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M o t h  V i s u a l  P o t e n t i a l s  i n  R e s p o n s e  t o  M i d d l e  U V - R a d i a t i o n  ~ 

The  phys io log ica l  bas is  of UV-v i s ion  in insec ts  is in- 
c o m p l e t e l y  unde r s tood .  I n  t h e  insec t  c o m p o u n d  eye, UV-  
s ens i t i v i t y  peaks  r a n g i n g  f rom 3400-3700 ~ h a v e  been  
recorded  us ing  e lec t rophys io log ica l  m e t h o d s  2. Whi l e  t h e  
r e sponse  to  U V - w a v e - l e n g t h s  s h o r t e r  t h a n  3000 ~_ h a s  n o t  
been  i nves t i ga t ed ,  p o t e n t i a l s  h a v e  been  o b t a i n e d  f rom 
ocelli  a n d  c o m p o u n d  eyes  in  r e sponse  to  r a d i a t i o n  of 3020 
a n d  longer  w a v e - l e n g t h s  3,~. Ion iz ing  r a d i a t i o n  ha s  also 
been  r e p o r t e d  to  i n i t i a t e  r e t i n o g r a p h i c  p o t e n t i a l s  ~. R e t i n a l  
ac t ion  p o t e n t i a l s  in  r e sponse  to  i r r a d i a t i o n  a t  t h e  s ho r t e r  
U V - w a v e - l e n g t h s  a re  of  low m a g n i t u d e  because :  (1) t h e  
p r o b a b i l i t y  of q u a n t a l  a b s o r p t i o n s  b y  p h o t o p i g m e n t  
molecules  is r educed  as U V - w a v e - l e n g t h  decreases  if 
i n t e n s i t y  does  n o t  increase~;  (2) cornea l  d e n s i t y  to  U V  
increases  s h a r p l y  a t  3000 ~7 a n d  (3) t he  poss ib i l i ty  of 
a b s o r p t i o n  b y  sh ie ld ing  p i g m e n t s  a n d / o r  aqueous  media .  
Howeve r ,  i t  h a s  b e e n  s h o w n  t h a t  t h e  2537 _~ b a n d  is 
t r a n s m i t t e d  t h r o u g h  t h e  co rnea l  lens of Drosophila, A p i s  
a n d  Sarcophaga 8 while  th i s  w a v e b a n d  serves  to  a t t r a c t  
Musca a n d  Ostrina 9,~°. T he  pu r pos e  of our  s t u d y  was  to  
s t i m u l a t e  t he  eye of Manduca sexta w i t h  midd le  U V  n 
ene rgy  (of h i g h  spec t r a l  p u r i t y  a n d  of c o n s t a n t  a n d  de- 
f ined  i n t ens i t y )  to  d e t e r m i n e  w h e t h e r  t h i s  wou ld  be  a 
s t i m u l u s  to  t h e  r e t i n u l a e  a n d ] o r  p o s t s y n a p t i c  s t ruc tu re s .  

Method. Tobacco  h o r n w o r m  m o t h s  (20-24  h a f t e r  
emergence)  were d a r k - a d a p t e d  1 h before  be ing  t e s t ed  in 
m i d a f t e r n o o n .  To record  E R G s  a t e s t  p l a t i n u m  e lec t rode  
was  p laced  b y  a m i c r o m a n i p u l a t o r  in to  t he  dorsa l  a spec t  
of t h e  ocu la r  s u t u r e  t o  a p o i n t  a b o u t  6 0 0 / ,  b e n e a t h  t h e  
d iop t r i c  a p p a r a t u s  so as  to  b e  n e a r  t h e  r e t i n u l a e  to  a v o i d  
d a m a g e  of co rnea l  lens facets .  T h e  re fe rence  e lec t rode  was 
s imi la r ly  i n se r t ed  in t h e  oppos i te  eye w h i c h  was obscu red  
b y  b l ack - l acque r  a n d  on  t he  n o n - i r r a d i a t e d  side. A g r o u n d  
e lec t rode  was  p laced  in t he  a b d o m e n .  E x t r a c e l l u l a r  
records  f rom t h e  c o n t r a l a t e r a l  I I  N 1 n e r v e  1~ were  
o b t a i n e d  w i t h  t h e  insec t  in  t he  s a m e  pos i t ion  a n d  a 
s ta in less  s teel  e lec t rode  m a d e  surface  c o n t a c t  w i t h  t h e  
nerve .  I n  some cases th i s  n e r v e  was  seve red  d i s ta l ly  to  
e l im ina t e  a f f e r en t  c o m p o n e n t s  a l t h o u g h  t h i s  d id  n o t  
a p p r e c i a b l y  a l t e r  t h e  response .  T h e  e lec t rodes  were con-  
n e c t e d  to  a c a t h o d e  fol lower c i rcu i t  l ead ing  success ive ly  
to  a DC p r e a m p l i f i e r  a n d  a n  osci l loscope w i t h  camera .  

R a d i a n t  e n e r g y  f rom a t u n g s t e n - q u a r t z - i o d i n e  l a m p  
pas sed  t h r o u g h  2 h i g h  i n t e n s i t y  g r a t i n g  m o n o c h r o m a t o r s  
in  series. E n e r g y  b a n d s  (50 ~ n o m i n a l  b a n d  wid th )  f rom 
the  ex i t  s l i t  of t he  second m o n o c h r o m a t o r  were focused 
b y  a c o n v e r g i n g  lens i n to  a b e a m  t h a t  cove red  t h e  m o t h ' s  
eye. A so l eno id -ope ra t ed  s h u t t e r  energ ized  b y  a n  i n t e r v a l  
t i m e r  p r o v i d e d  t h e  s t i m u l u s  d u r a t i o n .  A p o r t i o n  of t h e  
b e a m  was re f lec ted  b y  a q u a r t z  b e a m  s p l i t t e r  to  a 
c a l i b r a t e d  1P28 p h o t o m u l t i p l i e r  t u b e  t r a n s d u c e r  for  a 
m i c r o p h o t o m e t e r  a n d  t h i s  m o n i t o r e d  t he  r a d i a t i o n  in- 
t ens i ty .  I r r a d i a t i o n s  of equa l  i n t e n s i t y  a t  va r ious  wave-  
l e n g t h s  were  con t ro l l ed  b y  v a r y i n g  t h e  vo l t age  on  t h e  
l a m p  w i t h  a n  a d j u s t a b l e  a u t o t r a n s f o r m e r .  I n t e n s i t y  level  
m e a s u r e m e n t s  h a d  p rev ious ly  been  m a d e  w i t h  a c a l i b r a t e d  
t h e r m o p i l e  c o n n e c t e d  to  a n a n o v o l t m e t e r  a n d  a mi l l ivo l t  
recorder .  

Results. T h r o u g h  i n t e r p r e t a t i o n  of e l ec t ro re t inograph ic  
ev idence  we o b s e r v e d  t h a t  s u b r e t i n u t a r  e l emen t s  of a 
n o c t u r n a l  m o t h  a p p e a r  to  be  sens i t ive  to  a low e n e r g y  
f lux of m i d d l e  U V  (2700-3100 ~)  r ad ia t ion .  Oscil loscope 
t r aces  d id  n o t  r evea l  a d e t e c t a b l e  r e t i na l  ac t ion  p o t e n t i a l  
(c-wave) b u t  evoked  smal l  'on-off '  (a-, b-, a n d  d-waves)  
responses  w h i c h  ra re ly  exceeded  0.5 m V  w h e n  t h e  in ten -  
s i ty  was  7 × 10 -* p w a t t s / c m  2 (Figure) .  These  'on-off '  
c o m p o n e n t s  were  a t t r i b u t e d  to  u n d e r l y i n g  neurop i les  in  
t he  op t i c  t r a c t  ~3 (no homolog ies  to  t h e  v e r t e b r a t e  E R G  

wave  form n o m e n c l a t u r e  a re  impl ied) .  As r a d i a t i o n  in-  
c reased  in w a v e - l e n g t h  ( c o n s t a n t  i n t ens i t y )  t h e  v i sua l  
t h r e s h o l d  a b r u p t l y  decreased  a t  3100 ~ a n d  a c-wave was 
obse rved .  Th i s  c o m p o n e n t  p r eva i l ed  a n d  genera l ly  in-  
c reased  as t h e  s t i m u l a t i n g  r a d i a t i o n  inc reased  in wave -  
l e n g t h  to  5500 _~ a t  th i s  in t ens i ty .  R a d i a t i o n  t h a t  on ly  
e l ic i ted 'on-off '  r e sponses  (bu t  no c-wave) as r eco rded  
u n d e r  t he  c o r n e a  also i n i t i a t ed  spike d i scharges  in  f l igh t  
musc le  nerves .  

F r o m  sens i t ive  osc i l lographic  records  a v e r y  low t h r e s h -  
old i n t e n s i t y  cou ld  b e  a sce r t a i ned  (el ici t ing a 50 /2  v o l t  
c-wave) for  r a d i a t i o n  of 2700-3000 ~ .  Th i s  ba re ly  per -  
cep t ib le  e v e n t  was  usua l ly  o b t a i n e d  w i t h  a cornea l  f lux  of 
a p p r o x i m a t e l y  7 × 10 -4/~ w a t t s ] c m  2. A t  3100 A, t h r e s h o l d  
for t he  c-wave d r o p p e d  a b r u p t l y  to  a b o u t  9 x 10 -s p 
w a t t s / c m  2. These  i n t e n s i t y  levels  also a p p r o x i m a t e  those  
r equ i r ed  to  el ici t  f rom one  to  severa l  sp ikes  f rom t h e  
I I  N 1 nerve .  

T h e  response  of t h e  I I  N 1 n e r v e  to  i r r a d i a t i o n  of the  
c o n t r a l a t e r a l  eye d id  n o t  i nd i ca t e  a co r re l a t ion  be tween  
spike t y p e  or  f requency ,  a n d  w a v e - l e n g t h  wi th in  the  
midd le  or nea r  UV-reg ion .  T h e  U V - a r e a  in genera l  
evoked  a cons ide rab ly  more  p ro longed  response  t h a n  did  
t he  longer  w a v e - l e n g t h s  a t  a c o m p a r a b l e  i n t ens i t y .  On 
occas ion a s h o r t  b u r s t  of spikes  was o b s e r v e d  (Figure)  a t  
300-400 msec a f t e r  cessa t ion  of l ight ,  

Discussion. The  re l a t ive  lack of r e t i na l  ac t ion  p o t e n t i a l s  
fol lowing exposure  to  r a d i a t i o n  of 2700-3000 /k does no t  
necessar i ly  i nd i ca t e  t h a t  these  w a v e - l e n g t h s  a t  t h e  g iven  
i n t e n s i t y  were  s u b l i m i n a l  to  t h e  p h o t o r e c e p t o r  cells s ince 
t he re  is no  e x a c t  co r re l a t ion  b e t w e e n  E R G  t h r e s h o l d  a n d  
t h a t  of single r ecep to r  cells 14. I n  o t h e r  s tud ies  15 t he  
spec t ra l  s ens i t i v i t y  cu rve  for th i s  c o m p o u n d  eye ind ica t ed  
t h a t  a t h r e s h o l d  c wave  response  in t he  nea r  U V  requ i red  
more  t h a n  a 2 log u n i t  increase  in r a d i a t i o n  i n t e n s i t y  a b o v e  
t h a t  r equ i r ed  to  p roduce  a c o n s t a n t  effect  a t  5000-5500 ~ .  
An  abso lu t e  s ens i t i v i t y  peak  occur red  a t  5500 ~ w i t h  
lesser m a x i m a  recorded  for 5000 a n d  3800 A respec t ive ly .  

To a s c e r t a i n  t he  ref lex m o t o r  r e sponse  of midd le  UV-  
r ad ia t ion ,  t h e  c o n t r a l a t e r a l  I I  N 1 n e r v e  was se lected for 
2 r easons :  (a) th i s  m i x e d  n e r v e  suppl ied  a cons iderab le  
b u l k  of f l igh t  musc le  (p leurodorsa ls  a n d  dorso long i tud i -  
nals)  wh ich  could,  u n d e r  n a t u r a l  cond i t ions ,  effect  f l ight  
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E lec t ro re t inograms  (ERGs) and the eon t ra la te ra l  f l ight  muscle-nerve  (II  N 1) responses of Manduca sexta to a 1-sec flash of middle  UV- 
rad ia t ion  a t  the ind ica ted  100 A increments .  Both  types  of response were recorded ext raee l lu lar ly .  S t imulus  energy  was cons tan t  a t  a l l  wave- 
bands  and the corneal  f lux was 7 × 10 -3/z wa t t s ] cm z. These afferent  and  efferent  d ischarges  were ob ta ined  in separa te  exper iments .  
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t o w a r d  a r a d i a t i o n  source  a n d  (b) t h e r e  is ev idence  1.,1' 
t h a t  t h e  v i sua l  impu l se  is p r e d o m i n a n t l y  c o n d u c t e d  v ia  
th i s  p a t h w a y  to  t h e  oppos i te  l a t e ra l  t ho rac i c  connec t i ve s  
of t h e  v e n t r a l  n e r v e  cord  in c e r t a i n  insec t  species. 

T h e  imp l i ca t i ons  of i r r i t a b i l i t y  to  midd le  U V  ene rgy  b y  
p o s t s y n a p t i c  u n i t s  a re  in t r igu ing .  T h e r e  is n o  ev idence  to  
t h e  c o n t r a r y  t h a t  second  a n d  h ighe r  o rde r  neu r ons  (re- 
spons ib le  for t he  a-, b-, a n d  d-wave)  could  n o t  be  a t  leas t  
p a r t l y  respons ib le  in  i n i t i a t i n g  p h o t o t a c t i c  b e h a v i o r  in  
r e sponse  to  m i d d l e  U V  a n d  t h u s  o b v i a t e  or  dep rec i a t e  
c o n t r i b u t i o n s  f rom n e u r o n s  l ead ing  f rom t h e  f u n c t i o n a l  
r h a b d o m e r e .  T h e r e  are p r e c e d e n t s  is for gangl ionic  sensi- 
t i v i t y  to  l i gh t  in  t he  v is ib le  s p e c t r u m .  T h e  c o n c u r r e n t  
d i scha rge  in  a m a j o r  e o n t r a l a t e r a l  f l igh t  musc le  n e r v e  in 
r e sponse  to  m i d d l e  U V  sugges t s  f u r t h e r  t h a t  pos i t ive  
p h o t o t a x i s  m i g h t  be  a b e h a v i o r a l  o u t c o m e  fol lowing such  
s t imu la t i on ,  i.e. inc reased  c o n t r a l a t e r a l  f l ight  a c t i v i t y  
would  veer  t h e  m o t h  t o w a r d  r a d i a t i o n  rece ived  in t he  eye  
of t h e  oppos i t e  side. Howeve r ,  t h i s  e x p e r i m e n t  c a n n o t  
i nd i ca t e  if t he  e f fe ren t  a c t i v i t y  n o t e d  r ep re sen t s  e n o u g h  
i n f o r m a t i o n  to  t h e  m o t h  so t h a t  i t  would  o r i en t  to  r a d i a n t  
e n e r g y  of th i s  type .  T h e  e a r t h ' s  ozone  l aye r  a b s o r b s  m u c h  
so lar  r a d i a t i o n  of t h e  2000-3000 ~ b a n d  1~. I t  would  be  of 
i n t e r e s t  to  k n o w  if h o s t  p l a n t s  or  o t h e r  e n v i r o n m e n t a l  
ob j ec t s  e m i t  or  ref lect  t h i s  s c a n t  r a d i a t i o n  in t h e  far  a n d  
midd le  U V - b a n d  a n d  so p r ov i de  m e a n i n g f u l  s t i m u l i  to  
w h i c h  t h e  m o t h  m i g h t  o r ien t .  

Zusammen/assung. Das  d u n k e l a d a p t i e r t e  F a c e t t e n a u g e  
v o m  N a c h t s c h m e t t e r l i n g  Manduca sexta w u r d e  m i t  UV-  

L i c h t  m i t t l e r e r  Wel lenlAnge (2700-3100 /k) bei  n iedr iger  
I n t e n s i t A t  b e s t r a h l t .  Der  p h o t o r e z e p t o r i s c h e  Ante i l  des  
E R G s  wa r  v e r m i n d e r t  oder  v e r s c h w u n d e n ,  a b e r  n a c h -  
s y n a p t i s c h e  W i r k u n g e n  w u r d e n  b e o b a c h t e t .  I m p u l s a k t i -  
v i t i i t en  w u r d e n  bei  e inem haup t sAch t i ch  e f f e r en t en  F lug-  
m u s k e l n e r v  ausgel6s t ,  w e n n  das  k o n t r a l a t e r a l e  Auge  
b e l e u c h t e t  wurde .  

S. D. CARLSON 20, J. S. SMITH JR. 21 
a n d  J. M. STANLEY 

Department o/Entomology, Virginia Polytechnic Institute 
and Agricultural Engineering Research Division, 
Agricultural Research Service, U.S. Department 
o/ Agriculture Blacksburg (Virginia 24061, USA ), 
21 August 1967. 

a~ N. SUGA and Y. KATSUKI, Nature 194, 658 (1962). 
17 E. T. BURTT and W. T. CATTON, in Advances in Insect Physiology 

(Eds J. W. L. BEAMENT, J. E. TREHERNE and V. B. WIGGLES- 
WORTH; Academic Press, New York 1966), vol. 3, p. 33. 

x8 C. L. PROSSER, J. cell. comp. Physiol. 4, 363 (1934). 
19 H. H. SELIGER and W. D. McELROY, Light: Physical and Bio- 

logical Action (Academic Press, New York 1965), p. 42. 
20 Present address: Department of Physiology II, Karolinska 

Institutet, Stockholm, Sweden. 
~t Present address: USDA-AERD, P.O. Box 167, Kingshill, St. 

Croix U.S. Virgin Islands. 

D i e  E i n l a g e r u n g  v o n  r a d i o a k t i v e m  S c h w e f e l  in  d i e  
N a t r i u m s u l f a t -  u n d  ~ S - L - C y s t i n l 6 s u n g e n  

Das  S t u d i u m  fiber  die M a r k i e r b a r k e i t  yon  P i g m e n t e n  
in  d e n  Flf igetn des  T a g p f a u e n a u g e s  (Inachis io L.) n a c h  
A p p l i k a t i o n  yon  a2phosphorX sowie in den  F a r b a r e a l e n  
de r  Vogel feder  n a c h  A p p l i k a t i o n  yon  35Schwefe12,3 u n d  
die U n t e r s u c h u n g e n  a n  v e r s c h i e d e n e n  L e p i d o p t e r e n  n a c h  
B e h a n d l u n g  m i t  35S-Nat r iumsul fa t -  u n d  35S-DL-Cystin- 
16sungen 4 e r g a b e n  deu t l i che  B e z i e h u n g e n  zwischen  den  
P i g m e n t f e l d e r n  u n d  den  A b l a g e r u n g z o n e n  des  Iso tops .  
Bei  der  M u s t e r b i l d u n g  in den  Flf igeln de r  O r t h o p t e r e n  
s ind  u.a. die F a r b s t o f f k l a s s e n :  Caro t ino ide ,  Melan ine  und  
Ga l l en fa rbs to f f e  be te i l ig t  s. A u c h  h ie r  l iessen Mark ie rungs -  
v e r s u c h e  m i t  r a d i o a k t i v e n  I s o t o p e n  wich t ige  Hinweise  er- 
war ren .  

Als Ver suchs t i e r e  d i e n t e n  die F e l d h e u s c h r e c k e n  Psophus 
stridulus L. u n d  Oedipoda coerulescens L. D en  ku rz  vo r  de r  
I m a g i n a l h i i u t u n g  s t e h e n d e n  L a r v e n  w u r d e  35S-Nat r ium-  
sul fa t -  bzw. 3sS-L-Cystinl6sung e n t w e d e r  ora l  v e r a b r e i c h t  
oder  l a t e ra l  i n t e r s e g m e n t a l  in  das  A b d o m e n  inj iz ier t .  Die 
F l i i s s igke i t smengen  b e t r u g e n  0,005 ml  u n d  0.01 ml  en t -  
s p r e c h e n d  e iner  S t r a h l u n g s a k t i v i t A t  yon  e t w a  10/~C bzw. 
20 /~C. N a c h  der  I m a g i n a l h A u t u n g  w u r d e n  die Fli igel  
a b g e t r e n n t  u n d  a u t o r a d i o g r a p h i e r t .  

N a c h  A p p l i k a t i o n  v o n  85S-Nat r iumsul fa t  wa ren  in den  
Flf igeln yon  Psophus 2 T y p e n  von  S t r a h l u n g s m u s t e r n  
fes tzus te l len ,  die in  i h r en  A b g r e n z u n g e n  s t r eng  d e m  
na t f i r l i chen  P i g m e n t m u s t e r  e n t s p r a c h e n .  W u r d e  den  
Ve r suchs t i e r en  da s  I so top  als s s S - N a t r i u m s u l f a t  e twa  8 
Tage  v o r  de r  I m a g i n a l h A u t u n g  ve r ab r e i ch t ,  so k o n n t e  die 
h 6 c h s t e  S t r a h l u n g s a k t i v i t A t  in  den  r o t e n  t3ereichen de r  
Hinter f l f ige l  nachgewiesen  werden .  Er fo lg te  die Appl ika-  
t ion  des  I so tops  weniger  als 4 Tage  vor  de r  I m a g i n a l -  
hXutung ,  so k o n n t e  in  e in igen FAllen die h 6 c h s t e  S t r a h -  
l u n g s a k t i v i t ~ t  dagegen  in d e m  v o n  den  Me lan inen  gebi lde-  

F l i i g e l  v o n  A c r i d i d e n  n a c h  A p p l i k a t i o n  v o n  ~ S -  

t en  s chwarzen  S p i t z e n s a u m  der  Alae b e o b a c h t e t  werden  
(F igur  la ,  mF) .  

Bei  den  m i t  3sS-L-Cystin b e h a n d e l t e n  T ie ren  t r a t  die 
h 6 c h s t e  S t r a h l u n g s i n t e n s i t A t  s t e t s  im Bere ich  des  ro t en  
Fa rbs to f f e s  au f  (F igur  lb ,  rF) .  Das  s c h w a r z p i g m e n t i e r t e  
Area l  im ap ika l en  Tell  des Subcos ta l fe ldes  de r  Alae war  
sowohl  in d e n  V e r s u c h e n  m i t  35S-Nat r iumsu l fa t  als  auch  
m i t  ~sS- t -Cyst in  m a r k i e r b a r  (vgl. F igu r  l a  u n d  b, ScF).  
E ine  M a r k i e r u n g  der  Melan ina rea l e  in den  E l y t r e n  war  
wegen  de r  ge r ingen  A u s d e h n u n g  i n n e r h a l b  des eng- 
masch igen ,  s t a r k  s t r a h l e n d e n  FltigelgeAders n i ch t  fest-  
s te l lbar .  

Bei Oedipoda war  eine M a r k i e r u n g  de r  b l a u e n  P i g m e n t -  
zonen  in den  Alae n a c h  A p p l i k a t i o n  von  35S-Natr ium- 
su l fa t  m6gl ich,  w e n n  de r  A p p l i k a t i o n s z e i t p u n k t  e t w a  7 
Tage  vo r  de r  I m a g i n a l h A u t u n g  lag (F igur  2a, bF) .  W u r d e  
das  P rApa ra t  1 Tag  vo r  der  I m a g i n a l h A u t u n g  v e r a b r e i c h t ,  
wiesen die von  den  Melan inen  geb i lde ten  Area le  die 
h 6 c h s t e  S t r a h l u n g s a k t i v i t A t  au f  (F igur  2b, mQ).  Diese 
wa r  sowohl  in  d e m  schwarzen  Q u e r b a n d  de r  Alae als  
a u c h  in den  b r a u n e n  QuerbAndern  der  E l y t r e n  nachweis -  
ba r  (vgl. a u c h  e). 
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