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Spectral Efficiency as Function of Latency in the 

The  r ange  of spec t ra l  s ens i t i v i ty  a n d  eff ic iency of t h e  
T. molitor eye has  been  r epo r t ed  in de ta i lL  Ene rgy -  
ca l i b r a t ed  m o n o c h r o m a t i c  l igh t  was  used in a d d i t i o n  to  
c o n v e n t i o n M  opt ica l  a n d  e lec t ronic  sys tems .  E x a c t  am-  
p l i t ude  and  w a v e f o r m  of t he  E R G  were  d e t e r m i n e d  w i t h  
t he  a id  of a c o m p u t e r  of ave rage  t r a n s i e n t s  (CAT 400B, 
T M C )  

The  p e r c e n t a g e  differences  be t w een  t h e  p e a k  l a t ency  
of t he  p r inc ipa l  p o t e n t i a l  a n d  m i n i m u m  l a t ency  va lue  
was ca lcula ted .  Since these  bea r  an  inverse  r e l a t i onsh ip  
to a m p l i t u d e  va lues  (as t h e  s t imu lus  become  higher ,  t h e  
t i m e  necessa ry  for o b t a i n i n g  m a x i m a l  s ens i t i v i t y  is 
sho r t e r  ~) t h e y  were s u b t r a c t e d  f rom 100%.  T he  peak  
was found  to be  be t w een  510 a n d  530 rim, the  curve  de- 
creas ing to  zero in long w a v e l e n g t h s  a n d  to  a b o u t  25% 
eff ic iency in t h e  sho r t  ones. This  pa ra l l e l ed  t h e  resu l t s  
of a m p l i t u d e  s t u d i e s  (Figure).  L a t e n c y  a t  va r ious  wave-  
l eng ths  va r i ed  b y  20 - 30%,  in c o n t r a s t  to  a 5 - 1 0 0 %  
v a r i a t i o n  in a m p l i t u d e ;  therefore ,  t h e  l a t e n c y  fac to r  is 
more  s table .  The  re la t ive  v a r i a b i l i t y  a m o n g  t h e  l a t ency  
va lues  a t  each  w a v e l e n g t h  is g rea te r  t h a n  for a m p l i t u d e  
va lues  a t  co r r e spond ing  wave leng ths .  L a t e n c y  measure -  
mer i t s  c an  serve to  con f i rm  resu l t s  ba sed  on  ca lcu la t ions  
of ampl i t ude .  

W h e n  t h e  response  was t e s t ed  a t  10 rim, in t e rva l s  
b e t w e e n  500 and  560 nm,  a p l a t e a u  was ob ta ined ,  de- 
c reas ing  s l igh t ly  a t  b o t h  ends.  Therefore ,  t h e r e  is no 
c lear -cu t  p e a k  - i n d i c a t i n g  p o o r d i s c r i m i n a t i o n  b e t w e e n  
wave leng ths .  

The  a m p l i t u d e  is c o n v e n t i o n a l l y  used as a measu re  
of spec t ra l  s ens i t i v i ty  or eff iciency;  few d a t a  3 are  ava i l ab le  
on  t h e  r a t e  of rise of t h e  E R G  in m a n  in  respec t  to  m o n o -  
c h r o m a t i c  l ight ,  b u t  i t  is of no i m p o r t a n c e  in unde r -  
s t a n d i n g  t he  spec t ra l  sens i t iv i ty .  T he  p r e s en t  work  
reveals  t h e , p o s s i b i l i t y  of us ing  l a t e n c y  as a m eas u re  of 
spec t ra l  s ens i t i v i t y  in insects.  
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Visual Mechanism of Insect (Tenebrio molitor L.) 
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Spectral efficiency curves for T. molitor based on latency and 
amplitude. 

Zusammenfassung.  Bet  U n t e r s u c h u n g e n  der  e lekt ro-  
phys io log i schen  R e a k t i o n  des F a c e t t e n a u g e s  b e i m  Mehl-  
kgfer  Tenebrio molitor wurde  die M a x i m a l r e a k t i o n  zwi- 
schen  510 a n d  530 n m  gefunden .  L a t e n z  u n d  A m p l i t u d e  
d i en t en  als Kr i t e r i en  der  f a c e t t g r e n  Spektra leff iz ienz .  
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Association and Motivation in the Establ ishment of Conditioned Reflexes in Rats 

I t  is genera l ly  a d m i t t e d  t h a t  one of t he  basic  requi re-  
m e n t s  in  t he  e s t a b l i s h m e n t  of cond i t ioned  responses  is 
t he  presence  of a c e r t a i n  level  of m o t i v a t i o n ,  c o m m o n l y  
o b t a i n e d  b y  re in forc ing  pos i t ive ly  or n e g a t i v e l y  t h e  con-  
d i t ioned  s t imulus .  W i t h o u t  d iscuss ing t he  s t r i c t  phys io l -  
ogical m e a n i n g  of th i s  supposed  t e m p o r a r y  s t a t e  of t he  
o rgan i sm a n d  t he  wider  accep tance  o f t en  g iven  to i t  in  
less con t ro l l ed  psycholog ica l  s t i t ua t ions ,  i t  appea r s  f rom 
qui te  a n u m b e r  of e x p e r i m e n t s  t h a t  m o t i v a t i o n  is no t  
a n  abso lu te  r e q u i r e m e n t  for t he  fo rming  of a cond i t ioned  
reflex. Thus ,  NARBUTOVICI a n d  t)ODKOPAEV 1 a n d  l a t e r  
ROI~OTOVA 2,3 h a v e  shown  t h a t  a s imple  assoc ia t ion  
b e t w e e n  n e u t r a l  s t imul i ,  e.g. l i gh t  a n d  sound,  is eff ic ient  
in o b t a i n i n g  a cond i t ioned  response.  Af te r  such  a n  associa- 
t ion,  a sound  s t imu lus  in i t i a l ly  coupled  w i t h  a l igh t  
s t imulus ,  is l iable  to  p r ovoke  e l abo ra t e  s a l i va ry  responses  

p rev ious ly  el ici ted b y  l igh t  alone. The  neurophys io log ica l  
aspects  of these  pu re ly  assoc ia t ive  c o n d i t i o n e d  reflexes 
h a v e  been  s tud ied  b y  P o P o v  ~, GASTAUT et  al. 5, GASTAUT 6, 
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MICHAUX ~,s, LELORD a n d  ROLLAND 9 a n d  others .  Simi-  
larly,  GIURGEA l~ GIURGEA a n d  RAICIULESCU 12 a n d  
DOTu and  GIURGEA la h a v e  e s t ab l i shed  con t r a r i l y  to  
L o u c K s  1~ t h a t  a n  occ ip i ta l  s t i m u l a t i o n  in i t i a l ly  coupled  
w i t h  a m o t o r  s t i m u l a t i o n  will  elicit, a f t e r  a suff ic ient  
n u m b e r  of t r ia ls ,  t h e  m o v e m e n t  p r o v o k e d  b y  t he  l a t t e r  
alone. I n  t he  p r e sen t  s tudy ,  a n  a t t e m p t  has  been  m a d e  
to o b t a i n  these  ref lexes on  a low v e r t e b r a t e  such  as t he  
ra t ,  as these  responses  h a v e  on ly  been  c lear ly  d e m o n -  
s t r a t e d  un t i l  now  on  m a n  a n d  on  h igh  v e r t e b r a t e s  (cat, 
dog, monkey) .  

Material  and methods. 14 W i s t a r  female  rats ,  we igh ing  
180-200 g a n d  3 m o n t h s  old a t  t he  b e g i n n i n g  of t he  
expe r imen t s ,  were r a n d o m l y  d iv ided  in 2 e q u i v a l e n t  
g roups  of 7 (cont ro l  g roup  a n d  e x p e r i m e n t a l  group),  a n d  
t r a i n e d  in  a n  avo idance- re f lex  p rog ram.  I n  a s t a n d a r d  
session, t he  e x p e r i m e n t a l  g roup  rece ived  a t  i r regula r  
in t e rva l s  v a r y i n g  f rom 30-120 sec, a l i gh t - s t imu lus  (L) 
l a s t ing  5 sec followed i m m e d i a t e l y  b y  a buzze r  noise (S) 
l a s t ing  3 sec. I n  each  e x p e r i m e n t a l  session, 30 such  L - S  
couples  were p resen ted .  D u r i n g  t h i s  in i t i a l  phase ,  a n  
o r i e n t a t i o n  ref lex d i rec ted  to  t h e  sound-source  e s t ab l i shed  
i tself  progress ively ,  t h e  resu l t  of w h i c h  be ing  t h a t ,  as 
soon as t he  l igh t  w e n t  on, t h e  r a t  m a d e  for  t h e  l oudspeake r  
as if i t  expec t ed  t he  sound.  Af te r  c o m p l e t i n g  15 such  ses- 
sions, t h e  l igh t  s t imu lus  was suppressed  a n d  t he  same  
sound  s t imu lus  was  used as t he  s ignal  of a n  e lectr ical  
s t i m u l u s  (0.6 mA).  I n  th i s  second phase ,  t h e  sound  was 
also g iven  a t  i r r egu la r  i n t e rva l s  v a r y i n g  f rom 30-120 sec 
a n d  las ted  15 sec. Press ing  t he  peda l  du r ing  t h e  sound  
avo ided  t he  shock  a n d  s t opped  t h e  sound  a l toge ther .  
Af te r  7 sessions,  90% of t h e  shocks  were avoided .  W h e n  
th i s  level  of p e r f o r m a n c e  was  a t t a ined ,  t h e  l igh t  s t imu lus  
was  p r e s e n t e d  again ,  a lways  w i t h o u t  r e in fo rcemen t ,  in  
order  to  e s t ab l i sh  w h e t h e r  t h e  fo rmer ly  n e u t r a l  l i gh t  
s ignal  w o u l d  elicit  t h e  s ame  response  as t he  sound.  

Dur ing  th i s  t h i r d  phase,  t he  l igh t -s igna l  was  p r e s e n t e d  
r a n d o m l y  30 t i m e s  in each  session. 

The  s t a n d a r d  sessions of t h e  con t ro l  g roup  were iden t ica l  
t'o those  of t he  e x p e r i m e n t a l  group,  excep t  t h a t  t h e  ani -  
ma l s  were  no t  s u b m i t t e d  to  t h e  in i t ia l  associa t ion  phase,  
a n d  b e g a n  d i rec t ly  w i t h  t h e  shock  avo idance  expe r imen t .  

Results. The  ind iv idua l  pe rcen tages  of responses  to  t he  
l igh t  s t imu lus  d u r i n g  t h e  t h i r d  phase  are  g iven  for b o t h  
groups  in t h e  Figure.  F r o m  t h e  f i rs t  p r e s e n t a t i o n s  of t h e  
l igh t  s t imu lus  on, 5 ou t  of t h e  7 a n i m a l s  of t he  experi-  
m e n t a l  g roup  r eac t ed  b y  press ing  t he  avo idance  peda l  
a t  a r a t e  v a r y i n g  f rom 2 0 - 4 5 %  of t h e  t o t a l  n u m b e r  of 
s t imula t ions .  This  p h e n o m e n o n  las ted  in ave rage  d u r i n g  
5 or 6 sessions, a f te r  wh ich  e x t i n c t i o n  occur red  in t he  
n o r m a l  w a y  as a consequence  of non- re in fo rcemen t .  I n  
2 animals ,  e x t i n c t i o n  was f i rs t  o b t a i n e d  a f te r  10 sessions. 

I n  t h e  con t ro l  group,  on  t h e  o the r  hand ,  t he  responses  
el ici ted b y  t h e  l igh t  s t imu lus  do n o t  d i s t r i b u t e  a long an  
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ex t inc t ion  curve. Thei r  rates oscillate be tween  0% and 
7% of the  to ta l  number  of s t imulat ions  for all animals,  
which means  t h a t  none of t h e m  developed a successful 
response to  light.  The  calculat ion of the  level  of signifi- 
cance of the  differences found be tween  the  results of 
bo th  groups, shows t h a t  the  ini t ial  associat ion of l ight  
and sound has sys temat ica l ly  affected the  behav iour  of 
the  exper imenta l  group ( P <  0.001; Fisher  exac t  prob- 
abi l i ty  tes t  for the  6 ini t ial  sessions of the  th i rd  phase). 

Discussion. I t  can be concluded f rom the  results 
obta ined  in these exper iments ,  t h a t  an 'associa t ive '  con- 
di t ioned reflex can be obta ined  on the  rat.  One could 
nevertheless  object  t h a t  the  iden t i ty  of react ion to sound 
and l ight  can be s imply  in te rpre ted  as a case of response- 
general izat ion.  This amount s  to  saying tha t  no t rue  asso- 
ciat ion was formed in the  exper imenta l  group, in o ther  
words t h a t  the  l ight  s t imulus  never  ac ted  as an au then t ic  
signal for the  electrical  shock. The  absence of an efficient  
response to the  l ight -s t imulus  in the  control  group seems, 
however ,  to establish the  opposite.  For  the  animals  of 
this group, indeed, the  s i tua t ion  presented  called for a 
d iscr iminat ion  be tween  a non-reinforced s t imulus (L) and 
a reinforced s t imulus  (S). The  results obta ined  for the  
controls show t h a t  the  l ight  did no t  p lay  the  role of a 
signal as the  sound had done before. In  the  case of the  
animals  of t he  exper imenta l  group, on the  contrary,  the  
percentages of pedal-pressing for l ight  show t h a t  this 

s t imulus  acted, at  least  up to a cer ta in  level, as a signal 
for the  sound, the  l a t t e r  act ing in its t u rn  as a signal for 
the  shock. This means  that ,  in so far as the  animals  reac ted  
in the  same manne r  for l ight  and for sound, l ight  acted 
as a signal for the  shock. I t  can therefore  be concluded 
tha t  the  t empora l  cont igui ty  of 2 neut ra l  s t imul i  has in 
itself enabled the  ra ts  to establish a funct ional  relat ion 
be tween them,  wi thou t  the  aid of any  specific mo t iva t i on  
factor.  

Rdsumd. Les exp6riences discut6es on t  port6 sur le rble 
de la mo t iva t i on  - sous la forme d 'un  renforcement  - 
dans l '6 tabl issement  de r6ponses condit ionn6es instru-  
menta les  chez le rat .  Les r6sultats  obtenus  sur un groupe 
exp6r imental  et  un groupe de contr61e comprenan t  chacun 
7 animaux,  m o n t r e n t  que la contiguit6 tempore l le  de 2 
s t imuli  neutres  (son-lumi@re) pe rmet  aux  an imaux  d '6ta-  
blir  entre  ceux-ci une re la t ion fonctionnelle  sans inter-  
vent ion  d 'un  iac teur  sp6eifique de mot iva t ion .  

1VL DAVID-REMACLE, M. C. LESCRENIER 
and C. GIURGEA 

Centre de Psychologic Expdrimentale et Comparde de 
l' Universitd de Louvain (Belgium), 70 March 1969. 

The Cons t i tuents  of Arterial  Pressure  Change  

The hemodynamic  de te rminan ts  of ar ter ial  pressure 
are main ly  cardiac ou tpu t  and systemic per ipheral  resist- 
ance. W h e n  a change in ar ter ia l  pressure is observed in 
a cardiovascular  reflex or  response, one migh t  be interes ted 
in the  re la t ive  degrees of cont r ibut ion  of the  2 factors,  
cardiac ou tpu t  and per ipheral  resistance, to the  ar ter ial  
pressure change. This  is a ques t ion of the  const i tuents  
of the  ar ter ia l  pressure change. Formula t ion  of equat ions  
for quan t i fy ing  the  const i tuents  f rom exper imenta l  da t a  
would  be nsefuI for the  analyt ica l  s tudy  of cardiovascular  
regulat ion.  

Mathematical /ormulat ion.  I f  we denote  mean  ar ter ial  
pressure by  P,  cardiac ou tpu t  by  I and systemic periph- 
eral resistance by  R, since P is a monotonica l ly  increas- 
ing funct ion  of I and R, i t  m a y  be expressed as 

OP OP 
P =  / (L R) ; o ~  > ~  o ~  >~  (1) 

Assuming t h a t  a law analogous to  Ohm's  law of elec- 
t r ic i ty  holds good approx ima te ly  among  P, I and R, then  

e = r R .  (2) 

I n  to ta l  different ial  form 

d P =  R d I  + I d R  . (3) 

If  we use increments  instead of differentials,  approxi-  
mate ly ,  

A P =  R A I  + I A R  . (4) 

This  equa t ion  means  t h a t  any  change in ar ter ial  pressure 
consists in the  2 par t s :  one due to a change in cardiac 
ou tpu t  and the  o ther  due to t h a t  in systemic per ipheral  
resistance. The  re la t ive  magn i tude  of cont r ibut ion  of 
each par t  to the  ar ter ial  pressure change m a y  be  expressed 

by  the  rat io of each t e rm of the  r ight  hand side of equa t ion  
(4) to the  to ta l  change, lef t  hand side. Le t  us call these 
2 rat ios ' cons t i tuents '  of the  ar ter ial  pressure change and 
denote  by  Cx and C R, i.e. 

and 

R A R  
C z =  A P  (5) 

I A I  
c R =  d P  ' (6) 

C's refer to ' cons t i tuents ' ,  suffix I to cardiac o u t p u t  and 
suffix R to peripheral  resistance. Obviously,  

C 1 + C R = 1 . (7) 

For  actual  computa t ion ,  since R is not  di rect ly  measur-  
able, subs t i tu t ing  the  so-called to ta l  per ipheral  resistance, 
P / [ ,  for R in equat ions  (5) and (6), 

P A I  
Cz = A P  I (8) 

and 
_P e l i  

CR = 1 -- A P  I (9) 

In  a previous s tudy  1 an index, fl, was proposed for 
the  degree of cont r ibut ion  of one par t icu lar  region to 
a change in to ta l  per ipheral  resis tance;  i.e. 

Ag i A P  -- P Ai  
/~-- AT--  I A P - -  P A I '  (10) 

where i = regional  flow rate,  g = regional  conductance  
(= i /P) ,  G = to ta l  conductance  (= I / P  = I /R) ,  and d ' s  
refer to thei r  changes in a cardiovascular  reflex or respon- 


