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was e s t ima ted  t h a t  there  were a t  bes t  15-20 clearly 
ident i f iable  b inuc lea ted  neurons  in a brain.  
Discussion. The significance of the  b inuc lea ted  neurons  
has  been  v iewed d i f ferent ly  by  researchers  f rom di f ferent  
fields of invest igat ions .  Neuropathologis t s ,  in general,  
consider  t h e m  to be the  resul t  of pathological  condi t ion  
of the  bra inS-L Our f indings as well as those  of o ther  
workers  on the  presence  of the  b inuc lea ted  neurons  in 
no rma l  bra ins  do no t  suppor t  th is  v iewpoint .  Spiegel 
and Adolf  1~ and  De Castro n observed t h e m  in the  
s y m p a t h e t i c  ganglia of the  young,  and  sugges ted  t h a t  
t h e y  become b inuc lea ted  dur ing  the i r  genesis and re ta in  
the  capac i ty  to divide later  dur ing  adu l thood  w i t h o u t  
fu r the r  nuclear  changes.  Sosa and Savio de Sosa 12 af ter  
hav ing  examined  mater ia l  f rom 6 d i f ferent  m a m m a l i a n  
species have  concluded t h a t  such neurons  represen t  
ami to t i c  divis ion of ne rve  cells. Their  observa t ions  seem 
to imp ly  t h a t  fully d i f fe ren t ia ted  neurons  in normal  adul t  
b ra in  are capable  of d ividing by  ami to t i c  division. Our 
f indings on the  labelled b inuc lea ted  neurons  suggest  t h a t  
in all p robab i l i t y  b inuc lea t ion  of neurons  is the  case of 
comple te  nuclear  divis ion b u t  incomple te  cy top lasmic  
division in the  precursors  of neurons  dur ing  neuro-  
embryogenes is .  The fact  t h a t  t h e y  can cont inue  to  
r emain  b inuc lea ted  was suppor t ed  by  the  f indings made  

on the  bra ins  of the  neona te  ra t s  and  adu l t  rabbi ts ,  and  
t h a t  t h e y  can d i f ferent ia te  as normal ly  as un inuc lea ted  
nerve  cells was es tabl ished by  the  d i f fe ren t ia ted  cy to logy  
of these  neurons  in the  adul t  brains.  Al though  our  
observa t ions  do no t  deny  or con t rad ic t  the  l a t t e r  2 
v iewpoints ,  t h e y  offer suggest ions  t h a t  the  d i f fe ren t ia ted  
b inuc lea ted  neurons  m a y  remain  as such w i t h o u t  ever  
giving rise to  2 un inuc lea ted  neurons ,  and  t h a t  t h e y  m a y  
be as normal ,  b o t h  morphologica l ly  and physiologically,  
as o ther  nn inuc lea ted  nerve  cells of the  cent ra l  ne rvous  
sys tem.  
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Summary. Squirrel  monkeys  learned to  avoid hypox ia  by  press ing a bar.  E a c h  bar -press  replaced the  noxious gas 
m ix tu r e  w i th  no rma l  air for 3 sec. The da t a  fu r the r  ind ica ted  t h a t  O 3 i tself  has  no posi t ive  re inforcing effect.  

Squirrel  m onkeys  (Saimiri  sciureus) have  been  ex tens ive ly  
and  successful ly used in a large n u m b e r  of ope ran t  con- 
d i t ioning studies,  using a va r i e ty  of d i f fe rent  schedules.  
These animals  learn to  respond  to b o t h  posi t ive  and  
nega t ive  s t imul i  1. Pos i t ive  re inforcing s t imul i  have  
included food, water ,  l ight  2 and  social con tac t  s. The mos t  
f r equen t ly  employed  nega t ive  re inforcing s t imulus  is 
electric shock 4, b u t  l i t t le  is known  abou t  the  effects  of 
o the r  noxious  st imuli ,  such as exposure  to  an e n v i r o n m e n t  
made  unp l ea san t  by  change  in t e m p e r a t u r e  or a tmospher ic  
var ia t ions .  
The vu lnerab i l i ty  of t he  nervous  sy s t em to lack of oxy-  
gen 5 and  the  i m p a i r m e n t  of pe r fo rmance  in hypo x i a  6 
have  been  well documen ted .  We have,  therefore ,  in- 

Number of bar-presses during 1 h under defined oxygen concen- 
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ves t iga ted  w h e t h e r  squirrel  mo n k ey s  could learn to  de t ec t  
h y p o x i a  and  a t t e m p t  to  a l ter  the  e n v i r o n m e n t  when  
given the  oppor tun i ty .  
Methods: 6 squirrel  monkeys  w i t h  previous  exper ience in 
condi t ioned  avoidance  expe r imen t s  were used. The sub- 
jects  were seated in a res t ra in ing  chair  and  f i t ted  wi th  
an a i r t igh t  he lme t  which  was perfused  wi th  a gas mix tu re  
conta in ing  known concen t ra t ions  of oxygen  and ni t rogen.  
The expe r imen t s  were carr ied ou t  in a sound proof cage 
equ ipped  wi th  a press ing bar. The p ro g ram was a r ranged  
so t h a t  each bar-press  led to  r ep l acemen t  of the  gas 
mix tu re  w i t h  no rma l  air for a per iod  of 3 sec. The oxygen  
co n t en t  of the  perfus ing mi x t u r e  was con t inuous ly  
mon i to red  using a Beck man  oxygen  meter .  
In  an init ial  t ra in ing  period,  t he  an imals  were exposed to  
a gas m i x t u r e  conta in ing  9% oxygen  and,  under  th is  
condi t ion,  each bar-press  increased the  oxygen  concen-  
t r a t i on  b y  4%. All the  an imals  learned to  press the  ba r  
wi th in  1 h, and  af ter  2 weeks wi th  dai ly  1-h-sessions, the  
n u m b e r  of bar-presses  had  s tabi l ized in 4 monkeys .  E a c h  
of these  4 an imals  was t h e n  t e s t ed  wi th  gas mix tu re  
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c o n t a i n i n g  11, 13, 15, 17, 19 and  21% oxygen  a n d  the  
n u m b e r  of ba r -p resses  was~recorded.  
Results and discussion. T he  resul ts  o b t a i n e d  ( table)  
i nd i ca t e  t h a t ,  b y  inc reas ing  t he  a m o u n t  of oxygen  in t h e  
gas m i x t u r e  e n t e r i n g  t h e  he lmet ,  t he  n u m b e r  of ba r -  
presses  was decreased.  As t he  oxygen  c o n c e n t r a t i o n  
increased  f rom 9 %  to  11%, t he re  was a l r e ady  a m a r k e d  
r e d u c t i o n  ( a b o u t  50%) in bar-presses .  The  s u b s e q u e n t  
s tepwise  increase  in oxygen  c o n c e n t r a t i o n  resu l ted  in a 
f u r t h e r  decrease  in bar-presses .  At  2 1 %  oxygen,  t h i s  
n u m b e r  was  decreased  b y  a b o u t  77% as c o m p a r e d  to  t he  
in i t i a l  value�9 T h i s  response  p a t t e r n  sugges ted  t h a t  t he  
a n i m a l s  were sens i t ive  to  changes  in oxygen  c o n c e n t r a -  
t ion ,  and  modi f ied  t h e i r  ba r -p ress  r a t e s  accordingly .  
Consequen t ly ,  a n o t h e r  e x p e r i m e n t  was  car r ied  ou t  in 
w h i c h  t h e  t r a i n e d  m o n k e y s  were exposed  to a m i x t u r e  
c o n t a i n i n g  21% oxygen  for a per iod of 30 min .  The  
oxygen  c o n c e n t r a t i o n  was  t hen  r educed  to  9% (equili- 

b r a t i o n  of gas  m i x t u r e  in t h e  h e l m e t  was  a t t a i n e d  w i t h i n  
1 min) ,  and  t he  an ima l s  were m a i n t a i n e d  a t  9 %  oxygen  
for a n o t h e r  30 min.  The  n u m b e r  of ba r -p resses  u n d e r  
these  2 cond i t ions  was recorded.  The  m e a n  n u m b e r  of 
bar -presses  a t  21% oxygen  was 94 a n d  increased  to  379 
d u r i n g  exposure  to  9 %  oxygen ,  w h i c h  co r responds  to  a 
re la t ive  increase  of ove r  300%.  
These  f ind ings  ind ica te  t h a t  squ i r re l  m o n k e y s  r e spond  to 
h y p o x i a  in  t h e i r  e n v i r o n m e n t  a n d  r ead i ly  l ea rn  to  c h a n g e  
t he  nox ious  cond i t ions  app rop r i a t e ly .  The  resu l t s  also 
sugges t  t h a t  oxygen  i tself  has  no  pos i t ive  re in forc ing  
effect,  s ince t he  n u m b e r  of ba r -p resses  decreased  w h e n  t he  
oxygen c o n c e n t r a t i o n  was  increased.  
Since lack of oxygen  can  adve r se ly  af fec t  ce rebra l  
c i r cu la t ion  a n d  m e t a b o l i s m  ~, r e su l t i ng  in impa i r ed  per-  
fo rmance ,  t h i s  e x p e r i m e n t a l  mode l  m a y  be  of va lue  in 
t e s t i n g  d rugs  a s sumed  to  inf luence ce rebra l  m e t a b o l i s m  
processes.  

C h a n g e s  i n  w a t e r  p e r m e a b i l i t y  o f  a n  i n s e c t  e g g  i n  r e s p o n s e  t o  l e v e l  o f  w a t e r  i n  t h e  e n v i r o n m e n t  
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Summary. The  w a t e r  p e r m e a b i l i t y  of eggs of t he  s o u t h e r n  co rn  roo tworm,  Diab ro t i ca  u n d e c i m p u n c t a t a  h o w a r d i  Barbe r ,  
va r i ed  d e p e n d i n g  on  t he  p rev ious  exper ience  of t he  eggs. Eggs  acc l ima ted  in a ' w a t e r  v a p o r '  s y s t e m  were seen to be less 
p e r m e a b l e  t h a n  eggs acc l ima ted  in c o n t a c t  wi th  m o i s t  paper ,  as m e a s u r e d  b y  t he  r a t e  of loss of w a t e r  f rom the  eggs 
a n d  t he  suscep t ib i l i t y  of t he  eggs to d e a t h  f rom des icca t ion .  Th i s  is t he  f i rs t  k n o w n  r e p o r t  of t he  ab i l i t y  of an  insec t  
egg to  a d a p t  to  t h e  level  of w a t e r  ava i l ab le  in  t he  e n v i r o n m e n t .  

D u r i n g  the  course  of s tud ies  of t he  mo i s tu r e  re la t ions  of 
eggs of t h e  s o u t h e r n  co rn  roo tworm,  D i a b r o t i c a  u n d e c i m -  
p u n c t a t a  t lowardi  Ba rbe r ,  some obs e r va t i ons  sugges ted  
t h e  level  of w a t e r  ava i l ab le  to  y o u n g  eggs in f luenced  
w a t e r  p e r m e a b i l i t y  as t he  eggs b e c a m e  older  1. Th i s  
p h e n o m e n o n  ha s  a p p a r e n t l y  no t  been  repor ted �9  However ,  
i t  would  be  of obv ious  s ignif icance for s tud ies  of egg shel l  
p e r m e a b i l i t y  a n d  for  e v a l u a t i o n s  of w a t e r  ava i l ab i l i t y  as 
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Loss of weight (~  water) from southern corn rootworm eggs pre- 
conditioned in 2 levels of water availability, vapor and contact with 
moist paper expressed as the percentage of original weight. Inset in 
upper right of figure indicates the pattern of weight loss in the first 
60 min. Eggs were 0-4 h old when placed at the 2 conditions. After 
96 h of acclimation, they were placed at 48% RH, and weighings 
were begun within 2.5 min. 

a m o r t a l i t y  f ac to r  in  field popu la t ions .  I t he re fo re  de-  
s igned  a n  e x p e r i m e n t  to  t e s t  w h e t h e r  t he  a p p a r e n t  phe -  
n o m e n o n  was  real.  The  resu l t s  are descr ibed  here.  
Materials and methods. Eggs  were o b t a i n e d  f rom a co lony  
m a i n t a i n e d  a t  th i s  l a b o r a t o r y  b y  p rev ious ly  descr ibed  
m e t h o d s  2. The  m e t h o d s  of m e a s u r i n g  egg we igh t  a n d  de-  
t e r m i n i n g  egg h a t c h  h a v e  been  desc r ibed  1. Eggs  were 
acc l ima ted  to 2 d i f fe ren t  levels of w a t e r  ava i lab i l i ty ,  one, 
t e r m e d  'mo i s t  pape r ' ,  in  wh ich  t he  eggs r e s t ed  on  m o i s t  
b l o t t e r  p a p e r  in a p las t i c  p e t r i  d ish sealed w i t h  paraf i lm,  
a n d  ano the r ,  t e r m e d  ' w a t e r  vapo r ' ,  in  w h i c h  eggs r e s t e d  
on  80-mesh  s ta in less  s teel  screen in  glass h y g r o s t a t s  
t h r o u g h  w h i c h  a i r  (100% R H )  was p u m p e d  c o n t i n u a l l y  
(see K r y s a n  1 for de ta i l s  of t he  me thod ) .  I t  h a s  been  dem-  
o n s t r a t e d  t h a t  eggs h a t c h e d  equa l ly  well  w h e n  lef t  to  
comple te  embryogenes i s  in  e i t he r  of these  2 sys t ems  1. The  
w a t e r  a m o u n t  p r e s e n t  in  t h e  'mo i s t  p a p e r '  s y s t e m  is t he  
a m o u n t  t h a t  p rov ides  o p t i m u m  ov ipos i t ion  in our  lab-  
o r a t o r y  colony,  al lows o p t i m u m  h a t c h  in ou r  s t a n d a r d  
l a b o r a t o r y  procedures ,  a n d  p r o b a b l y  does n o t  differ  m a r k -  
ed ly  f rom t h e  a m o u n t  of w a t e r  in  t h e  soil in  n a t u r a l  ovi-  
pos i t ion  sites. Eggs  were a c c l i m a t e d  in  t he  sys t ems  for 
96 h a n d  t h e n  r e m o v e d  a n d  p laced  in  a b a l a n c e  room 
m a i n t a i n e d  a t  4 5 - 4 8 %  R H ,  25 ~ 
The  f i rs t  we igh ing  of t h e  t r e a t e d  eggs t o o k  place  2.5 m i n  
a f t e r  t h e y  were r e m o v e d  f rom the  acc l ima t i ng  env i ron -  
m e n t .  T h e r e a f t e r  t h e  eggs r e m a i n e d  in  t he  b a l a n c e  room 
a n d  were weighed  a t  i n t e rva l s  u n t i l  t h e y  h a d  been  in t h e  

J. L. Krysan, Entomologia exp. appl. 30, 154 (1976). 
T. F. Branson, P. L. Guss, J. L. Krysan and G. R. Sutter, in: 
Corn rootworms: Laboratory rearing and manipulation, p. 18. 
U. S. Dept. Agrie., ARS-NC-28, 1975. 


