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Le  f r a c t i o n n e m e n t  de  I ' A R N  g l o b a l  d e s  s o u c h e s  s a u v a g e s  
~ t u d i 6 e s  a d ' a u t r e  p a r t  r6v616 l ' e x i s t e n c e  de  d i f f 6 r e n c e s  
t r~s  s i g n i f i c a t i v e s  q u a n t  ~ l ' i m p o r t a n c e  de  c e r t a i n e s  
p o p u l a t i o n s  r i b o n u c l 6 i q u e s  de  fa ib le  p o i d s  m o l 6 c u l a i r e ,  
L e s  s o u c h e s  c o m p a t i b l e s  s e m b l e n t  ~ t re  c a r a c t 6 r i s 6 e s  p a r  
de s  p ie s  de  5 S e t  4 S a s s e z  61ev6s e t  v i ce  v e r s a .  O n  n o t e  
c e p e n d a n t  q u e  les  s o u c h e s  c o m p a t i b l e s  $ 2  e t  S 110 s o n t  
r o u t e s  d e u x  de  s i g n e  A, a lo r s  q u e  $ 8 6 '  e t  $ 9 3 ' ,  c h o i s i e s  
p o u r  l eu r  c r o i s s a n c e  v i g o u r e u s e ,  s o n t  d u  s i g n e  o p p o s 6  a, 
C o m p a r 6 e s  5, la  s o u c h e  S 2 de  m S m e  s i g n e  (a), il n o u s  t a u t  
t o u t e f o i s  c o n c l u r e  q u e  les  p r 6 s e n t e s  d 6 v i a t i o n s  d i f f S r e n t  
s t a t i s t i q u e m e n t  de  ce l les  o b s e r v 6 e s  e n t r e  A e t  a lo t s  de  
l ' a n a l y s e  d ' u n  a s q u e  c o m p l e t  r 6 s u l t a n t  d u  c r o i s e m e n t  
S 2 A x S 2 a  ~. 

L e s  e x p 6 r i e n c e s  e f f e c t u 6 e s  a u  c o u r s  de  ce  t r a v a i l  ne  
n o u s  p e r m e t t e n t  p a s  d ' a t t r i b u e r  d 6 f i n i t i v e m e n t  ces  
v a r i a t i o n s  A u n e  d i m i n u t i o n  d u  t a u x  de  s y n t h ~ s e  ou  s 
u n e  a u g m e n t a t i o n  d u  t a u x  de  d 6 g r a d a t i o n  de  I ' A R N  d e s  
s 0 u c h e s  i n c o m p a t i b l e s  XS; de  m S m e  q u e  n o u s  n e  p o u v o n s  
6 t a b l i r  a v e c  c e r t i t u d e  si c e t t e  d i s p a r i t i o n  de  c e r t a i n e s  
e sp~ces  d ' A R N  (qui  n o u s  s e m b l e  p l u s  q u e  f o r t u i t e )  j o u e  
u n  r61e f o n c t i o n n e l  s i g n i f i c a t i f  d a n s  l ' 6 t a b l i s s e m e n t  de  
l ' i n c o m p a t i b i l i t 6  c h e z  ce t  a s c o m y c ~ t e .  I1 n ' e n  d e m e u r e  p a s  
m o i n s  q u e  la p o u r s u i t e  de  ces  t r a v a u x  p e r m e t t r a  p e u t -  
6 t re  de  j e t e r  u n  p e u  de  l u m i S r e  s u r  ce p h 6 n o m ~ n e  de s  p l u s  
i n t 6 r e s s a n t s  m a i s  e o m b i e n  n6gl ig6  q u ' e s t  l ' o r i g i n e  b io-  
c h i m i q u e  de  la d i f f 6 r e n t i a t i o n  s e x u e l l e  c h e z  les c h a m p i -  
g n o n s .  

Quantit6s relatives des diff6rentes fractions en ARN telles que d6ter- 
min6es ehez diff6rentes souches sauvages d'Ascobolus immersus en 
comparant  la hauteur  des pics du profil 61ectrophor6tique selon la 
mfthode d6crite plus t6t a, 6, is 

Souche Signe Rapports (%) 

19S/25s 5-4S/25S 5S/4S 

$2 A 92.9 ~ 3.8 25.8 4- 1.0 37.3 ~ 7.2 
$2 a 93.0 -4- 3.5 13.8 4- 3.1 56.3 4- 6.7 
$110 A 91.1 i 4.9 51.64-3.0 49.14- 7.1 
$86'  a 96.8 =L 1.6 6.9 4- 1.5 67.8 i 12.8 
$93" a 91.8 4- 4.7 10.4 ~ 2.9 109.7 -~ 11.2 

L'6galit6 des inoyennes et des variances a 6t6 test6e aux seuils de 
5% et 1% en utilisant les distributions t et F, respectivement. Les 
valeurs obtenues pour la souche $2 de signe a 5 sont 6galement ins- 
crites pour fin de comparaison. 

Summary .  F r a c t i o n a t i o n  of t o t a l  R N A  p r e p a r e d  f r o m  
i n t e r s t e r i l e  wi ld  t y p e  s t r a i n s  of  d scobolus immersus  r e v e a l e d  
t h e  e x i s t e n c e  o f  d i f f e r e n c e s  a t  t h e  4 S a n d  5 S l eve l s  w h i c h  
m a y  be  r e l a t e d  to  t h e  p o l y m o r p h i s m  of  t h e s e  s p e c i e s  o r  
s u b - s p e c i e s ,  b e a r i n g  t h e  s a m e  n a m e  a n d  c o a s t i n g  a l o n g  in  
n a t u r e .  
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Fig. 2. Electrophor~se en gel de polyacrylamide 7.5% de I 'ARN 
global des souches sauvages $2 (A), S l l 0  (B), $86'  (C) et S9Y (D) 
d'Ascobolus immersus. Abscisse : distance parcourue en cm; ordonn6e : 
densit6 optique ~ 260 nm. 
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M o r p h o l o g i c a l  D u a l i t y  o f  t h e  R e t i n a l  P a t t e r n  i n  F l i e s  

I n  1909, DIETRICH 1 d e s c r i b e d  f u n d a m e n t a l  a r c h i t e c t u r a l  
p l a n s  of  t h e  f l y - r e t i n a .  E a c h  o m m a t i d i u m  c o n t a i n s  a l -  
t o g e t h e r  8 r e t i n u l a r  cel ls ,  w h i c h ,  in  t r a n s v e r s a l  s e c t i o n s  
t h r o u g h  t h e  o m m a t i d i a ,  a r e  a r r a n g e d  in  a n  a s y m m e t r i c a l  
t r a p e z i u m ,  t h e  cel ls  1 -3  l y i n g  a l w a y s  a n t e r i o r .  Cell  8 
w h o s e  r h a b d o m e r e  is s i t u a t e d  in  t h e  c e n t r e  of  t h e  i n t r a -  
o m m a t i d i a l  c a v i t y  a r i s e s  in  t h e  p r o x i m a l  p a r t  b e t w e e n  
t h e  cel ls  1 a n d  2 ( th i s  a r r a n g e m e n t  is a b b r e v i a t e d  h e r e  
[1/8/21). R e t i n u l a r  cel l  p a t t e r n s  of  t h e  d o r s a l  a n d  v e n t r a l  
r e t i n a l  p a r t s  a r e  a r r a n g e d  in  a m i r r o r - s y m m e t r y .  

A l t h o u g h  t h i s  p l a n  E1/8/2~ is a v a l i d  p a t t e r n  for  m a n y  
spec i e s  1-5, in  a t  l e a s t  t w o  f a m i l i e s  ( IRhag ion idae ,  As i l idae ) ,  
a n o t h e r  t y p e ,  w i t h  cell  8 l y i n g  b e t w e e n  cel ls  5 a n d  6 

1 W. DIETRICH, Z. wiss. Zool. 92, 465 (1909). 
2 0 .  TRUJILLO-CEN6Z, Cold Spring Harb. Syrup. quant.  Biol. 30, 

371 (1965). 
3 V. BRAITENBERG, Exp, Brain Res. 3, 271 (1967). 
4 D. COSENS and M. M. PERRY, J. Insect Physiol. 18, 1773 (1972). 
5 S. WADA, Z. Morph. Tiere 77, 87 (1974). 
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Fig. 1. Rhagio scolopacea ~. Ventral retinal 
part showing the populations of ommatidia 
[5/8[6] (anterior; in c, with*) and [1/8/2] (pos- 
terior); a) locality of the section (hatched). 
The broken line (Bo) and (D)-zone (bo) show 
the borderline between the dorsal and ventral 
retinal parts and transitional zone between 
both population fields respectively. 1-8, 
retinular cells, numbering after DIETRICH1; 
a, anterior; d, dorsal. Phase contrast. 

l m m  I ii 

| 
Fig. 2. Examples of the retinal pattern types A and B, with schemes 
of retinular cell arrangements, in front views of the heads of Tabanus 
apricus ~ (A) and Rhagio scolopacea <~ (B). Bo, bo see Figure 1 (the 
border topography was determined in histological preparations by 
the additional marking of different retinal areas with vulcanized 
animal hairs 10; in A and B, without reference to the special ommatidia 
in antero-dorsal marginal zones of the compound eyes a,n). 

([518/6]), was also obse rved  ~. These  o m m a t i d i a  were 
found  to  be  s i t u a t e d  beside t h e  p o p u l a t i o n  of o m m a t i d i a  
[1/8/2]. TRUJILLO-CEN6Z a n d  BERNARD ~ r epo r t ed  t h a t ,  
in  t h e  females  of two  Dol ichopodid  species, cell 8 lies 
b e t w een  cells 5 an d  6. 

The  p re sen t  s t u d y  a t t e m p t e d  f i rs t ly  to  es tab l i sh  w h e t h e r  
t h e  o m m a t i d i u m  [5/8/6] is also a regular  p a t t e r n  (e.g. n o t  
a ' s i tus  inversus ' )  ; secondly,  if i t  is of c o n s t a n t  occurrence,  
to  a sce r t a in  the  t o p o g r a p h y  of o m m a t i d i a  [5/8/6] and  
[1/8/2] in t h e  r e t i na ;  a n d  f inally,  to  compare  t h e  r e t ina l  
p a t t e r n s  of d i f fe ren t  species in  the  m a i n  sys t ema t i c  g roups  
of flies. 

48 species f rom 26 famil ies  were e x a m i n e d ;  c o m p o u n d  
eyes were f ixed in Bo u i n ' s  solut ion,  e m b e d d e d  in a p las t ic  
m i x t u r e  (me t h y l  m e t h a c r y l a t e  - po lye thy l ene  glycol), cu t  
a t  1-2  ~zm in serial  sect ions,  an d  obse rved  b y  m e a n s  of 
phase  c o n t r a s t  K In  all  24 r ep re s en t a t i v e s  of 9 famil ies  t he  
dua l  r e t ina l  s t r u c t u r e  occur red  cons t an t ly .  The  regu la r  
o m m a t i d i a  [5/8/6], a n d  o m m a t i d i a  [1/8/2] are so p a t t e r n e d  
t h a t ,  enclosed in t he i r  respec t ive  p o p u l a t i o n  fields, om- 
m a t i d i a  [5/8/6] lie a lways  in t h e  a n t e r i o r  area,  [1/8/2] in  
t h e  pos te r io r  one. On ly  in t h e  t r a n s i t i o n a l  zone, usua l ly  
e x t e n d i n g  over  a few o m m a t i d i a l  rows, are b o t h  t ypes  
mixed  (Figure 1). The  t o p o g r a p h y  of t h e  b o r d e r  b e t ween  
b o t h  p o p u l a t i o n  fields var ies  as to  species (and for ce r t a in  
species, e.g. in Rhagio, to  sex, or to  t h e  d ichop t ic  a n d  
ho lopt ic  condi t ion) .  

The  diverse  p a t t e r n s  showing  th i s  morphologica l  d u a l i t y  
are classif iable in to  2 types .  A) In  b o t h  dorsal  a n d  v e n t r a l  
r e t i na l  regions, o m m a t i d i a  [5/8/6] fill t he  a n t e r i o r  pa r t s ,  
[1/8/2] the  pos te r ior  ones (Figure 2, A). B) Only  o m m a t i d i a  
[1/8/2] occur  over  t h e  en t i r e  dorsal  region,  Whereas om- 
m a t i d i a  [5/8/6] are s i t u a t e d  a n t e r o - v e n t r a l l y  an d  [1/8/2] 
p o s t e r o - v e n t r a l l y  (Figure  2, B). W i t h i n  th i s  p a t t e r n ,  
however ,  single o m m a t i d i a  [5/8/6], s t r e w n  in a few om- 
m a t i d i a l  rows of the  an t e ro -do r sa l  m a r g i n a l  area,  h a v e  
somet imes  been  observed .  T h e  r e t i n a  cons is t ing  on ly  of 
o m m a t i d i a  [1/8/27, as shown  b y  DIETRICH1, is descr ibed  
here  as t y p e  C. 

The  species used here,  a n d  the i r  r e t i na l  p a t t e r n  types ,  
were a r r a n g e d  in to  a mode l  7 of t h e  e v o l u t i o n a r y  t ree  
(Figure 3), Type  A has  been  found  p r e d o m i n a n t l y  in 
B r a c h y c e r a  O r t h o r r h a p h a .  I n  b o t h  L o n c h o p t e r i d a e  a n d  
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further families 
Micropezidae I 

]Drosophilidae ~ l c e a t a : f , C [  
I ~ m e l a n o g a s t e r : C  Sphaeroceridae I 
IEphydridae ~ i o : f , C  I 
[ Ephydra macellarla:f,C Sepsidae I 

| ~ c y n i p s e a : f , C  I 
| Sepsis punctum:m,C I 

Tephritidae | ~ ~ ~ I 
[ Ceratltis capltata C 

Acalyptratae 

Dolichopodidae Bombyliidae 
Dolichopus ungulatus: A Systoechus sulphureus:C 
Tachytrechus eucerus:f,A Hemipenthes maurus:m,C 

Empid idae Hemlpenthes velutinus:f,C 
Villa humilis:f,C livida: f,A 

Hilara quadrivittata:m,A Acroceridae 
Ogcodes gibbosus:f,C? 

Asilidae Therevidae 
Andrenosoma atrum:A Thereva plebeja:f,A 
Cerdistus spo:f,A Thereva rnarginula:f,A 
Neomochtherus sp.:m,A Thereva annulata:m,A 

Hippoboscidae I 
c-ervi:C I 

Muscidae ] 
] Musca domestica:C ] 
I Stomoxys calcitrans:f,C I 
I Lispe rnonacha:m.,C 

l scat~ I I  ] Scatophaga stercoraria:C] I 

I 

\ 
\ 

\ 
\ 

Rhagionidae I 
~ o l o p a c e a : f , A ; m , B  ] 
Rhagio vitripennis: f,A; m,B I 
S_yrnphoromyia crassicornis: m,B] 

Callip horidae 
Calliphora erythrocephala:C 

arnaria:C 

7 tes~llata:C 

Calyptratae 
]Conopidae I 
I Zodion cinereum:m,CI 

JSyrphidae 
I ~  tenax: C 
I Rhingla campestris:C 
I Pipunculidae 

~ nigritutus:f,C 

~ Phoridae I 
P~eudacteon sp.:f,A I 

Lonchopteridae I 
-ftavicauda :f,A I 

Lonchoptera lacustris:m,A I 
Tabanidae . ~ ~ 

Tabanus graecus: f,A / 

7abanus apricus:f,A 
Haematopota itaHca:f,A 
Haematopota pluvialis:f,A [Stratiomyidae 
Chrysops caecutiens:f,A I Oxycera pardalina:f,A 

L.~ - -  - -  -'-- -.... K ,Pachygasterater:f,A ~, 

-"---._.._\~I/ BRACHYCERA ] 
NEMATOCERA ] ORTHORRHAPHA CYCLORRHAPHA 

Fig. 3. The species exalnlned and their retinal pattern types are arranged into a dendrogranl after the OLDROYD-Inodel 7 showing the phylo- 
genetic relationships of the main groups of flies 12. A, B and C after the species' names indicate their individual retinal types (see text). [, ~_; 
m, ~ ; results without / and m are valid for both sexes (Pipunculus nigritulus = Toemoesvaryella geniculata). 

P h o r i d a e ,  p r i m i t i v e  f a m i l i e s  v e r y  p r o b a b l y  b e l o n g i n g  to  
t h e  C y c l o r r h a p h a  7,s, t h e  r e t i n a  a lso  r e v e a l e d  t y p e  A. 
T y p e  B h a s  b e e n  o b s e r v e d  u n t i l  n o w  o n l y  in  3 3  of  R h a g i o -  
n i d a e .  T y p e  C is d i s t r i b u t e d  in  a l m o s t  al l  s e c t i o n s  of 
C y c l o r r h a p h a ;  a lso  in  B o m b y l i i d a e .  S y m p y c n u s  lineatus6 
w a s  n o t  e x a m i n e d  he re ,  h e n c e  i t  is s t i l l  u n c e r t a i n  w h e t h e r  
i t s  r e t i n a ,  l ike  i t s  D o l i c h o p o d i d  s i s t e r - g r o u p s  s t u d i e d  here ,  
is of  t y p e  A. 

A l t h o u g h  t h e  r e c o n s t r u c t i o n  of  t h e  c lose  r e l a t i o n s h i p  of 
t h e  B o m b y l i i d a e  t o  t h e  As i l o i dea ,  a s  s h o w n  in  t h e  m o d e l ,  
h a s  n o t  y e t  b e e n  d e f i n i t e l y  e s t a b l i s h e d  s, 9 t h e  f a c t s  d e s c r i b -  
ed  a b o v e  m a y  i n d i c a t e  t h a t  t h e  d u a l  r e t i n a l  s t r u c t u r e  is 
t o  be  f o u n d  in  t h e  p r i m i t i v e  flies, w h e r e a s  t h e  ' u n i f o r m '  
r e t i n a ,  c o n t a i n i n g  o n l y  o m m a t i d i a  [1/8/23, is p r e s e n t  in 
t h e  f a m i l i e s  of  m o r e  a d v a n c e d  e v o l u t i o n .  S ince  f l ies 
p r o p e r ,  in  c o n t r a s t  t o  t h e  N e m a t o c e r a ,  c a n  be  u n d o u b t -  
e d l y  r e g a r d e d  as  a m o n o p h y l e t i c  u n i t  s, t h e s e  r e t i n a l  
p a t t e r n s  m i g h t  h a v e  u n d e r g o n e  e v o l u t i o n a r y  t r a n s f o r m a -  
t i o n  f r o m  o n e  t y p e  to  a n o t h e r  in  t h e  p h y l o g e n y  of  flies.  
F u r t h e r  i n v e s t i g a t i o n s  a r e  in  p r o g r e s s .  

Summary .  I n  t h e  c o m p o u n d  e y e s  of  flies,  a m o r p h o l o g -  
ical  d u a l i t y  of  t h e  r e t i n a l  s t r u c t u r e  h a s  b e e n  f o u n d .  T h e  
r e t i n a l  p a t t e r n s  b a s e d  o n  t h i s  p r o p e r t y  a n d  t h e i r  p o s s i b l e  
e v o l u t i o n a r y  t r e n d s  a r e  d e s c r i b e d .  

Zusammen/assung .  I n  d e n  K o m p l e x a u g e n  d e r  F l i e g e n  
w u r d e  e ine  m o r p h o l o g i s c h e  DualitS~t d e r  r e t i n a l e n  S t r u k -  

t u r  g e f u n d e n :  Die  R e t i n a  b e s t e h t  a u s  O m m a t i d i e n  zwe ie r  
T y p e n ,  die  j ewe i l s  e i n e n  g e s c h l o s s e n e n  P o p u l a t i o n s k r e i s  
b i l den .  Die  M o r p h o l o g i e  d e r  h i e r d u r c h  h e r v o r g e r u f e n e n  
r e t i n a l e n  M u s t e r  u ~ d  d ie  m 6 g l i c h e  e v o l u t i o n ~ r e  T e n d e n z  
i h r e r  V e r b r e i t u n g  in  d e n  B r a c h y c e r a - O r t h o r r h a p h a  u n d  
d e n  C y c l o r r h a p h a  w u r d e n  b e s c h r i e b e n .  

S. WADA la 

[nst i tut  /i2r Zoologie der Universitiit  Di~sseldor[, 
Me thnanner  Strasse 16 78, 
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