i s  d e p e n d e n t ,  f o r  th e  most  p a r t ,  on t h e  

i n t e n s i t y  o f  t h e  s t i m u l u s ,  even  th o u g h  a maximum r e s p o n s e  i s  

evoked a t  low i n t e n s i t i e s  ( Table  4 ) .  The most  m o b i le  o f  

t h e s e  s p e c i e s ,  D o r i s , r e c o v e r s  from a m e c h a n i c a l l y  evoked 

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

R e sp o n se s  t o  M u l t i p l e  S t r o n g  S t i m u l i

I t  i s  e v i d e n t  from th e  p r e v i o u s  e x p e r i m e n t s  t h a t . a s  

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

i n  t h e  r e s p o n s e  from one i n v o l v i n g  a  l o c a l i z e d  a r e a  a ro u n d  

t h e  p r o d d e r  t o  one i n v o l v i n g  th e  whole  o rg a n i s m ,  u n t i l  a max­

imum r e s p o n s e  i s  r e a c h e d  a t  some s t i m u l u s  i n t e n s i t y .  However, 

i f  a  s t i m u l u s  t h a t  i s  s t r o n g  enough t o  evoke a  maximum r e ­

sp o n se  I s  r e p e a t e d  s e v e r a l  t i m e s ,  an  even g r e a t e r  r e a c t i o n  . 

o c c u r s ,  which a p p e a r s  to  be s i m i l a r  t o  t h e  "shock"  r e a c t i o n
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s e e n  i n  s p e c i e s  when exposed  to  c e r t a i n  p o t e n t i a l  p r e d a t o r s .  

I n  o r d e r  t o  d e t e r m i n e  th e  r e s p o n s e s  o f  t h e  v a r i o u s  o p i s t h o -  

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

s t i m u l i  w i t h  a 20 m i l l i s e c o n d  d u r a t i o n  and an  i n t e n s i t y  o f  

100 were a p p l i e d  t o  each  o rgan ism  a t  f r e q u e n c i e s  t h a t  v a r i e d  

be tween 2 and 40 p u l s e s  p e r  se c o n d .  S in c e  H. c r a s s l c o r n l s ,  

d iom edea . and S_e l o n g l c a u d a  were  a b l e  t o  a v o id  t h e  s t i m u -  ■ 

l a t o r  by ex t rem e  l o c a l  c o n t r a c t i o n  and r a p i d  movement away 

from t h e  p r o d d e r  w i t h i n  t e n  s e c o n d s ,  s t i m u l i  were  a p p l i e d  to  

a l l  o rg a n is m s  f o r  t h r e e  seco n d s  o n l y . ( T a b l e  5 ) .

A p a r t  from t h e  more r a p i d  movements and ex trem e  

c o n t r a c t i o n ,  t h e  t h r e e  s p e c i e s  m e n t io n e d  above  r e a c t e d  a s  

t h e y  would t o  a s i n g l e . s t r o n g  s t i m u l u s .  I n  most  d o r i d s  t h e  - 

r e s p o n s e  p ro d u ce d  i s  an  ex t rem e  f l a r i n g  o f  t h e  m a n t l e  ove r  

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

i a l  p lum es ,  and g r a d u a l  e n t r a n c e  i n t o  a  c a t a l e p t i c  s t a t e  i n  

which  th e  e d g es  o f  t h e  f o o t  come t o g e t h e r ,  t h e  o rgan ism  bends 

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

w a t e r .  The n o t a s p i d i a n  B. e n g e l i  e x h i b i t s  t h i s  r e s p o n s e  t o  

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

l i .  M u l t i p l e  s t i m u l i  a t  a  h i g h e r  f r e q u e n c y  p ro d u ced  by 

b u b b l i n g  a i r  i n t o  t h e  aquar ium  a t  a f a s t  r a t e  o r  by s w i r l i n g  

a  g l a s s  s t i r r i n g  ro d  i n  t h e  v i c i n i t y  o f  d o r i d s  can evoke 

t h i s  same r e s p o n s e  i n  t h e s e  o r g a n i s m s .  Two d o r i d s  which do 

n o t  e x h i b i t  t h i s  r e s p o n s e  a r e  B o r i s  s p » and t h e  t a n  and cream
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Table  5 F r e q u e n c i e s  of  S t i m u l i  T r i g g e r i n g  Shock R e a c t i o n s  and th e  D u r a t i o n  of  
These Responses

F req u en cy  in C o l o r a t i o n  Mean
P u l s e s  Per Second Response

D u r a t i o n
( s e c s .

A‘0 Organisms in  exposed  h a b i t a t s  
a l l  t i m e s „

T r i d a c h i e l l a  diomedea 24 c r y p t i c 10
S t y l o c h e i l u s  l o n q ic a u d a 26 c r y p t i c 10
Chrom odoris  n o r r i s i 22 b r i g h t 60
H y p s e l o d o r i s  c a l i f o r n i e n s i s 20 b r i g h t 30

B„ Organisms in  exposed h a b i t a t s  
d u r i n g  h ig h  t i d e s  o n ly .

B e r t h e l l i n a  e n q e l i 16 b r i g h t 65
Case11a s p . 18 b r i g h t 84
Chrom odoris  b a n k s i 16 c r y p t i c . 60
Herm issenda  c r a s s i c o r n i s 14 b r i g h t 50

\
Co Organisms found u nder  ro c k s  a t  

a l l  t i m e S o

D o r i s  s p o
t a n  and cream s p e c k le d  d o r i d  
D e n d r o d o r i s  k r e b s i i

10 b r i g h t 95
8 c r y p t i c 120
6 c r y p t i c 90



s p e c k l e d  d o r i d  w hich  r e a c t  a s  t h e y  do to  a  s i n g l e  h a r d  s t i m ­

u lu s *

Those s p e c i e s  w hich  a r e  n o r m a l l y  found exposed  a t  a l l  

t im e s  r e q u i r e  t h e  h i g h e s t  f r e q u e n c y  t o  t r i g g e r  ex trem e  r e ­

sponses  ( T ab le  5)» and t h o s e  which a r e  found  u n d e r  r o c k s  a t  

a l l  t im e s  r e q u i r e  t h e  l o w e s t  f r e q u e n c y *  The d u r a t i o n s  o f  th e  

r e s p o n s e s  a r e  l o n g e r  t h a n  t h o s e  evoked by a s i n g l e  h a rd  s t i m ­

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

h a b i t s  and h a b i t a t *  ( T ab le  5 ) •

R e sp o n se s  t o  P o t e n t i a l  P r e d a t o r s
f  ‘

No c a s e s  o f  p r e d a t i o n  were  o b se rv e d  i n  th e  f i e l d  and 

o n ly  a n  o c c a s i o n a l  anemone and t h e  c e p h a l a s p i d i a n  Navanax 

i n e r m i s  were o b se rv e d  t o  p r e y  on o p i s t h o b r a n c h s  i n  th e  l a b o r ­

a t o r y *  O the r  l a b o r a t o r y  s t u d i e s  show, however ,  t h a t  no 

o p l s t h o b r a n c h  s p e c i e s  was a v o id e d  and no r e s p o n s e s  were 

evoked i n  o p i s t h o b r a n c h s  u n t i l  a f t e r  c o n t a c t  had been  e s t a b ­

l i s h e d  w i t h  t h e  p o t e n t i a l  p r e d a t o r *  The r e s p o n s e s  of  

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

om nivorous  and c a r n i v o r o u s  o rg a n i s m s  a r e  i d e n t i c a l  t o  t h o s e  

evoked by v a r i o u s  i n t e n s i t i e s  o f  m e c h a n ic a l  s t i m u l a t i o n  w i th  

a  g l a s s  p ro d d e r*  ( T ab le  6)*

The two s p e c i e s  o f  anemones,  Bunodosoma c a l i f o r n i c a  

and P h v l l a c t l s  e o n o l n n a t a * f o l d  t h e i r  t e n t a c l e s  o v e r  a l l  

o p i s t h o b r a n c h  s p e c i e s  p l a c e d  on t h e i r  o r a l  d i s c ,  b u t  seldom 

t a k e  them i n t o  t h e  d i g e s t i v e  c a v i t y ,  a nd ,  i f  t h e y  do so ,  w i l l
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n o r m a l l y  r e j e c t  t h e  p a r t l y  d i g e s t e d  o p i s t h o b r a n c h  w i t h i n  a 

few  hours® I n  o n ly  a  few c a s e s  would t h e  o p i s t h o b r a n c h  d ie  

a s  a  r e s u l t  o f  t h i s  s t r e s s ;  most  e x h i b i t e d  t rem en d o u s  powers 

o f  r e g e n e r a t i o n ®  I n  one i n s t a n c e  an  e x t e n s i v e l y  d i g e s t e d  

O a s e l l a  s n » was r e j e c t e d  a f t e r  24 hours® I t  was i n  t h e  form 

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

o rgan ism  emerged from t h i s  "cocoon" w i t h i n  16 h o u r s ,  weak,  

b u t  e x t e r n a l l y  undamaged® The anemones e l i c i t  c a t a l e p t i c  

o r  ex t rem e  "shock"  r e s p o n s e s  i n  a l l  s p e c i e s  e x c e p t  B. e n g e l l  

and H® c r a s s l c o r n l s . which  p re y  on anemones and a p p e a r  t o  

have  some immunity  to  n e m a t o c y s t s .  T h is  r e s p o n s e  i s  p r o b ­

a b l y  p ro d u ce d  by th e  c h e m ic a l - m e c h a n l e a l  s t i m u l a t i o n  o f  

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

i t  i s  evoked t h e  i n s t a n t  a  few t e n t a c l e s  t o u c h  t h e  d o r s a l  

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

d o r i d s  i s  i d e n t i c a l  t o  t h a t  p ro d u ced  by m u l t i p l e  s t r o n g  stlm=> 

u l i ,  e x c e p t  t h a t  t h e  c a t a l e p t i c  s t a t e  l a s t s  f o r  up t o  f i v e  

m i n u t e s  a f t e r  r e j e c t i o n  by th e  anemone and f o r  a  much s h o r t e r  

p e r i o d  o f  t im e  a f t e r  m u l t i p l e  m e c h a n ic a l  s t i m u l a t i o n .  R isb eo  

(1928)  d i s c u s s e s  t h e  d e f e n s i v e  a t t r i b u t e s  o f  a  c a t a l e p t i c  

s t a t e ,  b u t  i t s  a d v a n t a g e s  i n  d i s s u a d i n g  d i g e s t i o n  by anemones 

r e m a in s  u n c e r t a in ®

S t a r v e d  E r l n h l a  sauam ata  w i l l  sc av e n g e  on dead and 

i n j u r e d  o p i s t h o b r a n c h s  o f  a l l  s p e c i e s ,  b u t  w i l l  se ldom e a t  

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



35

H e a l t h y  c r a b s  o f  t h i s  s p e c i e s  w i l l  n o t  a v o id  any  o f  t h e  

o p i s t h o b r a n e h  s p e c i e s  u n t i l  a f t e r  c o n t a c t  ha s  been e s t a b ­

l i s h e d ,  N orm al ly  t h e  c r a b  w i l l  a p p r o a c h  an  o p i s t h o b r a n e h  

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

back  away, ( Table  6 ) ,

The two s p e c i e s  o f  s h o re  f i s h  A budefduf  s a x a t i l i s  

and  G l r e l l a  s n , w i l l  t a s t e  a l l  o p i s t h o b r a n e h  s p e c i e s  t h a t  

a r e  d ropped  i n  an  a q u a r iu m ,  i l l  o p i s t h o b r a n c h s  w i t h o u t  ex­

c e p t i o n  a r e  r e j e c t e d  and r e s p o n s e s  evoked by e n c o u n t e r  w i th  

t h e  f i s h  a r e  s i m i l a r  t o  t h o s e  evoked by m e c h a n ic a l  s t i m u l a ­

t i o n  w i t h  a g l a s s  r o d ,  ( Table  6 ) ,  D e f e n s iv e  r e s p o n s e s  a r e  

n o t  d ep en d e n t  upon, a t t a c h m e n t  o f  th e  f o o t  t o  t h e  s u b s t r a t u m .  

T h is  i s  i n  a g re e m e n t  w i t h  Thompson’ s ( I9 6 0 )  s t u d y  on s e v e r a l  

o p i s t h o b r a n e h  s p e c i e s  found  o f f  B r i t a i n  and O r o z i e r 1s (1916) 

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

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

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

s p e c i e s  w i t h  no i n d i c a t i o n  o f  l e a r n i n g  t o  a s s o c i a t e  form and 

c o l o r  w i t h  d i s t a s t e f u l n e s s .  D u r in g  th e  c o u r s e  o f  t h i s  s t u d y  

no f i s h  was o b se rv e d  t o  t a s t e  o p i s t h o b r a n e h  s p e c i e s  w h e th e r  

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

and a l g a e  i n  t h e  f i e l d  o r  on t h e  s i d e s  and bot tom  o f  a q u a r i a ,  

O r o z i e r  (1916)  found  t h i s  t o  be t r u e  o f  Ohromodoris  z e b r a  

a l s o .



T able  6 e D e fe n s iv e  P o s t u r e s  E l i c i t e d  by D i r e c t  C o n ta c t  With Three 
P o t e n t i a l  P r e d a t o r s .

O p i s th o b ra n c h  S p e c i e s

T r i d a c h i e l l a  diomedea There i s  l o c a l  c o n t r a c t i o n  and
a s l i g h t  r a i s i n g  o f  th e  p a r a p o d i a .

S t y l o c h e l l u s  l o n g ic a u d a  There i s  ex trem e l o c a l  c o n t r a c t i o n
away from th e  s t i m u l u s  and p u l l i n g  
th e  p a r a p o d i a . t o g e t h e r »

B e r t h e l l i n a  e n g e l i  There i s  l o c a l  c o n t r a c t i o n  away
from t h e  s t i m u l u s .

C a s e l l a  s o .
H v o s e l o d o r i s  c a l l f o r n i e n s i s  
Chromodoris  n o r r i s l  
Ohromodoris  b a n k s !  
D e n d r o d o r i s  k r e b s i i

These f i v e  s p e c i e s  e x h i b i t  r e ­
t r a c t i o n  o f  th e  r h i n o p h o r e s  and 
b r a n c h i a l  plumes and a s l i g h t  
f l a r i n g  o f  th e  m a n t l e  e d g e s .
Some l o c a l  c o n t r a c t i o n  away from 
th e  s t i m u l u s  i s  m a n i f e s t e d .

D o r i s  s o . The r h i n o p h o r e s  and b r a n c h i a l
plumes w i th d ra w  and fo rw a rd  
movement i s  i n i t i a t e d  i n  r e s t i n g  
o r g a n i s m s .  There  i s  a s l i g h t  
f l a r i n g  of  t h e  m a n t l e  e d g e s .

t a n  and cream s p e c k le d  d o r i d  The r h i n o p h o r e s  and b r a n c h i a l
plumes w i th d ra w .

H erm issenda  c r a s s i c o r n i s  The c e r a t a e  r i s e  o v e r  th e  d o r s a l
s u r f a c e  and l o c a l  c o n t r a c t i o n  i s  
p r e s e n t .

i * .
Abudefduf  and G i r e l l a  I

There  i s  marked l o c a l  c o n t r a c t i o n  
and f l a r i n g  o f  th e  p a ra p o d ia  ove r  
th e  e n t i r e  d o r s a l  s u r f a c e . s

I
E x h i b i t s  th e  same r e s p o n s e  ajs i t  
does to  E r l p h i a . j

E x h i b i t s  t h e  same r e s p o n s e  t h a t  
i t  does to

E x h i b i t  t h e  same r e s p o n s e  a s  
th ey  do t o  E r i n h i a .

\
!'

I

The r h i n o p h o r e s  and b r a n c h i a l  plumes 
w i th d raw  and s l i g h t  l o c a l  c o n t r a c t i o n  
i s  m a n i f e s t e d .  I

E x h i b i t s  t h e  same r e s p o n s e  
to  E r l P h i a .

a s  i t does

E x h i b i t s  th e  same r e s p o n s e  
to  E r l p h i a .

ajp i t

j

does



DISCUSSION

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

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

have  been  i n v e s t i g a t e d . The s i g n i f i c a n c e  o f  some o f  t h e s e  

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

However , a few r e s p o n s e s  such a s  r e t r a c t i o n  o f  t h e  r h l n o p h o r e s  

and b r a n c h i a l  p lum es ,  r a i s i n g  o f  v a r i o u s  s t r u c t u r e s  to  p r o ­

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

s t i m u l u s  a r e  s i m i l a r  t o  t h e  r e s p o n s e s  evoked by p o t e n t i a l  

p r e d a t o r s  and may s e r v e  to  p r o t e c t  t h e  e x t r e m i t i e s  o r  o t h e r  

s e n s i t i v e  a r e a s  from a c c i d e n t a l  o r  p u r p o s e f u l  damage from 

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

a s  a food s o u r c e  by l a r g e r  p r e d a t o r y  o r g a n i s m s .  Whether  some 

o f  t h e  in n u m e r a b le  s m a l l e r  a n im a l s  r e g u l a r l y  p r e y  on o p i s t h o -  

b r a n c h s  i s  n o t  known. N e v e r t h e l e s s  i t  h a s  been  shown i n  

t h e s e  s t u d i e s  t h a t  o p i s t h o b r a n o h s  were  n o t  a v o id e d  by l a r g e r  

p o t e n t i a l  p r e d a t o r s  u n t i l  a f t e r  c o n t a c t  had b een  made, so 

p re su m ab ly  t h e  r e s p o n s e s  which were  e l i c i t e d ,  and which were

i d e n t i c a l  t o  t h o s e  p ro d u ced  i n  t h e  l a b o r a t o r y  by a g l a s s
§ ' - •

p r o d d e r ,  s e r v e  t o  p r o t e c t  t h e  o r g a n i s m .  These r e s p o n s e s

a p p e a r  to  be d e f e n s i v e  i n  n a t u r e , b u t  w h e th e r  t h e y  a r e  th e  

p r im a r y  f a c t o r  i n  d e t e r r i n g  th e  p r e d a t o r  i s  n o t  known, and 

i n  most  i n s t a n c e s  th e  r e a s o n  f o r  p r e d a t o r  r e j e c t i o n  r e m a in s
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o b s c u r e » S in c e  c o n t a c t  i s  n e c e s s a r y  p r i o r  t o  r e j e c t i o n  i n  

a l l  e l e v e n  s p e c i e s ,  s e r i o u s  doubt  i s  p l a c e d  on th e  w a rn in g  

n a t u r e  o f  b r i g h t  c o l o r  p a t t e r n s  found i n  many members o f  

t h i s  s u b c l a s s .  T h is  a l s o  s u g g e s t s  t h a t  ch em ic a l  s t i m u l i  do 

n o t  p r e v e n t  some p r e d a t o r s  from t o u c h i n g  th e  a n i m a l , However, 

c r y p t i c  a p p e a r a n c e  of  c e r t a i n  s p e c i e s  may w e l l  s e r v e  a s  a 

f i r s t  l i n e  o f  d e f e n s e .

R esp o n ses  p ro d u ced  by m e c h a n ic a l  s t i m u l a t i o n  a r e  

g e n e r a l l y  l i m i t e d  by m orphology  and t e n d  t o  f o l l o w  taxonomic  

l i n e s .  T. dlomedea w i l l  r a i s e  t h e  p a r a p o d i a  when a h a rd  

s t i m u l u s  i s  a p p l i e d ,  S. l o n g ! c a u d a  w i l l  s h u t  th e  p a r a p o d i a  

t i g h t l y  o v e r  th e  g i l l ,  and B. e n g e l l  w i l l  e x h i b i t  ex trem e 

l o c a l  c o n t r a c t i o n .  The d o r id  n u d i b r a n c h s  a l l  e x h i b i t  r e ­

t r a c t i o n  o f  t h e  r h i n o p h o r e s  and b r a n c h i a l  p lum es ,  a n d » w i th  

t h e  e x c e p t i o n  o f  th e  t a n  and cream s p e c k l e d  d o r i d ,  f l a r e  the  

m a n t l e  when a s t r o n g  s t i m u l u s  i s  a p p l i e d .  The f o o t  o f  most  

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

m u l t i p l e  h a rd  s t i m u l i  a r e  a p p l i e d .  T h is  r e s p o n s e  i s  a l s o  

e l i c i t e d  by s w i r l i n g  w a t e r  i n  t h e  v i c i n i t y  o f  th e  o rg an ism .

An organism  d i s t u r b e d  by r e p e t i t i v e  m e c h a n ic a l  s t i m u l i  i n  

t h e  f i e l d  d ro p s  from th e  s i d e  o f  a r o c k  or  a l g a e  on which i t
i

i s  c r a w l i n g  and i s  p i c k e d  up by th e  c u r r e n t  and c a r r i e d  

s e v e r a l  f e e t  away. The d e f e n s i v e  a t t r i b u t e s  o f  t h i s  r e s p o n s e  

seem a p p a r e n t ,  a l t h o u g h  i t  was n e v e r  evoked by c o n t a c t  w i th  

p o t e n t i a l  p r e d a t o r s .  O a s e l l a  s o . and C. b a n k s !  a r e  o f t e n
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found  d u r in g  low t i d e s  u n d e r  l e d g e s  ou t  o f  th e  w a t e r ,  and i n  

t h i s  s i t u a t i o n  no amount o f  h a rd  r e p e t i t i v e  s t i m u l a t i o n  can 

evoke t h i s  r e s p o n s e .

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

o f  r e s p o n s e s  c u t  a c r o s s  a v a r i e t y  o f  t a x a „ There  i s  a t e n ­

dency  t o  p r o t e c t  th e  d o r s a l  s u r f a c e  w i th  p a r a p o d i a ,  m a n t l e  

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

c o l o r e d  JT. diomedea a s  w e l l  a s  t h e  b r i g h t l y  c o l o r e d  C a s e l l a  

s p . L oca l  c o n t r a c t i o n  a t  th e  p o i n t  o f  s t i m u l a t i o n  i s  ex ­

h i b i t e d  by a l l  b u t  one s p e c i e s ,  and a s t r o n g  s t i m u l u s  r e s u l t s  

i n  movement away f r o m , t h e  s t i m u l u s  a t  a 90 d e g re e  a n g l e  to  th e  

a x i s  of' t h e  body p r i o r  to  s t i m u l a t i o n  i n  most  s p e c i e s ,

A few s p e c i e s  a r e  un ique  i n  t h e i r  r e s p o n s e s  t o  

m e c h a n ic a l  s t i m u l a t i o n .  The t a n  and cream d o r i d  e x h i b i t s  

t h e  same r e s p o n s e  t o  b o th  a s t r o n g  and weak s t i m u l u s ,  v a r y i n g  

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

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

a n c e  f o r  d e f e n s e .  I n  S, l o n g i p a n d a , T, d io m ed ea , and B o r i s  

s j ) , , movement i s  e l i c i t e d  by a  weak s t i m u l u s  when a p p l i e d  to  

r e s t i n g  o r g a n i s m s .  In  th e  f i r s t  two s p e c i e s  i t  r e s u l t s  i n  

movement toward  t h e  s t i m u l u s ,  w h e rea s  D o r i s  s p . moves fo rw a rd  

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

The most  s e n s i t i v e  a r e a s  i n  a l l  o rg a n is m s  a r e  t h e  

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

l i m i t e d  p r o t e c t i o n  t o  v i t a l  s t r u c t u r e s .
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W hatever  th e  s i g n i f i c a n c e  o f  the. b e h a v i o r » i t  h a s  

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

have  te n d e d  t o  c o n v e r g e .  R esp o n ses  o f  s p e c i e s  found i n  ex­

posed  h a b i t a t s  a t  a l l  t im e s  g e n e r a l l y  l a s t  f o r  th e  s h o r t e s t  

p e r i o d  o f  t im e ,  and above a c e r t a i n  low s t i m u l u s  i n t e n s i t y  do 

n o t  i n c r e a s e  i n  d u r a t i o n  even though  i t  t a k e s  a  v e r y  s t r o n g  

s t i m u l u s  to  evoke a  maximum r e s p o n s e  i n  t h e s e  o r g a n i s m s .  A 

s t r o n g  s t i m u l u s  a p p l i e d  to  a l l  s p e c i e s  found i n  t h i s  group 

(1® d iomedea ,  8,. l o n g l o a n d a . H. c a l i f o r n i e n s i s . and 0. n o r r i s l ) 

evokes  a  r e s p o n s e  which l a s t s  f o r  a s h o r t  p e r i o d  o f  t im e  and 

r e s u l t s  i n  a  90 d eg re e  t u r n  away from th e  s t i m u l u s  and move­

ment i n  t h i s  new d i r e c t i o n .  T. diomedea and S. l o n g i c a u d a . 

which b o th  l i v e  and g r a z e  on a l g a e  and a r e  c r y p t i c  i n  

a p p e a r a n c e ,  t u r n  tow ard  t h e  s t i m u l u s  i f  i t  i s  weak and w i l l  

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

ism a f t e r  s t i m u l a t i o n .  They may be o b se rv e d  s p i r a l i n g  on 

a l g a e  i n  a s i m i l a r  manner d u r i n g  h i g h  t i d e s .  "Shock" r e a c ­

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

b u t  t h e s e  r e s p o n s e s  a l s o  have a s h o r t  d u r a t i o n .

At a l l  t im e s  maximum r e s p o n s e s  o f  s p e c i e s  found u n d e r  

r o o k s  a r e  o b t a i n e d  a t  low s t i m u l u s  i n t e n s i t i e s  and  th e  d u r a ­

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

t e n s i t y .  Extreme o r  shock  r e s p o n s e s  a r e  evoked i n  t h e s e  

s p e c i e s  by low f r e q u e n c i e s  o f  m e c h a n ic a l  s t i m u l i ,  b u t  th e  

r e s p o n s e  l a s t s  f o r  a  r e l a t i v e l y  lo n g  p e r i o d  o f  t im e .  S p e c ie s
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fo u n d  i n  exposed  h a b i t a t s  d u r i n g  h ig h  t i d e s ,  when t h e y  emerge 

from u nder  t h e  r o o k s  or  l e d g e s ,  a r e  i n t e r m e d i a t e  i n  r e s p o n s e  

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

u l i  n e c e s s a r y  t o  t r i g g e r  maximum r e s p o n s e s .

R esp o n se s  can be c o r r e l a t e d  w i t h  c o l o r a t i o n  i n  two 

i n s t a n c e s .  The b r a n c h i a l  plumes and r h i n o p h o r e s  w i th d raw  

s i m u l t a n e o u s l y  when a  s i n g l e  l i g h t  s t i m u l u s  i s  a p p l i e d  to  

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

e n ce ;  and i n t e n s i t i e s  o f  a s i n g l e  s t i m u l u s  t h a t  e l i c i t  a max­

imum r e s p o n s e  a r e  o f  th e  same o r d e r  o f  m ag n i tu d e  f o r  a l l  

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

e r e n c e  ( T a b le  4)„ However, th e  d a t a  a r e  somewhat i n c o n s i s - . 

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

T h is  s t u d y  i n d i c a t e s  t h a t  a l t h o u g h  some converg en ce  

i n  p a t t e r n s  o f  b e h a v i o r  e x i s t s  among o p i s t h o b r a n c h s  l i v i n g  

i n  t h e  same h a b i t a t ,  an  even g r e a t e r  s i m i l a r i t y  i s  se en  i n  

t h e  s t r e n g t h  and f r e q u e n c y  o f  s t i m u l i  needed  to  evoke maximal 

r e s p o n s e s  and i n  t h e  d u r a t i o n  o f  t h e s e  r e s p o n s e s .  T h is  i s  

most  n o t i c e a b l e  i n  s p e c i e s  which a r e  found i n  an  exposed  

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

e n t  o r d e r s  from th e  p r i m i t i v e  A n asp id ea  t o  t h e  more advanced  

N u d i b r a n o h i a t a  show s i m i l a r i t i e s • i n  t h e  l e n g t h  o f  t h e i r  

r e a c t i o n s  and i n t e n s i t i e s  and f r e q u e n c i e s  o f  s t i m u l i  to  

which t h e y  r e s p o n d  m a x im a l ly .  However,  i t  i s  n e c e s s a r y  t o  

q u e s t i o n  on what  p l a n e  t h i s  c o n v e rg en c e  a c t u a l l y  e x i s t s .  In
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o r d e r  t o  do t h i s  a  d e t a i l e d  s tu d y  o f  t h e  n e a r o - a n a t o m i c a l  

f e a t u r e s  o f  a l l  t h e s e  s p e c i e s  i s  n eed ed  and e l e c t r i c a l  r e ­

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

Thompson (1960a)  c l a s s i f i e s  o p i s t h o b r a n c h s  b e h a v i o r -  

a l l y  i n t o  two b ro ad  g r o u p s :  t h o s e  which  have  a p r e f e r e n c e  f o r  

c o n c e a lm e n t  which i s  a c h i e v e d  by c o l o r a t i o n ,  t e x t u r e ,  or  

h a b i t a t  s e l e c t i o n ,  and t h o s e  whose b e h a v i o r  i s  c h a r a c t e r i z e d  

by a d i s r e g a r d  f o r  c o n c e a lm e n t .  In  l i g h t  o f  t h e  d a t a  d e r i v e d  

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

s h o u l d  be r e - e x a m i n e d .



SUMMARY

1 .  R esp o n ses  to  m e c h a n ic a l  s t i m u l i  o f  v a r i o u s  i n t e n s i t i e s  

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

t h a t  e x h i b i t  a v a r i e t y  of  h a b i t a t  p r e f e r e n c e s  and 

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

2 .  A reas  o f  g r e a t e s t  s e n s i t i v i t y  i n  a l l  s p e c i e s  a r e  t h e  

head- r e g i o n ,  e x t r e m i t i e s ,  and p a r t s  o f  th e  m a n t l e  or 

p a r a p o d i a  t h a t  c o v e r  th e  g i l l .

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

a maximum r e s p o n s e  and t h e  d u r a t i o n  o f  t h a t  r e s p o n s e  

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

o f  t h e  o p is t f ao b ra n ch  s p e c i e s  s t u d i e d *

4 .  S p e c i e s  found i n  an  exposed  h a b i t a t  d u r i n g  h i g h  and low 

t i d e s ,  r e s p o n d  m ax im a l ly  o n ly  t o  a s t r o n g  s t i m u l u s ,  and 

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

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

d ep en d e n t  o f  t h e  s t r e n g t h  o f  t h e  s t i m u l u s  and t e n d s  t o  

r e m a in  t h e  same a t  h i g h  s t i m u l u s  i n t e n s i t i e s .

5* R e p e t i t i v e  s t r o n g  s t i m u l i  t r i g g e r  an  ex t rem e  o r  " shock"  

r e s p o n s e .  The f r e q u e n c y  o f  s t i m u l i  which e l i c i t s  t h i s  

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

O p i s t h o b r a n c h s  found  exposed  d u r i n g  b o t h  h i g h  and low 

t i d e s  e x h i b i t  a  shock  r e s p o n s e  o n ly  a t  h ig h  f r e q u e n c i e s .
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T h is  type  o f  r e s p o n s e  l a s t s  f o r  a  r e l a t i v e l y  s h o r t  t im e .

6 .  S p e c i e s  found i n  more p r o t e c t i v e  s i t u a t i o n s  r e s p o n d  max­

i m a l l y  a t  low er  s t i m u l u s  i n t e n s i t i e s ,  a r e  s lo w e r  t o  

r e c o v e r ,  and show an  i n c r e a s e  i n  th e  d u r a t i o n  o f  th e  

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

more,  t h e  shock r e a c t i o n  i s  evoked a t  lo w e r  f r e q u e n c i e s  

o f  r e p e t i t i v e  s t i m u l a t i o n .

7 .  A l th o u g h  r e s p o n s e s  do n o t  g e n e r a l l y  a p p e a r  to  be c o r r e l a ­

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

found  i n  exposed  h a b i t a t s  much o f  th e  t im e ,  S t v l o c h e i l u s  

l o n g l c a u d a  and T r l d a o h i e l l a  d io m ed ea , show a  r e s p o n s e  

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

ism s  t u r n  tow ard  a l i g h t  s t i m u l u s  and away from a s t r o n g  

s t i m u l u s .  T h is  same r e s p o n s e  evoked i n  s p e c i e s  from two 

s e p a r a t e  o r d e r s  may be common among o t h e r s  t h a t  l i v e  on 

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

s t u d y  t h a t  do n o t  l i v e  on a l g a e  f a i l  t o  e x h i b i t  t h i s  r e ­

sp o n s e .

8 .  No c a s e s  o f  p r e d a t i o n  on a d u l t  o p i s t h o b r a n c h s  were ob­

s e r v e d  i n  th e  f i e l d ,  and o n ly  an o c c a s i o n a l  i n d i v i d u a l  

was d i g e s t e d  by anemones or  p r e d a t o r y  o p i s t h o b r a n c h s  i n  

t h e  l a b o r a t o r y .  P o t e n t i a l  p r e d a t o r s  do n o t  a v o id  o p i s t h o ­

b r a n c h s  u n t i l  c o n t a c t  h a s  been  e s t a b l i s h e d ;  and r e s p o n s e s  

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

duced /by a g l a s s  p r o d d e r  and appear ,  to  be d e f e n s i v e  i n  

n a t u r e .
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9» These e x p e r i m e n t s  i n d i c a t e  t h a t  a l t h o u g h  many r e s p o n s e s  

f o l l o w  taxonom ic  l i n e s ,  some c o n v e rg en c e  h a s  o c c u r r e d  

i n  o p i s t h o b r a n c h s  found i n  s i m i l a r  h a b i t a t s .
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