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Riassunto. Lo s t u d i o  car iologico di a l c u n e  specie delte 
famigl ie  dei  Microhyl idae ,  P h r y n o m e r i d a e ,  R a n i d a e  e 
Hypero l idae ,  le cui  re laz ion i  f i le t iche sono t u t t ' o r a  assai  
discusse,  fornisce  d a t i  a favore  de l l ' ipotes i  di r a p p o r t i  di  
p a r e n t e l a  t r a  i Mic rohy l idae  (i qua l i  n o n  a p p a i o n o  cario- 
l og i camen te  p r imi t iv i )  e i Ran idae ,  in  q u a n t o  Phryno- 
merus, che  f e n o t i p i c a m e n t e  ~ assai  v ic ino  ai Mic rohy l idae  
e d a  va r i  a u t o r i  8 cons ide ra to  u n  m e m b r o  di q u e s t a  

famigl ia ,  h a  un  ca r io t ipo  assai  s o mi g l i an t e  a quel lo  dei 
R a n i d a e ;  gli H y p e ro l i d ae  s t u d i a t i  sono  c a r i o l o g i c a m e n t e  
a b b a s t a n z a  d i f fe renz ia t i  d a  q u e s t ' u l t i m a  famigl ia .  
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Phototactic Choice Between Two White Light Sources of Various Intensity in Blowfly,  Calliphora 
erythrocephala Meig. 

A group  response  of f ree ly  m o v i n g  i n v e r t e b r a t e s  to  2 
w h i t e  l igh t  sources  of v a r y i n g  r e l a t i ve  in t ens i t i e s  seems 
to  be  p r e s e n t l y  a neg lec ted  p r o b l e m  in t h e  s t u d y  of a n i m a l  
b e h a v i o u r .  W e  c a n  h a r d l y  say  w h e t h e r  i t  h a s  ever  b e e n  
t h o r o u g h l y  s t ud i ed  a t  all. A single p a p e r  on h o n e y b e e s  z 
m a y  be  cons ide red  t h e  b u l k  of the  l i t e r a t u r e  on  t he  p rob -  
lem.  A f o r m u l a  p u t  f o rwa rd  in  i t :  

l o g R  = m l o g E  + b (1) 

(where  E is t h e  r a t i o  of t h e  i n t e n s i t y  of t he  va r i ab l e  
wh i t e  l igh t  to  t h a t  of t he  c o n s t a n t ,  s t a n d a r d  w h i t e  l ight ,  
R t h e  r a t i o  of t he  n u m b e r  of bees  a t t r a c t e d  b y  t he  con-  
s t a n t  l ight ,  m t h e  t a n g e n t  of t h e  angle  of inc l ina t ion ,  a n d  
b a c o n s t a n t )  c l a imed  for  a b o u t  35 yea r s  to  descr ibe  t h e  
f a t e  of insec t  p o p u l a t i o n  in  t h e  Y m a z e  u n d e r  t h e  in f luence  
of 2 l igh t s  of va r i ous  i n t e n s i t y .  A n  a t t e m p t  to  ve r i fy  t h i s  
h y p o t h e s i s  on  house-fl ies,  m a d e  r e c e n t l y  b y  t h e  senior  
a u t h o r  2, fa i led to  con f i rm  i t  unequ ivoca l ly .  Those  resul ts ,  
however ,  p r o v i d e d  no  e x p l a n a t i o n  for  a n o t h e r  m a t h e -  
m a t i c a l  de sc r ip t i on  of t he  b e h a v i o u r  of flies. 

I n  t he  l i gh t  of this ,  i t  seems to  be  jus t i f i ed  to  p r e s e n t  
t h e  r e su l t s  o b t a i n e d  b y  one  of us, r e c e n t l y  c o m p l e m e n t e d  
b y  t h e  senior  a u t h o r ,  w h i c h  conce rn  a s imi la r  p r o b l e m  in  
blowflies.  

Material and methods. T h e  app l ied  m e t h o d  was t h e  
s ame  as in  t h e  p a p e r  of CHMORZY~ISKI z. A mixed  popu la -  
t i on  of b o t h  sexes of d a r k - a d a p t e d  blowfl ies  of t he  'wi ld  
s t r a i n '  were  a l lowed to  p e n e t r a t e  a wooden  Y maze  
i l l u m i n a t e d  f rom the  ends  of t h e  2 a r m s  b y  a p p r o x i m a t e l y  
para l l e l  w h i t e  l igh t  b e a m s  c o m i n g  t h r o u g h  w a t e r  hea t -  
f i l ters  f rom 5 0 W  1 2 V  C. Zeiss ( Jena)  bulbs .  I n t e n s i t y  of 
a s t a n d a r d  l igh t  a t  t h e  d i s t a n t  end  of one  a r m  a m o u n t e d  
to  900 lux  (%), a r e l a t ive  i n t e n s i t y  of t he  o t h e r  l igh t  
a s s u m e d  values ,  E, w i t h i n  t h e  l imi t s  f rom 1/100 to  4, as  
p r e s e n t e d  in t h e  T a b l e ;  (e a re  c o r r e s p o n d i n g  abso lu t e  
va lues  of i l l u m i n a t i o n  of v a r i a b l e  l ight) .  Af t e r  e ach  10 
Inin run ,  t h e  l igh t s  were  sw i t ched  off, a n d  t h e  flies 
col lected f rom t h e  e n d s  of t h e  a rms ,  a n d  coun ted .  T h e n  
t h e  e x p e r i m e n t  was  r e sumed .  T h e  p r o c e d u r e  was  r e p e a t e d  
u n t i l  al l  t h e  flies m a d e  choice b e t w e e n  t h e  2 a r m s  of t h e  
maze .  E a c h  p a i r  of l igh t s  was  t e s t ed  a t  l eas t  twice, e ach  
t i m e  w i t h  a n o t h e r  g roup  of flies, t he  m u t u a l  pos i t ion  of 
l igh ts  be ing  changed .  All  t h e  e x p e r i m e n t s  were p e r f o r m e d  
in s imi la r  cond i t i ons  as to  t h e  age of flies, t he  t i m e  of day,  
t e m p e r a t u r e ,  h u m i d i t y ,  a n d  so on. 

Results. The  n u m b e r s  of flies a t t r a c t e d  to  t h e  exper i -  
m e n t a l  l ights ,  n, in  all  e x p e r i m e n t s  a re  p r e s e n t e d  in t h e  
T a b l e ;  N are  t h e  n u m b e r s  of flies used for  e ach  tes t .  
R e s p e c t i v e  p ropor t i ons ,  Pexp, a n d  t he  rat ios ,  Rexp, of t h e  
flies a p p r o a c h i n g  t h e  v a r i a b l e  l i gh t  are  also given.  These  
d a t a  i n d i c a t e  t h a t  t h e  g r ea t e r  t h e  d i f ference  be tween  
in tens i t i e s  of t h e  pa i r  of e x p e r i m e n t a l  l ights ,  t he  less flies 

e n t e r  t h e  d a r k e r  a r m  c o m p a r e d  w i t h  those  a t t r a c t e d  to  
t h e  o t h e r  one. 

Discussion. Thi s  genera l  t e n d e n c y  is s imi la r  to  t h a t  
obse rved  b y  BERTHOLF l in h o n e y b e e s  a n d  b y  t h e  a u t h o r  2 
in house-fl ies.  However ,  w h e n  c o m p a r e d  in deta i ls ,  t h i s  
co r re l a t ion  (Figure)  does  n o t  coincide  in all t hese  cases. 
T h e  i m p o r t a n t  f ea tu re  of our  r e c e n t  r e su l t s  is t h a t  a t  
h ighe r  i n t ens i t i e s  of v a r i a b l e  l igh t  i ts  a t t r a c t i v e n e s s  r ises 
on ly  v e r y  slowly, un l ike  th i s  in  lower  in tens i t ies .  T h u s  
one  c a n  e x p e c t  t h a t  t h e  p r o p o r t i o n  of flies a t t r a c t e d  b y  
t h e  b r i g h t e r  l i gh t  t e n d s  t o w a r d s  a m a x i m a l  va lue  of a b o u t  
0.60. F u r t h e r  e x p e r i m e n t s  are  needed  for a decis ive  so lv ing  
of th i s  view. A n d  here  is a possible  e x p l a n a t i o n  of t he  
m e c h a n i s m  of pho t i c  r eac t ions  of insec t  p o p u l a t i o n  such  
as  a re  o b s e r v e d  u n d e r  t h e  cond i t i on  of choice  of 2 w h i t e  
l igh t s  of v a r i o u s  r e l a t i ve  in t ens i t i e s  in  a Y maze .  T h e  
a s s u m e d  m e c h a n i s m  cons i s t s  of 2 processes  i n d e p e n d e n t  
of each  o the r .  

(a) A ce r t a i n  p r o p o r t i o n  of insec t  popu la t i on ,  Pi, m a k e s  
choice b y  c h a n c e  w i t h  t h e  p r o b a b i l i t y  of z/2, i n d e p e n d e n t l y  
of r e l a t ive  in tens i t i e s  of l ights .  Th i s  g roup  of ' i nd i f f e r en t '  3 
insects ,  hi, seems to  be  d i r ec t ly  p r o p o r t i o n a l l y  co r r e l a t ed  
w i t h  t h e  l o g a r i t h m  of t h e  s u m of a b s o l u t e  va lues  of b o t h  
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Correlation of the proportion ( ~  1.96 6) of flies approaching variable 
white light with the relative intensity of it. Further explanations in 
text. 

z L. M. BERTHOLF, J. agric. Res. 42, 379 (1931). 
2 j .  A. CUMURZY~SKI, Bull. Acad. pol. Sci. C1. II S6r. Sci. biol. 15, 

415 (1967). 
s Some of them, however, can be sensitive but they might have 

entered a 'wrong' arm due to geometrical characteristic of the 
maze. It will be, of course, a statistically constant proportion (for 
a given type of maze) which contributes to the parameter a in the 
formula (2). 
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l i g h t s  ( s i m u l t a n e o u s l y  a c t i n g  on  i n s e c t s  a t  t h e  c h o i c e  
p o i n t  o f  t h e  m a z e  !), a p r o p o r t i o n  of  t h e m  b e i n g :  

P I =  k l o g ( e + e o )  + a (2) 

(b) T h e  o t h e r ,  s e n s i t i v e  i n s e c t s ,  n~ = N --  hi ,  c h o o s e  t h e  
l i g h t s  p r o b a b l y  in  a p r o p o r t i o n a l  m a n n e r  t o  t h e  l o g a r i t h m  
o f  r e l a t i v e  i n t e n s i t i e s  o f  l i g h t s ,  E ,  a s  i t  w a s  s u p p o s e d  i n  
t h e  p r e v i o u s  p a p e r  2, viz .  : 

Pa = n l o g ( E  × 10 a) + c (3) 

T h e  h y p o t h e s i s  a s s u m e s  t h a t  i t  is v a l i d  w i t h i n  r a t h e r  
b r o a d ,  h o w e v e r  r e s t r i c t e d ,  l i m i t s  of  v a l u e s  E .  

I n t e r f e r e n c e  o f  b o t h  p r o c e s s e s  (i.e. a a n d  b) c o n d u c e s  to  
t h e  r e s u l t a n t  w h i c h  d e t e r m i n e s  a p r o p o r t i o n  o f  a l l  t h e  
i n s e c t s  a p p r o a c h i n g  o n e  l i gh t ,  n a m e l y :  

Pi 
Ptheor ~ -2 ~ + Pb, (4) 

w h e r e  

Pb = Pa (1 -- Pi), 

i.e. i t  d e n o t e s  t h e  p r o p o r t i o n  of  s e n s i t i v e  i n d i v i d u a l s  
a t t r a c t e d  t o  o n e  l i g h t  t o  t h e  w h o l e  n u m b e r  of  i n s e c t s  4. 

I f  t h e  h y p o t h e s i s  is a d e q u a t e  a n d ,  e s p e c i a l l y ,  if P e x p  
r e a l l y  t e n d s  t o w a r d s  m a x i m a l  v a l u e  (Pm~x) d u e  to  t h e  
p r o c e s s  (a) d e s c r i b e d  b y  t h e  f o r m u l a  (2), c o n s e q u e n t l y  t h e  
m i n i m a l  v a l u e  of  t h e  p r o p o r t i o n  is 

Pml. # 1 - P ~ ,  (5) 
a n d  p a r t i c u l a r l y  

P min <~ (1 -- Pmax)" (5') 

T h i s  c o n s e q u e n c e  c a n  be  t e s t e d  a s  a n  e x p e r i m e n t u m  c ruc i s .  
T h e n ,  if t h e  i n t e r p e n d e n c e  (2) is  t r u e ,  t h e r e  s h o u l d  b e  a 
d i s t i n c t  d i f f e r e n c e  b e t w e e n  t h e  r e s u l t s  o b t a i n e d  w i t h  v e r y  
b r i g h t  l i g h t s ,  for  i n s t a n c e  w i t h  a s t a n d a r d  l i gh t ,  ca .  20 ,000  
l u x ,  a n d  w i t h  d i m  l i g h t s ,  or ,  e v e n  b e t t e r ,  w i t h  t h e  d a r k  
a r m  of  a m a z e  a s  a s t a n d a r d .  I t  is t h e  a i m  of  t h e  s e n i o r  
a u t h o r  t o  p r o v e  t h i s  in  h i s  s u b s e q u e n t  s t u d y .  

Zusammen/assung. Die  P r o p o r t i o n  d e r  A u s w a h l  d e s  
v a r i a b l e n  L i c h t e s  d u r c h  d ie  P o p u l a t i o n  d e r  S c h m e i s s -  
f l iege,  Calliphora erythrocephala Meig.  i m  L a b y r i n t h  Y, 
b e i m  S t a n d a r d  900 L u x ,  w A c h s t  z u s a m m e n  m i t  d e r  r e l a -  
r i v e n  L i c h t s t / i r k e ,  w o b e i  s ie  s i ch  be i  g r 6 s s e r e n  L i c h t -  
s t ~ r k e n  d e m  M a x i m a l w e r t  v o n  e t w a  0 .60  zu  n i t h e r n  
s c h e i n t .  
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4 If we put  provisionally k = 0.077, a = 0.412, n - 0 . 2 4 5 ,  c -  
- -0.235,  and we denote the validity of the formula (3) to the 
interval < 1]100, 100 > ,  i.e. < 1.00, 5.00 > for log(E • 103), so 
that  our formulae assume the forms: 

Pi = 0.077 log(e + e0) + 0.412 (2') 
Pa = 0.245 log(E " l0 s) -- 0.235, (Y) 

we obtain values presented in the Table. (In the Table, n a means 
theoretical number  of flies at tracted to variable light.) Values of 
Ptheor calculated in this way evidently coincide well with our 
experimental results, Pexp' and, particularly, a curve in the Figure 

goes along the points estimated from the formula for Ptheor" The 
values assumed serve only as all example of a presumable mecha- 
nism of the observed phenomena and do not claim to represent 
proper relationships. 


