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Upper beam: mechanogram of the stretch of the left inferior bblique muscle. Lower beam: unitary discharge recorded from a cell in the 
medial-dorsolateral part of the left semilunar ganglion of a lamb. The unit responded only to the stretching of the left inferior oblique 

muscle. 

t he  s t r e t c h  of t he  e x t r a o c u l a r  muscles .  The  un i t s  s t ud i ed  
were s p o n t a n e o u s l y  ac t ive  in  m a n y  cases a n d  e x h i b i t e d  
a d i scharge  r a t e  of 10-20/sec.  T he  un i t s  showed  a n e g a t i v e  
p o l a r i t y  w i t h  a n  a m p l i t u d e  of 100-200 #V. A g iven  
u n i t  was  exc lus ive ly  a n d  c o n s i s t e n t l y  modi f ied  b y  s t r e t ch -  
ing of a d e t e r m i n e d  e x t r a o c u l a r  musc le ;  on ly  w h e n  t h e  
record  was a m u l t i f i b r e  one, was  t he  u n i t a r y  d i scharge  
a f fec ted  b y  s t r e t c h i n g  2 or  more  ex t r ins i c  ocu la r  muscles .  

The  re sponse  of such  gasse r i an  cells to  t he  s t r e t c h  of 
t h e  e x t r a o c u l a r  musc les  was  c h a r a c t e r i z e d  b y  a s u d d e n  
increase  in t he  d i scha rge  r a t e  (up to 300/see). T he  dis- 
cha rge  of t h e  u n i t s  t h e n  se t t l ed  d o w n  a t  a lower  f r e q u e n c y  
(150-90/sec).  The  f i r ing  of t h e  u n i t s  dec reased  i m m e -  
d i a t e l y  or  s t o p p e d  for  a few msec  w h e n  t h e  s t r e t c h  was 
re leased  a n d  s u b s e q u e n t l y  r e c o m m e n c e d  a t  t h e  or ig ina l  
r e s t i ng  r a t e  (Figure) .  I t  is to  be  n o t e d  t h a t  such  responses  
e x h i b i t e d  a v e r y  br ie f  l a t e n c y :  1-3  rese t .  All t h e  u n i t s  
s t ud i ed  showed  a s l igh t  a d a p t a t i o n .  

T h e  f i r ing  of t h e  un i t s  d u r i n g  a s t r e t c h  of a g iven  e x t r a -  
ocu la r  muscle  was i n h i b i t e d  b y  t h e  e lec t r ica l ly  i nduced  
c o n t r a c t i o n  of t h a t  musc le ;  t h u s  t h e  u n i t s  could  be 
iden t i f i ed  as musc le  sp ind le  a f fe ren t s  zL 

T h e  gasse r ian  un i t s  r espons ive  to t he  s t r e t c h  of t he  
e x t r a o c u l a r  muscles  were  u n a f f e c t e d  b y  m o v e m e n t s  of 
j a w  or  b y  s t i m u l a t i o n  of o t h e r  ips i l a te ra l  t r i g e m i n a l  re- 
ceptors .  The  responses  were  n o t  abo l i shed  b y  N e m b u t a l  
anaes thes i a ,  wh i l s t  t h e y  d i s a p p e a r e d  t o t a l l y  a f t e r  c u t t i n g  
t he  ips i l a te ra l  o p h t h a l m i c  b r a n c h  of t h e  f i f th  nerve .  

S u m m i n g  up,  s t r e t c h i n g  of t h e  e x t r a o c u l a r  musc les  
p r o v o k e d  s h o r t  l a t e n c y - s u s t a i n e d  responses  of a l im i t ed  
g roup  of cells c o n t a i n e d  in  t he  s e m i l u n a r  gang l ion  of l ambs .  
Such  responses  were  of t h e  t y p e  i n d u c e d  b y  musc le  sp ind-  
les. T h e  conc lus ion  was r eached  t h a t  p r o p r i o c e p t i v e  f ibres  
f rom e x t r a o c u l a r  musc les  h a v e  t h e i r  cell bodies  in  t h e  
s e m i l u n a r  gangl ion.  

Riassunto. ~. s t a t s  i so la to  nel  gangl io  s e m i l u n a r e  del-  
l ' agne l lo  u n  l i m i t a t o  g r u p p o  di  cellule la cui scar ica  un i -  
t a r i a  ~ t i p i c a m e n t e  ed e s c l u s i v a m e n t e  m o d i f i c a t a  dul l s  
s t i r a m e n t o  di s ingol i  musco l i  ocular i .  Tal i  r i spos te  s o n s  
del t i p s  di  quel le  i n d o t t e  da i  fusi neu romusco la r i .  Si t r a e  
la conc lus ions  che  ne l  gangl io  di  Gasser  de l l ' agne l lo  si 
t r o v a n o  i p i r enofor i  di  f ib re  che p r o v v e d o n o  al la  sens ib i -  
liter p r o p r i o c e t t i v a  dei muscol i  es t r inseci  del l 'occhio .  
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R e s p o n s e s  of Crustacean  Larval  C h r o m a t o -  
phores  to Light  and Endocr ines  

E v i d e n c e  for  t he  p resence  of f u n c t i o n a l  a m o u n t s  of 
c h r o m a t o p h o r o t r o p i n s  f rom v e r y  ea r ly  s tages  of deve lop-  
m e n t  of c ru s t aceans  has  b e e n  r e p o r t e d  z,~. However ,  t he  
t i m e s  a t  w h i c h  t he  c h r o m a t o p h o r a l  s y s t em s  in de-  
ve lop ing  c r u s t a c e a n s  f i r s t  t a k e  on  f u n c t i o n a l  a c t i v i t y  
h a v e  been  d e t e r m i n e d  in  few formsZ-L Zoeae of Hippolyte 
a n d  Palaernon 3, Nephrops 4, Crangon 5 a n d  Carcinus 6 
fa i led to  e x h i b i t  c h r o m a t i c  a d a p t a t i o n .  B y  con t ras t ,  
zoeae of Palaemonetes e x h i b i t e d  b a c k g r o u n d  responsesT. 
PAUTSCH 5,e r epo r t ed  t h a t  t h e  c h r o m a t o p h o r e s  of zoeae of 
Crangon a n d  Carcinus were  una f f ec t ed  b y  c h r o m a t o -  
p h o r o t r o p i n s ,  whi le  BROCH 7 r e p o r t e d  t h a t  c h r o m a t o -  
phores  of Palaemonetes zoea r e sponded  to  a d u l t  chro-  
m a t o p h o r o t r o p i n s .  To d e t e r m i n e  t h e  ef fec t  of c h r o m a t o -  
p h o r o t r o p i n s  on zoeae, PAUTSCH 5,6 has  p l unged  t h e  zoeae 
i n to  a n  aqueous  suspens ion  of t he  n e r v o u s  t i ssue  ex- 

t r ac t s ,  whi le  BROCH ? ha s  t e s t ed  t he  ef f icacy  of c h r o m a c -  
r ive  e x t r a c t s  on  i so la ted  pieces of c a r apace  of zoea. 
Since such  a f u n d a m e n t a l  d i f ference  ex is t s  b e t w e e n  t h e i r  
t echn iques ,  i t  was  fe l t  w o r t h w h i l e  to  r e p e a t  t h e m ,  us ing  
a n o t h e r  t e s t  species to  fac i l i t a t e  p r o p e r  i n t e r p r e t a t i o n  of 
the  ava i l ab l e  da ta .  

D u r i n g  t he  p r e s e n t  s tudy ,  be r r i ed  female  Ocypode 
macrocera col lec ted  f rom t h e  V i s a k h a p a t n a m  b e a c h  were 
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b r o u g h t  to  t he  laboratory a n d  m a i n t a i n e d  in e n a m e l  
bas ins  c o n t a i n i n g  sea  wate r .  U n d e r  s u c h  c o n d i t i o n s  t h e  
zoeae were l ibe ra ted .  Soon  a f t e r  h a t c h i n g ,  t h e  zoeae were 
i so la ted  in  f inger  bowls  c o n t a i n i n g  f i l te red  sea  w a t e r  a n d  
t h i s  col lec t ion r e p r e s e n t e d  ti le s t ock  group.  

The  c h r o m a t o p h o r a l  s y s t e m  of Ocypode zoea is com-  
posed  of m o n o c h r o m a t i c  w h i t e  a n d  b l a c k  c h r o m a t o p h o r e s  
a n d  d i c h r o m a t i c  c h r o m a t o p h o r e s  c o n t a i n i n g  b l a c k  a n d  
wh i t e  p i g m e n t s .  Changes  of p i g m e n t  m i g r a t i o n  in  t he  
c h r o m a t o p h o r e s  of zoeal  c a r a p a c e  were  s t a g e d  fo l lowing 
t he  scheme  of HOGBEN a n d  SLOME s. 

10 zoeae were  p laced  in  each  of 3 w h i t e - p a i n t e d  s t e n d e r  
d ishes  a n d  3 b l a c k - p a i n t e d  s t e n d e r  dishes.  One w h i t e  a n d  
one  b l a c k  d i sh  were  p laced  in  one of t h e  fo l lowing il lu- 
m i n a t i o n s :  10, 100 a n d  1700 I t  c. T he  zoeae were ex- 
posed  to these  l igh t  i n t ens i t i e s  for  30 rain,  a t  t h e  end  of 
w h i c h  t he  c h r o m a t o p h o r e  s tages  were recorded.  L a t e r  t h e  
s t e n d e r  d i shes  a t  10 I t  c l i g h t  i n t e n s i t y  were  p l aced  a t  
100 I t  c a n d  t h o s e  a t  100 f t  c c h a n g e d  to  t he  1700 I t  c 
pos i t ion .  Zoeae  a t  1700 I t  c were  p laced  a t  10 I t  c l i g h t  
i n t ens i t y .  A t  30 ra in  a f t e r  t h i s  c h a n g e  t h e  c h r o m a t o -  
phores  were s taged .  B y  r e p e a t i n g  t he  a b o v e  sh i f t  s y s t e m  
a n d  b y  expos ing  t h e  l a rvae  for  30 m i n  to  t he  c h a n g e d  
l i gh t  in tens i t ies ,  fol lowed b y  s t ag ing  t h e  c h r o m a t o p h o r e s ,  
i t  was  poss ib le  to  d e t e r m i n e  t h e  effect  of t h e  3 d i f f e ren t  
l igh t  i n t ens i t i e s  on  each  zoea. T h e  e x p e r i m e n t  was re-  
p e a t e d  once  us ing  a n  iden t i ca l  n u m b e r  of zoeae. T h e  
r e su l t s  were  ave raged  a n d  are  g iven  in T a b l e  I. 

F r o m  T a b l e  I i t  is e v i d e n t  t h a t  w i t h  inc reas ing  l i gh t  
i n t e n s i t y  t h e  b l a c k  a n d  w h i t e  c h r o m a t o p h o r e s  of zoeae 
t e n d  to  disperse .  The  d i f ferences  in  t h e  degree  of d isper-  
s ion of b l a c k  p i g m e n t  in  zoeae a d a p t e d  to  b l a c k  a n d  w h i t e  
b a c k g r o u n d s  a t  10 a n d  100 f t  c l i gh t  i n t e n s i t y  i nd i ca t e  

Table I. Relationship between the chromatophores of Ocypode zoea 
and light intensity 

Zoeae Light intensity (ft c) 

10 100 1700 

B ~ W B W B W 

White background 1.3 2.2 2.7 4.2 4.2 4.7 
Black background 4.3 2.3 4.6 4,0 4.8 4.7 

Stage of dispersion of black (B) and white (W) ehromatophores. 

t h a t  t h e  M a c k  c h r o m a t o p h o r e s  show also a s econda ry  
re sponse  to  l ight .  

To d e t e r m i n e  t h e  r e sponses  of l a r v a l  c h r o m a t o p h o r e s  to  
a d u l t  c h r o m a t o p h o r o t r o p i n s ,  t h e  fo l lowing 2 e x p e r i m e n t s  
were c o n d u c t e d  a t  10 f t  c l i gh t  i n t ens i t y .  I n  t h e  f i rs t  ex- 
p e r i m e n t  20 zoeae were used. T h e y  were  d iv ided  in to  2 
lots  of 10 each  a n d  p laced  in  wh i t e  s t e n d e r  d ishes  con ta in -  
ing  2 m l  f i l te red  sea water .  Af te r  1 h t h e  c h r o m a t o p h o r e s  
were  s taged .  I n t o  one of t he  d ishes  was  a d d e d  0.5 ml  of a n  
e x t r a c t  of e y e s t a l k  gang t i a  (10 eyes ta lks)  of a d u l t  0 .  
macrocera. I n t o  t h e  second  dish 0.5 ml  sea  w a t e r  was  
a d d e d  a n d  t h e  zoeae t h e r e i n  s e rved  as  cont ro l s .  T h e  chro-  
m a t o p h o r e s  were s t aged  a t  5 a n d  30 ra in  fo l lowing t he  
i n i t i a t i o n  of t h e  e x p e r i m e n t .  The  e x p e r i m e n t  was  re- 
p e a t e d  once us ing  a n  iden t i ca l  n u m b e r  of zoeae. 

I n  t h e  second e x p e r i m e n t  20 zoeae a d a p t e d  to  a wh i t e  
b a c k g r o u n d  for  1 h were used.  F r o m  each  zoea a piece of 
t h e  ca r apace  c o n t a i n i n g  t h e  c h r o m a t o p h o r e s  was excised 
a n d  p l aced  in  a c a v i t y  s l ide c o n t a i n i n g  0.05 ml  sea  wate r .  
Soon  a f t e r  d i ssec t ion  of t h e  des i red  n u m b e r  of ca rapaces ,  
t h e y  were  d iv ided  i n t o  2 g roups  of 10 each.  F o r  t h e  ex- 
p e r i m e n t a l  g roup  0.05 ml  of a n  e x t r a c t  of e y e s t a l k  gang l i a  
of 0.  macrocera (1 eyes ta lk /0 .05  ml) was  a d d e d  to the  
m e d i u m  of each  piece of ca rapace ,  whi le  those  of t h e  con-  
t r o l  g roup  each  rece ived  0.05 m l  of sea  wate r .  The  chro-  
m a t o p h o r e s  were s t aged  a t  5 and  30 ra in  a f t e r  t he  in i t i a -  
t i o n  of t h e  e x p e r i m e n t .  T h e  e x p e r i m e n t  was  r e p e a t e d  
once.  T h e  a v e r a g e d  resu l t s  a re  g iven  in  T a b l e  I I .  

I t  is e v i d e n t  t h a t  t h e  zoeal  c h r o m a t o p h o r e s  a re  a f fec ted  
b y  c h r o m a t o p h o r o t r o p i n s  of t h e  c rab .  However ,  t h e  ef fec t  
was  a p p a r e n t  o n l y  w h e n  i so la ted  pieces  of c a r a p a c e  were 
used  fa r  a s say  purposes .  E x p e r i m e n t s  des igned  to de te r -  
m ine  t h e  effect  of e x t r a c t  of eyes t a lk  gangl ia  of Ocypode 
on the  c h r o m a t o p h o r e s  in  t he  i so la ted  ca r apace  of zoeae 
of Uca, Sesarma a n d  Clibanarius also y ie lded  pos i t ive  
resul ts .  T h e  m e t h o d  of us ing  i so la t ed  pieces of c a r a p a c e  
for  a s say  pu rposes  ensures  t h e  a v a i l a b i l i t y  of t h e  hor -  
m o n e s  to  a c t  on  t h e  c h r o m a t o p h o r e s .  A s imi la r  p rov i s ion  
is m o s t  un l ike ly  w h e n  e n t i r e  zoeae are  p l u n g e d  i n to  t h e  
ex t r ac t .  T h e  p r e s e n t  resu l t s  sugges t  t h a t  t h e  d i f ferences  
in  t h e  r e p o r t e d  re su l t s  on Crangon 5, Carcinus ~ a n d  
Palaemonetes7 are co r re l a t ed  to  t he  d i f ferences  b e t w e e n  
t h e  m e t h o d s  e m p l o y e d  0. 

Table II. Responses of chromatophores of Ocypode zoea to chromato- 
phorotropins 

Experi- 
mental 
material 

Group Chromatophore stages 

Initial At 5 At 30 
stage min min 

W" B W B W B 

Zusammenfassung. E s  wird  eine deu t t i che  R e a k t i o n  au f  
t o t a l e  B e l e u c h t u n g s - ( P r i m ~ r ) - Z e i t  in  d e n  s c h w a r z e n  u n d  
weissen  P i g m e n t e n  de r  C h r o m a t o p h o r e n  de r  Ocypode 
macrocera zo~a b e o b a c h t c t .  E i n e  Albedo-  (sekund~ire ode r  
H i n t e r g r u n d s - )  R e a k t i o n  zeigt  s ich in den  s chwarzen  Pig-  
m e n t e n  de r  ocypode zone. E x t r a k t e  aus  Augens t i e l en  de r  
Ocypode b e w i r k e n  E x p a n s i o n  de r  C h r o m a t o p h o r e n  der  
Ocypode zo~a. 
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Entire Experimental 2.3 1.3 2.3 ] .4 2.2 1.4 
zoeae Control 2.3 1.4 2.2 1.4 2.3 1.4 

Isolated Experimental 2.2 1.4 3.6 3.2 4.8 4.6 
pieces of Control 2,3 1.5 2.2 1.4 2.2 1.4 
carapace of 
zoeae 

• W ~ white; B = black. 
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