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Summary of data on egg-laying capacity, egg-to-adult viability and sex-ratios of Drosophila pseudoobscura injected with 0.4 [~1 of a 10 [~g/ml 
of a buffered-saline solution of LSD-25, BOL, or l~-Lysergic acid 

Treat- Total Total Range Flies laying (%) Aver- Adult Adult Not 
ment No. of No. of age c~c~ ~ emerg- 

flies eggs 0-99 100-199 200-299 300-399 400-499 500-599 No. of emerg- emerg- ing 
tested laid eggs eggs eggs eggs eggs eggs eggs/ ing ing (%) 

fly 

Saline 55 16,820 69-548 3.6 21.8 25.5 18.2 23.6 7.3 306 6,837 7,319 15.8 
LSD-25 56 17,995 68--494 1.8 7.1 35.7 25.0 30.3 0.0 322 7,275 7,767 16.4 
BOL 58 14,626 0-444 5.2 18.9 39.6 27.6 3.4 0.0 252 5,685 5,545 23.2 
Lysergie 
acid 55 10,897 30-378 7.2 40.0 50.9 1.8 0.0 0.0 198 4,553 4,683 15.2 

Data on buffered-saline iniected controls are included. 

w h i c h  d e t e c t e d  of fspr ing  was t ages  in  Drosophila 1~-1, h a v e  
u t i l ized  doses  m u c h  h ighe r  t h a n  t hose  used  in  ou r  exper i -  
m e n t a t i o n .  Th i s  m a y  be  one  of t h e  reasons  for  t h e  dif-  
ference in resul ts .  I t  m u s t  b e  r e m e m b e r e d ,  however ,  t h a t  
in  e v e r y  case ( inc lud ing  our  e x p e r i m e n t s )  t h e  doses 
a d m i n i s t e r e d  to  t h e  a n i m a l s  Were m u c h  h i g h e r  pe r  g r a m  
of b o d y  w e i g h t  t h a n  t hose  t a k e n  b y  h u m a n  users.  The  
l a s t  s t a t e m e n t  m u s t  n o t  b e  t a k e n  as  m e a n i n g  t h a t  t h e  
d r u g  shou ld  be  cons ide red  safe  to  use. N o t h i n g  is k n o w n  
a b o u t  i t s  m e t a b o l i c  fa te  in  Drosophila, a n d  t h e r e  is a 
cons iderab le  b o d y  of i n f o r m a t i o n  f rom m a m m a l i a n  
s y s t e m s  to  cause  concern .  

A l t h o u g h  ou r  d a t a  do  n o t  show effects  of  L S D - 2 5  
t h e y  c e r t a i n l y  show effects  of t h e  o t h e r  2 c h e m i c a l l y  
r e l a t ed  compounds .  A t t e m p t i n g  to  m a k e  a n y  k i n d  of 
gene ra l i za t ions  a n d  der ive  def in i t e  conc lus ions  f rom these  
r e su l t s  should ,  again ,  be  cons ide red  p r e m a t u r e .  One  can  
s t a t e  on ly  t h e  obv ious  a n d  t h i s  is t h a t  b o t h  D-lysergic 
acid a n d  B O L  inf luence  t he  egg- lay ing  c a p a c i t y  of our  
e x p e r i m e n t a l  a n i m a l ;  t he  l a t t e r  c o m p o u n d  also a p p e a r s  
to  exercise  a s ign i f i can t  inf luence  on  egg- to -adu l t  v i a b i l i t y  
a m o n g  t h e  of fspr ing  of t h e  t r e a t e d  ind iv idua l s .  H e r e  
aga in ,  de t a i l ed  m e t a b o l i c  s tud ies  are  needed  to  d e t e r m i n e  
w h a t  is t h e  p a r t  of these  molecules  t h a t  c rea tes  these  
effects  ,3. 

Rdsumd. On a in jec t6  du  LSD-25 ,  de l ' ac ide  b r o m o -  
l y s e r g i q u e - d i ~ t h y l a m i d e  e t  de l ' ac ide  D-lysergique A des  
Drosophila pseudoobscura au  t ro i s i~me s t ade  la rva i re .  Le  
L S D - 2 5  n ' a f f ec t e  n i  leur  capac i t6  de  pon te ,  lo rsqu 'e l les  
son t  adul tes ,  n i  la  v iab i l i t6  ( r a p p o r t  n u m 6 r i q u e  a d u l t e s /  
ceufs) de leur  p rog~ni tu re .  E n  r evanche ,  la  capac i t~  de  
p o n t e  es t  r6du i t e  t a n t  p a r  l ' ac ide  lyse rg ique  que  p a r  
l ' ac ide  b r o m o l y s e r g i q u e - d i 6 t h y l a m i d e ,  e t  ce de rn i e r  a l t~re  
en  o u t r e  la  v iab i l i t6 .  
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Ant  C o m p o u n d  Eye :  S i z e - R e l a t e d  O m m a t i d i u m  D i f f e r e n c e s  With in  a S ing l e  W o o d  Ant  N e s t  

T h e  w o r k e r  p o p u l a t i o n  of a r ed  wood  a n t  n e s t  p r o v i d e s  
a u n i q u e  o p p o r t u n i t y  for  i n v e s t i g a t i n g  t h e  ef fec ts  on  
b e h a v i o r  of n a t u r a l l y  occur r ing  q u a n t i t a t i v e  d i f ferences  
in  neu ra l  a n d  sensory  s t ruc tu res .  A r e l a t i o n s h i p  h a s  been  
i so la ted  b e t w e e n  t h e  size of t he se  worker s  a n d  t h e  
eff ic iency w i t h  w h i c h  t h e y  l ea rn  to  n a v i g a t e  t e r r a i n  whi le  
forag ing  for  co lony  food 1 I t  was  f o u n d  for  workers  f rom a 
nes t  of Swiss red  wood a n t s  (Formica ru/a), t h a t  t h e  l a rger  
t he  h e a d  a n d  such  s t r u c t u r e s  as  t h e  co rpo ra  p e d u n c u l a t a  
of t h e  b r a i n  ( supraesophagea l  gangl ion)  a n d  t h e  c o m p o u n d  
eye, t h e  m o r e  e f f ic ien t  t h e  fo rag ing  b e h a v i o r .  

I t  is t h o u g h t  t h a t  worke r s  f r o m  a s ingle  n e s t  h a v e  
s imi la r  genet ics ,  a n d  t h a t  worke r  size is a f u n c t i o n  of 
seasonal  fac to rs  such  as t e m p e r a t u r e  a n d  food s u p p l y  
d u r i n g  cr i t ica l  g r o w t h  stages*-*.  T h e  p o p u l a t i o n  is con-  
t i n u o u s l y  d i s t r i b u t e d  in  size, w i t h o u t  d i s t i n c t  m o r p h o -  
logical  subg roup ings  (castes),  a n d  a d u l t  size is n o t  r e l a t ed  
to  age. W o r k e r s  a t  al l  size levels  forage  for  food in t h e  
t e r r a i n  s u r r o u n d i n g  a nest ,  n a v i g a t i n g  b y  m e a n s  of 
sequences  of v isual ,  chemica l  a n d  t ac t i l e  i n f o r m a t i o n  S, e. 

One  m e c h a n i s m  b y  w h i c h  size could  in f luence  n a v i g a -  
t i o n  eff ic iency would  be  t h r o u g h  increases  in  t h e  n u m b e r  

of c o m p o n e n t  e l e m e n t s  in  t h e  v i sua l  a n d  o t h e r  i n fo rma-  
t i o n  p rocess ing  sys tems .  W h i l e  i t  is k n o w n  t h a t  t h e  
n u m b e r  of c o m p o n e n t s  in  t h e  c o m p o u n d  eye a n d  o t h e r  
s enso ry  a n d  n e u r a l  s t r u c t u r e s  is g r ea t e r  in  l a rger  species 
of a n t s  a n d  o t h e r  insec t s  t h a n  in smal le r  r e l a t ed  species ~-8, 
we k n o w  of no  d a t a  o n  s u c h  size d i f ferences  w i t h i n  t h e  
w o r k e r  p o p u l a t i o n  of a s ingle  a n t  nes t .  

T h e  o b j e c t  of t h e  p r e s e n t  s t u d y  was  to  d e t e r m i n e  
w h e t h e r  such  q u a n t i t a t i v e  d i f ferences  occur  in  t h e  com- 
p o u n d  eye as  size increases  w i t h i n  t h e  worke r  p o p u l a t i o n  
of a ne s t  of  Ca l i fo rn ia  r ed  wood a n t s  (Formica integroides). 
T h e  species  is s im i l a r  in  b e h a v i o r  a n d  m o r p h o l o g y  to  
t h e  Swiss a n t s  used  in t h e  s ize-eff iciency s tudy .  The  
sub j ec t s  w e r e  67 a d u l t  worker s  t a k e n  f rom col lec t ions  
m a d e  in  l a t e  s u m m e r  a n d  fa l l  f r o m  a s ingle i so la t ed  
nes t ,  w i t h  t h e  se lec t ion  m a d e  to  ach ieve  a d i s t r i b u t i o n  
o v e r  t h e  size range .  

T h r e e  m e a s u r e m e n t s  were  t a k e n  on  each  a n t  f rom 
s t a n d a r d  p h o t o g r a p h s  m a d e  of h e a d  a n d  eye p r e p a r a -  
t ions .  These  m e a s u r e m e n t s  were :  1. a p l a n i m e t r i c  
m e a s u r e  of h e a d  sur face  a r ea  (Figure  1 A);  2. t h e  l e n g t h  
of t h e  r i g h t  c o m p o u n d  eye (F igure  1 A) ; a n d  3. t h e  n u m b e r  
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of o m m a t i d i a  in  t h e  r i g h t  c o m p o u n d  eye  (F igure  1B).  
T h e  o m m a t i d i a  were  c o u n t e d  f r o m  p h o t o g r a p h s  of a n  
impres s ion  of t h e  eye  m a d e  b y  cove r ing  i t  w i t h  a col lodion-  
e t h e r  (50 :50  v /v)  m i x t u r e ,  a l lowing  t h e  m i x t u r e  to  peel  
a w a y  f r o m  t h e  surface,  a n d  t h e n  p h o t o g r a p h i n g  i t  w i t h  
t he  e x t e r n a l  surface  of t h e  impres s ion  fac ing  t he  ob jec t ive ,  
us ing  a Le i t z  O r t h o l u x  mic roscope  a n d  p o i n t  source  
i l l u m i n a t i o n  f rom below.  T h i s  m e t h o d  e l i m i n a t e s  d e p t h  
of f ie ld p r o b l e m s  t h a t  a re  i n h e r e n t  in  p h o t o g r a p h i n g  t h e  
eye  i tself ,  a n d  i t  c a n  be  used  o n  l i v ing  a n d  i n t a c t  speci-  
mens .  

I n  a d d i t i o n  to  t he se  measures ,  t h e  m e a n  o m m a t i d i a l  
lens  d i a m e t e r  was  d e t e r m i n e d  for  a second  s a m p l e  of 
20 a n t s  f rom th i s  popu la t i on .  F o r  these ,  a f t e r  t h e  s t a n d a r d  
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h e a d  a r ea  m e a s u r e  was  t a k e n ,  t h e  r i g h t  c o m p o u n d  eye  
was  exc ised  a n d  a c en t r a l  g roup  of o m m a t i d i a l  lenses 
p h o t o g r a p h e d .  D i a m e t e r s  for e ach  lens  were  t h e n  meas-  
u red  f rom t h e  p h o t o g r a p h ,  a n d  t h e  m e a n  d i a m e t e r  
ca lcu la ted .  

T h e  r e l a t i onsh ip s  of these  3 c o m p o u n d  eye p a r a m e t e r s  
to  h e a d  a r ea  a re  s h o w n  in F igu re  2. I t  is seen t h a t  each  
p a r a m e t e r  inc reases  w i t h  h e a d  area ,  a n d  co r re l a t ion  
ana lyses  ( p r o d u c t - m o m e n t  co r re l a t ion  coeff ic ient)  indi -  
ca te s  s ign i f i can t  r e l a t i o n s h i p s  in  each  case  (for o m m a t i -  
d i u m  n u m b e r ,  r = 0.94;  for  eye  l eng th ,  r = 0.92; for  
lens  d i ame te r ,  r = 0.84;  p < 0.001 in all  cases). V i sua l  
i n spec t ion  of t h e  r e su l t s  of a l ea s t - squa re s  regress ion  
ana lys i s  for o m m a t i d i u m  n u m b e r  a n d  eye l e n g t h  (Fig- 
ures  2, A a n d  B) i n d i c a t e s  t h a t  t h e  r e l a t i onsh ip s  are  
a c t u a l l y  curv i l inear ,  a n d  sugges t s  t h a t  t he se  p a r a m e t e r s  
m a y  r e a c h  a n  a s y m p t o t e  a t  h e a d  a r ea  va lues  of 1.25 
t o  1.50 m m  2. 

W h i l e  we k n o w  of no  p r e v i o u s  d a t a  for  a s ingle  a n t  
ne s t  on  r e l a t i onsh ips  b e t w e e n  eye  c o m p o n e n t  d i m e n s i o n s  
a n d  size, t h e r e  is p r e c e d e n t  for  i n t r a - n e s t  c o m p a r i s o n s  
b e t w e e n  gross o rgan  size a n d  t o t a l  size a,2, l°. S imi la r  
c u r v i l i n e a r  r e l a t i onsh ips  h a v e  been  found .  

I t  h a s  been  s h o w n  p rev ious ly  for  insec t s  t h a t  b o t h  
e n v i r o n m e n t a l  a n d  gene t ic  f ac to r s  c a n  af fec t  c o m p o u n d  
eye d imens ions .  Thus ,  for  D r o s o p h i l a ,  i t  h a s  been  f o u n d  
t h a t  n u m b e r  of o m m a t i d i a  c an  be  in f luenced  b y  t e m p e r a -  
t u r e  c o n d i t i o n s  d u r i n g  l a rva l  g r o w t h  s tages  11. I t  is also 
k n o w n  for r e l a t ed  species of a n t s  ~, H y m e n o p t e r a  s, a n d  
o t h e r  insec t s  9, t h a t  as b o d y  size increases  across  species 
t h e r e  is co r re l a t ed  increase  in t h e  size a n d  n u m b e r  of 
o m m a t i d i a .  I t  h a s  b e e n  sugges ted  for  these  in te rspec ies  
r e su l t s  s,a~ t h a t  t h e  size co r re l a t ed  inc reases  p r o d u c e  
g r ea t e r  s en s i t i v i t y  ( larger  o m m a t i d i a )  coupled  w i t h  
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Fig. 1. A) Antero-dorsal view of red wood ant head, showing the planimetrie head area measure (HA-within dotted lines) and the measure 
of compound eye length (EL). B) Photograph of collodion imprint of right compound eye, where circular dots are light images produced by 
ommatidial lens impressions. 
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Fig. 2. Scatter plots of eye-head relationships, with eye parameters 
on the ordinate and head area (rome) on the abscissa. A) (open circles) 
Number of ommatidia vs. head area. B) (filled circles) Compound 
eye length (ram) vs. head area. And C) (open triangles) ommatidial 
lens diameter (tzm) vs. head area. 

i nc reased  a c u i t y  ( larger  n u m b e r  of  o m m a t i d i a  in  a g i v e n  
v i s u a l  angle) .  I f  t h i s  i n t e r p r e t a t i o n  is app l i cab le  to  t h e  
w o r k e r  a n t  p o p u l a t i o n  f rom a s ingle  ne s t  i t  could  be  a n  
i m p o r t a n t  f ac to r  in  t h e  p r e v i o u s l y  r e p o r t e d  co r re la t ions  
b e t w e e n  worke r  size a n d  fo rag ing  n a v i g a t i o n  eff ic iency z. 

Rdsumd. P o u r  c o m p t e r  le n o m b r e  de  f ace t t e s  de l 'ceil  
compos6  de  la  fourmi ,  u n e  nouve l l e  m 6 t h o d e  a 6t6 raise 
au  p o i n t  ell u t i l i s a n t  des  p h o t o g r a p h i e s  d ' e m p r e i n t e s  de  
col lodion.  Darts  u n e  p o p u l a t i o n  d 'ouvr i~ res  p r o v e n a n t  
d ' u n  seul  n id  de  fou rmi s  rouges  l ignicoles,  le h o m b r e  e t  
le d i a m b t r e  des f ace t t e s  a u g m e n t e n t  avec  la  grosseur  
de l 'ceil e t  de la  t~te.  P o u r  une  te l le  p o p u l a t i o n  i l y  a 
une  r e l a t i o n  e n t r e  la  grosseur  des t i s sus  n e u r a u x  e t  sen-  
soriels, l '0eil compos6  inclus ,  e t  l 'eff icaci t6  avec  l aqne l te  
u n e  f o u r m i  ouvr i~re  p a r c o u r t  le t e r r a i n  en  c h e r c h a n t  de  
la  nou r r i t u r e .  

S. BERNSTEIN a n d  C. FINN IS, 14 

Department o/Psychiatry, UCLA Medical School, 
Los Angeles (Cali]or~cia 90024, USA), 26 November 1970. 

13 We thank L. KONDO and D. MORANO for assistance, and J. T. 
MARSH and H. J. J~RlSON for critical evaluation of the manuscript. 

14 This work was supported by U.S. Public Health Service Research 
Scientist Development Award Type I No. 5K01 MH 15475 to 
S.B. Computing assistance was obtained from the Health Sciences 
Computing Facility, UCLA, sponsored by NIH Special Research 
Resources Grant No. RR-3. 

I n d u c e d  P r o d u c t i o n  of  C l e i s t o t h e c i a  in  Aspergil lus 

T h e  m e m b e r s  of t h e  A. nidulans group  of RAPE~ a n d  
FENNELL t, e x c e p t i n g  A. unguis, are  c h a r a c t e r i z e d  b y  t h e  
prol i f ic  p r o d u c t i o n  of  c l e i s to thec ia  in  cu l tu re .  These  
au tho r s ,  the re fore ,  c a s t  a n  a u r a  of ser ious  d o u b t  o n  t h e  
v a l i d i t y  of t h e  species  A. unguis, as insc r ibed  be low:  
' T h e  d i scove ry  of occas iona l  c l e i s to thec ia  a n d  ascospores  
in  a cu l tu re  w i t h  s t r u c t u r a l  p a t t e r n  a n d  genera l  mor -  
pho logy  of A. unguis ra ises  some  d o u b t  conce rn ing  t h e  
v a l i d i t y  of t h i s  species, p a r t i c u l a r l y  w h e n  t h e  ascospores  
e x h i b i t  t h e  gene ra l  p a t t e r n  of t hose  p r e s e n t  in  A spergillus 
nidulans. W e  bel ieve ,  howeve r ,  t h a t  t h e  species  A. unguis 
shou ld  b e  r e t a ined ,  a t  l eas t  for  t h e  p re sen t ,  t o  i nc lude  
t h e  n u m e r o u s  s t r a i n s  b e l o n g i n g  to  t h e  A. nidulans group,  
w h i c h  grow r e s t r i c t ed ly  on  m a n y  s u b s t r a t a ,  p r o d u c e  long  
s ter i le  sp icu la r  h y p h a e ,  a n d  are  c o m m o n l y  i so la ted  f rom 
soil a n d  f r o m  s i t u a t i o n s  i n d i c a t i n g  a t  l eas t  s e c o n d a r y  
p a t h o g e n i c i t y . '  

I n  t h i s  paper ,  t h e  a u t h o r s  r e p o r t  t h e  c o m p o s i t i o n  of a 
modi f i ed  ve r s ion  of t h e  n o r m a l  Czapek ' s  m e d i u m  (Tab le  I) ,  
w h i c h  successful ly  p e r m i t s  t h e  i n d u c t i o n  of  e l e i s to thec ia  
in  t h e  n o r m a l l y  a sexua l l y  r e p r o d u c i n g  cu l tu re s  of A.  
unguis, w i t h  t h e  r e su l t  t h a t  t h e  r e t e n t i o n  of t h e  species 
A. unguis in  t h e  n i d u l a n s  g roup  becom es  e n t i r e l y  re- 
d u n d a n t .  

Materials and methods. T h e  cu l tu re  of A. unguis 
f igur ing  in  t h i s  e x p e r i m e n t  was  f r o m  KAKKAR'S p e r s o n a l  
col lec t ion  (No. R B K / 3 0 1 ) ,  a n d  was  o r ig ina l ly  i so la t ed  
f r o m  h e a v i l y  m a n u r e d  soil, b u t  i t  is of  i n t e r e s t  to  r ecord  
t h a t ,  d u r i n g  i t s  en t i r e  pe r iod  of r e t e n t i o n  u n d e r  c u l t u r a l  
condi t ions ,  i t  fai led to  p roduce  c le i s to thec ia  a n d  asco- 
spores,  in  c o n t r a s t  to  S t r a i n  W B  2393 of RAPER a n d  
FENNELL 1 descr ibed  above .  

unguis 
Our  p r e v i o u s  i nves t i ga t i ons  h a v e  a l r e a d y  es t ab l i shed*  

t h a t  t h e  2 g e n o t y p e s  in  A spergillus species  c an  b e  con-  
v e n i e n t l y  g rouped  w i t h  r ega rd  t o  caf fe ine  sens i t i v i ty ,  
u n d e r  2 d i s t i n c t  heads ,  viz. ,  1. t h e  ca f f e ine - r e s i s t an t  (CR) 
a n d  2. t h e  ca f fe ine - sens i t ive  (CS). B o t h  A. nidulans a n d  
A. unguis display ,  u n d e r  con t ro l l ed  c u l t u r a l  cond i t ions ,  
a s low b u t  de f in i t e  g r o w t h  p a t t e r n  on  caffe ine  re in forced  
m e d i u m ,  t h u s  showing,  t h a t  t h e y  are  de f in i t e ly  CR. Th i s  
response  was o b t a i n e d  even  a t  t h e  a b n o r m a l l y  h i g h  con-  
c e n t r a t i o n s  of caf fe ine  viz. ,  a t  6 t o  10 g/1 d u r i n g  t h e  
i n c u b a t i o n  pe r iod  of 45 days .  

T h e  m e d i u m  was  acco rd ing ly  modif ied ,  a n d  t h e  modi -  
f ied Czapek ' s  m e d i u m  c o n t a i n i n g  sucrose,  10 g; KH,PO4 ,  
1 g;  NaNOs,  3 g; KC1, 0.5 g; MgSO, ,  7H20,  0.5 g; F e S O  4, 
0.01 g a n d  caffe ine  6 g/l, w i t h  py rex- th r i ce -d i s t i l l ed  w a t e r  

Table I. Constitution of modified Czapek's medium reinforced with 
caffeine 

Medium (g) 
Sucrose (10) FeSO 4 (0.01) 
KH~PO 4 (1) Caffeine (6-10) 
NaNO s (3) 
KC1 (0.5) Pyrex thrice distilled water 
MgSO4, 7H~O (0.5) up to 1 1 

pH of the medium, 6.5. 

t K. B. RAPER and D. I. FENNELL, The Genus Aspergillus (The 
Williams and Wilkins Co. Baltimore, USA 1965), p. 526-527. 

2 R. K. KAKKAR and B. R. MEHROTRA, unpublished data (1970). 


